PREFACE

Solid Waste Management is one of the essential obligatory functions of the
Urban Local Bodiesin India. This service is falling too short of the desired level
of efficiency and satisfaction resulting in problems of health, sanitation and
environmental degradation. Most urban areas in the country are plagued by acute
problems related to solid waste. Due to lack of serious efforts by town/city
authorities, garbage and its management has become a tenacious problem and this
notwithstanding the fact that the largest part of municipal expenditure is alotted to
it. Barring a few progressive municipal corporations in the country, most local
bodies suffer due to non-availability of adequate expertise and experience, thereby
the solid waste is not properly handled resulting into creation of environmental
pollution and health hazards. It is reiterated that the local bodies lack technical,
managerial, administrative, financial and adequate institutional arrangements. As
such, it is very necessary to provide proper guidance to such Urban Local Bodies
so as to make them efficient in managing the solid waste generated in their
respective cities and towns.

Looking to the pathetic situation of solid waste management practices being
adopted by the Urban Local Bodies in the country due to various reasons and
having no action plan to solve the problem in future, the Ministry of Urban
Development dealing with the subject of Solid Waste Management, decided to
prepare a Manual on “Municipal Solid Waste Management” so as to assist the user
agencies in proper management of solid wastes in urban areas. Accordingly, an
Expert Committee was constituted by the Ministry of Urban Development,
Government of India, during February, 1998 to prepare Manua on “Municipal
Solid Waste Management”.

The composition of the Expert Committee is as under:
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C.G.O. Complex, Lodhi Road,

New Delhi.

Shri AK. Varshney,

Principal Scientific Officer,
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C.G.O. Complex, Lodhi Road,

New Delhi.

Dr. D.B. Acharya,
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Jaipur Municipal Corporation,
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Shri M.M. Datta,

National Professional Officer (Sanitary Engineer),

O/o WHO Representative to India,
Nirman Bhawan,
New Delhi.

Dr. Manoj Duitta,

Professor,
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[.I.T, New Delhi.
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Shri P.U. Asnani,

Urban Env. Infrastructure Representative to India,
United States & AsiaEnv. Partnership,

Centre for Environmental Planning & Technology,
Navrangpura,

Ahmedabad.

Shri R. Ramanathan,
Superintending Engineer,
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Chennai.

Shri V.B. Ramaprasad,
Deputy Adviser (PHE),
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M/o Urban Development,
New Delhi.

Shri B.B. Uppal,

Deputy Adviser (Trg.),
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M/o Urban Development,
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Member
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Member Secretary

Shri M. Dhinadhayalan, Member & Coordinator

Assistant Adviser (PHE),
C.PH.EE.O,

M/o Urban Devel opment,
New Delhi.

The Committee held 12 meetings under the chairmanship of Dr.S.R.Shukla,
Adviser (PHEE), between February, 1998 and January, 2000 and has drawn
material freely from all available literature in drafting the Manual on “Municipal
Solid Waste Management”. The Committee wishes to thank the Union Ministry
of Urban Development for rendering all the help needed for successful completion
of the task.

The Committee wishes to place on record its deep sense of appreciation for
the untiring and diligent efforts of Shri B.B. Uppal, Deputy Adviser & Member
Secretary and Shri M. Dhinadhayalan, Assistant Adviser & Coordinator, who
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ensured that the meetings were held regularly to enable the Committee to complete
its work despite their normal duties. The Committee also places on record its
appreciation of the services rendered by the officers and staff of Central Public
Hedth & Environmental Engineering Organisation (CPHEEO) and PHE Section
of the Ministry without whose cooperation and active participation the enormous
task assigned to the Committee could not have been accomplished.

The Draft Manual was discussed thoroughly during the two days Workshop
held on 17 — 18 February, 2000 at Vigyan Bhavan, New Delhi. The Workshop
was attended by the Municipa Commissioners from various Corporations,
representatives from Central Ministries and Departments and Experts from
International agencies viz.,, USAID, WHO etc. The Expert Committee had
reviewed the suggestions made by the participants during the Workshop and
modified the Draft Manual accordingly so as to make it comprehensive and more
user friendly to the agencies dealing with municipal solid waste. This Manua is
first of its kind in India and there are no two opinions that the same will serve as a
practical tool for Urban Local Bodies in proper management of municipal solid
wastes in a cost effective and sustainable manner.

The contribution made by Shri V.B. Ramaprasad and Shri R. Sethuraman,
Deputy Advisers, Shri M. Sankaranarayanan and Shri N.N. Hotchandani, Assistant
Advisers and Shri Sukanta Kar, Scientific Officer, for successful completion of the
task is well appreciated. The services extended by Shri SK. Gulati, Private
Secretary, Smt. Shoba Venkataraman and Smt. Padmavathi Ravi, Persond
Assistants and Shri Neergg Kumar Kush, LDC, in computerising the said Manual
is duly acknowledged. Last but not the least, the wholehearted cooperation of the
Ministry in completing this exercise is greatly acknowledged.

(DR. SR. SHUKLA)

Adviser (PHEE)

C.P.H.E.E.O.

May, 2000 Ministry of Urban Development
New Delhi. Government of India
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DRAFT

FOREWORD

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
insanitary conditions and diseases, especidly amongst the urban poor who conditute
about 35 per cent of the urban population.

It is edimated that out of one hillion people living in the country about 300
million resde in urban areas. It is likey that 40 per cent of the urban population would
be resding in 40 Metros by 2001. The dtuation is frightening, big towns are becoming
bigger, bigger ones are becoming metros and metropolises are becoming mega- polises.
Concerned Urban Local Bodies responsble for providing the basc services like Water
Supply, Sewerage and Solid Waste Management and other amenities to the people are
finding it increesingly difficult to copeup with the demand due to fast growth of urban
population, thereby adversdy affecting the management of such servicesto the people.

Efficent garbage collection, transportation and disposd ae among the vitd
functions of Urban Locd Bodies. Despite the fact that a large number of aff is
employed by them to discharge this function and a subgantia portion of ther annua
budget is spent only on garbage collection, transportation and disposd, the sStuaion in
the towns and cities remains far from satisfactory. The issue of recycling of solid waste
has not recelved due atention. With the solid waste generdtion increasng with time, the
importance of recycling needs to be recognized and given due importance.

The continuous deterioration of qudity of life in urban areas has underlined the
need to create better environmental conditions and evolve a workable national drategy
for solid waste management. As a follow-up, the Ministry of Urban Development had
condituted an Expert Committee in February, 1998 for preparation of “Manual on
Municipal Solid Waste Management”. The Expert Committee had done a commendable
job and brought out the Manua, which is now available to the Urban Loca Bodies and
other User Agencies to guide them for planning, designing and implementation of solid
waste management projects in urban aress.

| am confident that the Urban Locd Bodies and other service providers will find
this Manua very useful as a practicd tool for discharging their day to day functions in a
more effective, efficient and sudainable manner with respect to Municipa Solid Waste
Management.

{ JAGMOHAN }
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CHAPTER 1
INTRODUCTION

1.1 PREAMBLE

Over the years, there has been a continuous migration of people from rural
and semi-urban areas to towns and cities. The proportion of population residing in
urban areas has increased from 10.84% in 1901 to 25.70% in 1991. The number
of class | cities has increased from 212 to 300 during 1981 to 1991, while class |1
cities have increased from 270 to 345 during the same period. The increase in the
population in class | cities is very high as compared to that in class Il cities. The
uncontrolled growth in urban areas has left many Indian cities deficient in
infrastructural services such as water supply, sewerage and municipal solid waste
management.

Most urban areas in the country are plagued by acute problems related to
solid waste. Due to lack of serious efforts by town/city authorities, garbage and its
management has become a tenacious problem and this notwithstanding the fact
that the largest part of municipal expenditure is alotted to it. It is not uncommon
to find 30-50% of staff and resources being utilized by Urban Local Bodies for
these operations. Despite this, there has been a progressive decline in the standard
of services with respect to collection and disposal of municipal solid waste
including hospitd and industrial wastes, as well as measures for ensuring
adequacy of environmental sanitation and public hygiene. In many cities nearly
half of solid waste generated remains unattended, giving rise to insanitary
conditions especially in densely populated slums which in turn results in an
increase in morbidity especialy due to microbial and parasitic infections and
infestations in all segments of population, with the urban slum dwellers and the
waste handlers being the worst affected.

Solid Waste Management is a part of public headth and sanitation, and
according to the Indian Constitution, falls within the purview of the State list.
Since this activity is non-exclusive, non-rivaled and essential, the responsibility
for providing the service lies within the public domain. The activity being of a
local nature is entrusted to the Urban Local Bodies. The Urban Loca Body
undertakes the task of solid waste service delivery, with its own staff, equipment
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and funds. In a few cases, part of the said work is ontracted out to private
enterprises.

There has been no major effort to create community awareness either about
the likely perils due to poor waste management or the simple steps that every
citizen can take which will help in reducing waste generation and promote
effective management of solid waste generated. The degree of community
sensitization and public awareness is low. There is no system of segregation of
organic, inorganic and recyclable wastes at household level. Door to door
collection is not practiced in most of the cities.

It is estimated that the total solid waste generated by 300 million people
living in urban India is 38 million tonnes per year. The collection and disposal of
municipal solid waste is one of the pressing problems of city life, which has
assumed great importance in the recent past. With the growing urbanization as a
result of planned economic growth and industrialization, problems are becoming
acute and call for immediate and concerted action. The proper disposal of urban
waste is not only absolutely necessary for the preservation and improvement of
public health but it has an immense potential for resource recovery.

It is estimated that about 1,00,000 MT of Municipal Solid Waste is
generated daily in the country. Per cgpita waste generation in major cities ranges
from 0.20 Kg to 0.6 Kg. Generally the collection efficiency ranges between 70 to
90% in maor metro cities whereas in several smaller cities the collection
efficiency is below 50%. It is also estimated that the Urban Local Bodies spend
about Rs.500 to Rs.1500 per tonne on solid waste for collection, transportation,
treatment and disposal. About 60-70% of this amount is spent on street sweeping
of waste collection, 20 to 30% on transportation and less than 5% on final disposal
of waste, which shows that hardly any attention is given to scientific and safe
disposal of waste. Landfill sites have not yet been identified by many
municipalities and in several municipalities, the landfill sites have been exhausted
and the respective local bodies do not have resources to acquire new land. Due to
lack of disposal sites, even the collection efficiency gets affected.

Very few Urban Loca Bodies in the country have prepared long term plans
for effective Solid Waste Management in their respective cities. For obtaining a
long term economic solution, planning of the system on long-term sustainable
basisisvery essential.

The Ministry of Environment & Forests, Government of India have notified
Draft of “Municipal Waste (Management & Handling) Rules, 1999” on 27th
September, 1999. The notification is given as per Annexure 1.1.
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12 PROBLEMSBEING FACED BY URBAN LOCAL BODIES

Barring a few progressive municipal corporations in the country, all other
local bodies suffer due to non-availability of adequate expertise and experience;
thereby the solid waste is not properly handled resulting into creation of
environmental pollution and heath hazards. As mentioned earlier, these local
bodies lack technical, managerial, administrative, financial resources, adequate
institutional arrangements.  Similarly Defence, Railways, CPWD and severa
Government of India Organizations/Undertakings having large establishments in
the cities and towns lack the technica knowhow of managing urban solid waste.
It is, therefore, very necessary to provide proper guidance in the Urban Local
Bodies/Government Agencies/Establishments referred above, to make them
efficient in managing the solid waste generated in their respective
areas/cities/towns,

1.3 NEED FOR A MANUAL ON SOLID WASTE MANAGEMENT

Preparation of the Manual on Municipa Solid Waste Management is
mainly to assist the personnel involved in managing the solid waste generated in
the cities/towns of the country.

The purpose of the Manual isto create:
An understanding that municipal solid waste management is part of

abroader urbanisation problem;

An awareness of need for competent management of municipal solid
waste in urban aress;

An understanding of various systems available for collection,
transportation, recycling, resource recovery and disposals,

An approach to preparing municipal solid waste management plans
in the light of the potential problems and issues which may become
apparent during project development; and

To provide operaional guidelines for the efficient municipal solid
waste management systems.



14 CONSTITUTION OF THE EXPERT COMMITTEE AND
METHODOLOGY ADOPTED

With a view to assist and guide the Urban Local Bodies for managing the
solid waste in an efficient manner, the Ministry of Urban Development,
Government of India constituted an Expert Committee in February, 1998 by
drawing experts from various Academic, Research Institutions, Central
Ministries’'Departments and Urban Local Bodies, to prepare a Manual on
“Municipal Solid Waste Management” .

The Committee after a series of deliberations decided to include all the
aspects of municipal solid waste in the Manual such as Composition and Quantity
of Solid Waste, Bio-Medical Waste, Storage of Waste a Source, Primary
Collection of Waste, Transportation of Waste, Composting, Energy Recovery
from Municipal Solid Waste, Emerging Processing Technologies, Landfills,
Community Participation, Institutional Aspects and Capacity Building, Prospects
of Private Sector Participation, Economic and Financial Considerations,
Environmental and Health Impact Assessment, Legal Aspects etc. and to give
exhaustive details of waste processing and disposal methods.

The various approaches suggested in different Chapters contained in the
Manual will assist the policy & decision makers, planners, managers and technical
personnel involved in solid waste management activities in safe and hygienic
handling & disposal of municipal solid waste generated in the urban areas in the
country.



CHAPTER 2

PRINCIPLES OF MUNICIPAL SOLID
WASTE MANAGEMENT

2.1 INTRODUCTION

Management of municipal solid waste involves (a) development of an
insight into the impact of waste generation, collection, transportation and disposal
methods adopted by a society on the environment and (b) adoption of new
methods to reduce this impact.

2.1.1 Solid Waste Generation

An indication of how and where solid wastes are generated is depicted in a
simplified form in Fig. 2.1. Both technological processes and consumptive
processes result in the formation of solid wastes. Solid waste is generated, in the
beginning, with the recovery of raw materials and thereafter at every step in the
technological process as the raw material is converted to a product for
consumption. Fig. 2.2 shows generation of solid waste during technological
processes involving mining, manufacturing and packaging.

The process of consumption of products results in the formation of solid
waste in urban areas as shown in Fig. 2.3. In addition, other processes such as
street cleaning, park cleaning, waste-water treatment, air pollution control
measures etc. also produce solid waste in urban areas.

A society receives energy and raw materia as inputs from the environment
and gives solid waste as output to the environment as shown in Fig. 2.1. In the
long-term perspective, such an input-output imbal ance degrades the environment.

2.1.2 Environmental Impact of Solid Waste Disposal on Land
When solid waste is disposed off on land in open dumps or in improperly

designed landfills (e.g. in low lying areas), it causes the following impact on the
environment.













(&  ground water contamination by theleachate generated by the waste dump
(b)  surface water contamination by the run-off from the waste dump

(c) bad odour, pests, rodents and wind-blown litter in and around the waste
dump

(d)  generation of inflammable gas (e.g. methane) within the waste dump
(e)  bird menace above the waste dump which affects flight of aircraft
(f)  fireswithin the waste dump

(g erosion and stability problemsrelating to slopes of the waste dump
(h)  epidemicsthrough stray animals

() acidity to surrounding soil and

M release of green house gas

2.1.3 Objective of Solid Waste M anagement

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
as depicted in Fig. 2.4. This in turn results in lesser requirement of raw material
and energy as inputs for technological processes.

A simplified flow chart showing how waste reduction can be achieved for
household waste is shown in Fig. 2.5. Such techniques and management programs
have to be applied to each and every solid waste generating activity in a society to
achieve overall minimisation of solid waste.

2.2 PRINCIPLESOF MUNICIPAL SOLID WASTE MANAGEMENT

Municipal Solid Waste Management involves the application of principle
of Integrated Solid Waste Management (ISWM) to municipal waste. ISWM is
the application of suitable techniques, technologies and management programs
covering all types of solid wastes from all sources to achieve the twin objectives of
(d) waste reduction and (b) effective management of waste still produced after
waste reduction.

2.2.1 Waste Reduction

It is now well recognised that 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 theworld's resources (raw materials
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and energy) and less pollution and waste. Production as well as product changes
have been introduced in many countries, using internal recycling of materials or
on-site energy recovery, as part of solid waste minimisation schemes.

2.2.2 Effective Management of Solid Waste

Effective solid management systems are needed to ensure better human
health and safety. 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.

Environmentally sustainable: It must reduce, as much as possible, the
environmental impacts of waste management.

Economically sustainable: It must operate at a cost acceptable to
community.

Clearly it is difficult to minimise the two variables, cost and environmental
impact, smultaneously. There will always be a trade off. The balance that needs to
be struck is to reduce the overall environmental impacts of the waste management
system as far as possible, within an acceptable level of cost.

An economically and environmentally sustainable solid waste management
system is effective if it follows an integrated approach i.e. it deals with all types of
solid waste materials and all sources of solid waste (Fig. 2.6). A multi-material,
multi-source management approach is usually effective in environmental and
economic terms than a material specific and source specific approach. Specific
wastes should be dealt within such a system but in separate streams (as discussed
in Section 2.10 and Fig.2.12). An effective waste management system includes
one or more of the following options:

(@  Waste collection and transportation.

(b)  Resource recovery through sorting and recycling i.e. recovery of materials
(such as paper, glass, metals) etc. through separation.

(c) Resource recovery through waste processing i.e. recovery of materials
(such as compost) or recovery of energy through biological, therma or
other processes.

(d)  Waste transformation (without recovery of resources) i.e. reduction of
volume, toxicity or other physical/chemical properties of waste to make it
suitable for final disposal.
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(e) Disposa on land i.e. environmentally safe and sustainable disposal in
landfills.

2.2.3 Functional Elementsof Municipal Solid Waste M anagement

The activities associated with the management of municipal solid wastes
from the point of generation to final disposal can be grouped into the six
functional elements: (a) waste generation; (b) waste handling and sorting, storage,
and processing a the source; (c) collection; (d) sorting, processing and
transformation; (e) transfer and transport; and (f) disposal. The inter-relationship
between the elementsisidentified in Fig. 2.7.

Waste Generation: Waste generation encompasses activities in which materials
are identified as no longer being of value (in their present form) and are either
thrown away or gathered together for disposal. Waste generation is, at present, an
activity that is not very controllable. In the future, however, more control is likely
to be exercised over the generation of wastes. Reduction of waste at source,
although not controlled by solid waste managers, is now included in system
evaluations as amethod of limiting the quantity of waste generated.

Waste Handling, Sorting, Storage, and Processing at the Source: The second
of the six functional elements in the solid waste management system is waste
handling, sorting, storage, and processing at the source. Waste handling and
sorting involves the activities associated with management of wastes until they are
placed in storage containers for collection. Handling also encompassesthe
movement of loaded containers to the point of collection. Sorting of waste
components is an important step in the handling and storage of solid waste at the
source. For example, the best place to separate waste materials for reuse and
recycling is at the source of generation. Households are becoming more aware of
the importance of separating newspaper and cardboard, bottles/glass, kitchen
wastes and ferrous and non-ferrous materials.

On-site storage is of primary importance because of public health concerns and
aesthetic consideration. Unsightly makeshift containers and even open ground
storage, both of which are undesirable, are often seen a many residential and
commercia sites. The cost of providing storage for solid wastes at the source is
normally borne by the household in the case of individuas, or by the
management of commercial and industrial properties. Processing at the source
involves activities such as backyard waste composting.

13



14



Collection: The functional element of collection, includes not only the gathering
of solid wastes and recyclable materials, but also the transport of these materials,
after collection, to the location where the collection vehicle is emptied. This
location may be a materials processing facility, a transfer station, or a landfill
disposal site.

Sorting, Processing and Transformation of Solid Waste: The sorting,
processing and transformation of solid waste materials is the fourth of the
functional elements. The recovery of sorted materials, processing of solid waste
and transformation of solid waste that occurs primarily in locations away from the
source of waste generation are encompassed by this functional element. Sorting of
commingled (mixed) wastes usually occurs a a materias recovery facility,
transfer stations, combustion facilities, and disposal sites. Sorting often includes
the separation of bulky items, separation of waste components by size using
screens, manual separation of waste components, and separation of ferrous and
non-ferrous metals.

Waste processing is undertaken to recover conversion products and energy.
The organic fraction of Municipal Solid Waste (MSW) can be transformed by a
variety of biological and thermal processes. The most commonly used biological
transformation process is aerobic composting. The most commonly used thermal
transformation processis incineration.

Waste transformation is undertaken to reduce the volume, weight, size or
toxicity of waste wthout resource recovery. Transformation may be done by a
variety of mechanical (eg shredding), thermal (e.g. incineration without energy
recovery) or chemical (e.g. encapsulation) techniques.

Transfer and Transport: The functiona element of transfer and transport
involves two steps: (i) the transfer of wastes from the smaller collection vehicle to
the larger transport equipment and (ii) the subsequent transport of the wastes,
usually over long distances, to a processing or disposal site. The transfer usually
takes place at atransfer station.

Disposal: The final functional element in the solid waste management system is
disposal. Today the disposal of wastes by landfilling or uncontrolled dumping is
the ultimate fate of all solid wastes, whether they are residential wastes collected
and transported directly to a landfill site, residual materias from Materials
Recovery Facilities (MRFs), residue from the combustion of solid waste, rejects of
composting, or other substances from various solid waste-processing facilities. A
municipal solid waste landfill plant is an engineered facility used for disposing of
solid wastes on land or within the earth’s mantle without creating nuisance or
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hazard to public health or safety, such as breeding of rodents and insects and
contamination of groundwater.

2.3 HIERARCHY OF WASTE MANAGEMENT OPTIONS

Current thinking on the best methods to deal with waste is centred on a
broadly accepted ‘hierarchy of waste management’ (arrangement in order of rank)
which gives a priority listing of the waste management options available (see Fig.
2.8). The hierarchy gives important genera guidelines on the relative desirability
of the different management options. The hierarchy usually adopted is (a) waste
minimisation/reduction at source, (b) recycling, (c) waste processing (with
recovery of resources i.e. materials (products) and energy), (d) waste
transformation (without recovery of resources) and (e) disposa on land
(landfilling).

The highest rank of the ISWM hierarchy is waste minimisation or reduction
at source, which involves reducing the amount (and/or toxicity) of the wastes
produced. Reduction at source is first in the hierarchy because it is the most
effective way to reduce the quantity of waste, the cost associated with its handling,
and its environmental impacts.
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The second highest rank in the hierarchy is recycling, which involves (a)
the separation and sorting of waste materias; (b) the preparation of these materials
for reuse or reprocessing; and (c) the reuse and reprocessing of these materials.
Recycling is an important factor which helps to reduce the demand on resources
and the amount of waste requiring disposal by landfilling.

The third rank in the ISWM hierarchy is waste processing which involves
ateration of wastes to recover conversion products (e.g., compost) and energy.
The processing of waste materials usually results in the reduced use of landfill

capacity.

Transformation of waste, without recovery of products or energy, may have
to be undertaken to reduce waste volume (e.g. shredding and baling) or to reduce
toxicity. Thisisusualy ranked fourth in the ISWM hierarchy.

Ultimately, something must be done with (@) the solid wastes that cannot be
recycled and are of no further use; (b) the residual matter remaining after solid
wastes have been pre-sorted at a materials recovery facility; and (c) the residual
matter remaining after the recovery of conversion products or energy. Landfilling
Is the fifth rank of the ISWM hierarchy and involves the controlled disposal of
wastes on or in the earth’s mantle. It is by far the most common method of
ultimate disposal for waste residuals. Landfilling is the lowest rank in the ISWM
hierarchy because it represents the least desirable means of dealing with society’s

wastes.

It is important to note that the hierarchy of waste management is only a
guideline.

Fig. 2.9 depicts how management of municipal solid waste as per the
hierarchy of options leads to progressive reduction of waste reaching the landfill.

24 WASTE MINIMISATION

Waste minimisation or reduction at source is the most desirable activity,
because the community does not incur expenditure for waste handling, recycling
and disposal of waste that is never created and delivered to the waste management
system. However, it is an unfamiliar activity as it has not been included in earlier
waste management systems.

To reduce the amount of waste generated at the source, the most practical
and promising methods appear to be (i) the adoption of industry standards for
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product manufacturing and packaging that use less material, (ii) the passing of
laws that minimise the use of virgin materials in consumer products, and (iii) the
levying (by communities) of cess/fees for waste management services that
penalise generatorsin case of increase in waste quantities.

Modifications in product packaging standards can result in reduction of
waste packaging material or use of recyclable materials. Minimisation of use of
virgin raw materials by the manufacturing industry promotes substitution by
recycled materials.

Sorting at source, recycling at source and processing at source (e.g. yard
composting) help in waste minimisation.

One waste management strategy used in some communities in developed
countries is to charge a variable rate per can (or ton) of waste, which gives
generators a financia incentive to reduce the amount of waste set out for
collection. Issues related to the use of variable rates include the ability to generate
the revenues required to pay the costs of facilities, the administration of a complex
monitoring and reporting network for service, and the extent to which wastes are
being put in another place by the generator and not reduced at source.

2.5 RESOURCE RECOVERY THROUGH MATERIAL RECYCLING

Materia recycling can occur through sorting of waste into different streams
at the source or at a centralised facility. Sorting at source is more economical than
sorting at a centralised facility.

25.1 Sortingat Source

Sorting at source (home sorting) is driven by the existing markets for
recyclable materials and the link between the house holder and the waste collector.
The desirable home sorting streams are:

(@  Dry recyclable materials e.g. glass, paper, plastics, cans etc.,
(b)  Bio-waste and garden waste,

(c) Bulky waste,

(d) Hazardous material in household waste,

(e)  Construction and Demolition waste, and

(f Commingled MSW (mixed waste).
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At present recycling of dry recyclables does take place at the household
level in India. However, source separation and collection of waste in streams of
(b), (c), (d) and (e) has to be developed in most cities.

2.5.2 Centralised Sorting

Centralised sorting is needed wherever recyclable materials are collected in
acommingled (mixed) state.

Hand sorting from a raised picking belt is extensively adopted in severa
countries.

Mechanised sorting facilities using magnetic and electric field separation,
density separation, pneumatic separation, size separation and other techniques are
used in some developed countries. Such facilities are usually prohibitively
expensive in comparison to hand sorting.

In India, centralised sorting is not adopted. However, some intermediate
sorting does occur after household wastes reach kerbside collection bins (dhalaos)
through ragpickers. There is a need to formalise this intermediate sorting system
or develop a centralised sorting facility to minimise recyclable materials reaching
awaste processing facility or alandfill.

2.5.3 Sorting Prior to Waste Processing or Landfilling

Home sorting and centralised sorting processes normally recover most of
the recyclable materials for reuse. However, a small fraction of such materials may
escape the sorting process. Sorting is also undertaken just prior to waste
processing, waste transformation or landfilling to recover recyclable materials. In
a landfill, sorting may be carried out by ragpickers immediately after spreading of
a layer of waste. In waste processing or transformation centres, manual sorting or
Size separation is usually undertaken.

Wherever manua sorting is adopted, care must be taken to ensure that
sorters are protected from all disease pathways and work in hygienic conditions.

26 RESOURCE RECOVERY THROUGH WASTE PROCESSING

Biological or thermal treatment of waste can result in recovery of useful
products such as compost or energy.



2.6.1 Biological Processes

Biological treatment involves using micro-organisms to decompose the
bi odegradable components of waste. Two types of processes are used, namely:

(@  Aerobic processes. Windrow composting, aerated static pile composting
and in-vessel composting; vermi-culture etc.

(b)  Anaerobic processes. Low-solids anaerobic digestion (wet process), high-
solids anaerobic digestion (dry process) and combined processes.

In the aerobic process the utilisable product is compost. In the anaerobic
process the utilisable product is methane gas (for energy recovery). Both processes
have been used for waste processing in different countries — a majority of the
biological treatment process adopted world-wide are aerobic composting; the use
of anaerobic treatment has been more limited. Biological processes are discussed
in chapter 14 & 15.

In India, aerobic composting plants have been used to process up to 500
tons per day of waste.

2.6.2 Thermal Processes

Thermal treatment involves conversion of waste into gaseous, liquid and
solid conversion products with concurrent or subsequent release of heat energy.
Three types of systems can be adopted, namely:

(@  Combustion systems (Incinerators): Therma processing with excess
amounts of air.

(b)  Pyrolysis systems: Thermal processing in complete absence of oxygen (low
temperature).

(c) Gadfication systems: Therma processing with less amount of air (high
temperature).

Combustion system is the most widely adopted thermal treatment process
world-wide for MSW. Though pyrolysis is a widely used industrial process, the
pyrolysis of municipal solid waste has not been very successful. Similarly,
successful results with mass fired gasifiers have not been achieved. However both
pyrolysis and gasification can emerge as viable aternativesin the future.
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Three types of combustion systems have been extensively used for energy
recovery in different countries namely: mass-fired combustion systems (MASS),
Refuse Derived Fuel (RDF), fired combustion systems and Fluidised Bed (FB)
combustion systems are discussed in chapter 15.

To be viable for energy recovery through thermal processing, the municipal
solid waste must possess a relatively high caorific value. In the MSW generated
in developed countries, presence of significant quantity of paper and plastics
yields a high caorific value of the MSW (typically above 2000 kcal/kg) which
makes it suitable for thermal processing. In Indian MSW, the near absence of
paper and plastics as well as the presence of high quantities of inert material, all
combine to yield a low calorific value of the MSW (typically less than 1000
kcal/kg). In its mixed form, such waste may not be suitable for thermal processing.
However, removal of inerts from Indian MSW as well as development of
combustion system for low-calorific value wastes can result in a reversal of this
position in the future.

2.6.3 Other Processes

New biological and chemical processes which are being developed for
resource recovery from MSW are:

(@  Fuidised bed bio-reactors for cellulose production and ethanol production.
(b)  Hydrolysis processes to recover organic acids.

(c)  Chemical processesto recover oil, gas and cellulose.

(d  Others.

The economical viability of these processesis yet to be established.

27 WASTE TRANSFORMATION (WITHOUT RESOURCE
RECOVERY) PRIOR TO DISPOSAL

At the end of all sorting processes, biological processes and thermal
processes, the nonutilisable waste has to ke disposed off on land. Prior to this
disposal, waste may need to be subjected to transformation by mechanical
treatment, thermal treatment or other methods to make it suitable for landfilling.

2.7.1 Mechanical Transformation

Sorting of waste may be undertaken to remove bulky items from the waste.

Shredding of waste may be undertaken for size reduction to enable better
2



compaction of waste.
2.7.2 Thermal Transformation

In regions where land space is very scarce (e.g. islands), waste with low
calorific value may be subjected to combustion without heat recovery to reduce
the volume of waste requiring disposal on land. Combustion transformation
processes are similar to those discussed in Section 2.6.2.

2.7.3 Other Methods

To reduce toxicity of wastes eg. hazardous wastes or biomedical wastes,
specia detoxification transformations may be undertaken. Some methods used are
autoclaving, hydroclaving, microwaving, chemica fixation, encapsulation and
solidification. These methods are usually not applied to MSW.

2.8. DISPOSAL ON LAND

Waste is disposed off on land in units called landfills which are designed to
minimise the impact of the waste on the environment by containment of the waste.
Usually three types of landfills are adopted. Landfills in which municipal waste is
placed are designated as “MSW Landfills’ or “Sanitary Landfills’. Landfills in
which hazardous waste is placed are designated as “Hazardous Waste landfills’.
Landfills in which a single type of waste is placed (e.g. only construction waste)
are designated as “Mondfills’.

29 COMPONENTS OF MUNICIPAL SOLID WASTE MANAGEMENT
SYSTEM

Fig. 2.10 shows the components of an integrated solid waste management
system as applied to municipal solid waste and Fig. 2.11 depicts the detailed
structure.

Currently, in India, source separation and collection of dry recyclables is
fairly well developed at the household level, commercial centres and institutional
areas. These recyclable are further removed by ragpickers at various intermediate
stages. Central sorting, whether manual or mechanised, is not adopted.

Source separation of bio-waste, construction and demolition waste as well
as hazardous waste is rarely done; consequently most of the waste collected is a
mixture of these components. Such mixed waste israrely suitable for biological
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processing or thermal processing as it has high content of inert material, low
calorific value and indeterminate mixing of hazardous elements (such as
insecticides, paints, batteries etc.) at the micro level.

In some cities, good quality bio-waste is collected from fruit and vegetable
markets and subjected to biological processing (aerobic) to produce compost. Such
processing plants help reduce the quantity of waste reaching landfills.

Thermal processing of mixed municipal waste has not been successful in
India. Biological processing of mixed municipal waste yields low quality compost
which may have contaminants in excess of permissible limits.

Biological processing becomes viable once construction and demolition
waste and hazardous waste streams are isolated from the bio-waste stream.
Thermal processing of waste becomes viable only if sufficient high calorific value
components (such as paper, plastic) are present in the waste.

Waste transformation is usually not a major component in an integrated
municipal waste management system. However, some sorting and shredding at the
landfill site may be undertaken as transformation processes prior to landfilling.

2.10 LINKAGES BETWEEN MUNICIPAL SOLID WASTE
MANAGEMENT SYSTEM AND OTHER TYPES OF WASTES
GENERATED IN AN URBAN CENTRE

Other than municipal solid waste, the following types of waste may aso be
generated in urban centres:

(@  Industrid Waste — hazardous and non-hazardous waste from industria
areas within municipal limits.

(b)  Biomedical Waste—waste from hospitals, slaughter houses etc.

(c)  Thermal Power Plant Waste — Flyash from coal -based el ectricity generating
plant within municipal limits.

(d)  Effluent Treatment Plant Waste — Sludge from sewage treatment plants and
industrial effluent treatment plants.

(e)  Other Wastes— Special wastes from non-conforming areas or special units.

All waste streams must be managed by their own waste management
system as shown in Fig. 2.12. However, the following aspects of inter-linkages
between different waste streams are considered important.
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(b)

(c)

Different waste streams should not be managed in isolation. Inter-linkages
between various streams should be encouraged if these lead to more
efficient and economical recovery of the two important resources from
solid waste — material and energy. For example, in some countries solid
biodegradable waste and sewage are mixed to improve biological
processing of solid waste.

Different types of solid waste eventually reach any one of the following
three types of landfills — MSW landfills, hazardous waste landfill or
monofills for designated waste. Some important observations are:

() All hazardous waste — whether from MSW stream, industrial waste
stream or any other waste stream — should be disposed off in
“Hazardous Waste Landfills’.

(i) Large quantity nonthazardous waste (e.g. construction and
demolition waste or flyash) should be disposed off in monofills (i.e.
“Construction Waste Landfills’ or “Ash Disposal Sites’).

(iii)  Municipal solid waste after waste processing as well as non
hazardous, small quantity waste (typically less than 15% of the
MSW guantity) from non-municipal sources can also be disposed off
in MSW landfills, if the compatibility of such wastes with municipal
waste is ascertained. Non-hazardous sludge (small quantity) can also
be accommodated in a MSW landfill provided it has been dewatered
and dried prior to disposal.

At present, the solid waste management practices are to comply with the
following sets of regulations:

() Section dealing with conservancy and sanitation in the Municipal
Acts of each state.

(i) Hazardous Waste Management and Handling Rules (1989), The
Ministry of Environment & Forests (MoEF).

(iii)  Biomedica Waste Management and Handling Rules (1998), MoEF.

(iv)  Municipal Solid Waste Management and Handling Rules (Draft)
(1998), MOEF.

) Special notifications for other wastes from time to time, MoEF.

The inter-linkages between different waste streams are not clearly identified

in these rules and regulations. The municipal solid waste managing authority
should ensure that small-quantity waste from other streams is accepted for
landfilling only after certification that the waste is non-hazardous by a regulatory
authority (e.g. State Pollution Control Board).
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2.11 MATERIALS FLOW CHART FOR MUNICIPAL SOLID WASTE
MANAGEMENT SYSTEM (1000t.p.d. WASTE GENERATION)

To develop a solid waste management system for municipal solid waste, the
following five steps are involved:

(@  Problem Definition and Statement of Objectives
(b)  Inventory and Data Collection

(c)  Development of Alternatives

(d)  System Selection

(e)  Implementation Methodology

The first step involves making a statement of the current problem and the
corresponding objectives from decision makers.

The second step involves making an inventory and collecting data
pertaining to the existing system as well as that required for the new system. This
would involve data relating to waste generation, waste characteristics,
transportation routes, collection systems, disposal sites, recycled materials markets
etc.

In the third step, the data is evaluated and the feasibility of different
technologies examined. Because a problem can have more than one solution,

different alternatives are devel oped.

The dternatives are reviewed by the planners and decison-makers and a
final set of technologies/programmes are selected. These set of technologies and
programmes constitute the final management system.

The final step is the development of an implementation methodology for
conversion of the existing system to the new system. This involves the setting up
of schedules as well as monitoring mechanisms for implementation by the
administrative organisations.

At the macro-level, the end result of an integrated waste management
system is the development of materials flow chart, which shows how the waste is
sorted, processed and transformed prior to disposal in a landfill. Two such flow
charts are shown in Figs. 2.13 and 2.14. Fig. 2.13 shows a materias flow chart in
a community generating 1000 TPD of waste without application of ISWM. Fig.
2.14 shows a materials flow chart developed based on the principles of ISWM for
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the twin objectives of (a) waste reduction and (b) effective management of waste
still produced. The flow chart is conceptual in nature and does not suggest
preference for any set of technologies. It is based on the assumption that the waste
has about 17.5% recyclable material, 54% compostable material, 13.5%
combustible material and the balance 15% as rejects. The materials flow chart for
any system would have to be established on a case-to-case basis taking into
account of (a) the waste quantities and characteristics at present, (b) the influence
of sorting at source, intermediate/central sorting on the waste quantities and
characteristics and (c) the applicability of various technologies to post-sorted
waste. Since developments in waste processing are taking place at a rapid pace,
the onus of demonstrating the feasibility of a technology usually lies with the
technology supplier. The role of the planner and the decision-maker is usually to
ensure that post-processing products in the gaseous, liquid and solid states meet
the desired environmental standards.
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CHAPTER 3

COMPOSITION AND QUANTITY OF
SOLID WASTE

3.1 INTRODUCTION

The information on the nature of wastes, its composition, physica and
chemical characteristics — and the quantities generated are basic needs for the
planning of a Solid Waste Management system.

3.1.1 Terminology and Classification

In the literature, it is observed that various authors have used different
terminology to describe the nature of wastes. In this text, ‘composition’ refers to
the limited list of components or constituents, such as paper, glass, metal, plastic
and garbage, into which an aggregate of municipal waste may conveniently be
separated.  ‘Characteristics on the other hand, refers to those physical and
chemical properties, which are relevant to the storage, collection, treatment and
disposal of waste such as density, moisture content, calorific value and chemical
composition. In addition to these general terms, there are a number of more
specific terms which, for greater clarity, must aso be defined. A comprehensive
list of definitions is therefore presented later in this chapter. Some terms, like
‘domestic waste’ and municipal waste refer to the sources of the wastes, while
others, such as ‘garbage’, ‘street waste' and ‘hazardous waste', indicate the types
of wastes.

3.1.2 Variationsin Composition and Characteristics

An examination of the composition and characteristics of wastes in
different parts of the country underscores the profound influences of national
income, socio-economic conditions, social developments and cultural practices,
and thereby focuses attention on the importance of obtaining the datalocally.

Since different kinds of solid waste management system are designed for
the future as well as the present, careful consideration should be given to changes
that may occur during the design life of a system. Changes are inevitable, occur at
an increasingly rapid rate in response to the increasing pace of socia and
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technological development and the nature and extent of such changes can not ke
predicted with accuracy. A built-in flexibility in the waste management system
hence becomes essential. Nevertheless, it is possible to identify some of the
factors that are likely to cause changes in waste composition and characteristics,
which will enable planners to make reasonabl e judgements about the future.

3.2 DEFINITIONSAND CLASSIFICATION OF SOLID WASTES

In order to plan, design and operate a solid waste management system, a
thorough knowledge of the quantities generated, the composition of wastes and its
characteristics are essential. As a first step, a proper definition of the terms is
necessary to avoid the general confusion that is common in the usage of these
terms.

3.2.1 Definitions

There are many terms, which relate to the types and sources of wastes and
these too must be defined. Based on the source, origin and type of waste a
comprehensive classification is described below:

(1) Domestic/Residential Waste:

This category of waste comprises the solid wastes that originate from single
and multi-family household units. These wastes are generated as a consequence of
household activities such as cooking, cleaning, repairs, hobbies, redecoration,
empty containers, packaging, clothing, old books, writing/new paper, and old
furnishings. Households also discard bulky wastes such as furniture and large
appliances which cannot be repaired and used.

(it)  Municipal Waste:

Municipal waste include wastes resulting from municipal activities and
services such as street waste, dead animals, market waste and abandoned vehicles.
However, the term is commonly applied in a wider sense to incorporate domestic
wastes, institutional wastes and commercial wastes.

(iii) Commercial Waste:

Included in this category are solid wastes that originate in offices,
wholesale and retail stores, restaurants, hotels, markets, warehouses and other
commercia establishments. Some of these wastes are further classified as garbage
and others as rubbish.
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(iv) Institutional Waste:

Institutional wastes are those arising from institutions such as schools,
universities, hospitals and research ingtitutes. It includes wastes which are
classified as garbage and rubbish as well as wastes which are considered to be
hazardous to public health and to the environment.

(v)  Garbage:

Garbage is the term applied to animal and vegetable wastes resulting from
the handling, storage, sale, preparation, cooking and serving of food. Such wastes
contain putrescible organic matter, which produces strong odours and therefore
attracts rats, flies and other vermin. It requires immediate attention in its storage,
handling and disposal.

(vi)  Rubbish:

Rubbish is a general term applied to solid wastes originating in households,
commercial establishments and institutions, excluding garbage and ashes.

(vii) Ashes:

Ashes are the residues 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 at power
generating plants and factories these wastes are classified as industrial wastes.
Ashes consist of a fine powdery residue, cinders and clinker often mixed with
small pieces of metal and glass.

(viii) Bulky Wastes:

In this category are bulky household wastes which cannot be
accommodated in the normal storage containers of households. For this reason
they require special collection. In developed countries bulky wastes are large
household appliances such as cookers, refrigerators and washing machines as well
as furniture, crates, vehicle parts, tyres, wood, trees and branches. Metallic bulky
wastes are sold as scrap metal but some portion is disposed of at sanitary landfills.



(ix)  Street Sweeping:

This term applies to wastes that are collected from streets, walkways,
aleys, parks and vacant lots. In the more affluent countries manual street
sweeping has virtually disappeared but it still commonly takes place in developing
countries, where littering of public places is a far more widespread and acute
problem. Mechanised street sweeping is the dominant practice in the developed
countries. Street wastes include paper, cardboard, plastic, dirt, dust, leaves and
other vegetable matter.

(x) Dead Animals:

This is a term applied to dead animals that die naturally or accidentally
killed. ~ This category does not include carcass and animal parts from
sdaughterhouses which are regarded as industrial wastes. Dead animas are
divided into two groups, large and small. Among the large animals ae horses,
cows, goats, sheep, hogs and the like. Small animals include dogs, cats, rabbits
and rats. The reason for this differentiation is that large animals require special
equipment for lifting and handling during their removal. If not collected promptly,
dead animals are a threat to public health because they attract flies and other
vermin as they putrefy. Their presence in public places is particularly offensive
and emitsfoul smell from the aesthetic point of view.

(xi) Construction and Demolition Wastes:

Construction and demolition wastes are the waste materials generated by
the construction, refurbishment, repair and demolition of houses, commercial
buildings and other structures. It mainly consists of earth, stones, concrete, bricks,
lumber, roofing materials, plumbing materials, heating systems and electrica
wires and parts of the general municipal waste stream, but when generated in large
amounts at building and demolition sites, it is generally removed by contractors
for filling low lying areas and by urban local bodies for disposal at landfills.

(xit) Industrial Wastes:

In the category are the discarded solid material of manufacturing processes
and industrial operations. They cover a vast range of substances which are unique
to each industry. For this reason they are considered separately from municipal
wastes. It should be noted, however, that solid wastes from small industrial plants
and ash from power plants are frequently disposed of at municipal landfills. For
details please refer to Chapter 6 on“Industrial Wastes’.



(xiii) HazardousWastes:

Hazardous wastes may be defined as wastes of industrial, institutional or
consumer origin which, because of their physical, chemical or biologica
characteristics are potentially dangerous to human and the environment. In some
cases athough the active agents may be liquid or gaseous, they are classified as
solid wastes because they are confined in solid containers. Typical examples are:
solvents, paints and pesticides whose spent containers are frequently mixed with
municipal wastes and become part of the urban waste stream. Certain hazardous
wastes cause explosions in incinerators and fires at landfill sites. Others, such as
pathological wastes from hospitals and radioactive wastes, require special
handling at al time. Good management practice should ensure that hazardous
wastes are stored, collected, transported and disposed off separately, preferably
after suitable treatment to render them innocuous. For details please refer ©
Chapter 7 on“Bio-Medical Wastes”.

(xiv) Sewage Wastes:

The solid by-products of sewage treatment are classified as sewage wastes.
They are mostly organic and derive from the treatment of organic sludge from
both the raw and treated sewage. The inorganic fraction of raw sewage such as
grit is separated at the preliminary stage of treatment, but because it entrains
putrescible organic matter which may contain pathogens, must be buried/disposed
off without delay. The bulk of treated, dewatered dudge is useful as a soil
conditioner but invariably its use for this purpose is uneconomical. The solid
sludge therefore enters the stream of municipal wastes unless special arrangements
are madefor its disposal.

3.2.2 Classification

Because of the heterogeneous nature of solid wastes, no single method of
classification is entirely satisfactory. In some cases it is more important for the
solid waste specialist to know the source of waste, so that classifying wastes as
domestic, institutional or commercial, for example, is particularly useful. For
other situations, the types of waste, garbage, rubbish, ashes, street waste is of
greater significance because it gives a better indication of the physica and
chemical characteristics of the waste. The principa classification is given in
Table 3.1. The first three types, garbage, rubbish and ashes are those which make
up the bulk of municipal wastes, derived principally from households, institutions
and commercial areas. These wastes pose the most alarming/serious problems in
urban aress.
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Table3.1: Classification of Solid Wastes

TYPESOF SOLID WASTE

DESCRIPTION

SOURCES

Food waste
(garbage)

Rubbish

Ashes and
Residues

Bulky waste

Street waste

Dead animals

Construction
& demolition
waste

Industrial
waste & sludges

Hazardous wastes

Horticulture
W astes

Wastes from the preparation,
cooking, and serving of food.

Market refuse, waste from the
handling, storage, and sale of
produce and meats and vegetable

Combustible (primary organic)
paper, cardboard, cartons
wood, boxes,
plastics,
rags, cloth, bedding,
|eather, rubber,
grass, leaves, yard trimmings

Noncombustible (primary inorganic)
metals, tin cans, metal foils
dirt,
stones, bricks, ceramics,
crockery,
glass bottles,
other mineral refuse

Residue from fires used for
cooking and for heating buildings,
cinders, clinkers, thermal power plants.

Large auto parts, tyres, stoves
refrigerators, others large
appliances, furniture, large
crates, trees, branches, palm
fronts, stumps, flotage

Street sweepings,

Dirt, leaves, catch basin dirt, animal
droppings,

contents of litter receptacles

dead animals

Small animals: cats, dogs, poultry etc.
Large animals: horses, cows etc.

Lumber, roofing, and sheathing
scraps, crop residues, rubble,
broken concrete, plaster, conduit
pipe, wire, insulation etc.

Solid wastes resulting from

industry processes and

manufacturing operations, such as

food processing wastes, boiler

house cinders, wood, plastic and

metal scraps and shaving, etc. Effluent
treatment plant sludge of industries and
sewage treatment plant sludges, coarse
screening, grit & septic tank

Hazardous wastes: pathological waste,
explosives, radioactive material, toxic waste
etc.

Tree-trimmings, leaves, waste from parksand
gardens, etc.

Households, institutions
and commercial such as
hotels, stores,
restaurants, markets, etc.

Streets, sidewalks,
alleys, vacant lots, etc.

Construction and
demolition sites,
remodeling,
repairing sites

Factories, power plants, treatment
plants, etc.

Households, hospitals, institution,
stores,
industry, etc.

Parks, gardens, roadside trees, etc.

Source: Solid Waste Management in Developing Countries by Bhide & Sunderasan, INSDOC April, 1983
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33 COMPOSTION, CHARACTERISTICSAND QUANTITIES

3.3.1 Need for Analysis

An analysis of the composition, characteristics and quantities of solid
wastesis essential for the following reasons:

It provides the basic data on which the management system is planned,
designed and operated

The changes/trend in composition and quantity of waste over a period of
time are known which help in future planning

It provides the information for the selection of equipment and appropriate
technol ogy

It indicates the amount and type of material suitable for processing,
recovery and recycling

The forecast trends assist designers and manufacturers in the production of
vehicles and equipment suitable for future needs.

For such information to be of the widest possible benefit it must be
collected by a responsible national, regional or local authority and made available
to all who requireit.

3.3.2 Field Investigations

Field investigations are necessary for providing the basic data on solid
wastes and are carried out in three ways.

Weighing of vehicles at disposal sites

Sorting of wastes into predetermined components for weighing and
sampling in order to determine the percentage of each component and the
physical and chemical characteristics of the wastes.

Visiting institutional and industrial sites to identify wastes being generated
and disposal methods being used.

The weighing of loaded and unloaded vehicles is accomplished with a
weighing scale or weighbridge with a capacity of 20,000 kg. The loaded vehicles
are weighed when they enter the disposal site and empty vehicles are weighed
when they leave the site after unloading. Weighing is carried out each day of
weighing period in order to determine the average weight. Ideally the weighing
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scale should be operated during the entire daily period of operation of the landfill
site, round the clock, if necessary. A shift system should be employed, the
weighing team comprising four workers for each scale — a supervisor, an assistant
and two helpers moving the scale platform to the desired spacing for each vehicle.

The quantities of waste measured at disposal sites more correctly reflect the
guantities being disposed rather than those generated since the measurements do
not include:

Waste salvaged at the Site of generation

Waste disposed of in unauthorised places-empty lots, aleys, ditches etc.
Waste salvaged by collectors

Waste salvaged at the disposal site

Differences between the two are insignificant with well-managed collection
systems, enlightened public attitude and strict enforcement of legislation. Thisis
frequently not the case, particularly in some cities and it is then necessary to
measure waste quantities at source. Flintoff (1984) describes a method for
collecting samples with the active cooperation of householders wherein containers
or plastic bags are filled by a representative number of householders and |abeled
before being taken to the depot where the contents are weighed and the volume
measured.

Sorting is carried out manually, each sample size being about 100-150 kg
for desired accuracy of analysis. This process separates the waste into pre-
determined components, each component being separately weighed. Equipment
used for this purpose includes:

A sorting table, 3m long x 1.5m wide
A measuring box, 1m long x 0.5m wide x 1m high

Bins or boxes for storage of about 60 litre i.e. 0.06 n? capacity sorted
material

A platform weighing machine— 500 Kg
This procedure may not be feasible in developing countries where time for

study and resources are limited. For such situations a suitable procedure of sample
collection is described.



3.3.3 Number of Samplesto be Collected

Solid waste is very heterogeneous in nature and its composition varies with
place and time. Even samples obtained from the same place (sampling point) on
the same day, but at different time may show totally different characteristics. Due
to this reason the method by which the sample is collected and the number of
samples collected iscritical.

In the planning of sample survey, a stage is aways reached at which some
decision must be made about the size of the sample. This decision is extremely
important as unduly large number of samples result in waste of resources, while
less number of samples diminish the accuracy and utility of the results.

A method of determining the number of samples by statistical technique
has been suggested by Dennis E. Carruth and Albert J. Klee*.

The data on physical analysis of solid waste is presented in percentage.
Since the percentage d one constituent differs greatly from the other, the data
follows a multinomial distribution. So the data is subjected to a normalising
transformation by using arcsin function.

Y:2arcsin(")x_

Where X is the original percentage value of a component expressed as a
decimal; and

Y istransformed value of X.

To determine the number of samples required for composition analysis
following formulais used.

n = (zS/d)>?
Where,
n = number of samples
z = the standard normal deviate for confidence level desired
S = estimated standard deviation (transformed basis)
* Anaysis of Solid Waste Composition, Statistical Technique to Determine Sample Size,

SW-19ts, US Department of Hedlth, Education and Welfare, Bureau of Solid Waste
Management, 1969
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1

sensitivity (transformed basis)
= RacinOX - 2acsinOX =D %

The value for D is set according to the desired level of precision. In this
case the values for acceptable precision are obtained from the range e.g. paper
content in Indian Cities ranges between 2.91 — 6.43%. The average percentage of
paper content is 4.036. Therefore X = p.04036. (Y = 0.4045). There will be two
values i.e. 0.02126 and 0.02394. The choice of sign for X£D is positive if X is
less than 0.5. Therefore, corresponding values for X+D are 0.0516 & 0.0643 and
transformed valuesY ->0.4582 & 0.5126.

v arcsin 00.04036 - 2 arcsin ©0.0516 %

¥0.4045 - 0.4582Y>
0.0537

Therefore di

v arcsin 00.04036 - 2 arcsin ©0.0643 v

¥0.4045 - 0.5126Y2
0.1081

3

Substituting the vaues of d; in equation n = (25/d,)?

Wegetn=6

Z =196, Z+0.684
Similarly substituting value of d in eguation n = (ZS/d,)?
Wegetn=2
Therefore samples required for paper isin the range of 2-6.

Similarly number of samples required for other constituents were calcul ated
and resultsare givenin Table 3.2.

An advantage of this method is that number of samples can aso be
determined for any important chemical parameter. For example, carbon to
nitrogen (C/N) ratio is important for determining the suitability of the solid waste
for composting. The number of samples required can be calculated from values of
CI/N ratio. Normally the range of C/N ratio in Indian Municipa Solid Waste is
21.13-30.94 and the typical average value of C/N ratio is 25.66. The desired
precision can be obtained from upper and lower values of the range and the
average.
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Table3.2: Critical Statistics Obtained from Typical Indian Data

X Y \ Range
(no. of samples)
Paper 0.04036 0.4045 0.0742 2-6
Rubber, 0.00596 0.1545 0.0298 13-35
Leather &
Synthetics
Glass 0.00558 0.1495 0.0285 9-10
Metds 0.00506 0.1424 0.0277 13-20
Tota 0.4221 14144 0.1766 1-36
Compostable
Matter
Inert 0.4793 1.4979 0.0731 2-3
X -> mean of n observations expressed as decimals
Y -> transformed value of X
V> standard deviation

Datafor C/N ratio is transformed as follows:

CIN ratio X Y d no. of samples
Average vaue
25.66 0.2566 1.0570 0.1137 1
0.0980

Number of samples can be calculated separately for nitrogen and carbon.
The number of samples required in case of nitrogen is about 380 and that for
carbon is one. Similarly number of samples can be calculated for Fhosphorus,
Potassium and other chemical parameters.

It is evident from the statistical results obtained from the method mentioned
above that the number of samples to be taken does not exceed thirty-five in any
case. Though larger number of samples will increase precision, the required
number of samples for increased precision increase at a very large
disproportionate rate making it very uneconomic and analysis a hard task. The
basic aim should be to obtain a sample size which is a compromise between
economy and precision.




3.3.4 Collection of Samples of Solid Waste

When collecting samples of municipal solid waste major collection sites are
identified which are covering a larger size of population. Based on the type of
area such as residential, commercial, industrial, market, slum etc. sampling points
are distributed uniformly all over the study area. The sampling points are further
classified based on economic status of population such as high, middle and low-
income group.

About 10 kg of Municipa Solid Waste (MSW) is collected from ten points
from outside and inside of the solid waste heap. The total quantity of waste so
collected is thoroughly mixed and then reduced by method of quartering till a
samples of such a size is obtained which can be handled in the laboratory. The
sample so obtained is subjected to physical analysis, determination of moisture
and then the sample is processed for further chemical analysis.

Samples collected for physical and chemical analysis are double bagged in
plastic bags, sealed and sent to the laboratory for anaysis, each sample being in
the range 10 to 12 kg. Wastes from industries and institutions are usually
investigated by visiting the facility, viewing the waste handling system and
completing a questionnaire with the assistance of the plant manager or senior
technical personnel.

3.3.5 Composition and Characteristics

The composition and characteristics of municipal solid wastes vary
throughout the world. Even in the same country it changes from place to place as
it depends on number of factors such as social customs, standard of living,
geographical location, climate etc. MSW is heterogeneous in nature and consists
of a number of different materials derived from various types of activities. Even
then it is worthwhile to make some general observation to obtain some useful
conclusions.

The major constituents are paper and putrescible organic matter;

Metal, glass, ceramics, plastics, textiles, dirt and wood are generally present
although not always so, the rel ative proportions depending on local factors;

The average proportion of constituents reaching a disposal site(s) for a
particular urban area changes in long term athough there may be
significant seasonal variationswithin ayear.



For these reasons an analysis of the composition of solid waste, for rich and
poor countries alike, is expressed in terms of a limited number of constituents. It
is useful in illustrating the variations from one urban center to another and from
country to country. Data for different degrees of national weath (annual
per-capita income) are presented in Table 3.3. Waste composition also varies
with socio-economic status within a particular community, since income
determines life-style — consumption patterns and cul tural behaviour.

Table3.3: Patternsof Composition, Characteristics and Quantities

L ow Income Middle Income High Income
Countries Countries Countries

(2) (2 ©)
Compostion :
(% by weight)
Metd 02-25 1-5 3-13
Glass, Ceramics 05-35 1-10 4-10
Food and
Garden waste 40 -65 20-60 20-50
Paper 1-10 15-40 15-40
Textiles 1-5 2-10 2-10
PlasticsRubber 1-5 2—6 2-10
Misc. Combudtible 1-8 - -
Misc. Incombusdtible - - -
Inert 20-50 1-30 1-20
Dengty 250 — 500 170-330 100-170
(kg/n?)
Moisture Content 40-80 40-60 20-30
(% by wt)
Waste
Generation
(kg/cap/day) 0.4-0.6 05-09 0.7-18

() Countries having a per capitaincome less than US$360 (1978 prices)
2 Countries having a per capitaincome US$360-3500 (1978 prices)
3) Countries having a per capitaincome greater than US$3500 (1978 prices)

Source: Holmes, J: Managing Solid Wastein Developing Countries.

Several conclusions may be drawn from this comparative data:
The proportion of paper waste increases with increasing national income;

The proportion of putrescible organic matter (food waste) is greater in
countries of low income than those of high income;




Variation in waste composition is more dependent on national income than
geographical location, although the latter is also significant;

Waste density is a function of national income, being two to three times
higher in the low-income countries than in countries of high income;

Moisture content is also higher in low-income countries; and

The composition of waste in a given urban center varies significantly with
socio-economic status (household income).

3351 Characteristics of Municipal Solid Wastein Indian Urban Centres

National Environmental Engineering Research Ingtitute (NEERI) has
carried out extensive studieson characterisation of solid waste from 43 cities
during 1970-1994. The average characteristics have been presented in Tables 3.4
and 3.5. The paper content generaly varies between 2.9 to 6.5% and increases
with the increase in population. The plastics, rubber and leather contents are
lower than the paper content, and do not exceed 1% except in metropolitan cities.
The metal content is also low, viz. less than 1%. The low values are essentialy
due to the large scale recycling of these constituents. During a study in Bombay
(1993-94), samples were collected both at the source as well as disposal sites
to ascertain the extent of recycling. The paper isrecycled on a priority basis
while the plastics and glass are recycled to a lesser extent. The biodegradable
fraction is quite high, essentially due to the habit of using fresh vegetables in
India. The high biodegradable fraction aso warrants frequent collection and
removal of solid waste from the collection points. The ash and fine earth content
of Indian municipal solid waste is high due to the practice of inclusion of the
street  sweepings, drain silt, and construction and demolition debris in municipal
solid waste. The proportion of ash and fine earth reduces with increase in
population due to improvements in the road surfaces. Percentage of inert material
increases with the increase in population may be due to fast than construction and
demolition waste find its way into the municipa solid waste disposal stream.
High ash and earth content increases the densities of municipal solid waste which
are between 350 and 550 kg/m?® in Indian cities.

The chemical characteristics indicate that the organic content of the
samples on a dry weight basis ranges between 20 to 40%. The nitrogen,
phosphorus and potassium content of the municipal solid waste ranges between
0.5t0 0.7%, 0.5 to 0.8% and 0.5 to 0.8% respectively. The calorific value ranges
between 800-1000 kcal/kg. Knowledge of the chemical characteristicsis essential
in selecting and designing the waste processing and disposal facilities.



Ragpickers are observed to be more active in bigger cities. They prefer to
remove paper, plastics, rags and packaging and such other material, which is light
and also have a high caorific value. The remaining waste hence tends to have a
higher inert content and alower calorific value.

The demolition activity is observed to increase with population leading to
increased inert content and reduced organic content in MSW.

Table3.4: Physcal Characteristics of Municipal Solid Wastesin Indian Cities

Population  Number  Paper  Rubber, Glass Maeds Totd Inert
Range Of L eather compostable
(in million) Cities And metter
Surveyed Synthetics

0.1t0 0.5 12 291 0.78 0.56 0.33 4457 43.59
05t01.0 15 2.95 0.73 0.35 0.32 40.04 48.38
1.0t020 9 4.71 0.71 0.46 0.49 38.95 44.73
20t05.0 3 3.18 0.48 0.48 0.59 56.67 49.07
>5 4 6.43 0.28 0.94 0.80 30.84 53.90

All valuesin table 3.4 arein percent, and are calculated on net weight basis

Sour ce : Background material for Manual on SWM, NEERI, 1996

Table35: Chemical Characteristics of Municipal Solid Wastesin Indian Cities

Population No. of Moisture  Organic Nitrogen  Phosphorous Potassum  C/N Calorific

range (in Cities matter asTotal as P,Os asK,0 Ratio  vauetin

million) surveyed Nitrogen kcal/kg
% % % % %

0.1-05 12 25.81 37.09 0.71 0.63 0.83 30.94  1009.89
0.5-1.0 15 19.52 25.14 0.66 0.56 0.69 21.13 900.61
1.0-20 9 26.98 26.89 0.64 0.82 0.72 23.68 980.05
2.0-5.0 3 21.03 25.60 0.56 0.69 0.78 22.45 907.18
>5.0 4 38.72 39.07 0.56 0.52 0.52 30.11 800.70

All values, except moisture, are on dry weight basis.
*Calorific value on dry weight basis

Source: Background material for Manual on SWM, NEERI, 1996.
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3.3.6 Quantities

The information regarding waste quantity and density coupled with waste
generation rate (by weight), is important while assessing the payload capacity of
the collection equipment. It is possible to estimate the number of vehicles
required for the collection and transportation of waste each day.

While per capita waste generation is a statistic, which is necessary for
indicating trends in consumption and production, the total weight and volume of
wastes generated by the community served by the management system are of
greater importance in planning and design. As in al other aspects of data
collection for the planning and design phases, data on waste generation, weight
and volume should be collected by each authority for application in its own area of
operation.

3.36.1 Per Capita Quantity of Municipal Solid Waste in Indian Urban
Centres

The quantity of waste from various cities was accurately measured by
NEERI. On the basis of quantity transported per trip and the number of trips made
per day the daily quantity was determined. The quantity of waste produced is
lesser than that in developed countries and is normally observed to vary between
0.2-0.6 kg/capita/day. Value upto 0.6 kg/capita/day are observed in metropolitan
cities (Table 3.6). The total waste generation in urban areas in the country is
estimated to be around 38 million tonnes per annum.

Forecasting waste quantities in the future is as difficult as it isin predicting
changes of waste composition. The factors promoting change in waste
composition are equally relevant to changes in waste generation. An additional
point, worthy of note, is the change of density of the waste as the waste moves
through the management system, from the source of generation to the point of
ultimate disposal. Storage methods, salvaging activities, exposure to the weather,
handling methods and decomposition, all have their effects on changes in waste
density. As a genera wle, the lower the level of economic development, the
greater the change between generation and disposal. Increases in density of 100%
are common in developing countries, which mean that the volume of wastes
decreases by half.



Table3.6: Quantity of Municipal Solid Waste in Indian Urban Centres

Population Number of Total Average per Quantity
Range Urban population capita value (tonneg/day)
(in million) Centres (in million) (kg/capita/day)
(sampled)
<01 328 68.300 0.21 14343.00
0.1-05 255 56.914 0.21 11952.00
05-10 31 21.729 0.25 5432.00
1.0-20 14 17.184 0.27 4640.00
20-50 6 20.597 0.35 7209.00
>5.0 3 26.306 0.50* 13153.00

* 0.6 kg/capita/day generation of MSW observed in metro cities
Source: Background material for Manual on SWM, NEERI, 1996

3.36.2 Estimation of Future Per Capita Waste Quantity

For purposes of project identification, where an indication of service level
must be estimated and data from the project preparation stage have not yet been
developed, the followi ng municipal refuse generation rates are suggested:

Residential refuse : 0.3 to0 0.6 kg/cap/day
Commercial refuse : 0.1to 0.2 kg/cap/day
Street sweepings : 0.05 to 0.2 kg/cap/day
Institutional refuse : 0.05to 0.2 kg/cap/day

If industrial solid waste is included in municipal refuse for collection and/or
disposal purposes, from 0.1 to 1.0 kg/cap/day may be added at the appropriate step
where the municipality must estimate service delivery requirements. These
generation rates are subject to considerable site-specific factors and are required to
be supported by field data.

3.3.6.3 Relation between Gross National Product (GNP) and Municipal
Solid Waste Generation

The consumption of raw materials and finished product by the community
is directly proportional to the Gross National Product (GNP) of the country. Since
the solid waste quantities are directly proportional to the quantity of material
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consumed the increase in per capita solid waste quantities would be directly
proportional to the per capita increase in GNP. Table 3.7 shows the relation
between GNP and expected generation of municipal solid waste, based on the
study conducted by the United Nationsin 1995.

Table3.7: Relation between GNP and Expected Generation of Municipal Solid Waste
Sl. Country During the year 1995 During the year 2025
No.
GNP Per Urban Urban MSW GNP Per Urban Urban MSW
Capita Population Generation Capita Population Generation
(US$) (% of Total) | (kg/capita/day) (US$) (% of Total) | (kg/capita/day)
Low Income 490 27.8 0.64 1,050 48.8 0.6-1.0
1 Nepal 200 13.7 0.50 360 34.3 0.6
2. Bangladesh 240 18.3 0.49 440 40.0 0.6
3. Myanmar 240 26.2 0.45 580 47.3 0.6
4. Vietnam 240 20.8 0.55 580 39.0 0.7
5. Mangolia 310 60.9 0.60 560 76.5 0.9
6. India 340 26.8 0.46 620 45.2 0.7
7. Lao PDR 350 217 0.69 850 44.5 0.8
8. China 620 30.3 0.79 1,500 54.5 0.9
9. Sii Lanka 700 22.4 0.89 1,300 42.6 1.0
Middle Income 1,410 37.6 0.73 3,390 61.1 0.8-1.5
10. | Indonesia 980 354 0.76 2,400 60.7 1.0
11. | Philippines 1.050 54.2 0.52 2,500 74.3 0.8
12. | Thailand 2,740 20.0 1.10 6,650 39.1 15
13. | Malaysia 3,890 53.7 0.81 9,400 72.7 14
High Income 30,990 79.5 1.64 41,140 88.2 1.1-45
14. | Korea, Republic of 9,700 81.3 1.59 17,600 93.7 14
15. | Hong Kong 22,990 95.0 5.07 31,000 97.3 45
16. | Singapore 26,730 100 1.10 36,000 100 11
17. | Japan 39,640 77.6 147 53,500 84.9 13

(1US$ =40INR)

Source: “What aWaste”, Solid Waste Management in Asia, Urban Development Sector Unit, East
Asia and Pacific Region, October, 1998




3.36.4 Rate of I ncrease Based on Experiencein Other Cities

If data from other cities having registered similar pattern of development in
the past is available, it can be used. However, data from other similar cities on
rate of increase in per capita per day of solid waste may not be readily available.
Due to difference in socio-economic factor, migration of population,
industrialisation and waste quantities, a comparison of increase in per capita waste
of one Indian city with that of comparable cities in other developing countries will
also not be applicable.

3.3.65 Seasonal Variations

Seasonal variations in waste quantities must be accommodated by the
management system. They arise from seasona factors with respect to both
climate, cultural and religious events. During monsoon, the waste becomes wet
and heavy and total tonnage increases. Quantities of solid waste may also increase
during cultural and religious festivals. Climate affects the generation of vegetative
waste (yard and garden) or plant growth responds to favorable temperatures and
soil to autumn while in tropical areas, where temperatures are aways favorable,
maximum growth is in the season of rainfall. At the end of the growth season
(autumn dry season) leaves may comprise a significant proportion of the solid
wastes.

3.3.7 Physical Characteristics

3371 Density

A knowledge of the density of awaste i.e. its mass per unit volume (kg/m?°)
Is essential for the design of all elements of the solid waste management system
viz. Community storage, transportation and disposal. For example, in high-
income countries, considerable benefit is derived through the use of compaction
vehicles on collection routes, because the waste is typically of low density. A
reduction of volume of 75% is frequently achieved with normal compaction
equipment, so that an initial density of 100 kg/m® will readily be increased to 400
kg/m®. In other words, the vehicle would haul four times the weight of waste in
the compacted state than when the waste is uncompacted. The situation in
low-income countries is quite different: a high initial density of waste precludes
the achievement of high compaction ratio. Consequently, compaction vehicles
offer little or no advantage and are not cost-effective.

Significant changes in density occur spontaneously as the waste moves
from source to disposd, as a result of scavenging, handling, wetting and drying by
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the weather, vibration in the collection vehicles. The values shown in Table 3.8
reflect densities at the pick-up point.

Table3.8: Densty of Municipal Solid Wastesin Some Cities

Sl.No. City Density
(Kgm’)
1. Bangdore 390
2. Baroda 457
3. Ddhi 422
4. Hyderabad 369
5. Japur 537
6. Jabal pur 395
7. Raipur 405

Source: Solid Waste Management in Developing CountriesINSIDOC, 1983

N.B..  The above figures may be taken as indicative and actual field measurements must be made
while designing solid waste management schemesfor townsand cities.

Density is as critical in the design of a sanitary landfill as it is for the
storage, collection and transportation of waste. Efficient operation of a landfill
requires compaction of the waste to optimum density after it is placed.

Bulk Density M easur ement

Materials and appar atus:

Wooden box of | m® capacity
Wooden box of 0.028 m® capacity
Spring balance weighing upto 50 kg.

Procedure: The solid waste should be taken in the smaller 0.028 m® box to give a
composite sample, from different parts of the heap of waste, then weighed with the
help of a spring balance. After weighing, this smaller box (0.028 n?) is emptied
in bigger | n7* box and the weight of the waste poured into the bigger box is noted.
This is repeated till the larger box is filled to the top. The waste should not be
compacted by pressure.
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Fill the | n? box three times and take the average. Thus the weight per
cubic meter is obtained.

3.3.7.2 Moisture Content

Moisture content of solid wastes is usually expressed as the weight of
moisture per unit weight of wet material.

Moisture Content (%) =  Wet weight — dry weight

A typical range of moisture contents is 20 — 45% representing the extremes
of wastes in an arid climate and in the wet season of a region having large
precipitation. Vaues greater than 45% are however not uncommon. Moisture
increases the weight of solid waste and therefore the cost of collection and
transport.  Consequently, waste should be insulated from rainfall or other
extraneous water.

Moisture content is a critical determinant in the economic feasibility of
waste treatment and processing methods by incineration since energy (e.g. heat)
must be supplied for evaporation of water and in raising the temperature of the
water vapour.

Climatic conditions apart, moisture content is generaly higher in low
income countries because of the higher proportion of food and yard waste.

3.3.7.3 Size of Waste Constituents

The size distribution of waste constituents in the waste stream is important
because of its significance in the design of mechanical separators and shredder and
waste treatment process. This varies widely and while designing a system, proper
analysis of the waste characteristics should be carried out.

3.3.74 Calorific Value

Calorific value is the amount of heat generated from combustion of a unit
weight of a substance, expressed as kcal/kg. The caorific value is determined
experimentally using Bomb calorimeter in which the heat generated at a constant
temperature of 25°c from the combustion of a dry sample is measured. Since the
test temperature is below the boiling point of water, the combustion water remains
in the liquid state. However, during combustion the temperature of the
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combustion gases remains above 100°c so that the water resulting from
combustion is in the vapour state. Table 3.5 shows typical values of the residue
and calorific value for the components of municipal solid waste.

While evaluating incineration as a means of disposal or energy recovery,
the following points should be kept in view:

Organic material yields energy only when dry;

The moisture contained as free water in the waste reduces the dry organic
material per kilogram of waste and requires a significant amount of energy
for evaporation; and

The ash content of the waste reduces the proportion of dry organic material
per kilogram of waste. It aso retains some heat when removed from the
furnace.

3.3.8 Chemical Characteristics
A knowledge of chemical characteristics of waste is essentia in

determining the efficacy of any treatment process. Chemical characteristics
include (i) chemical; (ii) bio-chemical; and (iii) toxic.

Chemical: Chemical characteristics include pH, Nitrogen, Phosphorus
and Potassium (N-P-K), total Carbon, C/N ratio, calorific
value.

Bio-Chemical: Bio-Chemical characteristics include carbohydrates, proteins,
natural fibre, and biodegradable factor.

Toxic: Toxicity characteristics include heavy metals, pesticides,

insecticides, Toxicity test for Leachates (TCLP), etc.
The waste may include lipids as well.
3381 Classification

A knowledge of the classes of chemical compounds and their
characteristics is essential in proper understanding of the behaviour of waste as it
moves through the waste management system. The products of decomposition
and heating values are two examples of the importance of chemical characteristics.
Analysis identifies the compounds and the percent dry weights of each class. The
rate and products of decomposition are assessed through chemical analysis.
Calorific value indicates the heating value of solid waste. Chemical characteristics

54



are very useful in assessment of potential of methane gas generation. The various
chemical components normally found out in municipal solid waste are described
below. The product of decomposition and heating values are two examples of the
importance of chemical characteristics. Analysis identifies the compounds and the
per cent dry weight of each class.

(i) Lipids:

Included in this class of compounds are fats, oils and grease. The principal
sources of lipids are garbage, cooking oils and fats. Lipids have high caorific
values, about 38000 kcal/kg, which makes waste with a high lipid content suitable
for energy recovery processes. Since lipids in the solid state become liquid at
temperatures slightly above anbient, they add to the liquid content during waste
decomposition. They are biodegradable but because they have a low solubility in
waste, the rate of biodegradation isrelatively slow.

(i)  Carbohydrates:

Carbohydrates are found primarily in food and yard waste. They include
sugars and polymers of sugars such as starch and cellulose and have the general
formula (CH,O)yx. Carbohydrates are readily biodegraded to products such as
carbon dioxide, water and methane. Decomposing carbohydrates are particularly
attractive for flies and rats and for this reason should not be left exposed for
periods longer than is necessary.

(iii) Proteins:

Proteins are compounds containing carbon, hydrogen, oxygen and nitrogen
and consist of an organic acid with a substituted amine group (NH,). They are
found mainly in food and garden wastes and comprise 510% of the dry solids in
solid waste. Proteins decompose to form amino acids but partial decomposition
can result in the production of amines, which have intensely unpleasant odours.

(iv)  Natural Fibres:

This class includes the natural compounds, cellulose and lignin, both of
which are resistant to biodegradation. They are found in paper and paper products
and in food and yard waste. Cellulose is a larger polymer of glucose while lignin
Is composed of a group of monomers of which benzene is the primary member.
Paper, cotton and wood products are 100%, 95% and 40% cellulose respectively.
Since they are highly combustible, solid waste having a high proportion of paper
and wood products, are suitable for incineration. The calorific values of ovendried
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paper products are in the range 12000 — 18000 kcal/kg and of wood about 20000
kcal/kg, which compare with 44200 kcal/kg for fuel oil.

(v)  Synthetic Organic Materids (Plastic):

In recent years, plastics have become a significant component of solid
waste accounting for 57%. Plastic being non-bio-degradable, its decomposition
does not take place at disposal site. Besides, plastic causes choking of drains and
environmental pollution when burnt under uncontrolled condition. Recycling of
plastics is receiving more attention, which will reduce the proportion of this waste
component at disposal sites.

(vi)  Non-combustibles:

Materials in this class are glass, ceramic, metals, dust, dirt, ashes and
construction. Non-combustibles account for 30-50% of the dry solids.

34 CONCLUSION

No rational decisions on municipal solid wastes system are possible until
data of composition and quantity of solid waste are available. The method and
capacity of storage, the correct type of collection vehicle, the optimum size of
crew and the frequency of collection depend mainly on volume and density of
wastes. Climate also has some influence. The disposa method may be dependent
on the type of material recycled, organic content of waste, which could be
composted, and the combustible material, which could be a source of energy.



CHAPTER 4

CONSTRUCTION AND DEMOLITION
WASTE

4.1 INTRODUCTION

Construction and demolition waste is generated whenever any
construction/demolition activity takes place, such as, building roads, bridges, fly
over, subway, remodelling etc. It consists mostly of inert and non-biodegradable
material such as concrete, plaster, metal, wood, plastics etc. A part of this waste
comes to the municipal stream.

These wastes are heavy, having high density, often bulky and occupy
considerable storage space either on the road or communal waste bin/container. It
IS not uncommon to see huge piles of such waste, which is heavy as well, stacked
on roads especidly in large projects, resulting in traffic congestion and disruption.
Waste from small generators like individual house construction or demolition, find
its way into the nearby municipa bin/vat/waste storage depots, making the
municipal waste heavy and degrading its quality for further treatment like
composting or energy recovery. Often it finds its way into surface drains, choking
them. It constitutes about 10-20 % of the municipal solid waste (excluding large
construction projects).

It is estimated that the construction industry in India generates about 10-12
million tons of waste annually. Projections for building material requirement of
the housing sector indicate a shortage of aggregates to the extent of about 55,000
million cu.m. An additional 750 million cu.m. aggregates would be required for
achieving the targets of the road sector. Recycling of aggregate material from
construction and demolition waste may reduce the demand-supply gap in both
these sectors.

While retrievable items such as bricks, wood, metal, titles are recycled, the
concrete and masonry waste, accounting for more than 50% of the waste from
construction and demolition activities, are not being currently recycled in India.
Recycling of concrete and masonry waste is, however, being done abroad in
countrieslike U.K., USA, France, Denmark, Germany and Japan.
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Concrete and masonry waste can be recycled by sorting, crushing and
sieving into recycled aggregate. This recycled aggregate can be used to make
concrete for road construction and building material. Work on recycling of
aggregates has been done at Central Building Research Institute (CBRI), Roorkee,
and Central Road Research Institute (CRRI), New Delhi.

The study report stresses the importance of recycling construction waste,
creating awareness about the problem of waste management and the availability of
technologiesfor recycling.

According to a study commissioned by Technology Information,
Forecasting and Assessment Council(TIFAC), 70% of the construction industry is
not aware of recycling techniques. The study recommends establishment of
qguality standards for recycled aggregate materials and recycled aggregate
concrete. This would help in setting up a target product quality for producers and
assure the user of a minimum quality requirement, thus encouraging him to use it.

42 CHARACTERISTICS

This category of waste is complex due to the different types of building
materials being used but in general may comprise the following materials:

Major components

Cement concrete
Bricks
Cement plaster

Steel (from RCC, door/window frames, roofing support, railings of
staircase etc.)

Rubble
Stone (marble, granite, sand stone)

Timber/wood (especially demolition of old buildings)

Minor components

Conduits (iron, plastic)
Pipes (Gl, iron, plastic)



Electrical  fixtures  (copper/dluminium  wiring, wooden  baton,
bakelite/plastic switches, wi re insulation)

Panels (wooden, laminated)
Others (glazed tiles, glass panes)

43 STORAGE OF CONSTRUCTION AND DEMOLITION WASTE

These wastes are best stored at source, i.e., at the point of generation. If
they are scattered around or thrown on the road, they not only cause obstruction to
traffic but aso add to the workload of the local body. All attempts should be made
to stick to the following measures:

All construction/demolition waste should be stored within the site itself. A
proper screen should be provided so that the waste does not get scattered
and does not become an eyesore.

Attempts should be made to keep the waste segregated into different heaps
asfar as possible so that their further gradation and reuse is facilitated.

Material, which can be reused at the same site for the purpose of
construction, levelling, making road/pavement etc. should also be kept in
separate heaps from those, which are to be sold or landfilled.

The local body or a private company may arrange to provide appropriate
number of skip containers/trolleys on hire which may be parked at the site
and removed with skip lifters or tractors as the case may be.

Whenever a new streamlined system is introduced in a municipality, the
local body may consider using its old vehicles, especially, tractors and
trailers or old lorries or tippers for this purpose.

For large projects involving construction of bridges, flyovers, subways
etc., specia provision should be made for storage of waste material.
Depending on the storage capacity, movement of the waste has to be
planned accordingly. Otherwise, it would result in job constraint as well as
traffic bottlenecks.

This subject is often neglected in case of repair/maintenance of roads,
water pipes, underground telephone and electric cables etc. It is not
uncommon to see that after such work, the waste remains piled for months
on the roads or pavements. The concerned departments and contractors
must co-ordinate with the municipality for removal of the debris generated.
The municipality while giving permission for such work should clearly sort
out the issue of removal of the debris and should insist that immediately
after the job is over, the road should be repaired and brought back to its
normal shape.
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44 COLLECTION AND TRANSPORTATION

If the construction debris is stored in skips, then skip lifters fitted with
hydraulic hoist system should be used for efficient and prompt removal. In case,
trailers are used, then tractors may remove these. For handling very large volumes,
front-end loaders in combination with sturdy tipper trucks may be used so that the
time taken for loading and unloading is kept to the minimum.

For small generators of construction debris, e.g., petty repair/maintenance
job, there may be two options — (i) specific places for such dumping by the local
body and (ii) removal on payment basis.

In case of small towns where skips and tipping trailers are not available,
manual |oading and unloading should be permitted.

Close co-ordination between the Sanitary Department, Municipal
Engineering Department and Town Planning Department is essential if there is no
consolidated Solid Waste Management Department to take care of the construction
and demolition waste in addition to other municipal garbage.

45 RECYCLING AND REUSE

The use of these materials basicaly depends on their separation and
condition of the separated material. A majority of these materials are durable and
therefore, have a high potential of reuse. It would, however, be desirable to have
quality standards for the recycled materials. Construction and demolition waste
can be used in the following manner:

Reuse (at site) of bricks, stone slabs, timber, conduits, piping railings etc. to
the extent possible and depending upon their condition.

Sale / auction of material which can not be used at the site due to design
constraint or change in design.

Plastics, broken glass, scrap metal etc. can be used by recycling industries.

Rubble, brick bats, broken plaster/concrete pieces etc. can be used for
building activity, such as, leveling, under coat of lanes where the traffic
does not constitute of heavy moving loads.

Larger unusable pieces can be sent for filling up low-lying areas.

Fine material, such as, sand, dust etc. can be used as cover material over
sanitary landfill.



Metropolitan and mega cities usually generate huge quantities of wastes
because of large-scale building and other developmental activities. They may
identify suitable sites where such waste can be temporarily stored and some
physical treatment can be carried out. These sites may have the following features:

Compared to the general waste treatment/disposal/landfill site such sites
may be suitably located near the municipal boundaries, because the inert
waste do not cause odour or pollution, provided adequate steps are taken to
reduce dust and noise during handling. Since these wastes are heavy, their
transportation cost can also be reduced to some extent if the distance to be
carried isless.

At this site, different kinds of waste should be kept in separate heaps.

Arrangement for size grading can aso be planned so that reuse is
facilitated. This can be simply done by erecting sturdy metallic screens of
different sizes at an angle and putting the waste over them with the help of
afront-end loader.

The graded material should be kept in separate heaps with appropriate |abel
and direction.

Sale or auction of these materials can also be planned from timeto time.
46 DISPOSAL

Being predominantly inert in nature, construction and demolition waste
does not create chemical or biochemical pollution. Hence maximum effort should
be made to reuse and recycle them as indicated above (4.5). The material can be
used for filling/leveling of low-lying areas. In the industrialised countries, special
landfills are sometimes created for inert waste, which are normally located in
abandoned mines and quarries. The same can be attempted in our country also for
cities, which are located near open mining quarries or mines where normally sand
is used as the filling material. However, proper sampling of the materia for its
physical and chemical characteristics has to be done for evaluating its use under
the given circumstances.

4.7 PLANNING AND MANAGEMENT ASPECTS

The concerned civic authorities should make a plan for gainful use of
construction debris. The low lying areas, which need to be filled up for the
purpose of building activity, may be mapped and a contingency plan prepared so
that whenever a demolition or construction activity takes place, its debris can be
directed to such places in order of priority. However, such activity should be
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planned and implemented strictly under supervision and approval of the concerned
authority.

48 INSTITUTIONAL AND REGULATORY ASPECTS

There should be a proper institutional mechanism to take care of the
collection, transportation, intermediate storage (if necessary), utilisation and
disposal of the construction and demolition waste. In a number of municipalities,
the Sanitary Department or the Health Department is responsible for the municipal
garbage whereas the Engineering or the Planning Department is responsible for
construction and demolition waste. Under such circumstances, it is extremely
important that either the Solid Waste Management Department is made
responsible for collection of construction and demolition waste or these
departments work in close co-ordination.

It is essential that proper accountability is fixed and official information is
readily available regarding day to day situation.

Private enterprise can be gainfully employed for the collection and
transportation of the waste. Strict control of the concerned civic authorities is
essential. If the municipality has suitable vehicles and containers, these can be
leased to the private enterprises. There must be proper contract agreement
protecting the genuine interests of the private enterprise and the civic authorities.

Thusthe following four options are possible:

1. Thetotal activity may be contracted out.

2. Only vehicles may be leased out by the civic body to the private contractor
for transport of debriswith his own labour, i.e., labour contract.

3. The vehicles may be hired by the local body from private sources for
transport of debriswith municipal labour.

4. The tota activity may be carried out by the Department, i.e, the
municipality.

The civic authority should consider the following points and after deliberations
get them approved by the competent authority, except the those which aready
exist in their municipal act.

The civic authority should notify that no person should dispose of
construction/demolition waste on the streets/pavements/storm
drainage/open land belonging to the municipality or the government. In
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case such waste is dumped on a private land, the owner of such land
would be accountable for the act and would be held responsible for any
degradation of the surrounding environment or causing of any pollution.

Such waste should be stored within the premises till they are removed
from the site to a place notified/permitted by thelocal body.

The primary responsibility for removal of such waste would be that of
the generator of such waste. The civic authority would charge suitably
(at least full cost recovery) if they provide containers on hire and
provide service for removal of the waste. In such case the local body
would become the owner of the waste and would have the right to sale
or auction the same.

The generator of waste should inform the concerned civic authority in
writing in advance before undertaking such activity and aso deposit
such fees as necessary according to the notifications of the municipality
by way of container rent, stacking (on a public road/place) or hauling
charges. There should be provision of suitable penalty clause by way of
moderate to heavy fines etc. (depending on the severity of the offence)
for violation of these rules and also for littering of construction debris.

In case of new construction, the advance is to be deposited with the
application for sanction of the building plan. The charges would be
notified by the civic authority and would be refundable after due
deductions in case of compliance of the stipulated laws. In case of any
default, the whole amount would be confiscated.

These rules/notifications would aso be valid for Government, Semi-
Government and Public Sector Departments.



CHAPTER 5

SLAUGHTER HOUSE WASTE AND
DEAD ANIMALS

5.1 INTRODUCTION

As per 1989 survey, India has the world's largest population of livestock,
with nearly 191 million cattle. 70 million Buffaloes, 139 million Sheep and Goat,
10 million Pigs and over 200 million poultry. About 36.5% of Goat, 32.5% of
Sheep, 28% of Pigs, 1.9% of Buffaloes and 0.9% cattle are slaughtered every year.
The reported per capita availability of meat in India is about 1.4 kg per annum,
which israther low compared to 60-90 kg in European countries.

As reported by the Ministry of Food Processing, as of 1989, atotal of 3616
recognized slaughter houses slaughter over 2 million cattle and buffaloes, 50
million sheep and goat, 1.5 million pigs and 150 million poultry annually, for
domestic consumption aswell as for export purposes.

While the daughter houses come under the purview of the animal
husbandry division of Ministry of Agriculture mainly for the purpose of funding
towards expansion and modernization activities, the respective local bodies are
mainly responsible for day-to-day operation/maintenance of the slaughter houses.
Most of the slaughter houses in the country are service-oriented and, as such,
perform only the killing and dressing of animals without an onsite rendering
operations. Most of the slaughter houses are more than 50 years old without
adequate basic amenities viz. proper flooring, ventilation, water supply, lairage,
transport etc. In addition to these deficiencies, slaughter houses suffer from very
low hygiene standard posing a major public health and environmental hazards due
to discrete disposal of waste and highly polluted effluent discharge. Unauthorised
and illicit slaughtering has also increased manifold and thus the related problems.

52 MAGNITUDE OF THE PROBLEM
With growing annual per capita meat consumption, high meat export
potential, large non-utilisation of potential meat animals, the development of meat

industry in India is controlled not by the Government but the existing market
forces. The unorganised nature of this trade is the main feature in this industry
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that has not been able to use state of the art of technology available in global meat
market. This sector is facing many problems and constraints while going for
modernisation as under-mentioned:

Subjects of daughtering of animals and related activities are governed as
State subjects under the provisions of Article 48 of the Constitution of India.

There are religious and political controversies over the large animal slaughter
particularly bullocks.

A vociferous pressure group emerging out of religious feelings does hinder
the modernisation of slaughter houses.

The Government’s policies do not permit slaughtering of younger animals.
Therefore, illegal dlaughtering of calvesisdonein every city.

Moreover the introduction of humane dlaughter methods have proved
unsuccessful due to certain religion constraints, whereas existence of
powerful religious concern over cruelty to animals can not be ignored.

Due to Government control, religious beliefs and some of the constraints as
explained above the ante-mortem and post-mortem inspections cannot be
done at inadequately equipped slaughter houses and aso it leads to illega
daughtering of animals at avery high level.

Animals are often available for daughter only when they are useless for any
other purpose.

Lack of care during the transportation results into cruelty to animals, weight
loss and high mortality.

Many of the animals are of poor breeds for meat production and suffer from
mal nutrition, endemic diseases and widespread parasitic infestation.

The meat industry is considered as unclean, unsocial and low caste
occupation.

Comparatively small number of rich butchers who exploit the local labour
force presently dominates the entire meat industry.

The long chain of middlemen results in high mark of prices between the
farmers’ gate and the terminal market.

Because of the reasons stated above and the fact that most of the slaughter
houses in the country are more than 75 years old and aso there is a noticeable
increase in illegal activities of slaughtering animals, the meat industry does not
meet the standards for discharge of effluents as laid down and notified under the
Environment (Protection) Act, 1986.



Eating habit of nonvegetarian population is generally controlled by the
prevailing market price of meat. It has been observed that meat from large
animals is sold at one third of the price of mutton from sheep/goat or chicken
and fish. The availability of large animals, i.e. bullocks and buffaloes has also
increased over the years due to better breeding practices adopted in animal
husbandry programmes, better veterinary care of animas and ever growing
mechanisation of agriculture. Since the requirement of bullocks for farming
purposes has decreased over the years, the dairy farmers sell the male calves at a
younger age. The calf leather also fetches a good price for the butcher. The
facilities available at meat markets are not good enough to keep the meat fresh for
longer time. The butchers are not ready to bear the transportation costs for
transporting meat from the slaughter houses to the shops. Hence, most of the
butchers prefer to slaughter animals next to their shops. This particular scenario of
illegal daughtering at the door-step of the shops poses a great hazard to the local
governments not only from public health point of view but also for the disposal of
wastes in a scientific manner.

The wastes from dlaughter houses and packaging houses are similar
chemically to domestic sewage, but are considerably more concentrated. They are
amost wholly organic, chiefly having dissolved and suspended material. The
principal deleterious effect of these wastes on streams and water courses is their
deoxygenation. The type of waste produced by the separate operations are shown
asunder:

Source Waste

Stockyard manure

Killing floor blood

Dehairing hair and dirt

Insides removal paunch manure and liquor
Rendering stick liquor or pressliquor
Carcass dressing flesh, grease, blood, manure
By-products grease, offal

The typical characteristics of the effluent coming out from the slaughter
house are asfollows:

Parameters Characteristic
1. Quantity - 2000 cum/day
2. Total solids - 4000 to 5000 mg/1
3. BOD - 4000 mg/1
4, COD - 8000 mg/1
5. pH - 6to7
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53 CLASSFICATION

At present there are no official norms for classification of slaughter houses.
However, depending upon the type of animals daughtered, the slaughter houses
are classified into:

Large animal (i.e. cattle, buffalo etc.) aughter 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 daughtered, Bovines and Goat & Sheep daughter houses are further
classified into following categories:

Large Scae - More than 200 large animals i.e. Bovines per day
or more than 1000 goat and sheep per day.

Medium Scale - More than 50 and upto 200 large animals or more
than 300 upto 1000 goat and sheep/day.

Small Scale - Less than 50 Bovines and 300 goat and sheep per
day.

Large scale slaughter houses are located mainly in big cities, medium
slaughter houses in district/towns while the small scale slaughter houses are

scattered all over the country.
54  OPERATIONSDURING SLAUGHTERING OF ANIMALS
5.4.1 Present Scenario
5411 Slaughtering

In India mostly daughtering of animals is done either by way of halal or
jhatka method. Hala is the method preferred by Muslims and jhatka by the
Hindus/Christians/Sikhs, etc. To daughter the animals in a humane way stunning

of the animals is prescribed, but in most of the cases stunning before slaughtering
has yet not been adopted due to certain religious feelings.



54.1.2 Bleeding

In both the above methods of slaughtering, blood collection is not done
immediately on slaughtering and most of the blood goes down into municipal
drains causing pollution. Blood of the animals, which can be collected for making
use in pharmaceutical industry, is thus by and large lost. Due to inadequate
facilities at the slaughter houses and scattered illegal slaughtering of animals, a
very few slaughter housed collect blood.

54.1.3 Dressing

Due to lack of means and tools, dehiding of the carcasses is done on the
floor itself, which causes contamination of the meat. The hides and skins are
spread on the floor of the slaughtering area. Similarly legs, bones, hooves etc. are

not removed immediately from the slaughtering area.
5414 Evisceration

This particular process during slaughtering generates maximum amount of
waste. The butchers who carry out illegal slaughtering of animals generaly throw
visceral material at the community bins and wash the small intestines at their
shops itself and thus create pollution problem.

55 MEASURES PROPOSED TO IMPROVE THE SLAUGHTER
HOUSE WASTE MANAGEMENT

55.1 Liquid Waste/Effluent

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
daughtering. The waste water from slaughter house is heavy in pollution and,
therefore, it should not be allowed to mix with the municipa drain system without
pre-treatment meeting sewage sStandards as per the Bureau of Indian
Standards(B1S). The waste water treatment system should essentially comprise of:

() self cleaning type screening or two stage screening (Bar type);
(i)  anaerobic treatment;
(iii)  aerobic treatment; and

(iv)  filter pressfor dewatering of the sludge.
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For the treatment of liquid waste/effluent from slaughter houses, the
guidelines contained in the Manual on Sewerage & Sewage Treatment published
by the Ministry of Urban Development, 1993 may be followed. The standards
prescribed in the Environment Protection Act, 1986, as per Annexure-5.1, must be

adhered by each slaughter house.
5.5.2 Collection of Blood

The blood available from the daughter houses should be collected and
made use of in pharmaceutical industry. Bleeding areas should be clearly
identified in the slaughter houses and blood drains should be and collection should
be doneimmediately so that its full potential could be utilized.

5.5.3 Improved Method of Dressing

At each daughter house adequate tools should be provided for dehiding of
the animals, hides and skins should be immediately transported out of the
slaughtering area in a closed wheel-barrow or similar other devices. In no case the
hides and skins should be spread on the floor of the slaughtering area for
inspection. Legs, bones, hooves etc. should aso be removed immediately from
the dlaughtering area through a spring load floor chute or closed wheel-barrow.

5.5.4 Evisceration

At daughter houses adequate compartments for immediate separation and
disposal of condemned material must be provided. The authority must take care
that intestines are not punctured during evisceration to avoid contamination of
carcasses.

5.5.5 SafeDisposal of Waste Products

Slaughtering of animals generates wastes consisting of non edible offal
(like lungs, large intestines, various glands, animal tissues, organs, various body
parts, etc.) stomach/intestinal contents, dung, sludge from waste water treatment,
bones, etc. All these types of wastes are required to be disposed by adopting
methods like rendering/controlled  incineration/burial/composting/anaerobic
digestion etc. The estimated waste generated in a slaughter house is stated as
under-mentioned:
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SI.No. | Typeof daughter Capacity Annual Daily Waste
house Gener ated

1. Large L arge animals>40,000 6-7 Tonnes/day
Small animals>6,00,000

2. Medium Large animals 2-6 Tonnes/day
= 10,001-40,000
Small animals
= 1,00,001-6,00,000

3. Small Large animals upto 10,000 0.5-1 Tonne/day
Small animals upto 1,00,000

5.5.6 OdoursControl

The tropical climate of our country enhances the process of degeneration of
any tissue material remaining as a waste in the premises of the slaughter houses.
Therefore, the slaughter house premises always give a particular stink. In order to
avoid this stinking odour proper ventilation of slaughtering halls, washing of the
floors with non-poisonous disinfectants and if need be use of aerobic deodorants
must be provided at each slaughter house.

5.5.7 Modernisation of Slaughter House

The slaughter houses are normally controlled by local bodies, which should
follow the standards prescribed, but due to non-existence of modernised slaughter
houses, environmental pollution arising out of the slaughtering activities cannot be
controlled. The local bodies must, therefore, take up modernisation of slaughter
houses and achieve the pollution control norms.

5.5.8 CurbingActivitiesof Illegal Slaughtering of Animals

The places where illegal daughtering is taking place should be carefully
identified and the illegal activity should be curbed by the local body with the help
of local police to ensure that slaughtering takes place at the slaughter house only
under hygienic conditions and meat eating population gets fresh and disease free
meat. This will also prevent clogging of drains due to illegal dumping of animal
waste into the drains.

Till the activity of illegal slaughtering is not brought under control, the
waste generated out of this illicit practice needs to be managed by the urban local
bodies by putting community bins for collection of this waste so that the waste
does not get mixed up with the domestic waste and can be disposed of separately.
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5.5.9 Provision of Dry Rendering Plants

In most of the cities the animals dying of natural death are carried away to
outskirts of the city limits by the people who perform the job of dehiding of the
carcasses. After dehiding these carcasses are left in open. Vultures and other
animals feed on meat of these carcasses. This entire activity is a nuisance to the
aviation industry and a hazard for public heath. The carcass utilization plant
which are run by adopting dry rendering process plants should be provided at al
the magor towns to process the dead animal carcasses in a scientific manner.
These plants should process the solid waste generated from the slaughterhouses as
well as the places of illegal slaughter. The products of the rendering plants are
widely used as meat meal/bone meal, etc. The slaughter house waste can also be
subjected to bio-methanation as resources recovery.

Department of Animal Husbandry, Ministry of Agriculture, Government of
India is providing substantial financial assistance for setting up of slaughter houses
and carcass utilisation centres. The details including guidelines are given
as per Annexure-5.2.

5.6  The Supreme Court of India, High Courts in States and Lower Courts have
taken serious view on environmental pollution and have in severa cases ordered
closing down of existing slaughter houses and flaying units and other such highly
polluting industries. Therefore, it is the right time for the State Governments and
Urban Local Bodies to chalk out plans for modernisation of slaughter houses.
Central Pollution Control Board (CPCB) has brought out “Draft Guidelines for
Sanitation in Slaughter Houses’ during August, 1998 and the same is appended
as per Annexure-5.3.

The Bureau of Indian Standards has also brought out the Indian Standard,
IS: 4393 : 1979, as basic requirement for Abattoir (First Revision).
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ANNEXURE 5.1

DRAFT GUIDELINESFOR SANITATION IN SLAUGHTER HOUSE

1. PREAMBLE

) The standards for discharge of effluents from the dlaughter houses have

been laid down and notified under the Environment (Protection) Act, 1986.

i) Most of the slaughter houses in the country are more than 50 years old with
inadequate basic amenities like proper flooring, water supply, ventilation etc.. At
present, their condition is far from satisfactory. The guidelines are suggested to
help in improving existing saughter houses and setting up of new slaughter houses
on modern lines with emphasis on greater utilization of wastes.

2. SCOPE

The guidelines cover basic amenities in dlaughter house, operations
including humane dlaughtering, implant control measures, by-product recovery
and waste management systems. The overall objective is to maintain good
hygiene and sanitation in sSlaughter house and to minimize environmental

problems.

3. APPLICATION

The guidelines shall apply to every local authority (Municipal Corporation,
Municipal Council, Municipality, Nagar Palika, Cantonment Board) or person(s)



operating a dSaughter house. These guidelines shall be applicable to all

cities/towns/villages where slaughter houses exist.

4. TERMINOLOGY

Carcass— The part of animal body that is used for meat.

Composting — A controlled process involving microbia degradation.

Dissolved Air Floatation— Separation of low density contaminant from water
using minute air bubbles attached to individual particles to increase the buoyancy

of the particle.

Evisceration — The process of removing inner organs of the body, particularly

organs of thorax and abdomen such as the intestines, heart, lung, liver, kidneys etc.

Hygiene — The science of health and its preservation.

Incineration — It is a controlled combustion process in which the waste is burnt

and converted into gases and aresidue containing little or no combustible material.

Lairage — Facility of slaughter house where animals are delivered and rested prior

to slaughtering.

Lard — Processed pig fat, processing is done by boiling raw fat material.

Offal — Part of the animal that remains after the carcasses have been removed.



Rendering — Facility for processing by-product from slaughter house and meat

processing unitsinto animal feed, bone meal etc.

Rumen — The first stomach of ruminants like cow, buffalo and goat sheep which

ruminates

Saughter House — The building, premises or place which is used for slaughtering

of animals/birds for human consumption.

Viscera — The organ of the great cavity of the body which are removed after

slaughtering.

5. LOCATION

The dlaughter houses should be located outside or on the periphery of a city
or town and shall be away from an airport. Care should, however, be taken to see
that these are easily accessible to the patrons and do not adversely affect the
transport of meat to the market place. Main service such as potable water,
electricity and proper hygienic waste disposal facilities are a prerequisite and

should be taken care of.

6. BASIC AMENITIES

) The slaughter house shall have the following essential facilities:

a Reception areafor animals,

b) Lairage;

C) Facilities for ante-mortem inspection;

d) Segregation ward for sick/diseased animals;
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e) Carrying out humane daughtering;

f) Flaying, dressing and washing of carcasses,

0) Handling carcasses and edible offal;

h) Handling by-products;

) Inspection of meat and disposal of unfit meat for human
consumption;

) Refrigerated room; and

K) Laboratory.

i) The floor of daughter hall and dressing area of slaughter house must be
impervious, of good quality marbled dab/cement-tiles or good quality cement
concreting with proper gradient for draining waste waters. Walls up to 1.5 to 2
meters from floor should be surfaced with approved quality white glazed tiles or
other equivalent material.  Suitable type of ventilation system like air

conditioning, air circulation, exhaust fans etc. should be provided.

iii)  The daughter house should have an adequate separation between clean and
dirty sections, which shall be arranged in such a way that from introduction of a
live animal into the slaughter house upto the emergence of meat and offal classed
as fit for human consumption there shall be a continuous process; without any
possibilities of reversal, inter-section or overlgoping between the live animals and

meat, and between meat and by-products or waste.

V) There should be rails with hooks of suitable rust proof metal for bleeding,

dressing and hanging of carcassesin slaughter house.



7. OPERATIONS

1) Saughtering: Arrangement should be provided in slaughter house for humane
daughtering. Large animals may be stunned mechanically by captive pistol or
gun. In case of goat, sheep and pit, electric stunner may be used. An animal
should not be stunned and slaughtered in sight of other animals.

i) Bleeding: The bleeding area should be so located that the blood should not be
spashed on other animals being slaughtered or on carcasses being skinned. Blood

drains and collection should be immediate and proper.

iii) Dressing: Dressing of carcasses should not be done on floor. Adequate means
and tools for dehiding or belting of the animals should be provided. Hides and
skins should be immediately transported either in a closed wheel barrow or by
chute provided with self closing door. In no case, the hides or skins should be
spread on floor for inspection. Means for immediate disposal of legs, horns,
hooves etc. should be provided through spring load floor chutes or side wall door

or closed wheel barrows.

Iv) Evisceration: There should be adequate contrivances for immediate separation
and disposal of condemned material. Care should be taken too not to puncture

intestine during evisceration to avoid contamination of carcass.

8. WATER SUPPLY

) Sufficient, safe, potable and constant supply of fresh water shal be
avallable at adequate pressure through out the premises. There should be
arrangement of hot water supply in slaughter hall and work rooms during working

hours.



i) At all convenient points, sterilizing facilities should be provided. Hot water

isrequired at not less than 82°C for frequent sterilizing of equipments and tools.

1)  Suitable facilities for washing of hands (including adequate supply of hot
and cold water, nail brushes, soap or detergent) should be provided for persons

working in slaughter house.

V) Every sanitary convenience in a saughter house should be supplied with

water by means of suitable flushing appliance.

9. MAN POWER

The workers engaged in slaughtering, dressing etc. should be well educated
and trained in their respective operations. Workers should have regular medical
check up and should be medically fit to handle meat (food). They should be
provided with necessary uniform and protective clothing and they should always
use and maintain them in a clean and sanitary condition through out their working

period.

10. INPLANT MEASURES

) High efficiency spray nozzles with quick shot off in carcass washing,
evisceration line and all cleaning purposes should be installed for effective

cleaning and to reduce water consumption.

i) Dry cleaning step for al clean-up operations followed by controlled and

efficient wet cleaning should be introduced to reduce pollution load in wastewater.



iii)  Proper segregation and collection of blood should be practiced in every

slaughter house.

V) The dry procedures for collection of stomach and intestinal contents should
be adopted. In no case, discharge of stomach and intestinal contents be allowed to

discharge into drains.

V) Hairs/feathers and other screenable solids should be removed from the

wastewater as close to the place of generation/discharge as possible.

11. RECOVERY FROM WASTE

) Blood should be collected by pharmaceutical companies for manufacturing
of haemotonic preparations. Alternatively, blood plasma could be used in sausage
preparations. Blood can also be converted to blood meal which, after mixing and

drying with rumen digesta can be used as animal feed.

i) Rumen digesta contains 10-20% proteins, vitamins and essential minerals
which, after processing/drying is an ideal anima feed. Alternatively, rumen

digesta can be used as manure after composting.

i)  Fat should be collected separately and rendered into tallow or lard by using
wet or dry rendering processes. Indirect heat is used to melt fat and evaporate
moisture from animal tissue. Tallow and lard is a valuable raw material for

severa chemical industries.

iv) Dissolved Air Floatation (DAF) is a proven method not only for pre-
treatment of wastewater but also for fat and protein recovery. Prior to floatation,

coagulation and flocculation are required. The collected float with solid content of
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16-18% consists mainly of proteins and fats. Coagulation of proteins and melting
of fatsis carried out in the subsequent protein recovery system consisting of a heat
exchanger and dryer. The dried product, with a protein content of approximately
98% can be used as animal feed.

12. WASTE MANAGEMENT

For implementation of effective waste management system, the slaughter
houses have been classified into three categories i.e. large, medium and small.

The criterion of classification is specified in Schedule-I.

i) Effluent: Wastewater of a slaughter house should be subjected to appropriate
treatment system as given in Schedule-11 to meet the prescribed standards before it
is discharged. The standard notified under the Environment (Protection) Act,
1986 are presented in Schedule-111.

i) Solid Waste: All solid wastes arising in the slaughter house shall be properly
graded and disposed of by methods specified in Schedule-1V.

iii) Odours: Proper ventilation system should be provided which, besides meeting

the provisions of factory act, can also facilitate to avoid off objectionable odours.



Schedule-|
(Guideline 12)

Classification of Slaughter Houses

Category of Slaughter Criterion
House

Large Annual Slaughtering Capacity:
Large Animals > 40,000 and
Goats/Sheeps > 6,00,000
Or
Daily Live Weight Killed > 70 Tonne

Medium Annua Slaughtering Capacity:
Large Animals 10,001 — 40,000 and
Goats/Sheeps 1,00,001 - 6,00,000
Or
Daily Live Weight Killed 15— 70 Tonne

Small Annual Slaughtering Capacity:
Large Animals Upto 10,000 and
Goats/Sheeps Upto 1,00,000
Or
Daily Live Weight Killed Upto 15 Tonne

Schedule-11
[Guideline 12(i)]

Wastewater Treatment Systems

Category of Slaughter Essential Treatment
House
Large Self cleaning type screening, anaerobic

treatment, aerobic treatment and filter
press for dewatering of sludge

Medium Two stage screening (bar type), anaerobic
pond and polishing pond

Small -do-




Schedule-111
[Guideline 12(i)]

Standards
SI.No. Category of Parameters Limit not to
Slaughter House/Unit exceed, mg/l
1 Large Slaughter House Bio-chemical Oxygen 100
(Capacity above 70 TLWK/day) Demand (BODs) at 20°C
Suspended Solids 100
Oil and Grease 10
2 Medium and Smdl Saughter House  Bio-chemica Oxygen 500
(Capacity Upto 70 TLWK/day) Demand (BODs) at 20°C
3 Meat Processing
a) Frozen Meat Bio-chemical Oxygen 30
Demand (BODs) at 20°C
Suspended Solids 50
Oil and Grease 10
b) Raw Meat from Own Slaughter Bio-chemica Oxygen 30
House Demand (BODs) at 20°C
Suspended Solids 50
Oil and Grease 10
¢) Raw Meat from other Sources Disposal via Screen
and Septic Tank
4. Sea Food Industry Bio-chemical Oxygen 30
Demand (BODs) at 20°C
Suspended Solids 50
Oil and Grease 10

Note: (I) TLWK — Tonne of live weight killed. (ii) In case of disposd into municipd
sewer where sewage is treated, the indudries shdl ingdl screen and ol and greaese
Ssepardion units. (i) The indudries having daughter house dong with meat processng
unitswill be congdered in meat processing category as far as standards are concerned.
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Schedule-1V
[Guideline 12(ii)]

Table4: Method for Disposal of Solid Waste

SI.No. Typeof Waste Category of Method of
Slaughter House Disposal

1. Wastes consisting of inedible  Large Rendering
offals, animal tissue, organs,
body parts, carcasses etc.

Medium Rendering or
Controlled
Incineration
Small Buria
2. Stomach/intestinal contents, All categories Composting
dungs etc.
3. Sludge from wastewater All categories Composting

treatment system
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CHAPTER 6
INDUSTRIAL SOLID WASTE

6.1 INTRODUCTION

Environmental pollution is the maor problem associated with rapid
industrialisation, urbanisation and rise in living standards of people. For developing
countries, industrialisation was must and still this activity very much demands to
build self reliant and in uplifting nation’s economy. However, industrialisation on
the other hand has also caused serious problems relating to environmental pollution.
Therefore, wastes seem to be a by-product of growth. The country like Indiacan ill-
afford to lose them as sheer waste. On the other hand, with increasing demand for
raw materials for industrial production, the non-renewable resources are dwindling
day-by-day. Therefore, efforts are to be made for controlling pollution arising out
of the disposal of wastes by conversion of these unwanted wastes into utilisable raw
materials for various beneficial uses. The problems relating to disposal of industrial
solid waste are associated with lack of infrastructural facilities and negligence of
industries to take proper safeguards. The large and medium industries located in
identified (conforming) industrial areas still have some arrangements to dispose
solid waste. However, the problem persist with small scal e industries. In number of
cities and towns, small scale industries find it easy to dispose waste here and there
and it makes difficult for local bodies to collect such waste though it is not their
responsibility. In some cities, industrial, residential and commercial areas are
mixed and thus all waste gets intermingled. Therefore, it becomes necessary
that the local bodies along with State Pollution Control Board (SPCB) work out
requisite strategy for organising proper collection and disposal of industrial solid
waste.

Management of Industrial Solid Waste (ISW) is not the responsibility of
local bodies. Industries generating solid waste have to manage such waste by
themselves and are required to seek authorisations from respective State Pollution
Control Boards (SPCBs) under relevant rules. However, through joint efforts of
SPCBs, local bodies and the industries, a mechanism could be evolved for better
management.
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In order to provide guidance to the local authorities some relevant
information are provided under this Chapter so that a better understanding and
awareness is created.

6.2 THE PROBLEMS

Assessment of industrial solid waste management problem greatly varies
depending on the nature of the industry, their location and mode of disposal of
waste. Further, for arriving at an appropriate solution for better management of
industrial solid waste, assessment of nature of waste generated is also essential.

Industries are required to collect and dispose of their waste at specific
digposal sites and such collection, treatment and disposal is required to be
monitored by the concerned State Pollution Control Board (SPCB) or Pollution
Control  Committee (PCC) in Union Territory. The following problems are
generally encountered in cities and towns while dealing with industrial solid waste

There are no specific disposal sites where industries can dispose their waste;

Mostly, industries generating solid waste in city and town limits are of
small scale nature and even do not seek consents of SPCBS/PCCs;;

Industries are located in non-conforming areas and as a result they cause
water and air pollution problems besides disposing solid waste.

Industrial estates located in city limits do not have adequate facilities so that
industries can organise their collection, treatment and disposal of liquid and
solid waste;

There is no regular interaction between urban loca bodies and
SPCBS/PCCs to deal such issues relating to treatment and disposal of waste
and issuance of licensesin non-conforming areas.

6.3 INDUSTRIAL SOLID WASTE

The major generators of industrial solid wastes are the thermal power plants
producing coal ash, the integrated Iron and Steel mills producing blast furnace slag
and steel melting slag, nonferrous industries like aluminum, zinc and copper
producing red mud and tailings, sugar industries generating press mud, pulp and paper
industries producing lime and fertilizer and allied industries producing gypsum.
Table: 6.1 Source and Quantum of generation of some major industrial waste

S. Name Quantity Source/Origin
No (million tonnes
per annum)
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1. Steel and Blast| 35.0 Conversion of pig iron to

furnace steel and manufacture of Iron

2. Brinemud 0.02 Caustic sodaindustry

3. Copper slag 0.0164 By product from smelting of
copper

4. Fly ash 70.0 Coa based thermal power
plants

5. Kiln dust 16 Cement plants

6. Lime sludge 3.0 Sugar, paper, fertilizer tan-

neries, soda ash, calcium
carbide industries

7. Micascraper waste | 0.005 Micamining areas

8. Phosphogypsum 4.5 Phosphoric acid plant,
Ammonium phosphate

9. Red mud/ Bauxite 3.0 Mining and extraction of
aluminafrom Bauxite

10. | Coa washery dust 3.0 Coal mines

11. | Irontailing 11.25 Iron Ore

12. | Lime stone wastes 50.0 Lime stone quarry

(Source : National Waste Management Council- Ministry of Environment & Forests-1990/1999)

6.4 DESCRIPTION OF IMPORTANT INDUSTRIAL SOLID WASTE
6.4.1 Coal Ash

In general, a 1,000 MW station using coal of 3,500 kilo calories per kg and
ash content in the range of 40-50 per cent would need about 500 hectares for
disposal of fly ash for about 30 years' operation. It is, therefore, necessary that fly
ash should be utilised wherever possible to minimize environmental degradation.
The thermal power plant should take into account the capita and
operation/maintenance cost of fly ash disposal system as well as the associated
environmental protection cost, vis-avis dry system of collection and its utilisation
by the thermal power plant or other industry, in evaluating the feasibility of such
system.

The research and development carried out in Indiafor utilisation of fly ash for
making building materials has proved that fly ash can be successfully utilised for
production of bricks, cement and other building materials. Indigenous technology
for construction of building materials utilising fly ash is available and are being
practised in a few industries. However, large scale utilisation is yet to take off.
Even if the full potential of fly ash utilisation through manufacture of fly ash bricks
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and blocks is explored, the quantity of fly ash produced by the thermal power plants
are so huge that major portion of it will still remain unutilised. Hence, there is a
need to evolve strategies and plans for safe and environmentally sound method of
disposal.

6.4.2 Integrated Iron & Steel Plant Slag

The Blast Furnace (BF) and Steel Melting Shop (SMS) dlags in integrated
iron and steel plants are at present dumped in the surrounding areas of the steel
plants making hillocks encroaching on the agricultural land. Although, the BF sag
has potential for conversion into granulated slag, which is a useful raw material in
cement manufacturing, it is yet to be practised in abig way. Even the use of slag as
road subgrade or land-filling isalso very limited.

6.4.3 Phosphogypsum

Phosphogypsum is the waste generated from the phosphoric acid, ammonium
phospate and hydrofluoric acid plants. Thisis very useful as a building material. At
present very little attention has been paid to its utilisation in making cement,
gypsum board, partition panel, ceiling tiles, artificial marble, fiber boards etc.

6.4.4 Red Mud

Red mud as solid waste is generated in non-ferrous metal extraction
industries like aluminum and copper. The red mud at present is disposed in tailing
ponds for settling, which more often than not finds its course into the rivers,
especially during monsoon. However, red mud has recently been successfully
tried and a plant has been set up in the country for making corrugated sheets.
Demand for such sheet should be popularised and encouraged for use. This may
replace asbestos which is imported and also banned in developed countries for its
hazardous effect. Attempts are also made to manufacture polymer and natural fibres
composite panel doors from red mud.

6.45 LimeMud

Lime dludge, aso known as lime mud, is generated in pulp & paper mills
which is not recovered for reclamation of calcium oxide for use except in the large
mills. The lime mud disposal by dumping into low-lying areas or into water courses
directly or as run-off during monsoon is not only creating serious pollution
problem but also wasting the valuable non- renewable resources. The reasons for not
reclaiming the calcium oxide in the sludge after recalcination isthat it contains high
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amount of silica. Although a few technologies have been developed to desilicate
black liquor before burning, none of the mills in the country are adopting
desilication technology.

6.4.6 Waste Sludge and Residues

Treatment of industrial wastedeffluents results in generation of waste
sludge/residues which, if not properly disposed, may cause ground and surface water
pollution.

6.4.7 Potential Reuse of Solid Wastes

Research and Development (R&D) studies conducted by the R&D
Institutions like Central Building Research Ingtitute, Roorkee (CBRI) and the
Nationa Council for Building Research, Ballabgarh (NCBR) revea that the
aforesaid solid wastes has a very good potential to be utilised in the manufacture of
various building materids.

6.5 WASTE MANAGEMENT APPROACH

A two-tier approach should be thought of for waste management, e.q., (9)
prevention & (b) control of environmental pollution. Prevention aims at
minimisation of industrial wastes at source, while the latter stresses on treatment
and disposal of wastes. A schematic diagram of waste management is shown in
Fig.6.1.

6.5.1 Prevention- A Waste Minimisation Approach
Reduction and recycling of wastes are inevitably site/plant specific.
Generally, waste minimisation techniques can be grouped into four major categories

which are applicable for hazardous as well as non-hazardous wastes. These groups
areasfollows:
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I nventory M anagement and Improved Oper ations

Inventorisation and tracing of all raw materials;
Purchasing of fewer toxic and more non-toxic production materials;
Implementation of employees’ training and management feedback ; and

Improving material receiving, storage, and handling practices.
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M odification of Equipment

Installation of equipment that produce minimal or no wastes ;
Modification of equipment to enhance recovery or recycling options,
Redesigning of equipment or production lines to produce lesswaste ;
Improving operating efficiency of equipment ; and

Maintaining strict preventive maintenance programme.

Production Process Changes

Substitution of non-hazardous for hazardous raw materials;
Segregation of wastes by type for recovery ;

Elimination of sources of leaks and spills;

Separation of hazardous from non-hazardous wastes ;

Redesigning or reformulation for products to be less hazardous; and

Optimisation of reactions and raw material use.

Recycling and Reuse

Installation of closed-loop systems;
Recycling off sitefor use ; and

Exchange of wastes.

Waste minimisation at source may be achieved within the industry through
application of various approaches described above. The systems for waste
minimisation, utilisation and recycling are schematically shown inFig. 6.2.
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6.5.2 Waste Management at Source

A specific example worth-mentioning in this context is removal of fly ash
through coal beneficiation process at the mine head in view of high ash content. Itis
evident that the larger the volume of waste and the longer the distance of
transportation of raw material (coal), the bigger will be the economic benefit in
favour of coal beneficiation instead of carrying the filthy fly ash. However, benefit-
cost analyses have to be made before taking appropriate decision.

6.5.3 It is possible to cut down waste generation at source by simple, inexpensive
measures modifying production processes, through changes in raw
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materials/product design and by employing recovery/recycling and reuse
techniques (Fig.6.3)

6.5.4 To avoid treatment through utilisation of waste, it is important from the
environmental pollution view point as well as for the benefit of entrepreneurs
to recycle and reuse the wastes generated by adoption of certain process
change or by use of low/no-waste generation technology.

6.5.5 Waste minimisation can be practised at various places in the industrial
processes. Waste minimisation requires careful planning, creative problem
evolving, changing in attitude, some times capital investment, and most
important a real commitment. More often than not, investment on waste
minimisation and recovery pays off tangibly within a short time. Such studies
have been conducted and results are provided in Table 6.2.

TABLE: 6.2 Investment on Waste Minimisation and Recovery

Industry Total Total cost of | Net annual | Investment Remarks

waste- plant (Rs. in | recovery pay back

water thousand) (Rs. in | period (yrs)

flow(Cubic thousand)

metres per

day)
Textile 6,450 4,625 4,375 1.05 Recycle in
Industry process house
Alcohol 1,725 2,250 975 2.30 Reuse of
Industry energy in

process house

Food Pro- 1,460 10,500 4,250 247 Recycling for
cessing irrigation/

process house
and reuse of

energy
Viscose 4,500 200 36 55 Recovery and
Rayon reuse of zinc.
Foreign
exchange
saving.
Cement - 3,44,000 2,24,000 1.50 Recovery &
Industry (1200 reuse of
t.p.d. cement and
production clinker dust.

capacity)
(Source: Industrial Waste Management, NWMC, 1990)
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6.5.6 The initial investment for a pollution prevention project may be higher in
some cases than the cost of installing conventional pollution control
equipment. However, the annual operation and maintenance cost of the
removal will aimost aways make the total cost of treatment higher than the
total cost of preventive measures at sources. However, treatment and
disposal of residual waste even after taking preventive measures should be
given due consideration.

6.6 AREA OF APPLICATION OF SOME IMPORTANT INDUSTRIAL
WASTES

S.No. Waste Areasof Application

1. Flyash i. Cement
ii. Raw materid in Ordinary Portland Cement(OPC)
manufacture
iii. Manufacture of oilwell cement.
iv. Making gntered flyash light-weight aggregates.
v. Cement/slicate bonded flyash/clay binding bricks
and insulating bricks.
vi. Cdlular concrete bricks and blocks, lime and
cement fly ash concrete.
vii. Precast flyash concrete building units.
viii. Structurd fill for roads, congtruction on Sites,
Land reclamation etc.
ix. Asfiller in mines, in bituminous concrete
X. Aspladticiser
xi. Aswater reducer in concrete and sulphate
ressting concrete
xii. Amendment and stabilisation of soil.

2. Blat  Furnace|i. Manufacture of dag cement, super sulphated cement,

Sags metdlurgica cement.

ii.  Non-portland cement

ii. Making expansve cement, oilwel, coloured
cement and high early-strength cement.

iv. Inrefractory and in ceramic asStd

v. Asadructurd fill ( ar-cooled dag)

vi. Asaggregatesin concrete.
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3. Ferro-dloy and|i. Asdructurd fill
other ii. Inmaking pozzolana metdlurgicad cement
metdlurgicd
dags.
4, By product | i. Inmaking of gypsum plaster, plaster boards and dotted
gypsum tiles
il. Asset controller in the manufacture of portland cement
iii. In the manufacture of expengve or non-dhrinking
cement, super sulphated and anhydrite cement
iv. Asmineraiser
v. Simultaneous manufacture of cement and sulphuric acid
5. Lime dudge i. Asaswesatener for limein cement manufacture
(phos-phochalk, | ii. Manufacture of lime pozzolana bricks/ binders
paper and sugar | iii. For recycling in parent industry
dudges)
iv. Manufacture of building lime
v. Manufacture of masonry cement
6. Chromium dudge | i. Asaraw materid component in cement manufacture
ii. Manufacture of coloured cement as a chromium-
bearing materid
7. Red mud I. Asacorrective materia
il. Asabinder
ii. Making congtruction blocks
iv. Asacdlular concrete additive
v. Coloured composition for concrete
vi. Making heavy clay products and red mud bricks
vii. In the formation of aggregate
viii. In making floor and dl tiles
iX. Red mud polymer door
8. Pulp & Paper i.  Lignin
(Source : Industrial Waste Management, NWM C, 1990)

6.7 CURRENT PRACTICE OF
MANAGEMENT

INDUSTRIAL SOLID WASTE

6.7.1 Collection and Transport of Wastes

Manual handling of industrial waste is the usual practice in developing
countries; there are very few mechanical aids for waste management. Wastes are
shovelled by hand into storage containers and loaded manually into lorries. The
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people undertaking salvaging do so mainly by hand, picking out useful items, usualy
not even wearing gloves. Although there may not be a health risk in handling clean
waste paper, people handling or salvaging waste without protective clothing are at
risk when waste is mixed with chemicals. Apart from the likelihood of cuts caused
by broken glass or sharp metals, sorting through waste contaminated with hazardous
chemical materials could cause skin burns, excessive lacrimation, or even loss of
consciousness; chronic hazards include respiratory problems from dust inhalation,
and potentia carcinogenicity from toxic chemicals present in discarded containers
or surface deposits in other waste. Personnel handling waste from tanneries or hide
processors may also be exposed to such diseases as anthrax. Necessary precautions
will reduce and minimise hazards associated with manua handling of industrial
wastes. Personnel handling hazardous wastes should wear appropriate protective
clothing. Mechanica methods for handling waste should be adopted wherever
possible, and people should be educated about the dangers of manual handling of
hazardous waste.

6.7.2 Storage & Transportation

The storage of industrial solid waste is often one of the most neglected areas
of operation of afirm. Very little attention is paid to proper storage and heaps of
mixed waste piled against a wall or on open ground are a common sight in many
factories. Concrete bays or disused drums are also often used for storage. Whereas
the sludges originating from holding tanks or interceptors do not present storage
problems as no separate sludge storage is required, because the sludgeisretained in
the tank until sufficient quantities are collected.

Waste is rarely covered, protected from vermin or pretreated in any manner.
There are no restrictions on access and employees are often encouraged to sort out
through such wastes and take away any useful materia or articlesthey find. Wasteis
regarded as an unwanted product by firms and very often no senior person is assigned
for its control.

Transportation of industrial waste in metropolitan areas of developing
countriesis generally not by purpose-built vehicles such as skip-carrying lorries, but
by open trucks. The wastes are not covered during transportation. It is typical for a
firm not to have any standing arrangements with one contractor, but to alow
collection by whoever is the contractor quoting lowest rates. It is rare for special
arrangements to be made for hazardous wastes; they are usually collected together
with the other wastes. Contractors who carry hazardous waste do not need to be
licensed, and consequently, there is little control over either the types of firms
engaged in carrying hazardous waste or the vehicles used. Driversare not given alist
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of precautions to be taken; there is no manifest or labeling system of wastes during
transport. Fly-tipping is often prevalent and wastes are often taken to disposal sites
inappropriate for the type of waste concerned.

6.7.3 Disposal of Industrial Solid Waste

Industrial waste, whilst presenting the same disposal problems as domestic
waste, also contans hazardous waste, thereby exacerbating the difficulties of
disposal. Fortunately, the types of industrial wastes generated in amunicipal area of
a developing country are such that there are not usualy large quantities of
particularly hazardous wastes for disposal. In the past there has been little control
over the disposal of industrial wastes; indeed, it has only been during the last
decade that even developed countries have brought in legislation to curb the
uncontrolled and environmentally unacceptable practices that were widespread.
Without such legislation disposal is aimost always by uncontrolled landfill at sites
which often pose athreat of water pollution due to leachates.

6.8 HEALTH CONSEQUENCES OF POOR INDUSTRIAL WASTE
DISPOSAL

The solid waste generated from industrial sources contains alarge number of
chemicals, some of which are toxic. The waste is considered toxic, if the
concentration of the ingredients exceedsa specified value. Although the levels
of some ingredients may occasionally exceed the permissible level, the waste as
such is considered to be toxic only if the average value of ingredients exceeds the
toxicity level. Various criteria and tests have been devised by different agencies to
determine the toxicity of agiven substance. It isnecessary to know the properties of
the waste so as to assess whether its uncontrolled release to the environment would
lead to toxic effects on humans or other living organism in ecosystem. This
evaluation is carried out using criteria such as toxicity, phytotoxicity, genetic
activity and bio-concentration. The potential toxic effectsalso depend on quantity
of the toxic constituents. Substances are classified as hazardous or otherwise
depending on the dose, exposure, and duration of exposure. For a chemical to affect
human health it must come in contact with or enter the human body. There are
several waysin which this can happen.

Skin contact :Chemicals that cause dermatitis usually do so through direct
contact with skin. Some chemicals like corrosive acids can damage the skin
by a single contact while others, like organic solvent, may cause damage by
repeated exposure.



Inhalation : Inhalation is the most common source of workplace exposureto
chemicals and the most difficult to control. Air pollutants can directly
damage respiratory tract or gets absorbed through lung and cause
system/systemic effects. An adult male will breathe about 10 cubic meters
of air during anormal working day.

Ingestion : Ground water and sub soil water contamination from leachates
from refuse dumps and poorly managed landfill sites can result in ingestion
of toxic chemicals by population groups who live far away from the factory
sites and decades after the garbage has been dumped.

There are very few studies conducted in India on specific health problems
resulting from accidental exposure to toxic industrial solid waste. There had been
reports that sacks, cardboard cartons and paper envelopes contaminated with
chemicals packed in them were burnt and the irritating fumes from these caused
respiratory problems. There had also been reports of skin or respiratory
irritation following exposure to corrosives chemicals. There has been no
efforts to systematically investigate and obtain reliable epidemiological data on
health consequences of exposure to hazardousindustrial wastes in different States.

Wastes from slaughter house is potentially infectious. All precautions to
ensure that potential pathogens to not gain afoot hold in the workers in the slaughter
house and in the general population, have to be taken during collection, storage and
disposal of the slaughter house waste.

Wastes from non hazardous industries can at times produce health problems,
not only among the workers and handlers of waste, but aso among genera
population. One example of this category is the cotton dust. Cotton waste are
generally non hazardous; however they may, in susceptible individuals provoke
respiratory allergic reactions; allergy may be due to inhalation of dust containing
cotton wastes or fungus or other contaminantsin the waste dust.

6.9 COLLECTION, STORAGE TREATMENT & DISPOSAL OF WASTES
6.9.1 Waste Segregation

Many wastes are mixtures of hazardous and non-hazardous wastes. Much of
their contents may even be water. By segregating key toxic constituents, isolating
liquid fraction, keeping hazardous streams away from non-hazardous wastes,
generator can save substantial amounts of money on disposal or find new
opportunities for recycling and reuse of wastes. The Ministry of Environment,
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Government of India, had identified toxicity of different chemicals, through the
‘Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989’ in exercise
of power conferred by Section 6, 8 and 25 of Environment Protection (E.P). Act,
1986, and had notified mandatory requirements for its management. In India
guantum of generation of wastes (solid/liquid and hazardous/non-hazardous) for
different industry has not been detailed, which is necessary for wastes exchange
system or for adopting treatment/ disposal alternatives for different wastes

segregated.
6.9.2 Collection, Storage and Transport

The unsatisfactory state of storage of hazardous wastes can be remedied to a
large degree by such low-cost measures as restricting access, fencing off the storage
area to minimise any wind-blown nuisance, providing separate covered storage for
putrifiable of hazardous wastes, and ensuring regular and frequent collection.

There are certain measures a municipal authority can take to control the
transportation of industrial wastes, even if it does not want to become actually
involved itself. For instance, contractors should be licensed after ensuring that they
are technically competent and environmentally aware and should be allowed to
handle industrial wastes. Labeling and coding of hazardous waste load can be made
mandatory so that in the event of an accident, the emergency services know how to
handle a spillage. Municipal authorities can be given the responsibility to monitor
the contractors to minimise cases of fly-tipping and ensure that industrial wastes are
disposed at the appropriate sites. If a municipal authority can also collect industrial
waste; industries must pay the charge which will be based on the quantity and nature
of the waste. This might minimise the quantity of waste produced by industry and at
the same time the programme will become financially viable and self sustaining. The
principle ‘the polluter pays should be adhered to in all such cases.

6.9.3 Combined Treatment Facilities

Small-scale industries, which contribute about more than half of the total
production, also generate huge quantity of wastes. The small-scale industries are not
In a position to treat their solid wastes or liquid effluent because of space, technical
know-how and financial constraints. It is, therefore, deemed that in a cluster of
small-scale industries the different wastes are characterized, identified, quantified
and stored for treatment through a combination of recycling, recovery and reuse of
resources such as, raw material, bio-gas, steam and manure, besides providing an
efficient service facility, to make the system less expensive. The combined effluent
treatment plants (CETP) are to be operated by the local bodies, where the cost of
construction, operation and maintenance need to be shared by individual industries
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depending upon the quality and quantity of wastes generated. However, such
common treatment facility may require pre-treatment at individual industry to the
extent specified by the State Pollution Control Board. With regard to availability of
wastes along with their identification, quantum of waste generated should also be
ascertained so that technology development/adoption can be considered on
economic grounds for a small-scale or organised sector of industry. If economics
justify movement of wastes over longer distances for a centralised plant, specific
subsidies for storage, collection and transportation could be considered. The flow
chart for waste collection centreis shown in Fig.6.4.

CETPs are being successfully operated in Gujarat and Andhra Pradesh and
such facilities should be promoted in other States. A typical wastewater segregation
and treatment system in anindustrial estate is depicted in Fig. 6.5

Small scale industries having waste characteristics similar to those of near by
large industry having waste treatment facilities can take help in treating their wastes
on payment basis.

6.9.4 Disposal Methods

Depending upon the characteristics of the wastes, different types of disposal
methods can be used for hazardous and non-hazardous industrial wastes. The most
predominant and widely practised methods for wastes disposal are : (a) Landfill, (b)
Incineration and (c) Composting.

For thousands of years, man has disposed the waste products in a variety of
ways, the disposal method might reflect convenience, expedience, expense, or best
available technology. There were no mgjor ecologicd or heath hazards associated
with these practices until the last century. Explosive increase in the amount of
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chemical waste produced and the indiscriminate dumping of hazardous industrial
waste in the last few decades has created health and ecological crisis in many areas
of theworld. In many instances, |eachate from the wastes dumped by one generation
haunts the later generation in the form of ground water and subsoil water
contamination. The recent discovery of volatile organic chemicals from landfills
and industrial disposal ponds is disturbing because many of these chemicals are
known or suspected carcinogens and are not removed easily by natural geochemical
processes. Therisk of the contamination of groundwater supplies due to leachates
from landfills depends on severa factors; toxicity and volume of the contaminant
generated at each site, the nature of the geologic medium underlying the site, and the
hydrologic conditions dominant in the area.

In the past, the least expensive and most widely used waste management
option for both municipal and industrial waste has been the sanitary landfill, where
wastes are compacted and covered with earth. 1n any geographic area other than arid
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zones, the fill is subjected to percolating rainwater or snowmelt which eventually
flows out from the bottom of the landfill site and moves into the local groundwater
system. Leachate is aliquid that is formed as infiltrating water migrates through the
waste material extracting water-soluble compounds and particulate matter. The mass
of leachate is directly related to precipitation, assuming the waste lies above the
water table. Much of the annual precipitation, including snowmelt is removed by
surface run off and evaporation; it is only the remainder that is available to form
leachate. Since the landfill covers to a large extent and controls leachate
generation, it is exceedingly important that the cover be properly designed,
maintained and monitored in order to minimise leachate production. Fortunately,
many substances are removed from the leachate as it filters through the unsaturated
zones, but leachate may pollute groundwater and even streams.

These leachates, can contain large amount of inorganic and organic
contaminants. At some sites, the leachate is collected and treated. But even in the
best engineered sites, some leachate escapes into the groundwater system because
no permanent engineering solution has been found to isolate the leachate completely
from the groundwater.

It is now recognised that the interaction between leachate and soil are actually
very complex and depend both on the nature of soil and on the leachate. When
leachate percolates through solid wastes that are undergoing decomposition, both
biological materials and chemical constituents are picked up. Recent research in the
United Kingdom (U.K) has, however, shown that chemical and biological phenomena
in landfill such as microbiological process; neutralisation; precipitation and
complexion; oxidation and reduction; volatilisation; adsorption reduce the quantity
and quality of polluting leachate from landfill site and achieve some degree of on-
site treatment or immobilisation. In spiteof all these, the |eachate often pose severe
disposal problem at a landfill site. Two of the most economic but efficacious
purification methods are spraying over grassland or percolation through an aerobic
bed of sand or gravel.

In generd, it has been found that the quantity of leachate is a direct function
of the amount of external water entering the landfill. In fact, if a landfill is
constructed properly, the production of measurable quantities of leachate can be
eliminated. When sewage sludge is to be added to the solid wastes to increase
the amount of methane produced, |eachate control facilities must be provided. In
some cases leachate treatment facilities may also be required.

The pollution of static water ditches, rivers or the sa can occur when a
sanitary landfill adjoins a body of water. The normal source of the leachate causing
this pollution is rain falling on the surface of the fill, percolating through it, and
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passing over an impermeable base to water at alower level. The quantity of leachate
can be substantially increased when upland water drains across the site of the
landfill, but the worst case is when a stream crosses the site. The solutions to these
problemsliein appropriate site engineering such as:

(i) diversion or culverting of al water courses which flow across the site,

(i)  diversion of upland water by means of drainage ditches along appropriate
contours,

(i) containment of leachate arising from precipitation by the construction of an

impermeable barrier where necessary, such as a clay embankment adjoining a
river,

(iv)  grading thefinal level of the site so that part of precipitation is drained across
surface, thereby reducing percolation below the level needed to
produce aleachate.

Works of this rature will obviously add to the cost of a sanitary landfill
project. However, when capital expenditure is spread over the life of the project, the
cost/ton of waste disposed might be less than for any alternative method of disposal.
Furthermore, some of these forms of expenditure, such as culverts or river walls,
represent capital assets of continuing value when the reclaimed land is handed over
for itsfinal use, perhaps for agriculture or recreation.

Incineration of hazardous industrial waste has been advocated in developed
countries. Guidelines for safe incineration of hazardous chemical waste have been
drawn up by United States Environmental Protection Agency. Incineration of
hazardous waste is a process requiring sophisticated expensive incinerators and a
high degree of technological expertise for satisfactory operation. The capital cost
of incinerator is high, especialy if it is intended for hazardous wastes and gas
scrubbing equipment is required. Some wastes such as oils and organic solvents can
be readily treated by incineration. If financial constraints come in the way of
purchasing sophisticated incinerators then the utilisation of open pit incinerator
under careful technical supervision can be considered as an option.

6.9.4.1 Landfill

The owner or operator of a facility must follow the design and operating
criteria stipulated by the regulatory agencies. However, depending upon the
characteristics of the waste, the landfill system with leachate collection system

has to be designed with necessary facility for ground water quality monitoring.
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The common centralised facility of the operating agency is likely to consist

of land-fill type of disposal and hence, it will be worthwhile to know certain
definitions to begin with.

(1

(if)

Definitions:

Disposal is the discharge, deposit, injection, dumping, spilling, leaking, or
placing of any solid waste or hazardous waste into or on any land or water, so
that such solid waste or hazardous waste or any constituent thereof may enter
the environment or be emitted into the air or discharged into any
waters, including ground waters.

Land disposal is defined to include, but not limited to, any placement of
hazardous waste in a landfill, surface impoundment, waste-pile, injection
well, land treatment facility, salt dome formation, or underground mine or
cave. It can aso consider placement of hazardous wastes in concrete vaults
or bunkers intended for disposal purposes as methods of waste management
subject to certain restrictions. However, it does not include and permit
open burning on land and detonation.

Landfill means a disposa facility or a part of a facility where hazardous
waste is placed in or on land and is not a land treatment facility, a surface
impoundment or an injection well. Landfill cell means a discrete volume of a
hazardous waste landfill that uses a liner to provide isolation of wastes from
adjacent cells or wastes. Examples of landfill cells are trenches and pits.

Land treatment facility means a facility or part of a facility at which
hazardous waste is applied onto or incorporated into the soil surface, such
facilities are disposal facilitiesif the waste will remain after closure.

Surface impoundment means a facility or part of afacility that is a natural
topographic depression, man-made excavation, or diked area formed
primarily of earthen materials (although it may be lined with man-made
materials), that is designed to hold an accumulation of liquid wastes or wastes
containing free liquids, and that is not an injection well. Examples of surface
impoundments are holding, storage, setting and aeration pits, ponds and
lagoons

Why landfills?

While new methods of hazardous waste disposal are being developed, it

appears that landfills will, at least for the time being, continue to be the most
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favoured technique. In many countries, land is a readily available commodity and
often areas of non productive or derelict land may be made available for waste
disposal. In many instances, land can be utilized in the near vicinity or on the
premises of industrial companies, thereby reducing transportation costs. The
potential also existsto reclaim certain areas for recreational purposes.

Landfilling is still the mgor disposal method in many countries. Y et in many
instances landfilling sites are not properly chosen in terms of geophysical soil
properties, hydrogeology, topography and climate. On a proposed site there is a
need to carefully consider the potential for ground or surface water contamination
from pollution by leachate migration or surface run-off from the site.
Nonetheless, even when a site appears to have the right geophysical properties, its
selection and use are not an absolute guarantee that contamination of groundwater
can be avoided. Hence, continuous surveillance of the site and its surroundings must
be maintained to check that the disposal of hazardous wastes can continue without
posing a threat to the environment and to the general public. To reduce this threat
landfill sites have been lined, for example with plastic materials, in order to prevent
leaching into groundwater supplies.

(iii) Design:

While preparing the lay-out of aland-fill site, it may be seen that it comprises
at least the following units, viz.

l. Vehicleweigh bridge

. Vehicle and i nstrument work-shop

[1l.  Laboratory for sample analysis

IV.  Operational area

V. Operational building with amenities

VI.  Control systems

VIl.  Illumination, roads, fencing, trenches etc.

The principle objective of a hazardous waste landfill is to isolate the waste
materials within a confined area and prevent uncontrolled leakage of liquid
contaminants. Design of the facility, therefore, requires provisions for an
impermeable liner, a leachate collection and treatment system, and a suitable cover
that is resistant to erosion and rainwater infiltration.



In certain situations, hazardous wastes may be disposed of in landfills under
semi-controlled conditions. Co-disposal of hazardous wastes with domestic refuse,
demolition waste, fly ash, municipa waste and inert industrial wastes in unlined
landfills has, for example, been widely practised in the U.K. for many years. Co-
disposal is advantageous from the point of view of enhanced neutralisation,
detoxification and stabilisation of the waste pile. Where suitable soils exist,
attenuation of waste leachate from waste pilesisrestricted to arelatively small area,
thus reducing the potential for ground water contamination.

The Ministry of Environment & Forests (MOEF) guideline of 1991 has
suggested a double liner system with synthetic or clay liner for landfill (two designs
) asshowninFig. 6.6



CASE STUDIES

(i)

(i)

In a German experience, a company found the following arrangement
satisfactory. The controlled dumps run by the company have a multiple seal
to protect the groundwater. The bottom layer of this seal consistsof in
situ or specialy deposited and compacted clay forming a 50 cm-thick
impermeable layer. To compensate for unevenness in the clay layer, a10 cm
sand layer is spread on top and lined, in turn, with 3 mm-thick, elastic
polyethylene sheet, forming a second water-tight layer. Thisis covered by 30
cm of gravel which takes up the leachate from rainwater or from moist
sewage sludge in the dump and channels it to the wastewater treatment plant
through a system of drainage pipes. On top of this gravel layer isa 70 cm
covering of soil and slag. On this layer the waste itself is deposited. During
the period of use, i.e. whilewaste is still being deposited, the dumps look like
enormous troughs. On completion of the controlled dump- when it has
reached its projected size- the hill is sealed with an impermeable covering.
By planting vegetation and by other measures the hill becomes integrated
into the surrounding landscape. The groundwater in the vicinity of al the
controlled dumps is required to be carefully monitored. The dumps are
surrounded by observation wells. The water from these wells is regularly
analysed.

Another secure landfill sitein Bavaris (Germany) has following features.

Clay pad construction
9%



depth of pads : 60 cm

permeability : 10 cm/sec
Depth of sidewalls : 60 cm
Final cover : 0.75 metres

Water-soluble solid wastes containing heavy metals are deposited in drums
and covered with concrete to reduce the contamination in the leachate. 1n addition to
dailly cover, a plastic membrane is intermittently placed over completed lifts to
reduce infiltration. A hand operated vibrator is also utilised to compact daily cover
in an effort to reduce the volume of |eachate generated.

Leachate is collected by a series of under-drains, located in the clay pad.
Leachate is then channeled to aplastic lined ( 3 mm) retention pond from whereit is
trucked.

The United States Environmental Protection Agency has published
regulations. These regulations, implemented primarily in the interests of protecting
groundwater resources and the longer-term security of facilities, requires that all
new landfills be constructed with a leachate collection system and a liner that is
capable of preventing migration of leachate throughout the operational life of the
facility. Preference is given to syntheticliners. Unlessfacilitiesare constructed
with a double liner system with a leak detection system between the liners and a
leachate collection system at the base of the landfill (figure 6.7), groundwater has to
be monitored both upstream and downstream of the site. At closure, the
construction of an impermeable cap is required and maintenance of the facility must
be continued throughout the period specified in the permit, which in most cases will
be about thirty years.

The operating agency in Indian context, shall take cognizance of all the above
experiences and derive a good formula for themselves.  Such reasoned
communication be submitted to the SPCBs while obtaining an Authorisation. In case
any new developments come up, the operating agency should keep an eye on it and
adopt the same.



(i)  Construction:

The landfill should be as secure as possible, because hazardous waste
howsoever treated, lies there as a tickling time-bomb. New construction materials
are getting developed everyday. These improved techniques be followed. Before
going infor construction, the operating agency should first do a complete geological
survey of the property to look for fissures, determine the depth of bed rock, check
the percolation rate, and other pertinent factors. Any landfill construction be at |east
3 m above groundwater or as may be directed and above the 100 year floodplain. All
this compiled data along with proper drawings should be submitted to SPCBs and got
approved. They may have any new suggestion. If a3 m of packing clay isto be put
a bottom, it should be placed in 20 layers of 60 mm each by using such clay
which has grainslong and flat, and layers are continuously compacted to form avery
tight, impermeable barrier. This should be checked on Proctor’s scale. On the clay
blanket, is spread a polyethylene high density sheet welded to each other and weld
tested thrice. Once the synthetic liner has been installed, another 300 mm clay is
sprayed and compressed on the same. Thislayer protects the liner and works asthird
barrier too. On top, there is kept alayer of crushed stone to aid leachate collection
and this is a place to house the leachate collection pipe system, described in
others experiences.

The operating agency is better advised to report to SPCB if there is any

change made in their facility after obtaining authorisation, even minor such as
replacement of liner or changein crop pattern.
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The operating agency, should not make an oversimplification that landfill isa
panacea and any hazardous waste can be dumped into it. A treatment in most casesis
necessary and landfill at best can serve as a mode of disposal thereafter, like Poly
Chlorinated Biphenyles (PCBs), Halogenated Organic Compounds (HOC), other
wastes, and free liquids (unless they are first solidified).

(iii) Closure & Post Closure:

The operating agency has a limited land area, on which he is doing his
activities of hazardous waste treatment and disposal. This limited area will
eventually get filled and then he will have to close the present establishment
carefully and go somewhere else. The closure is a period after which wastes are no
longer accepted and during which the owner or operator completes all treatment,
storage or disposal operations. Partial closureis also possible. The purpose of the
closure standards is to ensure that all hazardous wastes management facilities are
closed in a manner that to the extent necessary (i) protect human health and the
environment; and (ii) controls, minimises or eliminates post-closure escape of
hazardous waste, hazardous constituents, leachate or contaminated rain run-off or
waste decomposition to the water, air or soil. If the siteishousefull, thenitis called
as closure, but if due to mismanaged leachates and groundwaters pollution, activity
isforced to be stopped, then it is not closure it is abandoning the site.

The operating agency while developing itsfirst application for Authorisation
has to plan as to in what time period, the accommodation provided by him will be
put. Depending on what type of waste he istransporting in, he will haveto imagine a
closure plan. It should contain

(1) A description how each of hisunit in the facility will be closed.
(2) A description of how final closure of the entire facility will be conducted.

(3) An estimate of the maximum inventory of hazardous wastes on site at any
time during the active life of facility

(4) A description of the steps needed to remove or decontaminate all hazardous
waste residue

(5) A sampling and analysis plan to know asto how much decontamination will be
necessary

(6) A time-table of commencement of closure prospects and completion.

The operating agency should prepare a closure plan on paper at least 6 months
in advance so that opinion of the SPCB can be obtained. It is better to complete the



closure as per plan speedily, but not hastily. A period of 3 monthsto 6 months from
the SPCB approval should prove adequate.

There can be two options for closure. In one, the residues, spent liners etc.
are removed and shifted from the place and in another, the residues are left in place
and operating agency taking its post-closure precautions. The post closure care is
to:

(1) Eliminate all free liquids by either removing the liquid wastes/residues from
landfill/impoundment of by solidifying them

(2) Stabilise the remaining waste and waste residues to a bearing capacity
sufficient to support afinal cover.

(3) Install afina cover that provides long- term minimisation of infiltration
into the closed unit

(4) Incourse of time, the material inside a landfill is likely to face settling or
subsidence in a small way. The cover be such that all such subsidence of
support, it should not get cracked, but its integrity be maintained.

(5) Providedrainage diversionsto prevent any run-on
(6) Togrow an appropriate vegetation on the top of the cover.

The operating agency should submit a certificate of completion of closure
and post-closure to the State Boards.

The operating agency must remember that money is required not only for
establishing or for running a facility, but the closure too costs money. Therefore,
provision of funds should be made during the process or insurance may be purchased
during operating life, that assures funds for closure and post closure care.

6.9.4.2 I ncineration

Depending upon the categories of waste and its potentid hazards, following
incineration methods are adopted :

I Destruction of hazardous waste by thermal process using incinerator or any
other method; and

I. Burning of hazardous waste in boiler or in industria furnace in order to
destroy them and/or for any recycling purpose and/or energy source.

The first category of incinerator requires specia attention. In India there are

very few incinerators installed on a large scale. It is important to have a central
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incinerator facility in the remote areas of different regions for incinerating
hazardous wastes which may be operated by a corporate body. However, before
taking a step in burning hazardous wastes through incinerator it is essential to
stipulate standards to be achieved after incinerating such material. The hazardous
wastes in the region to be treated can be centrally collected and transported to the
facilities. In this process of central facility of treatment, the polluter has to pay for
treatment facility depending on the quantity and quality of wastes generated.

In the second category of incineration, there are a number of cement
industries and thermal power plants where the wastes can be burnt after considering
the nature and quantity of wastes. However, in this caseit is to be seen that the
gaseous emission through stack does not affect the ambient air quality adversely.

The operating agency will find that the incineration is a costly aternative, but
sometimes it is the only alternative. It reduces the volume of waste requiring the
landfill capacity, is suitable for most clinical, commercial and house-hold wastes, is
the only suitable disposal option for certain waste (practical or legal point of view )
and can recover heat system.

Incinerator means any enclosed device using controlled flame combustion.
In designing an incinerator the operating agency should take into consideration the
thermal feed rate, waste feed rate, organic chlorine feed rate (where relevant),
minimum combustion gas temperature, minimum combustion gas residence
time, primary and secondary combustion units, remova of Hydrochloric acid
(HCI), Suspended Particulate Matter (SPM) and other air pollutants, minimum
oxygen concentration in secondary chamber, controlling fugitive emissions (by
keeping combustion zone totally sealed or by maintaining the combustion zone
pressure negative), stack height, eventuality of aternative fuel, eventuality of change
in waste containing Principa Organic Hazardous Constituent (POHC). The
operating agency should convey these criteriato the SPCBs for any comments and if
there is any change subsequently in the gadget or geometry, the same too must be
informed or authorisation got so amended. This will enable them to take a new trial
burn if necessary.

Incineration is not an open burning. Open burning means the combustion of
any material without the following characteristics :

(1) Control of combustion air to maintain adequate temperature for efficient
combustion

(2) Containment of the combustion reaction in an enclosed device to provide
sufficient residence time and mixing for complete combustion
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(3) Control of emission of the gaseous combustion products as per
regulations.

Open burning on land is not a method for disposal as it does not have a status
of either incinerator or landfill. The operating agency should assure the SPCBs that
they will undertake only controlled method and it is open for their inspection any
time of combustion, emissions, attendant units (like pumps valves, conveyors ) or
housekeeping.

In generd, industrial incinerators comprise a storage pit, fuel tanks, afurnace
(generaly of arotary kiln type), a heat recovery boiler, off gas purification [possibly
a scrubbing water treatment unit, and even Electro Static Precipitator (ESP) in good
installaions|, an induced draft (ID) fan, a reheating unit (if necessary) and a stack
(incidentally, even co-generation is possible).

In a reported experience of Bayer, AG, Germany, the plant temperature in
rotary kiln is maintained at 1000-1200°C, with oxygen concentration kept at 11% by
volume, and detention of 4 seconds. The detention is 18 seconds in after burner
chamber. In the waste heat recovery boiler, the temperature comes down to 320-
350°C, the HCI, SO, iswashed down. PCBsare found destroyed. The flow-sheet is
shown in figure 6.9 which may encourage the OA to put up an incineration train on
such sound footing.

If the operating agency desires to get rid of organics like halogenated
solvents, petroleum refinery waste, vinyl chloride monomer, plastics, pesticides,
off-spec pharmaceuticals etc. with a chemical destruction efficiency of 99.99%,
then incineration will be his only choice, regardless as to whether he feeds as
gas, liquid, semi-solid, or solids.

Operating agency has to put only selected crew to run this unit as the
precautions are necessary at every place right from unloading the incoming tankers
(preferably with nitrogen blanket), segregated storing as per high or low British
Thermal Unit (BTU) value. Some, if arriving in a mixed form, has to be sent to a
specific gravity based separators through vibratory screen, as also a separate
storage for high or low pH wastes. This helpsin blending, because the success of
operating agency’s incinerator cannot be ensured, if the feed is non-uniformin
quality and quantity. In this system, organics are destroyed and the inorganics are
converted. The clays, dissolved salts or silica are released within the incinerator
flue gas and the same ash is required to be trapped and then dsposed of in the
landfill. The volume reduction be estimated and recorded. The operating agency
should also record the temperatures at various points (actual against designed) such
as say (1) initial temperature in the primary chamber 1400° C, (2) after injecting
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agueous waste as 800° C, (3) after passing through scrubber/ spray dryer, (4) after
fabric filter 200° C in the stack. In the stack, the emission monitoring be done for
levels of oxygen, unburnt hydrocarbons, sulfur dioxide and opacity (- a measure of
particulate matters going up the stack) and record the same, in computer. The
residence time in seconds also be recorded.

The operating agency should keep a safety and security in its plant to boast
that nothing movesin the premises without permission, even therain water (whichis
collected as run-on, analysed, pH adjusted or settled and then pumped run to allow it
out).

6.9.4.3 Manifest System

In the management of solid and liquid industrial wastes it is very important to
incorporate a manifest system by which the chain responsibility of generator,
carrier and receiver isto berealised. Thissystem will help the regulatory agency
as nodal agency, where finally the copy of the manifest will be sent, to know
whether the actual wastes generated are transported to the facilities whereit isto be
disposed off. In this process of waste management, all the three, viz. pollution
generator, carrier and receiver, will have to take authorisation from the nodal
agency. Itisfelt that in India aso for the management of industrial wastes, whether
they are hazardous and non-hazardous, a manifest system hasto be framed to identify
what category of waste has to be transported for disposa and treatment. The
schematic sketch of such asystem isshownin Fig.6.8.

6.9.4.4 Post Treatment

The post treatment precautions to be undertaken by the operating agency
depend much on what treatment he has offered to the subjected hazardous waste.
The treatment given to the waste shall be complete and not half-way.

If physico-chemical-biological treatment is successfully given, the outgoing
post-treatment streams will be three fold. The oil may be sold or sent for
incineration, the sludge after dewatering be sent to secure landfill and the water
after analysis may join a stream on permission from the SPCB or may be used on
adjoining land by irrigation. Operating agency to maintain afull record.

If the treatment-disposal is a secured landfill, if post-treatment leachate
appear, the same be collected and recycled into the operating agency’s facility for
re-treatment. One will find that leachate exhibits very high polluting and hazardous
characteristics.
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If incineration or thermal treatment is adopted, the captured post-treatment
ash be sent for burial and scrubber water be sent back into the facility for treatment.
Operating agency at every step should maintain a computerised record.

If recovery is a treatment method, it converts a hazardous waste into a nor-
hazardous non-waste. This post-treatment, is acceptable to the customers and can
be so sold. It may be a hazardous chemical, but no more a hazardous waste.

103



6.9.4.5 Back-transport

There can be only three types of back-transport. Number one, where thereis
a manifest discrepancy, number two where the waste sent by generator to operating
agency facility is not as per contract and number three, when a renovated material
after recovery returns back to a customer. The former two be avoided, while the
third one is awelcome step.

It will be a good practice if the operating agency keeps a discipline of
collecting the waste by himself from the generators’ premises. Operating agency
can get an opportunity of supervising the waste before loading or even adjusting the
form of waste. Thiswill avoid any eventuality of returning. The returning not only
involves engaging the transport tankers for one trip during which three normal trips
would have been performed, it a'so means increase of risk. It is, however, also true
that operating agency should not accept such materia which he cannot handle such as
say PCBs, coming suddenly to him unawares. If the return becomes necessary due
to discrepancy in the manifest then the operating agency has a room to use his
discretion. If the discrepancy is marginal and the material can be accepted by writing
a note, he may preferably do so rather than relaying the hazardous waste back al
along.

If the operating agency has an acceptable recovered material and a demand for
the same, he should make its anaysis on Gas Chromatograph (GC) and send the
examination report to prospective customer by fax and on his acceptance message
the goods be sent. This transport should be done in clean tankers. Dirty tankers
should not be pressed for this service, as else unacceptable contamination may take
place. The outgoing recovered waste is no more a hazardous waste and hence,
manifest system will not be needed. However, it still is a hazardous chemical and
whatever obligations under Manufacture, Storage and Import of Hazardous Chemical
Rules, 1989 are placed on transport, will have to be studied and followed by the
operating agency.
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6.9.5 Monitoring

Monitoring and laboratory examination is important in many fields, but more
so in the field of hazardous waste management. In monitoring we collect a sample
and from its analysis we infer about the universe (i.e. full batch). Monitoring will
tell the operating agency about the dividing line between hazardous and nor-
hazardous waste, about the treatability of the hazardous waste, about incompatibility
of different wastes, about the performance efficiency of hazardous waste treatment
and disposal facility, about the impact, about the quality of the recovered material,
and about the post-closure effects if any. Monitoring gives a fina signal if
something is going wrong in the facility of operating agency, giving an opportunity
of rectification. Monitoring becomes handy in investigation of complaints and
during the time of any accidental leakages or spills. The operating agency,
therefore, should have an excellent set up of materials and methods.

Monitoring should commence one year before the facility is brought in
existence by the operating agency, should continue while the facility is in use, to
know the migration kinetics and contemporary concentrations, to take a decision as
to whether it is a time to abandon a particular site, and till five year after it is
abandoned to see that the “ghost” does not reappear as mere ‘cradle to grave' isnot
sufficient precaution, it should be “cradleto grave to ghost”.

In consultation with the SPCBs, the operating agency will have to draw
samples of air, water groundwater, leachate waters, soils, ash, solid wastes and
aesthetics. The periodicity and station selection be done carefully and the following
locations might prove appropriate:-

(&  Air: upwind, downwind, three stations at 120m around the facility, distance
depending on stack height and location of any particular sensitive feature.
Thisisfor ambient. Samples be selected in stack, vents and ducts.

(b)  Surface waters : upstream and downstream in the stream adjoining local
nullah, upstream in the rivulet, on both the banks, upper stream and benthal
deposits, and add as per sanitary survey.

(c)  Groundwater : From wells specially dug one upgradient and at least three on
down gradient, and deep enough.

(d)  Sail : Surrounding soil at ground level be sampled in acircular grid.

(e) Vegeative cover : Whether mal-effect is occurred and if yes, in what
direction.
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(f Biological indicator : by planting sensitive plantsin al directions and at
different distances and to note periodically asto what isthe health status of
each plant, providing the operating agency with information as to what
further precautions are required to be taken. Figure 6.9 below conceptually
shows the operating agency that if the incinerator is at centre and specially
selected species of plants/bushes are planted in eight directions at suitable
distances, the health effects areas shown by vertical bars when quantified.
Thisisabotanist's job, which can be hired by operating agency.

Among al the above, ground water monitoring is a more serious and
complicated matter of which the operating agency has very little experience. The
groundwater monitoring is of great significance to such operating agency, who are
engaged in land treatment, land application, sanitary landfills, secured landfills,
surface impoundment or composting. This monitoring is more significant when the
groundwater is popularly used either for agricultural or personal purposes. However,
it may be of low or no significance if it isfound that the operating agency facility is
an engineered structure, does not receive or contain free liquids, is designed and
operate to exclude liquid, rains, other run-on or run-off, has both inner and outer
layers of containment enclosing the waste, and has an eye on leak detection, i.e.
there is no potential for migration of liquid from regulated units to the uppermost
aquifer (during the facilities active life and to some extent thereafter). This
monitoring is also not significant, if there is no groundwater. Thisis the first stage
of self-examination that the operating agency should keep his findings recorded,
supported by expert documents that he should gather by contacting universities.

There are three types of groundwater monitoring, depending on its purpose,
viz. (i) detection monitoring, (ii) assessment monitoring and (iii) compliance
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monitoring. This is shown in a logic chart. The detection monitoring is to
determine whether land disposal facility has leaked hazardous waste or constituents
into an underlying aquifer in quantities sufficient to cause a significant change in
groundwater quality. This can be found out within the first year itself. But if it is
detected within say three months, one should not wait for one year, but should
immediately begin the assessment monitoring. In detection monitoring, only a few
indi cator parameters may be analysed to establish, if migration is occurring. The
indicator parameters used may include specific conductance, total organic carbon,
total organic halogen or any specific waste constituents which the operating agency
receives.

Assessment monitoring is a more aggressive programme, if a significant
change is discovered in groundwater quality during the detection monitoring. In the
place of non-specific, generally, specific chemicals are estimated and vertical -
horizontal concentration profiles are attempted. Rate and extent of contaminant
migration is studied. This study will lead to design corrective steps to be taken by

operating agency.

The success of corrective steps so designed and implemented should be
reflected in compliance monitoring. The goa of the compliance monitoring
programme is to ensure that leakage of hazardous constituents into the groundwater
does not exceed acceptable limits.

The operating agency will know from his experience that these hazardous
constituents will be no different than the list of hazardous chemicals given in the
Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989 in its
Schedule |, Part Il as amended in 1999. The State Boards may not normally
announce these limits in the Authorisation. However, if assessment monitoring
finds the presence of hazardous chemicals, corresponding standards will be
prescribed so that the groundwater remains usable. The corrective action
programme by operating agency should include, to remove or treat the constituents
gpecified within an agreed time-frame. The corrective action programme does not
terminate, till correction is seen in the groundwater quality.

The operating agency will keep in mind that the groundwater monitoring does
not mean a generalised blanket analysis. Specific parameters are required to be
selected as a three tier system, viz.(i) indicator parameters, (ii) groundwater quality
and (iii) drinking water quality. These can be:

() Indicator parameters : to know the pollutant grossly; they are pH, colour,
specific conductance, Total Organic Carbon (TOC) and Total Organic
Halogen.
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(i)  Groundwater quality parameters : to know its suitability for other (non-
drinking) purposes like agriculture; they are chloride, iron, manganese,
phenols, sodium, sulfates etc.
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(iii)  Drinking water suitability parameters for its obvious purpose as a source;
they are Arsenic, Barium, Cadmium, Chromium, Fluoride (temperature
dependent), Lead, Mercury, Nitrate, Selenium, Slver, Endrin, Lindane,
Methodxy chlor, Toxaphene, Radio-activity and Coliform bacteria.

For a groundwater quality understanding, there should be sampling points
(well) on hydraulically upgradient and a minimum of three on the downgradient, for a
small facility of operating agency. However, the number required may increase
depending on the complexity of facilities, of geography and of geology. The
monitoring well must give a true picture of the groundwater and nothing else. The
monitoring wells must be cased in a manner that maintains the integrity of the
monitoring well bore hole. The casing must be screened or perforated and, if
necessary, packed with sand or gravel to enable sample collections at  depths
were appropriate aquifer flow zones exist. The annular space (the space between the
bore hole and the well casing) above the selected sampling depth must be sealed with
asuitable material, such as bentonite slurry or grout.

The operating agency shall keep a frequency of sampling as ance in three
months normally, unless the circumstances compel to do it more often to develop
confidence. They should continue even after abandoning the site for a fixed period.
All this should be done by the operating agency in constant consultation with the
SPCBs. A sequenceis suggested by alogic chart (figure 6.10).

It may not be out of place to mention that 175 wells are reportedly monitored
monthly by a U.S.A. operating agency, CECOS (M/S.Chemical and Environmental
Conservation Systems Inc.) for their secure chemical landfilling at Niagara Falls
site, spending a quarter million dollars a year (1986) to check and ensure that
groundwater does not become contaminated.

6.9.6 Record Keeping

The operating agency should remember that no job is complete unl ess paper
work is complete. The record keeping and reporting is especially important when
dealing with hazardous waste. The operating agency should maintain the minimum
record asis required by the hazardous waste rules, but should additionally keep other
records like health statistics, insurance, cost analysis and whatever may be
required by other departments. The statutory authorities sometimes demand only
an annual figure. However, to arrive a, the operating agency has to have a daily
record. The minimum requirement can be summarised asfollows::
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TABLE 6.3 Requirement of infor mation by operating agency

For Form No. Preparatory figures
1 Hazardous waste generation
- category number
- category
- origin of manufacturing activity
3. Description of hazardous waste
- physica form
- chemica form
- quantity (volume and weight)
Description of

- daily method of storage of hazardous waste

- daily method of treatment of hazardous waste

Details of transportation

- name and address of consignee of package

- mode of packing

mode of transportation

date of transportation

quantity transported

Details of disposal of hazardous waste (datewise)

- date of disposa

- Concentration of hazardous materia in the final
Waste form

- Siteof disposd ( identify the location on the
Relevant layout drawing for reference)

- method of disposa

- name of personsinvolved in the disposal

Data on environmental surveillance

- Date of measurement

- Groundwater (sampling location, depth of
Sampling, results)

- Soil (sampling location, depth of sampling,

Results)

Air (sampling location, deta))

Any other (keep record)

4, Details of waste disposal operations
Description of hazardous waste

- Physical form and contents

- Chemica form

- Tota volume of hazardous waste disposed
- No. of packages

Mode of transportation to the site of disposal

110




Site of disposa (attach sketch showing the location of disposal)

Brief description of method of disposal

Date of disposal

Remark (like discrepancy in manifest etc.)

Details of environmenta surveillance

- Date of measurement

- Groundwater (sampling location, depth of
Sampling, results)

- Soil (sampling location, depth of sampling,
Results)

- Air (sampling location, data)

- Any other (keep record)

Accident Reporting

- Date and time of the accident

- Sequence of events leading to accident

- Name of hazardous waste involved in the
Accident

- Chemica data sheet assessing effect of accident
on hedlth and environment

- Emergency measures taken

- Stepsto prevent recurrence of such wastes

Description of imported hazardous waste

- Physical form

- Chemica form

- Totd volume & weight (kg)

Description of storage, treatment and disposal of hazardous waste
- Date

- Method of storage

- Method of treatment & reuse( give details)

The operating agency should also maintain arecord about the inspection visits
of the SPCB officials and other inspectors, if any and the instructions given by them
on the spot. This should be followed by the compliance letter of the instructions
in a reasonable time and acknowledgement obtained. The operating agency shall
maintain his own record of treatability studies and characterisation of raw or
recovered wastes with various parameters. Record of training too be maintained.

The operating agency should keep it in mind that if he takes care of record
daily, the record will take his care in case of an emergency.

6.10 LEGISLATION FOR MANAGEMENT OF HAZARDOUSWASTE AND
CATEGORISATION OF HAZARDOUS WASTE
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In exercise of the powers conferred under the Environment (Protection) Act,
1986 (29 of 1986), the Central Government has made the Hazardous Waste
(Management & Handling) Rules, 1989 and published in the official Gazette
No0.S.0.594(E), dated 28.7.1989. These Rules define the Hazardous Wastes and
provide specific schedule in which wastes are listed for application of the rule.
The rules have been further amended in 1999 called Hazardous Waste (M anagement
and Handling) Rules, January 6, 2000. The occupier generating hazardous waste
has obligation to take all practical steps to ensure that such wastes are properly
handled and disposed off without any adverse efect, which may result from such
wastes. The occupier shall also be responsible for proper collection, transportation,
treatment, storage and disposal of these wastes, either by himself or through the
operator of afacility. The occupier shall submit goplication to the SPCB for grant
of authorisation for handling of hazardous wastes. The SPCB shall not issue an
authorisation unlessit is satisfied that the operator of afacility or an occupier, asthe
case may be, possesses appropriate facilities, technical capabilities and
equipment to handle hazardous wastes safely.

The State Govt./U.T. Administration, or a person authorised by it, is required
to undertake a continuing programme to identify the sites and compile and publish
periodically an inventory of disposal sites within the State/UT for the disposal of
hazardous wastes. An environmental impact study shall be undertaken before
final identification of a site as waste disposal site. Import of hazardous waste from
any country to India shall not be permitted for dumping and disposal of such wastes.
However, import of such wastes may be allowed for processing or re-use as raw-
material, after examining each case on merit by the SPCB or by an officer authorised
in this behalf.

The Hazardous Wastes (Management & Handling) Rules apply to the
categories of Hazardous Wastes as specified in the Schedule-1 to the Rules amended
on January 6, 2000 as given at Annexure 6.1

6.11 HANDLING OF HAZARDOUSCHEMICALS

It has been observed that there is always potential risk due to handling and
transportation of toxic/ hazardous chemicals and particularly in residential areas.
Storage of such chemicals in residential and commercia areas should be closely
monitored.

The MoEF have notified the Manuf acturer, Storage and Import of Hazardous
Chemical Rules, 1989 (as amended on January 20, 2000) and according to these
rules, activities relating to handling and transportation of hazardous chemicals
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should be regulated. However, this subject is not under the purview of local bodies
but, they can provide assistance to the concerned agencies whenever needed.

6.12 INDUSTRIAL LOCATION

There are certain types of industries though they are small sized/tiny but,
cause considerable pollution when they are located in residentia areas. Such
industries quite often do not seek s ‘ Consents' from SPCBs and even not *licensed’
by the local authorities. Therefore, SPCBs and Municipal authorities should review
and interact with each other to ensure that industries d not come up in non
conforming areas. From solid waste generation point of view, small industries
dispose variety of solid waste like, packaging materials, oil sludges, scraps, paints,
metallic/non-metallic containers, metallic sludges, etc. Based on pollution
potential, category of industries which may be examined and restricted for their
siting in residential areas may be referred in the Annexure 6.2.

Municipal authorities while providing servicesin residential and commercial
areas when find that there are industries which discharge solid waste, should bring
out information to the knowledge of SPCBs so that necessary actions are taken.
In commercial areas, service units like flour mills, automobile service stations
should be properly served notices by the concerned administration to the effect that
such units should dispose their solid waste as per norms laid by Pollution Control
Boards/ municipal authorities.

6.13 MANAGEMENT OF INDUSTRIAL  SOLID WASTES-CO-
ORDINATION (SPCBs& LOCAL BODIEYS)

Urban local bodies are constantly in the field and they are well aware of the
local situation. They also know sources of waste generation and areas under their
control. In order to organise proper collection, transportation and disposal of
industrial solid waste, there is need to set up co-ordination between SPCBs, local
bodies and industrial departments. Following guidelines are suggested to follow :

) Urban local bodies should identify the areas from where industrial solid
waste is generated.

i) Inventorisation of industries could be attempted through SPCBs or industries
department for characterisation of wastes.

iii)  SPCBs may take necessary actions for issuance of consents/Authorisations
to the industries under relevant Acts and Rules.

iv) Urban local bodies may undertake collection, transportation and disposal of
solid waste on cost recovery basis as per existing rules and may identify
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suitable sites for final treatment and disposal of industrial solid waste as per
existing rules and regulations.
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ANNEXURE 6.1

Categories of Industriesto berestricted for their operation in

non-conforming areas. (only an indicativelist)

SNo | Category of Industry S.No. | Category of Industry

1. Tanneries (Tanning units) 2 Lubricating oils, greases or

petroleum based products

3 Battery manufacturing units | 4 Synthetic detergent and soap

5 Foundries 6 Industrial or inorganic gases

7 Electroplating 8 Glue and gelatine

9 Small pulp and paper units 10 Vegetable oils including solvent

extracted oils, hydro-generated
oils

11 Tyreand Tubesvulcanizing | 12 Industry or process involving
units metal treatment or process such

as pickling, surface coating,
paint baking, paint stripping,
heat treatment, phosphating or
finishing etc.

13 Rubber and Rubber 14 Industry or processinvolving
Products (inclu-ding el ectroplating operations.
synthetic rubber)

15 Plastic and Plastic Products | 16 Slaughter houses and meat

processing units

17 Glass and fibre glass 18 Steel and steel products or any of
production and processing the operations or processes such

as heat treatment, acid pickling,
rolling or galvanishing etc.

19 Chemicals 20 Fire crackers




21 Dying and Printing 22 Ceramic/refractories

23 Denting and Painting 24 Automobile servicing and repairs

stations

25 Dye & dyeintermediates 26 Handloom Weaving

27 Pharmaceuticals 28 Gold and silver smithy

29 Iron and Stedl (Involving 30 Tobacco productsincluding
processing from ciga-rettes and tobacco
ore/scrap/Integrated steel processing
Plants)

31 Zinc Smelters 32 Fish processing

33 Industrial carbonincluding | 34 Flour mills (excluding Domestic
electrodes and graphite Atta Chakki)
blocks, activated carbon,
carbon black etc.

35 Paints and Varnishes 36 L ead processing and battery
(excluding blending/ reconditioning & Manufacturing
mixing) including lead smelting

37 Pigments and intermediates | 38 Non-alcoholic beverages (soft

drinks)

39 Petroleum products 40 Food including fruits and vege-
involving storage, transfer table processing.
or processing

41 Automobile servicing and 42 Pulping and fermenting of coffee
repairs stations. beans

43 L eather footwear & Leather | 44 Fragrances and industrial
products perfumes

45 Food additives, nutrients 46 Wires drawing (cold process and

and flavours

bailing straps




a7 Pesticides/ Insecticides/ 48 Printing press
Fungicides/
Herbicides/Agrochemical
formulation
49 Asbestos and asbestos 50 Storage batteries (integrated with
products manufacture of oxides of lead
and lead antimony aloy)
51 Pharmaceuticals 52 Re-rolling mills
53 Metal castings 54 Reclaimed oils
55 Alkalies (such as sods ash, 56 Varnishes
precipitated calcium
carbonate, potassium
hydroxide etc.)
57 Meat processing units 58 Solvent extraction of oil units
59 Resins 60 Bleaching
61 Slaughtering of animals, 62 Textile chemicals
rendering of bones and
processing
63 Nickel and cadmium

batteries




CHAPTER 7
BIO-MEDICAL WASTE

7.1 INTRODUCTION

Medical care is vita for our life, health and well being. But the waste
generated from medical activities can be hazardous, toxic and even lethal because
of their high potential for diseases transmission. The hazardous and toxic parts of
waste from health care establishments comprising infectious, bio-medical and
radio-active material as well as sharps (hypodermic needles, knives, scalpels etc.)
constitute a grave risk, if these are not properly treated/disposed or is allowed to
get mixed with other municipal waste. |ts propensity to encourage growth of
various pathogen and vectors and its ability to contaminate other non-
hazar dous/non-toxic municipal waste jeopardises the efforts undertaken for
overall municipal waste management. The rag pickers and waste workers are
often worst affected, because unknowingly or unwittingly, they rummage through
al kinds of poisonous material while trying to salvage items which they can sell
for reuse. At the same time, this kind of illegal and unethical reuse can be
extremely dangerous and even fatal. Diseases like cholera, plague, tuberculosis,
hepatitis (especially HBV), AIDS (HIV), diphtheria etc. in either epidemic or even
endemic form, pose grave public heath risks. Unfortunately, in the absence of
reliable and extensive data, it is difficult to quantify the dimension of the problem
or even the extent and variety of the risk involved.

With a judicious planning and management, however, the risk can be
considerably reduced. Studies have shown that about three fourth of the total
waste generated in health care establishments is non-hazardous and non-toxic.
Some estimates put the infectious waste at 15% and other hazardous waste at 5%.
Therefore with a rigorous regime of segregation at source, the problem can be
reduced proportionately. Similarly, with better planning and management, not
only the waste generation is reduced, but overall expenditure on waste
management can be controlled. Institutional/Organisational set up, training and
motivation are given great importance these days. Proper training of health care
establishment personnel at al levels coupled with sustained motivation can
improve the situation considerably.
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The rules framed by the Ministry of Environment and Forests (MoEF),
Govt. of India, known as ‘Bio-medical Waste (Management and Handling)
Rules, 1998, notified on 20" July 1998, provides uniform guidelines and code of
practice for the whole nation. It is clearly mentioned in this rule that the
‘occupier’ (aperson who has control over the concerned institution / premises) of
an institution generating bio-medical waste (e.g., hospital, nursing home, clinic,
dispensary, veterinary institution, animal house, pathological laboratory, blood
bank etc.) shall be responsible for taking necessary steps to ensure that such
waste is handled without any adverse effect to human health and the
environment.

Definition : ‘Bio-medica waste means any solid and/or liquid waste including
its container and any intermediate product, which is generated during the
diagnosis, treatment or immunisation of human beings or animals or in research
pertaining thereto or in the production or testing thereof.

The physico-chemical and biological nature of these components, their
toxicity and potential hazard are different, necessitating different methods /
options for their treatment / disposal. In Schedule | of the Bio-medica Waste
(Management and Handling) Rules, 1998 (Annexure IlI), therefore, the waste
originating from different kinds of such establishments, has been categorised into
10 different categories (as mentioned in the box below) and their treatment and
disposal options have been indicated.

Components of Bio-medical waste

0] human anatomical waste (tissues, organs, body parts etc.),
(i) animal waste (as above, generated during research/experimentation, from veterinary hospitals etc.),
(iii) microbiology and biotechnology waste, such as, laboratory cultures, micro-organisms|

human and animal cell cultures, toxins etc.,

(iv) waste sharps, such as, hypodermic needles, syringes, scalpels, broken glass etc.,

(v) discarded medicines and cyto-toxic drugs
(vi) soiled waste, such as dressing, bandages, plaster casts, material contaminated with blood etc.,

(vii) solid waste (disposable items like tubes, catheters etc. excluding sharps),
(viii) liquid waste generated from any of the infected areas,
(ix) incineration ash,

) chemical waste.
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Health hazar ds associated with poor
management of Bio-medical waste

(i) Injury from sharps to staff and waste handlers associated with the health care
establishment.

(i) Hospital Acquired Infection(HAI)(Nosocomial) of patients due to spread of infection.

(iii) Risk of infection outside the hospital for waste handlers/scavengers and eventually
general public.

(iv) Occupational risk associated with hazardous chemicals, drugs etc.
(v) Unauthorised repackaging and sale of disposable items and unused / date expired drugs.

The environmental hazards are mentioned at 7.4.2.

7.1.1 Linkage of Bio-medical Waste M anagement with Municipal Waste
M anagement

At present, the role of the civic body with respect to the management of
bio-medical waste is not clearly defined, leading to confusion and laxity from

either side.

Since majority of the heath care establishments are located within the
municipal area, thelr waste management naturally has a close linkage
with the municipal system. At the same time, the civic authority is
responsible for public health in the whole of the municipal area. Therefore,
the health care establishments must have a clear understanding with the
municipality regarding sharing of responsibilities associated with thisissue.

Studies have shown that about three fourth of the total hospital waste is not
hazardous / infected (provided strict segregation is practised) and can even
be taken care of by the municipal waste management system, e.g., waste
generated at the hospital kitchen or garden, the office or packaging material
from the store etc.

Such practices of strict and careful segregation would reduce the load and
the cost of management of the actually hazardous and infected bio-medical
waste (collection, transportation, treatment and disposal).
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Since, it would not be possible for each and every health care establishment
to have its own full fledged treatment and disposal system for bio-medical
waste, there would be need for common treatment and disposal facilities
under the ownership/supervision/guidance of the civic authority (discussed
inpara7.9).

From the above mentioned issues, it is clear that the success of the bio-
medical waste management program depends on proper in-house management
(within the health care establishment) and co-ordination and co-operation amongst
the various establishments themselves as well as with the civic authority. Hence
this chapter discusses both these aspects.

7.2 ASSESSMENT OF CURRENT STUATION

An assessment of the situation obtaining within the individua health care
establishments as well as the town/city as a whole is necessary before making any
attempts for improvement. Essentially thisinvolves three steps :

survey of waste generation
documentation of prevailing practices

allocation of responsibilities
7.21 Waste Generation

Qualitative as well as quantitative survey of the waste generated is the god
of this step. This needs to be broadly carried out for :

(i) Health care establishments - as unitsand
(i) Thewholetown/ city
7.2.11 Health Care Establishments
Each establishment has to chalk out a programme for qualitative as well as
guantitative survey of the waste generated depending on the medical activities and

procedures followed by it. In order to asses the current situation, the following
have to be included (as applicable) in the survey as per the time frame indicated :
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Table7.1: Area-wise Frequency of Waste Survey

Area/Department/Unit

Frequency of data collection

Wards (each one of them) Each shift

Operation theatre (OT)( - do-) Each operation / surgical
procedure

Out Patients Department (OPD) Each shift

Intensive Care Unit (ICU) Each shift

Emergency unit Each shift

Diaysisunit Each procedure

Radiation unit Each procedure

L aboratories (pathological, biochemical) Each shift

Pharmacy / Chemist’s dispensation unit Once aday

Kitchen Twice, after every mea

Administrative unit and central store Once aday

Surrounding premises and garden Once aday

The concerned medical establishment should constitute a team of its
experts, concerned personnel and workers (doctors, chemists, laboratory
technicians, hospital engineers, nurses, cleaning supervisors/inspectors, cleaning
staff etc.). If such expertise is not available, it may take the help of external
experts in the field who can help them carry out the survey work. A third
aternative is possible if expert agencies are available who carry out the whole
work on contract as a package.

In either case, the medical establishment has to earmark a suitable place
where the qualitative and quantitative tests can be carried out. This place should be
an enclosed space. Depending upon the requirement, it can be a large room or a
hall or at least a covered shade with proper fencing. Unauthorised entry to this
space should be strictly restricted. It should be well lighted. The place should be
washed and disinfected daily and preferably dry and clean.

The waste generated by all the departments has to be collected according to
the prevailing practices of collection but due care has to be taken to see that no
portion of the total waste generated is missed out from this survey. The waste so
collected (except the liquid waste and incineration ash) has to be sorted out into
the different categories according to the Schedule | of the Biomedical Waste
(Management and Handling) Rules, 1998 (as applicable).



If an incinerator is operating within the hospital campus, then the
incinerator ash produced every day has to be weighed. This can be done once a
day. At the same time the tota waste incinerated every day has also to be
recorded.

The liquid waste may be divided into two components : (a) liquid
reagents/chemicals discarded and (b) the cleaning and washing water channelled
into the drain. The first component can be easily measured by a measuring
cylinder or other suitable measuring device before discarding each time and
keeping suitable records. The second component can be derived from the total
water used in the hospital or by using appropriate flow metres.

Table7.2: Category-wise Survey of Waste Generation

Item (as per schedule) Wwt. (kg.) | Wt.(kg.) | Wt.(kg) | Tota
Shift | Shiftll | shift il | Wt.(kg.)

Human anatomical waste

Animal waste

Microbiology & biotechnology
waste

Waste sharps

Medicines and cyto-toxic drugs

Soiled waste

Solid waste

Chemica waste

Incineration ash

Liquid waste (litres)

The survey needs to be carried out at least for 3 days a week in continuation
followed by similar exercise for 4 weeks (preferably dternate weeks for better
reproducibility of the data). The result is then compiled for both quantitative as
well as qualitative data.

7.2.1.2 Whole Town/City

A simultaneous survey of the situation in the town or city concerned is
essential for a proper planning. The first issue to be resolved is - who should get
the survey done

local body ?
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health authorities ?

Indian Medicines Association (IMA)/association of heath care
establishments ?

A suitable consultant should be engaged for carrying out the job. The
concerned authorities must prepare a Terms of Reference (TOR) for this job in
accordance with the need of the town/city. In case this is not possible, then a
caculation may be made based on the number of beds and average waste
generated per bed. Since there is no prevailing practice of keeping hospital waste
separate and of taking the whole of it to specific locations, it would be very
difficult to get any reliable figures from the municipal collection system. Hence a
separate exercise needsto be carried out.

7.2.2 Current Practices

The current practices in relation to waste management in the particular
health care establishment need to be recorded with respect to the following
activitiesfor each unit (i.e., wards, operation theatres, | aboratories etc.) :

Storage of waste at the point of generation.

Whether one container is used for all waste or different containers are used
for different types of waste ?

How frequently the waste material is removed and to where ?

Is there any intermediate storage of the waste before it is moved in bulk
outside the hospital campus ?

Who removes the waste material from the points of generation ?

Whether any measures are taken to deter further unauthorised reuse of the
discarded items, such as cutting/ mutilating needles, plastic tubes, gloves
etc. ?

Is there an incineration plant in the hospital ? If yes, what are the materials
incinerated and what happens to the ash/ clinkers?

What happens to the waste once it is removed from the health care
establishment - can it be tracked ?

Isthere any strategy/plan and administrative support for tackling thisissue?



7.2.3 Allocation of Responsibilities

The administrative head of the health care establishment should carry out
an exercise of documenting the current allocation of responsibilities with relation
to waste management within its premises. In large establishments, specialised
services of consultants/experts should be sought. Each departmental head should
be involved in the exercise. Organisational chart indicating specific accountability
of staff at each level in each department needsto be prepared.

7.3 BASIC ISSUES

Headlth care waste is a heterogeneous mixture, which is very difficult to
manage as such. But the problem can be smplified and its dimension reduced
considerably if a proper management system is planned. Therefore it is important
to take a brief ook at the management issues.

7.3.1 Management Issues of Bio-medical Waste M anagement
The management principles are based on the followi ng aspects :

Reduction/control of waste (by controlling inventory, wastage of
consumable items, reagents, breakage etc.).

Segregation of the different types of wastes into different categories
according to their treatment/disposal options given in Schedule | of the
Rules mentioned above.

Segregated collection and transportation to final treatment/disposal facility
so that they do not get mixed.

Proper treatment and final disposal asindicated in therules.

Safety of handling, full care/protection against operational hazard for
personnel at each level.

Proper organisation and management.
7.3.2 Current Issuesin Management of Health Care Waste
There are two main issues at present :

the recent legidation by the Govt. of Indiaand

implementation of the same at individual health care establishments level as
well aswholetown / city level.
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The recent legidlation has fulfilled a long standing necessity. Now this
sector has got clear cut guidelines which should be able to initiate a uniform
standard of practice through out the country.

It would be necessary to implement proper bio-medical waste management
system for each and every hospital, nursing home, pathological laboratory etc.
Comprehensive management system for each and every health care establishment
has to be planned for optimal techno-economic viability. At the same time the
final disposal for the whole town must not be lost sight of. Sincethereare a
large number of small and medium health care establishments, common
treatment and digposal facilities ar e essential.

74. LEGAL ASPECTSAND ENVIRONMENTAL CONCERN

Indiscriminate disposal of infected and hazardous waste from hospitals,
nursing homes and pathological laboratories has led to significant degradation of
the environment, leading to spread of diseases and putting the people to great risk
from certain highly contagious and transmission prone disease vectors. This has
given rise to considerable environmental concern.

The first standard on the subject to be brought out in India was by the
Bureau of Indian Standards (BIS), IS 12625 : 1989, entitled ‘Solid Wastes-
Hospitals-Guidelines for Management’ (Annexure 7.1) but it was unable to bring
any improvement in the situation. In this scenario, the notification of the ‘Bio-
medical waste (Management & Handling) Rules, 1998 assumes great
significance.

7.4.1. Bio-medical Waste (M anagement and Handling) Rules, 1998

The Central Govt. has notified these rules on 20" July, 1998 in exercise of
section 6, 8 and 25 of the Environment (Protection) Act, 1986. Prior to that, the
draft rules were gazetted on 16™ October, 1997 and Public suggestion/comments

were invited within 60 days. These suggestion were considered before finalising
therules. Thetext of the rules( English version) isannexed (Annexure-7.2).

Scope and application of the Rules

These rules apply to al those who generate, collect, receive, store,
transport, treat, dispose or handle bio-medical waste in any form.
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According to these rules, it shal be the duty of every occupier of an
institution generating bio-medical waste, which includes hospitals, nursing homes,
clinics, dispensaries, veterinary institution, animal houses, pathology laboratories,
blood banks etc., to take all steps to ensure that such wastes are handled without
any adverse effect to human health and the environment. They have to either set
up their own facility within the time frame (schedule VI) or ensure requisite
treatment at a common waste treatment facility or any other waste treatment
facility.

Every occupier of an institution, which is generating, collecting, receiving,
storing, transporting, treating, disposing and/or handling bio-medical waste in any
other manner, except such occupier of clinics, dispensaries, pathological
laboratories, blood banks etc., which provide treatment/service to less than 1000
(one thousand) patients per month shall make an application in prescribed form to
the prescribed authority for grant of authorisation to carry on the work. Whenever
an accident occurs concerning bio-medical waste, it has to be reported to this
authority.

Each State and Union Territory (UT) Government shall be required to
establish a prescribed authority for this purpose. The respective governments
would also constitute advisory committees to advise the Govts with respect to
implementation of these rules. The occupier or operator can also appea against
any order of the authority if they feel aggrieved to such other authority as the
Govt. of the State/UT may think fit to constitute. Prescribed Authorities, so far
established by various State Governments are listed at Annexure 7.3 and the time
limit as per schedule VI of the ‘Bio-Medica(Management & Handling)
Rules,1998.

7.4.2 Environmental Concern

The following are the main environmental concerns with respect to
improper disposal of bio-medical waste management:

Spread of infection and disease through vectors (fly, mosquito, insects etc.)
which affect thein -house as well as surrounding population.

Spread of infection through contact/injury among medical/non-medical
personnel and sweepers/rag pickers, especially from the sharps (needles,
blades etc.).

Spread of infection through unauthorised recycling of disposable items
such as hypodermic needles, tubes, blades, bottles etc.

Reaction due to use of discarded medicines.
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Toxic emissions from defective/inefficient incinerators.

Indiscriminate disposal of incinerator ash / residues.

7.5. WASTE IDENTIFICATION AND WASTE CONTROL PROGRAM
FOR THE HEALTH CARE ESTABLISHMENTS

In fact waste identification is an important tool of waste control
programme. The necessity of segregation has already been mentioned. The use of
colour coding and labelling of hazardous waste containers provides great
assistance in waste separation. Without opening a container one can easily know
about the contents. Therefore, in addition to segregation, separate transportation
and storage is also facilitated.

7.5.1 Identification of Various Components of theWaste Generated

The Bio-medical waste (Management and Handling) Rules, 1998 says that
such waste shall be segregated into containers/bags at the point of generation in
accordance with Schedule Il of the rules prior to its storage, transportation,
treatment and disposal. This would help in easy identification of the various
components of health care waste. All containers bearing hazardous material
must be adequately labelled according to Schedule IV of the Rules (Annexure
7.2).

7.5.2. An Exercisein Waste Control Programme

For larger health care establishments such as hospitals, a comprehensive
exercise needs to be carried out for evolving its own waste management
plan/programme, consisting of the following steps:

1. Documenting the medical/bio-medical practice/procedures carried out by
the particular health care establishment by enlisting categories of waste
generated as per schedule | of the rules.

Assessing current practices and responsibilities (as mentioned earlier).
Assessing current costs for hazardous waste management.

Developing an effective bio-medical waste management policy/plan
according to the Rules and

5. Implementation of the plan.
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It is important to identify the current costs associated with waste
management. Purchasing and inventory practices, for example, must be closely
examined to identify the costs related to the disposables, recyclables etc. All
associated materials (e.g. gloves, boots, brushes, disinfectants etc.), cost of fuel
(for incinerator, vehicles), electricity etc. as well as man hours should be
accounted for.

Based on these results, a comprehensive policy has to be framed in
consonance with the govt. rules so that compliance is achieved. An officia
statement incorporating all practices from the segregated storage through
transportation, treatment and final disposal should be prepared and widely
circulated after due approval.

7.6 WASTE STORAGE
Storage of waste is necessary at two points:

() at the point of generation and
(i)  common storage for the total waste inside a health care organisation.

For smaller units, however, the common storage area may not be possible.
Systematic segregated storage is the most important step in the waste control
programme of the health care establishment. For ease of identification and
handling it is necessary to use colour coding, i.e., use of specific coloured
container with liner / sealed container (for sharps) for particular wastes. It must be
remembered that according to the Rules, untreated waste should not be stored
beyond a period of 48 hours.

7.6.1 Recommended Labelling and Colour Coding

These have to be in accordance with Schedule Il of the notified rules
(Annexure 7.2). A simple and clear notice, describing which waste should go to
which container and how frequently it has to be routinely removed and to where,
Is to be pasted on the wall or at a conspicuous place nearest to the container. The
notice should be in English, Hindi and the predominant local language. Preferably,
it should have drawings correlating the container in appropriate colour with the
kind of waste it should contain.
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7.6.2 Segregated Storage in Separate Containers (at the Point of Generation)

Each category of waste (according to treatment options mentioned in
Schedule | of the rules) has to be kept segregated in a proper container or bag as
the case may be. Such container / bag should have the following property :

It must be sturdy enough to contain the designed maximum volume and
weight of the waste without any damage.

It should be without any puncture/leakage.

The container should have a cover, preferably goerated by foot. If plastic
bags are to be used, they have to be securely fitted within a container in
such a manner that they stay in place during opening and closing of the lid
and can also be removed without difficulty.

The sharps must be stored in puncture proof sharps containers. But before
putting them in the containers, they must be mutilated by a needle cutter,
placed in the department/ward itself.

The bags/containers should not be filled more than 3/4™ capacity.
Attempts should be made to designate fixed places for each container so that it
becomes a part of regular scenario and practice for the concerned medical as well
as nursing staff. The specification for the containers is mentioned in chapter 4 of
this manual.

7.6.3 Certification

When a bag or container is sealed, appropriate label (s) clearly indicating
the following information (as per Schedule IV of the Rules) has to be attached. A
water-proof marker pen should be used for writing.

They should be labelled with the ‘Biohazard’ or ‘cyto-toxic’ symbol as
the case may be according to Schedule 11 of the rules (Annexure 7.2).

The containers should bear the name of the department/laboratory from
where the waste has been generated so that in case of a problem or accident,
the nature of the waste can be traced back quickly and correctly for proper
remediation and if necessary, the responsibility can be fixed.

The containers should also be labelled with the date, name and signature of
the person responsible. Thiswould generate greater accountability.

The label should contain the name, address, phone/fax nos. of the sender as
well asthe receiver.
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It should also contain name, address and phone/fax nos. of the person who
isto be contacted in case of an emergency.

7.6.4 Common/Intermediate Storage Area

Collection room(s)/intermediate storage area where the waste packets/bags
are collected before they are finally taken/transported to the treatment/disposal site
are necessary for large hospitals having a number of departments, laboratories,
OTs, wards etc. This is all the more important when the waste is to be taken
outside the premises. Two rooms - one for the genera and the other for the
hazardous waste are preferable (details at 7.14.1, 5" point). In case of shortage of
rooms, the general waste (non-hazardous) can be directly stored outside in dumper
containers with lids of suitable size.

Arrangement for separate receptacles in the storage area with prominent
display of colour code on the wall nearest to the receptacles has to be made. When
waste carrying carts/containers arrive at this area, they have to be systematically
put in the relevant receptacle/designated area.

7.6.5 ParkingLot for Collection Vehicles

A shed with fencing should be provided for the carts, trolleys, covered
vehicles etc. used for collecting or moving the waste material. Care has to be taken
to provide separate sheds for the hazardous and non-hazardous waste so that there
IS no chance of cross contamination. Both the sheds should have a wash area
provided with adequate water jets, drains, raised platform, protection walls to
contain splash of water and proper drainage system.

7.7  HANDLING AND TRANSPORTATION

This activity has three components: collection of different kinds of waste
(from waste storage bags/containers) inside the hospital, transportation and
intermediate storage of segregated waste inside the premises and transportation of
the waste outside the premises (to the treatment/disposal facility).

7.7.1 Collection of Waste Insidethe Hospital/Health Car e Establishment

The collection containers for bio-medical waste have to be sturdy, leak
proof, of adequate size and wheeled. Two wheeled bins of 120-330 litre capacity
and four wheeled bins of 500-1000 litre capacity (IS 12402, Part |, 1988) may be
used. The 4 wheeled containers have two fixed wheels and two castors and they
are fitted with wheel locking devices to prevent unwanted rolling. There should be
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no sharp edges or corners, especially in metallic bins. Specifications of bins are
mentioned in chapter 4 of this manual. For convenience as well as for avoiding
any confusion, the colour code applicable for the bags / containers should also be
used for the bins.

Collection timings and duty chart should be put in a prominent place with
copies given to the concerned waste collectors and supervisors. For general waste
from the office, kitchen, garden etc., normal wheel-barrows may be used.

7.7.2 Transportation of Segregated Waste Inside the Premises

All attempts should be made to provide separate service corridors for taking
waste matter from the storage area to the collection room. Preferably these
corridors should not cross the paths used by patients and visitors. The waste has to
be taken to the common storage area first, from where it is to be taken to the
treatment/disposal facility, either within or outside the premises as the case may
be.

As dready mentioned under 7.6.4, the wheel-barrows containing genera
waste may be sent to a dumper container or further segregated as described under
section 7.8.7 (later).

7.7.3 Collection and Transportation of Waste for Small Units

Smaller units, such as, nursing homes, pathological laboratories etc. do not
have many departments/divisions and the generation of waste is small and
normally they do not have treatment facility for the bio-medical waste.

In their case, intermediate storage area is not required. They should install a
needle cutter and a small device for cutting plastic tubing, gloves etc. In case,
highly infectious bio-medica waste is expected to be generated, they may consider
to install a separate steam autoclave of suitable size exclusively for this purpose.
Adequate precaution must be taken to ward off any occupational hazard or
environmental problem. This particular autoclave should never be used for
sterilising medical supplies or surgical equipment.

Such establishments require provision for segregated storage (according to

the rules) which can be packed in seadled containers/sturdy bags and handed over
to the agency carrying them to the common treatment/disposal facility.
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7.7.4 Transportation of Waste Outside

In case of off-site treatment, the waste has to be transported to the
treatment/disposal facility site in a safe manner. The vehicle, which may be a

specially designed van, should have the following specifications :

It should be covered and secured against accidental opening of door,
|eakage/spillage etc.

The interior of the container should be lined with smooth finish of
auminium or stainless steel, without sharp edges/corners or dead spaces,
which can be conveniently washed and disinfected.

There should be adequate arrangement for drainage and collection of any
run off/leachate, which may accidentally come out of the waste
bags/containers. The floor should have suitable gradient, flow trap and
collection container.

The size of the van would depend on the waste to be carried per trip.

In case, the waste quantity per trip is small, covered container of 1-2 cu. m.,
mounted on 3 wheeled chassis and fitted with a tipping arrangement can be
used.

7.8 WASTE TREATMENT AND DISPOSAL : THE RULES AND THE
AVAILABLE OPTIONS

Different methods have been developed for rendering bio-medical waste
environmentally innocuous and aesthetically acceptable but all of them are not
suitable for our condition. The ‘Bio-Medica Waste (Management & Handling)
Rules, 1998 has elaborately mentioned the recommended treatment and disposal
options according to the 10 different categories of waste generated in health care
establishments in Schedule | of the rules (Annexure 7.2). Standards for the
treatment technologies are given in Schedule V of the Rules, which must be
complied with. A comparison of the advantages and limitations of the different
technologies for treatment of bio-medical wasteisgiven at Annexure 7.4.

A review of the above schedule would show that there is no single
technology, which can take care of all categories of bio-medica waste. A
judicious package has to be evolved for this purpose. For example, small and
medium hospitals can opt for local (in house) disinfection, mutilation / shredding
and dedicated autoclaving plus off-site incineration at a common treatment /
disposal facility followed by disposal in sanitary and secured landfills,
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7.8.1 Incineration

This is a high temperature thermal process employing combustion of the
waste under controlled condition for converting them into inert material and gases.
Incinerators can be oil fired or electrically powered or a combination thereof.
Broadly, three types of incinerators are used for hospital waste : multiple hearth
type, rotary kiln and controlled air types. All the types can have primary and
secondary combustion chambers to ensure optimal combustion. These are
refractory lined.

In the multiple hearth incinerator, solid phase combustion takes place in the
primary chamber whereas the secondary chamber is for gas phase combustion.
These are referred to as excess air incinerators because excess air is present in both
the chambers. The rotary kiln is a cylindrical refractory lined shell that is mounted
a a dight tilt to facilitate mixing and movement of the waste inside. It has
provision of air circulation. The kiln acts as the primary solid phase chamber,
which is followed by the secondary chamber for the gaseous combustion. In the
third type, the first chamber is operated at low air levels followed by an excess air
chamber. Due to low oxygen levels in the primary chamber, there is better control
of particulate matter in the flue gas.

In a nutshell, the primary chamber has pyrolytic conditions with a
temperature range of about 800 (+/-) 50 deg. C. The secondary chamber operates
under excess air conditions at about 1050 (+/-)50 deg. C (Schedule V of the
Rules). The volatiles are liberated in the first chamber whereas they are destroyed
in the second one. Some models are fitted with Eductor mechanism, which
maintains the system under negative pressure and helps control the flue gases
more effectively. The chimney height should be minimum 30 meters above ground
level. Installation of incineratorsin congested areais not desirable.

In the Bio-medical Waste (Management and Handling) Rules, Incineration
has been recommended for human anatomical waste, animal waste, cyto-toxic
drugs, discarded medicines and soiled waste.

7.8.2 Autoclave Treatment

This is a process of steam sterilisation under pressure. It is a low heat
process in which steam is brought into direct contact with the waste material for
duration sufficient to disinfect the material. These are also of three types: Gravity
type, Pre-vacuum type and Retort type.
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In the first type (Gravity type), air is evacuated with the help of gravity
aone. The system operates with temperature of 121 deg. C. and steam pressure of
15 psi. for 60-90 minutes. Vacuum pumps are used to evacuate air from the Pre-
vacuum autoclave system so that the time cycle is reduced to 30-60 minutes. It
operates at about 132 deg. C. Retort type autoclaves are designed to handle much
larger volumes and operate at much higher steam temperature and pressure.

Autoclave treatment has been recommended for microbiology and
biotechnology waste, waste sharps, soiled and solid wastes (as mentioned in the
table above). This technology renders certain categories (mentioned in the rules)
of bio-medical waste innocuous and unrecognisable so that the treated residue can
be landfilled. Sanjay Gandhi Memorial Hospital in Delhi has installed a Pre-
vacuum Autoclave.

7.8.3 Hydroclave Treatment

Hydroclave is an innovative equipment for steam sterilisation process (like
autoclave). It is a double walled container, in which the steam is injected into the
outer jacket to heat the inner chamber containing the waste. Moisture contained in
the waste evaporates as steam and builds up the requisite steam pressure (35-36
psi). Sturdy paddies slowly rotated by a strong shaft inside the chamber tumble the
waste continuously against the hot wall thus mixing as well as fragmenting the
same. In the absence of enough moisture, additional steam is injected. The system
operates at 132 deg.C. and 36 psi steam pressure for sterilisation time of 20
minutes. The total time for a cycle is about 50 minutes, which includes start-up,
heat-up, sterilisation, venting and depressurisation and dehydration. The treated
material can further be shredded before disposal. The expected volume and weight
reductions are upto 85% and 70% respectively.

The hydroclave can treat the same waste as the autoclave plus the waste
sharps. The sharps are aso fragmented. This technology has certain benefits, such
as, absence of harmful ar emissions, absence of liquid discharges, non
requirement of chemicals, reduced volume and weight of waste etc.

Tata Memorial Hospital in Mumbai has instaled the first hydroclave in
Indiain September 1999.

7.8.4 Microwave Treatment
This again is a wet thermal disinfection technology but unlike other thermal
treatment systems, which heat the waste externally, microwave heats the targeted

material from inside out, providing a high level of disinfection.
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The input materia is first put through a shredder. The shredded materia is
pushed to a treatment chamber where it is moistened with high temperature steam.
The material is then carried by a screw conveyor beneath a series (normally 4-6
nos.) of conventional microwave generators, which heat the material to 95-100
deg. C. and uniformly disinfect the material during a minimum residence time of
30 minutes and total cycle is of 50 minutes. A second shredder fragments the
material further into unrecognisabl e particles before it is automatically discharged
into a conventional / general waste container. This treated material can be
landfilled provided adequate care is taken to complete the microwave treatment. In
the modern versions, the process control is computerised for smooth and effective
control.

Microwave technology has certain benefits, such as, absence of harmful air
emissions (when adequate provision of containment and filters is made), absence
of liquid discharges, non requirement of chemicals, reduced volume of waste (due
to shredding and moisture loss) and operator safety (due to automatic hoisting
arrangement for the waste bins into the hopper so that manual contact with the
waste bagsis not necessary). However, the investment cost is high at present.

According to the rules, category nos, 3 (microbiology and biotechnology
waste), 4 (waste sharps), 6 (soiled waste) and 7 (solid waste) are permitted to be
microwaved.

7.8.5 Chemical Disinfecting

This treatment is recommended for waste sharps, solid and liquid wastes as
well as chemical wastes. Chemical treatment involves use of at least 1%
hypochlorite solution with a minimum contact period of 30 minutes or other
equivalent chemica reagents such as phenolic compounds, iodine,
hexachlorophene, iodine-alcohol or formaldehyde-alcohol combination etc. Pre-
shredding of the waste is desirable for better contact with the waste material.

In the USA, chemical treatment facility is also available in mobile vans. In
one version, the waste is shredded, passed through 10% hypochlorite solution
(dixichlor) followed by a finer shredding and drying. The treated materia is
landfilled.

7.8.6 Sanitary and Secured Landfilling

Sanitary and secured landfilling is necessary under the following
circumstances:
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Deep buria of human anatomical waste when the facility of proper
incineration is not available (for towns having less than 5 lakh population
and rural areas, according to Schedule | of the MoEF rules - Secured
landfill). A schematic of deep burial is shown as per Annexure 7.5

Animal waste (under similar conditions as mentioned above) - Secured
landfill.

Disposal of autoclaved/hydroclaved/microwaved waste (unrecognisable) -
Sanitary landfill.

Disposal of incineration ash - Sanitary landfill.

Disposal of bio-medica waste till such time when proper treatment and
disposal facility isin place- Secured landfill.

Disposal of sharps - Secured landfill. This can also be done within a
hospital premises as mentioned below.

In case disposal facility for sharps is not readily available in a town, health
care establishments, especially hospitals having suitable land, can construct a
concrete lined pit of about 1m length, breadth and depth and cover the same with a
heavy concrete dab having a 1 - 1.5 m high geel pipe of about 50 mm diameter.
Disinfected sharps can be put through this pipe. When the pit is full, the pipe
should be sawed off and the hole sealed with cement concrete. This site should not
be water logged or near aborewell.

7.8.7 General Waste

The waste material generated from the office, kitchen, garden, store,
chemicals counter etc., which are non-hazardous and non-toxic, may be taken care
of asfollows:

Composting of green waste - to be carried to a municipal facility or a private
facility, if available. If suitable land is available, a hospital may consider
composting its green waste within the campus itself taking all precautions
regarding health and hygiene and safety to patients.

Recycling of packaging material (caution - medical supplies such as unused or
scantily used disposable items or those of uncertain history should never be
allowed to be recycled).

Certificate indicating origin and of non-contamination, issued by the
concerned medical authorities of the health care establishment before these wastes
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are handed over to the municipality / private operator is essential from the point of
safety.

79 COMMON TREATMENT/DISPOSAL FACILITY

Common treatment facilities are necessary because it is not feasible for
smaller health care establishments to set up a complete treatment and disposal
system due to lack of space and trained manpower, minimum scale of operation
and scale of economy. Even large establishments located in congested or densely
populated areas can not have such units due to environmental constraints.
According to the rules, different kinds of treatment are required for different
components of health care waste and the post-treatment residues have to be safely
disposed. Hence, it is desirable that every town/city should have a least one
common treatment facility, which may be used by al the units who can not have
their own facility. It can be set up at the treatment / disposal and landfill site for
the municipal garbage, with adequate precaution and control.

7.9.1 Establishment of theFacility

The common treatment/disposal facility, as the name suggests, would
consist of (i) the treatment unit(s) and (ii) a sanitary/secured landfill for the final
disposal of the treated residues and incinerator ash. The treatment chain, of
necessity would consist of a properly designed incinerator (especialy for human
anatomical waste) and other systems such as autoclave/ hydroclave/ micro-wave
unit etc. Chemical treatment units may also be added if felt necessary.

The treatment part can also be a mobile facility, with the incinerator and the
landfill located conveniently at one place. Usually these are large vans (as shown
in the picture) housing small equipment for size reduction and micro-wave /
chemical treatment. The van moves aong a pre-planned route and is occasionally
parked in certain zones, where it receives the bio-medical waste and treats the
components which, according to the prevailing rules can be subjected to micro-
wave treatment. Finally it reaches the static facility for incineration of human
anatomical waste and for secured landfilling of mutilated sharps and other final
disposable items.

The concerned medical establishments should establish such facilities by
creating a common pool and platform. Proper planning followed by preparation of
a feasibility report is necessary. The fund for capital investment may be raised by
proportional contribution from participating institutions. The cost of operation &
maintenance (O&M) may be met by monthly billing against advance deposit.
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Alternatively, private entrepreneurs may be encouraged to set up such facility on
build, own, operate (BOO) basis (section 7.9.3).

The State Health Authority or the Civic Authority may consider to establish
at least one full-fledged facility with its own investment and operate the same
through private operators on full cost recovery (capital as well as O&M) basis.
Such afacility may act as a catalyst and amodel for replication.

7.9.2 TieUp of Health Care Set Ups

A clear decision has to be taken first regarding the model to be adopted,
viz., Build, own and operate (BOO), Build, own and transfer (BOT), Build, own,
operate and maintain (BOOM) etc. For a lasting tie up and smooth functioning of
the common treatment and disposal facility, the following points must be
considered :

1. Legal aspects - Formulation and signing of a valid contract between the
concerned parties, i.e., the health care establishments.

- Permission from the concerned authorities, as per
existing Government notification, eg., Prescribed
Authority (Pollution Control Board or other authorities
notified by the State Govt.)

2. Financia aspects -  Costing of the whole system (capital cost, depreciation,
O& M cost, interest and debt servicing etc.).

- Working out proportional contribution for capita
investment.

- Evolving a cost sharing mechanism. For example a
system of advance deposit and monthly billing for full
cost recovery of all recurring cost, as mentioned above.

3. Managerial aspects — Formation of a action committee / group to facilitate
day to day management and monitoring of the facility.
In case O&M is handed over to a third party, this
committee should be able to safeguard the interests of
the participating institutions.
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7.9.3 Private Sector Participation

This being a highly specialised and specific job, involvement of specialised
agencies would be necessary. Private entrepreneurs with adequate background and
capability may be encouraged to take up and organise such ventures. The health
care establishments may find it much more workable to hand over the day to day
O&M to a private concern rather than doing it on their own. In this case, proper
contract agreement must be made with the party with necessary terms and
conditions and safeguards (as mentioned above at 7.9.2).

7.10 OPERATION AND MAINTENANCE

Once the bio-medical waste management system is in place, its operation
and maintenance assumes crucial importance.

The administration of the establishment, whether big or small, should
provide written instructions to all the departments generating or managing waste,
stating the policy of the organisation and the decisions taken which are to be
adhered to. Charts and schedules should be made with the help of

experts/consultants and displayed at strategic points.

Co-ordination between the civic authority and the common treatment /
disposal facility isextremely important for timely removal of thewaste. There
should be no confusion regarding placement of the waste components, their
containersand colour coding, removal scheduleetc.

Monitoring of the whole process, whether in-house or out side the hospital,
Is essential. Monitoring schedules for both must be made. Contingency plan needs
to be prepared in case there is any problem or difficulty in carrying out the
assigned jobs.

7.11 OCCUPATIONAL HAZARDSAND SAFETY MEASURES

The staff of the health care establishments, who are either in contact with
the patient or the infectious waste generated, are continuously at risk during their
working hours. Therefore it is essential that adequate protection measures are
provided against occupational hedth hazards. The administration of the health
care establishment (Infection Control Officer in case of large ones) should have a
detailed deliberation on this subject.
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7.11.1 Occupational Hazards

The following types of occupational hazards occur / can occur in case of
medical/paramedical personnel or staff involved with cleaning/collection or
transportation of waste etc.:

Accidental cut or punctures from infected sharps such as, hypodermic
needles, scalpels, knives etc.

Contact with infected material like pathological waste, used gloves, tubing
etc., especially from the operation theatre.

Bedding and dress material of the patient or from the doctors (used during
check up/ surgery etc.)

Contact with stool, urine, blood, pus etc of the patients during cleaning job.
7.11.2 Safety Measuresfor theMedical and Para-medical Staff
The following instructions need to be notified and strictly adhered to :

Clear directives in the form of a notice to be displayed in all concerned
areas.

Issuance of all protective clothes such as, gloves, aprons, masks etc.
without fail.

Sterilisation of al equipment and issue of only properly sterilised
equipment and tool, such as, surgical tools to the medical personnel.
Maintenance of registersfor this purpose.

Provision of disinfectant, soap etc of the right quality and clean
towel s/tissue paper.

Regular medical check-up (half-early).
7.11.3 Safety Measures for Cleaning and Transportation Staff
Display of illustrated notices with clear instructions for do’s and don’ts in

Hindi and the local language.

Issuance of al protective gears such as, gloves, aprons, masks, gum boot
etc. without fail.

Provision of disinfectant, soap etc of the right quality and clean towels.
Provision of awash area, where they can take bath, if needed/desired.
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Washing and disinfecting facility for the cleaning equipment and tools.
Regular medical check-up (at least half-yearly).

712 FINANCIAL ASPECTS

Compared to the cost of medical facilities, capital as well as operation and
maintenance, the additional cost required for a proper bio-medical waste
management is not high. The following points are important for consideration :

Provision of proper management of bho-medical waste is mandatory now
under the Bio-medical Waste (Management & Handling) Rules, 1998 apart
from being a social and ethical obligation of the concerned organisations
and individuals.

With the introduction of a streamlined system, better control of man and
material and avoided cost of accidents and compensation, it should be
normally possible to make some savings.

Mobilisation of resources, such as loans, grants and own contribution for
making capital investments. The possibility of introducing a small
incremental charge over the existing service charges for various medical
facilities for meeting O& M cost and debt servicing may be explored.

In case of Common Treatment Facility, similar considerations have to be
deliberated upon by the concerned institutions. In case, the civic authority
decides to set up the facility from its own resources or through loan (BOT
or BOOT model), proportional charges, incorporating capital as well as
O&M cost has to be levied from the user ingtitutions. If private capital be
involved for making a BOO model, similar considerations would still be
valid but the transactions would be between the concerned parties and the
facility. In this case, the civic authority may provide land on lease and levy
asuitable lease charge.

Finance (loan) is available from Financial Institutions.
7.13 TRAINING AND MOTIVATION

The training programme aims at sensitising the management and equipping
the medical, paramedical and auxiliary staff with necessary working knowledge
and clear instructions about their respective roles. At the same time a core group
of trainers should be organised for continued in-house training of the auxiliary and
sanitation staff. For the success of the programme, it is essential that training and
orientation courses are planned for the following categories of functionaries and
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people according to their qualification and experience, their role and
responsibility:

Policy Makers
Civic Authorities

Hospital Administration, Medical Superintendent, Deans and Head of the
Departments

Doctors, surgeons and specialists
Auxiliary and nursing staff
Ward boys and cleaning/sanitation staff

The training programme for the various categories need to be repeated,

especialy for the auxiliary staff. The interval between two programmes has to be
decided by the management, depending upon available staff strength, resources

etc.

7.13.1 TrainingModulesfor Different Levels of Staff

Training modules should be developed for the following category of

personnel :

Medical and laboratory personnel

Paramedical personnel, e.g., nurses, ward boys etc.
Sweepers/cleaning staff, guards etc.

Administrative and management staff

Each category has different duties and accordingly, they should (i)

understand their specific role regarding waste management, (ii) comply with the
policy decisions taken by the management of the establishment and (iii) contribute
to the success and betterment of the overall bio-medica waste management plan in
their own health care establishment as well asintheir town.

(i)

Medical and laboratory personnel:
Thistraining capsule should include :

Detailed discussion regarding the existing rules and regulations, supply of
copies of the rulesto each individual.

141



(ii)

Review of the hazards and impact of improper management of bio-medical
waste, siting case studiesif possible.

Discussion regarding the policy of the specific health care establishment.

Detailed description of each step involved, including use of equipment and
tools (for example, needle cutter/melter, containers for used sharps,
sterilising equipment etc.), use of forms, monitoring etc.

Discussion regarding their specific role.

Measures for accidents, incidents and emergency situations (regarding
hospital waste management).

Comments and suggestions which subsequently be considered for the
success and betterment of the system.

Para-medical personnel:

This training capsule should include::

(iii)

Health hazards and impact of improper management of bio-medical waste,
implication of neglect and not following the instructions, examples.

Brief outline regarding the existing rules in ssmple language which they can
understand.

Supply of relevant charts indicating the practical implications of the rules
and the policy of the hospital management.

Detailed description of each step involved from their point of view.

Discussions and instructions regarding their specific role and activities in
this respect.

Do’ sand don'ts regarding bio-medical waste management.
M easures to be taken during accidents/ incidents’emergency situations.
Incentives and punishments.

Comments and suggestions.

Sweeper s, cleaning staff, guardsetc.:

This training should preferably be carried out in the local language. The

material for this category may contain the following :
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(iv)

Awareness gereration, highlighting the importance of proper management
of infectious and hazardous bio-medica waste and the health hazards and
diseases caused by them.

A brief introduction of the rules framed by the Ministry of Environment
and Forests, Government of India and the advantages in following them.

Providing them simple illustrated charts showing their responsibilities, the
pit falls, how to be vigilant (especially for the guards).

How to cope with accidents / incidents related to infectious, toxic and
hazardous waste, how to help their colleaguesin such situations.

How to maintain persona hygiene in the environment of a health care
establishment, the use and importance of protective gear such as, gloves,
gum-boots, mask, apron etc. as well as of disinfectant and soap.

How to co-operate with the management in this matter and how to report in
case of any problem.

The incentives and punishments programme of the management.

Administrative and management staff:

This capsule would contain material for awareness generation, the
responsibilities and accountabilities formulation of policy.

Awareness generation, highlighting the social, ethica and legd
responsibilities of the management, case studies.

Discussion on the Bio-medical Waste (Management and Handling) Rules,
1998, emphasising the legal, financial and contractual issues.

The steps required for formulating a policy for the specific health care
establishment, keeping in view the Govt. rules.

Co-ordination with the civic and health authorities as well as with the
prescribed authority of the State.

Administrative and managerial support mechanism necessary for
implementing and sustaining a proper bio-medical waste management
system.

How to motivate and elicit co-operation from various staff members.

The concept of common treatment facility — the lega, financia and
contractual issues.
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7.13.2 Incentivesand Motivation

These are important components for the success of the programme. Awards

and punishments — both are required for this purpose. The following steps are
recommended :

The medical, surgical, laboratory and research staff should be encouraged
to think on this problem and suggest innovative ideas/ designs/systems etc.,
which may be adopted for improvement in the waste management situation.
Suitable awards may be instituted for this purpose.

Similarly, the nursing and the auxiliary staff may also be encouraged to
suggest practical ideas for improvement in their sphere of activities.

Awards should be instituted on annual basis for the sanitation staff for the
best work in each ward/ suitable units.

Awards may also be instituted for the most hygienic and clean department
for which the award may be given to the respective team.

Punishment for dereliction of duty and non compliance or not obeying the
orders / directives should be decided in advance and notified prominently.
Prompt action should be taken for such lapses.

7.13.3 Awareness Gener ation

Sustained awareness generation is essential. The management of the

hospital should organise awareness programmes, especially for the auxiliary staff.
Debates, drama, essay competition etc. may be considered for this purpose.

7.14 PLANNING ELEMENTS

From a planner’s point of view, the topic of hospital waste management

may be divided into two parts :

(i)

(i)

Internal (planning of the hospital/nursing home, various movement routs,
service corridors, storage area for hospital waste, treatment site if so
planned, availability of open area, buffer zone etc.).

External (for off-site treatment/disposal, common treatment/disposal
facility) - site selection for such facilities according to land use plan,
transfer route etc. of the town.
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These have been outlined keeping in view the requirements at the time of
initial planning, but some of these may be valid for existing facilities or for the
purpose of expansion / extension.

7.14.1 PlanningInsidetheHealth Care Establishment Premises

The hospital buildings are broadly divided into three parts/areas : Out
Patient Department (OPD), Investigative facility area and In-patient department.
OPD deals with patients on their first contact and those who do not need to be
admitted in the hospital. It aso has an Emergency unit, which takes care of
patients under trauma, injury or other life threatening emergencies. This area
generates bio-medical waste. The investigative area contains Operating Theatre
(OT), investigating equipment like X-ray, Ultra sound, Electro Cardio Gram
(ECG), stress tests (including Thallium stress test, which uses radioactive
compound), bio-chemical/pathological laboratory etc. and is usually sandwiched
between the OPD and the In-patient department (wards). The investigative area
and the wards are the main generators of hazardous and bio-medical waste in the
health care establishments. Other important utility areas in a hospital are the
laundry, chemist’ s counter etc.

In general, an attempt should be made to keep the areas generating
infectious and hazardous waste (OT, maternity area, emergency area,
infectious disease area, isolation area etc.) separated from those which
generate non-hazardous waste (administration/office, kitchen, store etc.) so
that there is a broad demarcation and proper management of waste becomes
more effective and more convenient.

Each point of waste generation should have adequate storage space for
storing different kinds of waste matter. This should include any exigencies
so that the system does not fail. For areas, which have potential to generate
more infectious and hazardous waste, twice the average requirement should
be taken. The storage area should be easily accessible from the service
corridors meant for this specific purpose (discussed below).

Arrangement for separate receptacles in the storage area with prominent
display of colour code on the wall nearest to the receptacles.

Separate service corridors for taking waste matter from the storage area to
the collection room must be provided. These corridors should not cross the
paths used by patients and visitors.

Collection room (s) where the waste packets/bags are collected before they
are finally taken/transported to the treatment/disposal site. This is more
important when the waste is to be taken outside the premises. Two rooms -
one for the genera and the other for the hazardous waste are preferable.
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The later should be secured, cool and provided with fine wire mesh to
prevent access of flies, mosquitoes etc. Proper gradient and drains should
be provided so that this area can be cleaned and washed daily. In the event
of shortage of rooms, the general waste ( non-hazardous) can be directly
stored outside in dumper containers (with lids) of suitable size.

A shed with fencing should be provided for the carts, trolleys, covered
vehicles etc. used for collecting or moving the waste material. Care has to
be taken to provide separate sheds for the hazardous and non-hazardous
waste so that there is no chance of cross contamination. Both the sheds
should have a wash area provided with adequate water jets, drains, raised
platform and protection walls to contain splash of water.

If treatment of the hazardous/bio-medical waste is planned within the
hospital premises, then itslocation has to be considered very carefully.

If incineration is the chosen technology, it has to be installed at a place
where there is least chance of contamination or pollution, especialy from
the emission, either for the hospital or its surroundings. Normally it should
be away from the main building but should have sufficient buffer zone from
the outside buildings, roads etc. so that there is no real or ethical nuisance
perception. The recommended stack height (minimum 30 metres) has to be
followed. In some hospitals in high-density areas, incinerators have been
installed on the roof top to save space and to have extra stack / chimney
height with relation to the ground. But such practices are fraught with
danger unless very careful planning is done for fire fighting, movement of
hazardous waste with separate lifts, safe removal of ash etc.

If autoclave technology is chosen for treatment, then a decision has to be
taken whether the boiler used by the laundry would aso be used for the
autoclave or a separate boiler would be instaled. Accordingly, the
equipment may be housed near the boiler of the laundry. However, these
areas must be separated by a wal so that there is no chance of
contamination of the laundry area. Only steam pipes (properly insulated)
have to pass through the dividing wall. Proper drainage and outlet for spent
steam / gases (with adequate filter elements) have to be provided. The
steam condensate should be put in the underground sewer, after cooling, if
necessary. The facility should be well connected with special service
corridors for bringing the hazardous material and also for remova of the
treated waste.

Hydroclave technology, which is somewhat similar to the autoclave,
requires less steam (only for the outer jacket and occasional supplementary
steam for the main vessel in case of very dry waste) from an external
source. Hence its proximity to a boiler is not a necessity. Small dedicated
steam generators may also beinstalled for small to medium size facility.
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If Microwave technology is chosen, then also, the instalation can be
suitably at one side of the building or a separate building. Other conditions
are the same as those for the hydroclave.

The hospital may like to have its own secured disposal sites within the
premises for sharps, incinerator ash, treated denatured waste etc. Such
facilities should be planned after appropriate site qualification (at a mini
scale), such as, distance from water sources, accessibility of birds, rats,
vermin etc. as well as ragpickers, children and visitors.

Separate roads and entry/exit gates should be provided for taking out the
hospital waste, be it general waste or treated waste or incinerator ash.

7.14.2 Planning Outside the Health Car e Establishment

The main concerns outside the establishment are - siting of common
treatment facility and secured engineered landfills for sharps, incinerator ash and
similar hazardous material for their ultimate disposal.

Common treatment facilities should be planned with an eye at the future
development prospects of the town/city. The sites have to be properly
evaluated from the environmental angle as well as location of the clients
(health care establishments). As mentioned earlier (7.9), the loca landfill
site may also be considered for instalation of the common treatment
facility.

The ultimate disposal site for incinerator ash, sharps, toxic matter etc.
should be planned in the same way as a secured landfill site is made for
other toxic and hazardous waste. In fact, the local body (municipality) may
consider to have a secured landfill site for al hazardous substances within
its boundaries and allow its use on payment of charges/ cost sharing basis.

7.14.3 Relation to Overall Town Planning

Proper planning, whether at the hospital (or other health care establishment)
level or at the town planning level, is of utmost importance. Obviously, the best
and the most effective system can evolve in an establishment, where the building
itself has been designed accordingly. Similarly, it would be prudent to consider the
points involved for siting of common treatment/disposal facility in the town-
planning document. Then only optimal solutions and results can be expected.

147



7.14.4 Examples

Authentic data is still not avallable. However, estimated amounts have been
taken here for working out the examples.

50 bed hospital/nursing home:

Estimated generation of total waste @ 1.5 kg/bed - 75 kg/day

Estimated generation of bio-medical waste
@ 25% of the total waste generated - 18-20 kg/day

W aste management system :

1. Bio-medical waste -

Segregated storage at source in coloured plastic
bags (according to the rules) which are to be kept
inside sturdy covered containers. For collection,
dedicated wheel-barrows are to be used for
carrying the containers directly to the storage
area. For transportation, covered vans are to be
used as indicated under section 7.7.4. For
treatment and disposal, the bio-medical waste
should be taken to a common treatment and
disposal facility having incineration facility also.
Till the common treatment facility is in place, the
bio-medica waste should be properly put in
secured pits at the landfill site as shown in the
figure 7.1 and the sharps in a covered pit which
can even be located within the premises if
suitable spaceis available.

2. General waste (not infected or hazardous)

(& Dry waste from office, store etc. to be kept
segregated and sold to the recycling chan
existing in the town.

(b) Wet biodegradable waste from kitchen,

garden etc., which are not infected, should
be put into the municipal collection system.
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200 bed hospital/nursing home::

Estimated generation of total waste @ 1.5 kg/bed - 300 kg/day

Estimated generation of bio-medical waste @ 25%
Of the total waste generated - 75-80 kg/day

Waste management system :

1. Bio-medical waste - Collection as above. The size of the carts should be
according to the necessity. Treatment and disposal may
be through common treatment and disposal facility as
mentioned above. Alternatively, autoclave/microwave
facility of suitable size may be installed if so desired.
But installation of incinerator should only be planned if
sufficient buffer zone is available around the facility.

2. General waste - As mentioned above. However, in this case, composting
of garden and other bio-degradable waste may be
undertaken if suitable land and trained manpower who
can @ the job in a proper manner is available without
causing any degradation to the environment.

Examples of Common Treatment Facilities:
1. For 15000 beds (corresponding to about 40-50 lakh population)

Expected total waste generated : 20-25 TPD (approx.)
Expected generation of bio-medical waste : 5-6 TPD (approx.)

The common treatment facility may contain the following :

Incinerator (preferably with a standby), compatible with the new emission
norms, capacity 100 kg/hr., to be run in 3 shifts — for
anatomical/pathological waste and cyto-toxic drugs.

Autoclave/ hydroclave/ micro-wave equipment, compatible with the rules,
capacity 100 kg./hr., to be run in 2-3 shifts — for soiled waste, solid waste,
waste sharps and microbiology/biotechnology waste. A shredder may be
installed with hydroclave for further shredding of the treated material if so
desired.
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Sanitary landfill for incinerator ash, treated material from autoclave/
hydroclave and other waste material which are not contaminated /infected.

Secured pits for sharps.
2. For 5000 beds (corresponding to 10-15 lakh population):

Expected total waste generated : 4-5 TPD (approx.)
Expected generation of bio-medical waste : 1-1.5 TPD (approx.)

The common treatment facility may contain the following :

Incinerator (preferably with a standby), compatible with the new emission
norms, capacity 30-35 kg. /hr., to be run in 3 shifts — for anatomical
/pathological waste and cyto-toxic drugs.

Autoclave/hydroclave/micro-wave equipment, compatible with the rules,
capacity 30-35 kg./hr., to be run in 2-3 shifts — for soiled waste, solid waste,
waste sharps and microbiology /biotechnology waste. A shredder may be
installed with hydroclave for further shredding of the treated material, if so
desired.

Sanitary landfill for incinerator ash, treated materia from autoclave/
hydroclave and other waste material which are not contaminated /infected.

Secured pits for sharps.
715 MANAGEMENT ASPECTS

From the planning stage to day to day execution of a proper waste
management system in the health care establishments, management aspects are of
crucial importance. The management of waste requires continuous involvement of
a long chain of people, such as, doctors, nurses, ward boys, cleaning staff etc.
Dereliction of duty and carelessness at any stage can affect or even spoil the whole
system. Therefore, all staff should know about their precise role — what is
expected of them and why it is important for them to act according to the
directions given to them.

According to a recent World Health Organisation (WHO) publication
“Safe Management of Waste from Hedth-care activities’, apart from
categorisation, assessment of current situation, the management of the hospital
should develop and implement an effective Waste Management Programme.
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7.15.1 Organisational Set Up

The above-mentioned document of WHO clearly lays down that the Head
of the Hospital should form a Waste Management Team to develop and implement
the Waste Management Programme. The team should have the following

members:-

Head of Hospital (as Chairperson)

Head of Hospital Departments

Infection Control Officer

Chief Pharmacist

Radiation Officer

Matron (or Senior Nursing Officer)

Hospital Manager

Hospital Engineer

Financial Controller

Waste Management Officer (if already designated)

The structureisindicated in Fig.7.1

The Waste Management Committee should regularly meet at least once a
month to review and make recommendations directly to the Hospital Director
regarding any changes in the Management, Purchase Procedures, Training,
Review and Remedial Measures for compliance of the Bio-medical Waste
(Management and Handling) Rules, 1998 etc. All these recommendations should
be duly documented.

7.15.2 Administration and Managerial Aspects
The management of the health care establishment should make an action

plan to implement the recommendations of the rules framed by the Government of
India (Ministry of Environment of Forests). Thiswould include the following :

Formation of a Waste Management Committee as outlined above.

Clear indication of the role of each member of the committee.
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Action Plan for proper waste management in the particular health care
establishment and its documentation. This plan should be reviewed once a
year.

Development of a format for reporting accidents and incidents relating to
bio-medica waste management and its meticul ous following.

Assessment of all the survey results and their utilisation— once in every 6
months

7.16 ANIMAL WASTE

Anima waste comprises animal tissue, organs, body parts, experimental
animal carcasses (used for research), anima waste from veterinary hospitals,

animal houses etc.

According to Schedule | of the Bio-medica Waste (Management and
Handling) Rules, 1998, these wastes fall under Category 2. According to these
rules, such waste has to be incinerated. In towns with population less than 5 lakh,
such waste can be subjected to deep burial. The pits for deep burial have to be in
accordance with the specification given in Schedule V of the Rules.

In towns having more than 5 lakh population, the animal waste can be sent to
the Common Treatment Facility meant for other type of bio-medica waste and
incinerated there. The animal waste must be put in leak proof bags and should be
transported safely taking precautionary measures as detailed in section 7.7. For
further details, refer Chapter 5 .
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CHAPTER 8
SORTING AND MATERIAL RECOVERY

8.1 INTRODUCTION

The term ‘sorting’ indicates separation and storage of individua
congtituents of waste material. In this chapter, the term ‘sorting’ is used
synonymously with ‘ separation’ and ‘ segregation’.

8.2 OBJECTIVESOF SORTING

The following are the objectives of sorting in the Indian context:

(&  Toseparately store recyclable material for reuse.

(b)  To ensure that waste which can be processed for recovery of materia and
energy (through composting, incineraion or any other suitable technology)
does not become co-mixed with undesirable elements.

(c) To separately store hazardous material for disposa in hazardous waste
landfills or appropriate processing.

(d  To minimise the waste and ensure reduction in landfill space for final
disposa
8.3 STAGESOF SORTING

There are various stages at which sorting can take place in the waste
stream. These can be identified as the following:

(@  Atthesource/ household level

(b) At thecommunity bin (municipal bin)

(c) Atatransfer station or centralised sorting facility

(d)  Atwaste processing site (pre-sorting and post-sorting)
(e) Atthelandfill site




8.4 SORTED WASTE STREAMS

Sorting is carried out to segregate the waste into different streams to fulfil
one or more of the objectives listed above. Accordingly the waste should be
divided into the following streams:

(&  Dry Recyclables

(b)  Construction and demolition waste

(c) Biodegradable waste

(d)  Bulky waste (white goods)

(e) Hazardouswaste

(f)  Mixed MSW (often referred to as comingled waste)

8.5 SORTING OPERATIONS

Sorting can be carried out manually or through semi-mechanised and fully
mechanised systems

Manual sorting operations comprise of

(&  unloading the waste

(b)  manualy (with protective measures) spreading the waste

(c)  hand picking (with protective measures) visually identifiable waste for
reuse

(d)  collecting and stockpiling the remaining waste.
Semi-mechanised sorting operations comprise of

(&  unloading of waste (mechanised)

(b)  loading of waste on conveyor belts (mechanised)

(c)  hand picking of visually identifiable waste off the belt for reuse (manual)
(d)  collecting, stocking and rel oading the remaining waste (mechani sed)

Fully mechanised sorting operations comprise of

(&  unloading of waste



(b)  sizereduction of waste through shredders and crushers
(c)  size separation of waste using screening devices

(d)  density separation (air classification) of waste

()  magnetic separation of waste

(f)  compaction of waste through balers/crushers

(g reloading of waste

Semi - mechanised and fully mechanised systems are used at central sorting
facilities. In semi-mechanised systems, productivity of sorters can be of the order
of 5 tonnes of sorted material per person per day (Table 8.1).

Table8.1: Productivity of Manual Sorters by Picking Off A Conveyor Belt
in a Semi-Mechanised System

M aterial Average Range
tonnes/per son/day tonnes/per son/day
Paper 7.58 8.36 — 13.05
Metals 6.06 1.21-17.53
Glass 8.28 1.02-16.11
Plastics 1.60 0.60-3.21
Average 5.12 2.69 —8.88

Source : “Integrated Solid Waste management” — A Life CycleInventory” .
Whiteet al (1995), Chapman & Hall, London

A typical example of a combination of manual and mechanical sorting flow
chart (mass balance) adopted at a central sorting facility in a developed country is
shown in Fig. 8.1 for 1000 tonnes per day waste generation.

8.6 CURRENT STATUS

Waste is currently sorted out, but not necessarily in the required waste
streams. It is important to examine the current status of sorting before embarking
on aseries of guidelinesto prescribe what needs to be done.

Household waste sorting in India is a complex activity which involves more
than one sector and more than one location. For the sake of understanding it is
convenient to divide it into primary level sorting and secondary/tertiary level
sorting.
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8.6.1 Primary and Secondary/Tertiary Sorting

Currently sorting of household waste is carried out both at the household
level by the inmates and at the common bin level by ragpickers. This seems to be
the general picture around the country except in few instances where NGO (Non-
Governmental Organisation) or municipality intervention has attempted to
introduce household sorting on amoreintensive level.

Primary sorting is carried out both within the household, and at the
municipal bin or at the final disposal site such asthe landfill, or waste dump.

Further or secondary /tertiary sorting is carried out in the recycling trade
chain by kabaris and middlemen.

8.6.2 Primary Sortingat Source

There is a tradition in households in Indian cities to keep aside items like
newspapers, used bottles, jars, pesticide cans, old clothes, rags, broken and old
white goods, strong plastic bags etc. and not mix them with other everyday
household wastes. These are used as items of economic value, to be sold or just as
give-aways. The waste here is normally dry and capable of being easily and safely
stored.

Garden waste is also separate from household waste, in houses which have
greenery. However since there is no separate mechanism for its collection or
disposal, it ends up being mixed with the municipal waste.

8.6.3 Primary Sortingat The Community Bin (Municipal Bin)

What then finds its way to the municipa bin is kitchen waste, thin plastic
bags, used paper, some amount of other paper and plastic packaging, glass such as
old bulbs and florescent tubes, used batteries, household medical waste, used
digpers and sanitary napkins, used beverage cans and such like. The bulk of thisis
food waste.

At the municipal bin, the informal sector, spearheaded by the ragpicker as
its front-line collector takes over. The items most often collected are some types of
plastics, mostly mineral bottles and stronger plastic bags, paper, rags, metal cans,
rubber items etc.



8.6.4 Primary Sortingat the Landfill

Ragpicking also continues at the landfill level. Here ragpickers who do not
have access to city municipal bins, pick out even those wastes which are left
behind or overlooked at the municipal bin. It is not unusual to see a trall of
ragpickers collecting items raked up in the wake of the bulldozer which is
compacting the landfill. Here the items found of value and hence collected,
include small metal pieces like nails - collected by a stick topped with a magnet-
soggy and thin plastic bags which are washed and dried, any other bits and pieces
which would yield some financial returns.

At all levels the general categories of items not collected are construction
debris, hazardous wastes like wsed batteries, infectious wastes such as bandages,
cotton, napkins, or non recyclable wastes such as some types of plastics or

packaging.

It is then obvious that the degree of sorting as carried out by the informal
sector and the householder at present is extremely intensive, and only those items
are being left out for which there is amost no possibility of reuse or recycling. As
such, this system is very different from that in more devel oped countries.

8.6.5 Secondary and Tertiary Sorting

After the waste which has been sorted into main categories at the primary
level reaches the first informal recycling trade middleman - the kabari's
warehouse, more detailed sorting is carried out. Hence all metals, types of plastics,
types of paper such as newspaper, magazines etc. are segregated. This waste then
is bought by the larger wholesaler, who does more than sorting, since he is the
final link between the recycling factory and the kabari, and can extend business
terms like credit, hedging for better pricing dc. It is not necessary that there
aways be a tertiary level in the materials chain, and both secondary and tertiary
levels can simultaneously co-exist in a particular material stream.

8.6.6 Occupational Health

At the municipa bin level, injuries and infection can be caused to
ragpickers. There have been a few studies done on the occupational health risk to
ragpickers, and injury rates can go upto 6 per month. They have aso been found to
have infected wounds, sore feet, but no specific study has been done which
isolates health effects such as an increased incidence of illness directly attributable
to waste, and not other socio-economic factors. Some studies are also currently
under progress. It is however not wrong to presume that their occupation risk
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owing to injury and disease transmission through waste is higher, and one of the
first reaction of any municipality in the event of an epidemic has been to deny
ragpickers access to the waste bins- and their livelihoods.

8.7 TOXICITY RELATED HAZARDS

Table 8.2 lists typical hazardous products found in co-mingled municipal
solid waste.

Table8.2: HazardousProductsin Municipal Solid Waste

Product Concern

Household cleaners

Abrasive scouring powders Corrosive

Aerosols Hammable

Ammoniaand Ammonia based cleaners Corrosive

Chlorine bleach Corrosive

Drain openers Corrosive

Furniture polish Hammeable

Glass cleaners [rritant

Outdated medicines Hazardous to othersin family

Oven cleaner Corrosive

Shoe polish Hammable

Siver polish Hammable

Spot remover Hammable

Toilet bowl cleaner Corrosive

Upholstery and carpet cleaner Flammable and/or Corrosive
Personal care products

Hair-waving lotions Poison

Medicated shampoos Poison

Nail polish remover Poison , flammable

Rubhbing achohol Poison
Automotive products

Antifreeze Poison

Brake and Transmission fluid Hammable

Car batteries Corrosive

Died fud Hammable

Kerosene Hammable

Gaxdline Flammable, poison

Waste ol Hammable
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Paint products
Enamd, ol-based, latex or water-based | Hammable

paints

Paint solvents and thinners Hammable
Miscellaneous products

Batteries Corrosive

Photographic chemicas Corrosive, poison

Pool acids and chlorine Corrosive

Pedticides, Herbicides and Fertilizers including | Poison, some are flammable
garden insecticides, at and  cockroach
killers, weed killers, etc.

Chemicd fertilizers Poison
Houseplant insecticide Poison
Source: “Integrated Solid Waste M anagement” Tchobanoglous et al (1993), Mc. Graw Hill,
New York

8.7.1 Hazardous Substance Containers

Large to medium-sized old pesticide cans, used aerosol cans etc. are sold by
households mostly directly to the kabari. These are either used to reclaim the metal
or reused as water containers etc. Both practices are hazardous, but there is very
little awareness of this.

8.7.2 Household Batteriesand Other Toxic Wastes

There is currently no separate collection mechanism for any other
household toxic waste. Items here would include household batteries, small-sized
paint cans, broken thermometers, household chemicals etc. The collection system
does not exist since there are no plants to recycle these, and also since there are no
producer take-back mechanismsin place.

8.7.3 Infectious Wastes

Household infectious wastes consists of home care items such as bandages,
cotton, needles used for insulin and other purposes, sanitary napkins etc. There is
no segregation of these wastes nor any mechanism for disinfection before disposal.

8.8 NON-RECYCLABLE PACKAGING

Many items are left out from the collection system, since the informal
sector either does not have the technology to process or recycle them or it is not
paying enough for the ragpicker to collect them. Examples of the first would
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include new types of multi-layered or multi-material packaging such as tetrapacks,
medicine packaging, squeezable tubes, laminated packaging, plastics like Poly
Ethylene Terethalate (PET) etc.

The second category, i.e. uneconomic to collect, would include soggy
paper, crushed glass, fluorescent tubes, used batteries, thin plastic carry bags,
which are of minimum or no economic value. Of these carry bags are worth a
special mention since they have become a source of country wide citizen's
protests. These bags, being very thin, require a large number to be collected before
they make up a sellable weight. Since the ragpicker normally gets paid per kilo of
plastic collected, it would take him/her all morning to collect 800 bags needed to
make up one kilo to fetch a paltry 2 to 3 rupees. On the other hand, heavier
plastics would be faster and easier to collect.

8.9 PROBLEMSAND DESIRABLE CHANGE

The main problems of sorting of waste as it is carried out manually at
various stages listed in section 8.3 are:

(&  Waste gets scattered at the bins.

(b)  The sorting itself entails rummaging through waste by ragpickers exposing
them injuries through cut glass, metals as well as diseases through
household infected waste as well as medica waste in case it has been
mixed.

(c) Some types of waste does not get recycled, since it is not currently
recyclable.

(d)  Toxic or hazardous waste does not get collected and ends up either in
landfills or in composting operations. Both cause other contamination such
as of groundwater or of the compost.

(e) Recycling takes place in very poor health and environmentally unsafe
conditions.

8.9.1 Long Term Desirable Change

Sorting at the levels at which it is currently being carried out is quite
efficient except for some types of wastes. It may be desirable to keep this intact.
Shifting of sorting to more centralised locations would mean transferring more
waste to them as well as ensuring that waste is not picked beforehand - which
would be rather difficult to do.
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The current system is very intensive and also provides employment to a
large number or persons. It is estimated that in Delhi alone more than 100,000
persons are engaged in the collection and recycling activity. However it must be
realised that this system is exploiting the labour conditions and flouts al laws of
child labour, wage payment, worker benefit, occupationa safety, and
environmental norms for the recycling units. Hence though extremely efficient and
desirable, it has to be approached with caution in terms of interventions.

It would naturally follow that if all the conditions for formal sector |abour
are met in the informal sector, the cost of the system would increase. Such a cost
would need larger economies of scale of recycling units, and better product quality
to be able to recover the cost. It would also extend to investment in recycling
facilities of those items which are not currently recycled and the ability to handle
hazardous waste streams.

The only manner in which to carry this out is to impact a structura
readjustment of the recycling sector with a producer responsibility built in. Hence
recycling of batteries may need investment into this sector by the battery producer.
Such systems are prevalent in more developed economies including for bulky
goods such as cars. Normally this would also entail the setting up o recycling
laws and working out a system of subsidies and tariffs to ensure that this is
economic to do for al concerned.

However, it must also be ensured that the persons already engaged into the
trade are protected in terms of their livelihoods, which calls for a gradua and
incremental approach.

The following long-term changes are desirable:

(& An organised colony-wise collection system involving ragpickers, with
proper gear and protection.

(b)  Investments in the recycling sector to ensure that the units ae safe and
operate at economic scales.

(c)  Augmentation of the material recycling trade through implementation of
laws.

(d)  Development of recycling laws for specific types of wastes.

(e) Incorporation of producer responsibility for collection and disposal or
recycling of specific types of wastes, especially hazardous wastes.

(f Promotion of simple disinfection techniques and devices such as needle
cutter for infectious waste to be pre-treated before disposal.
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)

Maintenance of the existing kabari system.

()  Pre-sorting of waste for composting operations, through mechanical
means..

8.10 GUIDELINESFOR SORTING FOR MATERIAL RECOVERY

8.10.1 General

(&  Sorting of the waste at the source must be accorded the highest priority by
the urban local bodies.

(b)  The existing system of the kabari-wallah, which efficiently recovers the
dry-recyclables and bulky waste (white goods) from the source, must be
facilitated.

(c) The role of ragpickers in collecting and recovering recyclables (not taken
by the kabariwallah) must be recognised and strengthened at the
community level by using their services at the household/source level with
the help of NGOs/private sector participation.

(d)  Municipalities must have separate waste collection, transportation and
disposal streamsfor:

() Biodegradable waste

(i)  Mixed waste (comingled waste)
(iii)  Construction and demolition waste
(iv) Hazardouswaste

(e) Biodegradable waste should be used for biological processing at a central
facility/ decentralised facility.

(M Construction and demoalition waste should be processed for re-use or stored
in landfill cells capable of being mined for reuse.

(g0 Hazardous waste should be transferred to hazardous waste landfill or
processed appropriately.

(n)  Horticulture waste from parks and gardens should be composted at the site
or at adecentralised facility to be operated by the municipality.

() Mixed waste (comingled waste) should be sorted into the various streams

listed in section 8.8 either at a transfer station or at a centralised sorting
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facility. If this is not feasible, mixed waste can be sent to a processing
facility which has a well designed pre-sorting/post-sorting facility where
the mixed waste can be sorted into separate streams. Mixed waste not found
suitable for processing should be landfilled.

Fig. 8.2 shows the role of sorting at various stages. Fig.8.3 shows the importance
of pre-sorting in waste management, where mixed waste reaches a waste
processing facility.

8.10.2 At the Sour ce

@

(b)

(©)

It should be mandatory that all hazardous waste as listed in Table 8.2 is
stored separately at source and not mixed with the other wastes. This
should be periodically collected by the municipality from the household
level or collected by them at alocal collection centre designated for this
purpose. In the long-term perspective such a system must move towards
laws where manufacturers are expected to collect the hazardous waste
resulting from their product at the source or through a suitable collection
system.

It is desirable that those dry recyclables which are not collected by a kabari-
wallah are stored sparately at the source and collected (once or twice a
week) by a waste collector who may be the same person as the ragpicker at
the community municipal bin. To initiate separate storage at source and
subsequent collection of such waste by the existing network of rag pickers,
help may be taken from NGOs in the short-term.

Construction and demoalition waste must be stored separately at the source
and deposited at sites identified by the municipal authority or collected
periodically by the municipal authorities (or an agency designated by them)
on payment basis.

8.10.3 At the Community Bin (Municipal Bin)/ Waste Storage Depot/

@

Transfer Station

Sorting at the community bin (municipal bin)/ waste storage depot/ transfer
station is not desirable. However, if surce level sorting (as indicated in
8.10.2(a) and (b) above) is not developed, then such sorting may be allowed
till ahousehold-level sorting and collection system is established.
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(b)  Sorting at community bin/ waste storage depot/ transfer station can only be
allowed to be carried out by ragpickers, if help of NGOs is taken and if
ragpickers are given personal protective gear and proper implements and
asoif itisensured that there is no scattering of waste.

8.10.4 Intermediate Sorting at Central Sorting Facility

A central sorting facility can be established if the cost of setting up and
operating such a facility is met through the returns accruing from supply of
recyclables to various vendors. In the present scenario, a central sorting facility at
an intermediate stage is not visualised to be a viable option in India since the
kabariwallahs and the ragpickers recover most of the valuable recyclables at the
source. However, if such a facility is adopted, a semi-mechanised system with
handpicking-off-the-belt would appear to be appropriate and economical for
Indian condition in comparison to a fully mechanised system. The existing set of
ragpickers would have to be integrated into such a system.

8.10.5 Sorting at Waste Processing Site

Pre-sorting at waste processing facilities is desirable to ensure that the
processed output (such as compost) meets the regulatory standards. At small or
decentralised waste processing facilities, receiving less than 25 tonnes per day of
waste, manual pre-sorting is recommended prior to processing. For waste
processing facilities receiving more than 25 tonnes per day of waste, semi-
mechanised and mechanised pre-sorting is recommended. If a waste processing
facility is receiving predominantly mixed waste in large quantities (in excess of
100 tonnes per day), the pre-sorting facility at such a site should be akin to a
central sorting facility having semi-mechanised systems capable of sorting the
mixed waste into various waste streams. Such a pre-sorting facility should have
the following components : (a) conveyer belts for picking-off-the-belt; (b)
screening devices for size separation; (C) magnetic separators and (d) shredders/
crushers for size reduction and (e) ballistics separators. The pre-sorting facility
should be designed with adequate storage space as well as standby equipment to
take care of system breakdowns.

At sites where pre-sorting is found to be operationally difficult, post-sorting

can be adopted provided it is ensured that the end product meets all regulatory
standards with respect to contaminants.
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8.10.6 Sorting Prior to Landfilling

Sorting on landfill working face by ragpickers (i.e. behind the dozer)
should be discouraged. It should only be permitted when the incoming waste rate
Is low (i.e. 2 to 3 trucks per hour at one working face). Protective gear for
occupational injuries must be provided to all ragpickers. Since access to modern
landfills is restricted, ragpickers must be allowed a prescribed entry and exit
procedure. When the incoming waste volume is high, the chances of accidents are
high and access to ragpickersis not recommended.
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CHAPTER 9
STORAGE OF WASTE AT SOURCE

9.1. INTRODUCTION

Storage of waste at source is the first essential step of Solid Waste
Management. Every household, shop and establishment generates solid waste on
day to day basis. The waste should normally ke stored at the source of waste
generation till collected for its disposal. In India, such a habit has not been formed
and in the absence of system of storage of waste at source, the waste is thrown on
the streets, treating streets as receptacle of waste. If citizens show such apathy and
keep on throwing waste on streets and expect that municipal sweepers
should/would clean the city, the cities will never remain clean. Even if local
bodies make arrangements to remove all the waste disposed of by the citizens on
the street on day to day basis, the city will remain clean only for two to three hours
and not beyond till the habit of throwing waste on the streets is not changed.
There is, therefore, a need to educate the people to store waste at source, dispose
of the waste as per the directions of the local bodies and effectively participate in
the activities of the local bodiesto keep the cities clean.

9.2. PRESENT SCENARIO
9.2.1. No Storage at Source

Generally no bins for storage of domestic, trade or institutiona waste are
kept at source. Very few people keep persona bins for storage of domestic, trade
or institutional waste at source. The percentage of such people is insignificant.
Under the situation most of the domestic waste as well as waste from shops,
offices and establishments including hospitals, nursing homes, hotels, restaurants,
construction and demolition wastes, etc., come on the streets or is disposed of
unauthorisedly on public or private open plots or even discharged in the drains or
water bodies nearby resulting in clogging of drains, pollution of water resources
and increase in insanitary conditionsin the urban areas.
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9.2.2. Storage of Waste, Wherever Practised, does not Synchronize with
Primary Collection System.

System of storage of waste at source, wherever practised, by and large, does
not synchronize with the system of primary collection with the result the waste
stored at homes, shops and establishments in domestic, trade or institutional bins
also finds its way on the street resulting in unhygienic conditions on streets. Some
types of receptacles presently used for storage are as under:

Buckets

Plastic bins

Plastic bags

Metal binswith or without lids

By and large such bins used are without lids. These are unsuitable for
storage of food waste for 24 hours and more in the Indian conditions as waste
starts stinking very fast due to putrefaction.

9.3. MEASURESTO IMPROVE THE SYSTEM

For keeping streets and public places clean through out the day, it is
necessary that waste producers co-operate and effectively participate in the waste
management efforts of local bodies. People, therefore, may be educated to form a
habit of storing waste at source in their persona bin/bins and deposit such waste
into the municipal system only, at specified times.

Urban local bodies must, therefore, take concerted measures to ensure that
citizens do not throw any waste on the streets, footpaths, open spaces, drains or
water bodies and instead store the waste at source of waste generation in two
bing/bags, one for food waste/bio-degradable waste and another for recyclable
waste such as papers, plastic, metal, glass, rags etc.( as under):-

9.3.1Types of Wastes to be put in the Bin Meant for Food Wastes &
Bio-degradable Wastes

Food wastes of al kinds, cooked and uncooked, including eggshells, bones
Flower and fruit wastes including juice peels and house-plant wastes
House sweepings (not garden sweepings or yard waste: dispose on-site)

Household Inert (sweepings/ashes)
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9.3.2 Types of Recyclable and Other Non-Bio-degradable Wastes to be
Kept Separately

Paper and plastic, all kinds

Cardboard and cartons

Containers of all kinds excluding those containing hazardous materials
Packaging of all kinds

Glass, dl kinds

Metals, all kinds

Rags, rubber, wood

Foils, wrappings, pouches, sachets and tetrapaks (rinsed)

Cassettes, computer diskettes, printer cartridges and electronic parts

Discarded clothing, furniture and equipment

Wastes such as used batteries, containers for chemicals and pesticides,
discarded medicines and other toxic or hazardous household waste (as under), if
and when produced, should be kept separately from the above two streams of
waste.

9.3.3 List of Some Domestic Hazar dous W astes

(A)

Aerosol cans

Batteries from flashlights and button cells

Bleaches and household kitchen and drain cleaning agents

Car batteries, ail filtersand car care products and consumables
Chemicals and solvents and their empty containers

Cosmetic items, chemical -based

Insecticides and their empty containers

Light bulbs, tube-lights and compact fluorescent lamps (CFL)
Paints, oils, lubricants, glues, thinners, and their empty containers
Pesticides and herbicides and their empty containers

Photographic chemicals
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(B)

94.

941

Styrofoam and soft foam packaging from new equipment
Thermometers

M ercury-containing products

I njection needles and syringes after destroying them both
Discarded Medicines

Sanitary towels,

Disposable diapers and

Incontinence pads (duly packed in polythene bags before disposal)

STEPSTO BE TAKEN BY URBAN LOCAL BODIES
For Storing Household Waste

All households may be directed that

They shall not throw any solid waste in their neighbourhood, on the strest,
open spaces, and vacant plots or into drains.

They shall (a) keep the food waste / bio-degradable as and when
generated, in any type of domestic waste container, preferably with a cover,
and (b) keep dry / recyclables wastes preferably in bags or sacks as shown
in Fig.9.1and 9.2

Use of a non-corrosive container with lid is advised for the storage of
food/biodegradable/wet waste. A container of 15 litre (0.015 cu.mtr)
capacity for a family of 5 members would ordinarily be adequate. However,
a household may keep larger containers or more than one container to store
the waste produced in 24 hours having a spare capacity of 100% to meet
unforeseen delay in clearance or unforeseen extra loads. Wet wastes should
preferably not be disposed of in plastic carry bags.

Keep domestic hazardous waste listed under para 9.3 separately, for
disposal at the place may be as arranged for by the ULB.
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FIG.9.1 DOMESTIC BIN USED FOR STORAGE OF FOOD / BIODEGRADABLE
WASTE

FIG.9.2 NYLON BAG UTILIZED FOR STORAGE OF RECYCLABLE WASTE AT
THE HOUSEHOLD LEVEL THROUGH NGO EFFORT.
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A private society, association of flats/multistoried buildings etc. shall
provide a community bin i.e. a bin large enough to hold the waste
generated by the members of their society/association for storage of wet
domestic wastes and instruct all residents to deposit their domestic waste in
this community bin to facilitate collection of such waste by the local body
from the designated spot.

In case of Multi Storied buildings where it may be difficult for the waste
collector to collect recyclable waste from the doorstep, the association of
such buildings may optionally keep one more community bin for storage of
recyclable material.

In slums, where because of lack of access or due to narrow lanes, it is not
found convenient to introduce house-to-house collection system,
community bins of suitable sizes ranging from 40 to 100 litre (0.04 to 0.1
cu.mtr.) capacity may be placed at suitable locations by the locd body to facilitate
the storage of waste generated by them. They may be directed to put their
waste into community bins before the hour of clearance each day as shown
inFig. 9.3.

FIG.9.3COMMUNITY BIN PLACED IN A SLUM POCKET FOR COMMUNITY
LEVEL STORAGE OF DOMESTIC WASTE.
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9.4.2

In a dtuation where local bodies find it difficult to place smaller
community bins in slums on account of lack of awareness among slum
dwellers, the local bodies may provide larger containers which may match
with the local body's transportation system at locations which may be
suitable to slum dwellers and convenient for local bodies to collect such
waste. Slum dwellers may be directed to deposit their waste in such larger
bins before the hour of clearance of waste each day.

For Storing Waste from Shops/ Officed | nstitutions/ Wor kshops etc.
All shops and establishments may be directed that:-

They shall refrain from throwing their solid waste/ sweepings etc. on the
footpaths, streets, open spaces.

They shall keep their waste on-site as and when generated in suitable
containers until the time of doorstep collection.

The size of the container should be adequate to hold the waste, they
normally generate in 24 hours with 100% spare capacity to meet unforeseen

delay in clearance or unanticipated extraloads.

They shall keep hazardous waste listed under Para 9.3.3 separately as
and when produced and disposed of as per directions given by the local
ULB.

The association of private commercial complexes/multi-storey buildings
shall provide suitable liftable community bins which match with the waste
collection and transportation system of the local body for the storage of
waste by their members and direct them to transfer their waste into the

community bin before the prescribed time on a day-to-day basis.

The association should consult the local body in this matter in advance and
finalise the type of bin and the location where such community bin/s shall

be placed to facilitate easy collection of such waste.

Fig. 9.4 illustratesthe use of such bins.
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FIG.9.4 ONE VARIETY OF BIN THAT COULD BE USED FOR COMMUNITY
STORAGE OF WASTE IN MULTI-STOREY BUILDINGS
COMMERCIAL COMPLEXES.

9.4.3 For Storing Waste from Hotels and Restaur ants

All hotels and restaurants may be directed that

They shall refrain from throwing their dry and wet solid waste/sweepings
on the footpath, streets, open spaces or drains.

They shall also refrain from disposal of their waste into municipal street
bins or containers.

They shall store their waste on-site in sturdy containers of not more than 100
Litre (0.1 cu.m)capacity. The container should have appropriate handle or
handles on the top or side and rim at the bottom for ease of emptying.

In case of large hotels and restaurants where it may not be convenient to
store waste in 100 litre or smaller size containers, they may keep larger
containers which match with the primary collection and transportation
system that may be introduced in the city by the urban local body, to avoid
double handling of waste.
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944

They may be directed to keep hazardous waste listed in para 9.3.3 separately
as and when produced and dispose it of as per the directions of the urban

local body.

For Storing Vegetable/Fruit Markets Waste

These markets produce large volumes of solid waste and local bodies may

direct the association of the market to provide large size containers which
match with the transportation system of the local body or

depending on the size of the market, local body itself may provide large
size containers with lid o skips as illustrated below for storage of market
waste at suitable locations within markets on full cost/partial cost recovery
as deemed appropriate.

Shopkeepers may be directed that they shall not dispose of waste in front of

their shops/establishments or anywhere on the streets or in open spaces and instead
shall deposit their waste as and when generated into the large size container that
may be provided for storage of waste in the market as shown in Fig.9.5.

FIG.95 LARGE CONTAINERSPLACEDINVEGETABLE/FRUIT MARKET ONA

PAVED FLOOR FOR THE STORAGE OF MARKET WASTE.
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945 Meat and Fish Markets

The shopkeepers shall not throw any waste in front of their shops or on the
streets or open spaces.

They shall keep within their premises sturdy containers (of size not
exceeding 100 litres i.e. 0.1 cu.m) having lid, handle on the top or on the
sides and rim at the bottom of the container with adequate spare capacity to
handle expected loads. However, daughter house wastes should be
handled as per the guidelines given in the chapter 5 on slaughterhouse
waste.

9.4.6 Street Food Vendors

All street food vendors may be directed not to throw any waste on streets
and pavements. They must keep bins or bags for storage of waste that they
generate through their activity. Their handcarts must have a shelf or bag below for
storage of waste generated in the course of business.

9.4.7 Marriage Halls’Kalyan Mandaps/Community Halls etc.

A lot of waste is generated when marriage or social functions are performed
at these places and unhygienic conditions are created. Suitable containers with lids
which may match with the primary collection or transportation system of local
bodies should be provided by these establishments at their cost and the sites of
their placement should be finalised in consultation with urban local bodies to
facilitate easy collection of waste. On-site bio-digesters for food waste should be
encouraged.

9.4.8 Hospitals/Nursing Homes/Pathological Laboratories’sHealth Care
Centres/Establishmentsetc.

These establishments produce bio-medical as well as ordinary waste.
These may be directed that

they shal refrain from throwing any bio-medical waste on the streets or
open spaces, as well as into municipa dust bins or domestic waste
collection sites.

They shal aso refrain from throwing any ordinary solid waste on
footpaths, streets or open spaces.

They are required to store waste in colour-coded bins or bags as per the
directions of the Govt. of India, Ministry of Environment Bio-medical
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9.4.9.

Waste (Management & Handling) Rules 1998, and follow the directions of
Central Pollution Control Boards and State Pollution Control Boards from
time to time for the storage of biomedica waste. The guidelines
incorporated in the Chapter 7 on Biomedi cal waste may be followed.

Construction & Demolition Wastes
Directions may be given that:

No person shall dispose of construction waste or debris on the streets,
public spaces, footpaths or pavements.

Till finally removed construction waste shall be stored only within the
premises of buildings, or in containers where such facility of renting out
containers is available. In exceptiona cases where storage of construction
waste within the premises is not possible, such waste producers shall take
prior permission of the local authority or the State Government as may be
applicable for temporary storage of such waste and having obtained and
paid for such permission, may store such waste in such a way that it does
not hamper the traffic, the waste does not get spread on the road and does
not block surface drains or storm water drains.

Local bodies above 10 lac population must make efforts to provide or
encourage the facility of skips/containers on rent for storage and
transportation of construction and demolition waste asillustrated in Fig.9.6.

To facilitate the collection of small quantities of construction and
demolition waste generated in a city, suitable sites may be identified in
various parts of the city and people notified to deposit small quantities of
construction and demolition waste. Containers could be provided at such
locations and small collection charge levied for receiving such waste at
such sites and for its onward transportation. Rates may be prescribed for
such collection by local bodies. Contracts could also be given for managing
such sites.

For managing construction and demolition waste, the detailed
guidelines given in the Chapter 4 on Construction and Demolition Waste
may be followed.



FIG.9.6 CONTAINER KEPT FOR THE STORAGE OF CONSTRUCTION/
DEMOLITION WASTE

9.4.10 Garden Waste

Private gardens should as far as possible compost and re-use al plant
wastes on-site. Where it is not possible to dispose of garden waste within the
premises and the waste is required to be dsposed of outside the premises, it shall
be stored in large bags or bins on-site and transferred into a municipal system on a
weekly basis on payment. The generation of such waste should as far as
practicable be regulated in such a way that it is generated only a day prior to the
date of collection of such waste. It should be stored in the premises and kept
ready for handing over to the municipal authorities or the agency that may be
assigned the work of collection of such waste.

Garden waste and fallen leaves from avenue trees within large public parks
and gardens should be composted to the extent possible. However, if such waste
has to be disposed of, large skips may be kept, which match with the municipal
transportation system for transportation of such waste. Such skips may be
provided by local bodies or State Governments owning such parks and gardens. In
case of private parks and gardens they should make their own storage arrangement
which matches with the municipal primary collection and transportation system.
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9.5. STORAGE OF RECYCLABLE WASTE

It is essential to save the recyclable waste material from going to the waste
processing and disposal sites and using up landfill space. Profitable use of such
material could be made by savaging it at source for recycling. This will save
national resources and also save the cost and efforts to dispose of such wastes.
This can be done by forming a habit of keeping recyclable waste material separate
from food wastes, in a separate bag or a bin at the source of waste generation.
This recyclable waste can be handed over to the waste collectors (rag pickers) at
the doorstep.

9.6. MEASURES TO BE TAKEN BY THE LOCAL BODIES TOWARDS
SEGREGATION OF RECYCLABLE WASTE

Local bodies may mobilise voluntary organisations, Non-Governmental
Organisations (NGOs) or co-operatives to take up the work of organising
street rag-pickers and elevate them to door step "waste collectors' by
motivating them to stop picking up soiled and contaminated solid waste
from streets, bins or disposa sites and instead improve their lot by
collecting recyclable clean materials from the doorstep at regular intervals
of time. Local bodies may, considering the important role of rag pickersin
reducing the waste and the cost of transportation of such waste, even
consider extending financial help to NGOs and co-operatives in providing
some tools and equipment to the rag pickers for efficient performance of
their work in the informal sector.

Local Bodies may actively associate resident associations, trade & Industry
associations, Community Based Organisations (CBOs) and NGOs in
creating awareness among the people to segregate recyclable material at
source and hand it over to a designated waste collector identified by NGOs.
The local body may give priority to the source segregation of recyclable
wastes by shops and establishments and later concentrate on segregation at
the household level.

The upgraded rag pickers on becoming doorstep waste-collectors, may be
given an identity card by the NGOs organising them so that they may have
acceptability in society. The local body may notify such an arrangement
made by the NGOs and advise the people to cooperate.

This arrangement could be made on "no payment on either side basis " or
people may, negotiate payment to such waste collectors for the door step service
provided to sustain their efforts.
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9.7. PROVISION OF LITTERBINS ON STREETS, PUBLIC PLACES,
ETC.

With a view to ensure that streets and public places are not littered with
waste materials such as used cans, cartons of soft drinks, used bus tickets,
wrappers of chocolates or empty cigarette cases and the like generated while on a
move, litter bins may be provided on important streets, markets, public places,
tourist spots, bus and railway stations, large commercial complexes, etc. a a
distance ranging from 25 metres to 250 metres depending on the local condition.
Similar binsfor disposal of animal droppings could be placed in posh areas.

Some of the designs of such litterbins are shownin Fig.9.7.

FIG.9.7 LITTERBIN PLACED IN A PUBLIC PARK

Removal of waste from these litterbins should be done by beat sweepers
during their street cleaning operations. Waste from the litterbins should be
directly transferred into the handcarts of the sweepers.

Such facilities of litterbins can be created at no cost to local bodies by
involving the private sector and giving them advertisement rights on the
bins for a specified period or by allowing them to put their names on the
bins as a sponsor. Litterbins should be put in posh as well as poor areas in
the proportion decided by local bodies.
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98 PROVISON OF SPECIAL CONTAINERS FOR STORAGE

OF DOMESTIC HAZARDOUS AND TOXIC WASTE

Urban local bodies should provide at strategic locations in different parts of
the cities, specially designed containers having two compartments, one for
domestic hazardous-toxic waste listed in 9.3.3(A) and another for those listed in
9.3.3.(B). A different colour scheme should be adopted for the containers placed
for the storage of these domestic hazardous-toxic wastes.  Citizens should be
directed to deposit such wastes in such containers only as and when such waste is
to be disposed of. Loca bodies should insist that such wastes should not be
mixed with organic or municipal general waste.

9.9 A statement showing the action to be taken by various categories of waste
generatorsis as under:-

STORAGE OF WASTE AT SOURCE IN A NUTSHELL

Sour ce of Action to betaken.
Waste
Generation
.| Households 1. Not to throw any solid waste in the neighbourhood, on the
streets, open spaces, and vacant lands, into the drains or
water bodies.
2.Keep food waste/biodegradable waste in a non-corrosive
container with acover (lid)
3. Keep, dry/recyclable waste in abin/bag or a sack.
4. Keep domestic hazardous waste if and when generated
separately for disposal at specially notified locations.
.| Multistoried 1to 4 asabove.
buildings, 5. Provide separate community bin/bins large enough to hold
commercial food/biodegradable waste and recyclable waste generated
complexes, in the building/society.
private 6. Direct the members of the association/ society to deposit
societies, etc. their waste in community bin on day to day basis before
the hour of clearance.
.| Slums 1to 4 asabove.
5. Use community bins provided by local body for deposition
of food and biodegradable waste.
.| Shops, offices, | 1to 4 asabove.
institutions, 5. If situated in a commercial complex, deposit the waste so
etc. stored as per 2 and 3 above in community bins provided
by the association.
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5.| Hotels & 1 to 4 as above. However, the container used should be
Restaurants strong, not more than 100 litre in size, should have a handle
on the top or handles on the sides and a rim at the bottom for
easy handling.
6.| Vegetable & 1. Provide large containers, which match with transportation
Fruit Markets system of thelocal body.

2. Shop keepers not to dispose of the waste in front of their
shops or open spaces.

3. Deposit the waste as and when generated into the large
container placed in the market.

7.| Meat & Fish 1. Not to throw any waste in front of their shops or open
Markets. spaces around.

2. Keep a non-corrosive container/ containers not exceeding
100 litre capacity with lid handle and the rim at the bottom
and deposit the waste in the said containers as and when
generated.

3. Transfer the contents of this container into a large
container provided by the association of the market or local
body on day to day basis before the hour of clearance.

8.| Street Food 1. Not to throw any waste on the street, pavement or open
Vendors spaces.

2.Keep bin or bag for the storage of waste that generates
during street vending activity.

3. Preferably have an arrangement to affix the bin or bag with
the hand-cart used for vending.

9.| Marriage 1. Not to throw any solid waste in their neighbourhood, on
Halls, the streets, open spaces, and vacant lands, into the drains
Community or water bodies.
Halls, Kayan | 2. Provide a large container with lid which may match with
Mandaps, etc. the transportation system of the local body and deposit all

the waste generated in the premises in such containers

10 Hospitals, 1. Not to throw any solid waste in their neighbourhood, on
Nursing the streets, open spaces, and vacant lands, into the drains
Homes, etc. or water bodies.

.Not to dispose off the biomedica waste in the municipal

dust bins or other waste collection or storage site meant for
municipal solid waste.

. Store the waste as per the directions contained in the

Government of India, Ministry of Environment
Biomedical Waste (Management & Handling) Rules 1998.




11| Construction 1. Not to deposit construction waste or debris on the streets,
& Demoalition foot paths, pavements, open spaces, water bodies, etc.
Waste 2. Store the waste within the premises or with permission of
the authorities just outside the premises without
obstructing the traffic preferably in a container if available
through the local body or private contractors.
12 Garden Waste | 1. Compost the waste within the garden, if possible.

2. Trim the garden waste once in a week on the days notified
by the local body.

3. Store the waste into large bags or bins for handing over to
the municipal authorities or contractors appointed for the
purpose on the day of collection notified.




CHAPTER 10
PRIMARY COLLECTION OF WASTE

10.1. INTRODUCTION

Primary collection of waste is the second essential step of Solid Waste
Management activity. Primary collection system is necessary to ensure that waste
stored at source is collected regularly and it is not disposed of on the streets,
drains, water bodies, etc. However, step has to synchronize well with the first step
I.e. Storage of Waste at source.

10.2. PRESENT SCENARIO

In India, the system of primary collection of waste is practically non-
existent, as the system of storage of waste at source is yet to be developed.

Doorstep collection of waste from households, shops and establishments is
insignificant and wherever it is introduced through private sweepers or
departmentally, the system does not synchronize further with the facility of Waste
Storage Depots and Transportation of Waste. The waste so stored is deposited on
the streets or on the ground outside the dustbin. Thus streets are generally treated
as receptacles of waste and the primary collection of waste is done, by and large,
through street sweeping.

An appropriate system of primary collection of waste is to be so designed
by the urban local bodies that it synchronizes with storage of waste at source as
well as waste storage depots fecility ensuring that the waste once collected reaches
the processing or disposal site through a containerized system.

10.3. MEASURESNECESSARY TO IMPROVE THE SERVICE

Local bodies should provide daly waste collection service to Al
households, shops and establishments for the collection of putrescible organic
waste from the doorstep because of the hot climatic conditions in the country. This
service must be regular and reliable. Recyclable material can be collected at longer
regular intervals as may be convenient to the waste producer and the waste
collector, as this waste does not nhormally decay and need not be collected daily.
Domestic hazardous waste is produced occasionally. Such waste need not be
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collected from the doorstep. People could be advised or directed to deposit such
waste in special bins kept in the city for disposal.

10.4.

10.5.

STEPSTO BE TAKEN

Urban local bodies may arrange for the collection of domestic, trade and
institutional food/ biodegradable waste from the doorstep or from the
community bin on adaily basis.

Local bodies may aso arrange through NGOs collection of recyclable
waste material/non bio-degradable waste other than toxic and hazardous
waste from the source of waste generation at the frequency and in the
manner, notified by locd bodies from time to time in consultation with the
NGOs/Resident Associations, etc.

Domestic hazardous/ toxic waste material deposited by the waste
producers in specia bins (provided by the local body at various places in

the city) may be collected at regular intervals after ascertaining the
guantities of such waste deposited in special bins.

ARRANGEMENTSTO BE MADE FOR PRIMARY COLLECTION

Local bodies should arrange for the primary collection of waste stored at

various sources of waste generation by any of the following methods or
combination of more than one method:

Doorstep collection of waste through containerized handcarts/tricycles or
other similar means with active community participation as shown in the
photograph in Fig. 10.1:

Doorstep collection of waste through motorised vehicles having non
conventional/sounding horns deployed for doorstep waste collection with
active community participation.

Collection through community bins from private societies multi-storied
buildings, commercial complexes,

Doorstep or lane-wise collection of waste from authorised/unauthorised

slums or collection from the community bins to be provided in the slums by
local bodies [asillustrated in Figure 10.2(A)].
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FIG.10.1 DOORSTEP COLLECTION OF WASTE THROUGH CONTAINERIZED
HANDCART WITH PUBLIC PARTICIPATION

FI1G.10.2(A) PRIMARY COLLECTION THROUGH COMMUNITY BININ SLUMS
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House-to-house collection of waste from posh residential areas on full-cost-
recovery basis where community participation is not to be done through
NGO’ sefforts (asillustrated in Fig. 10.2 (B):

FIG.10.2(B) HOUSE TO HOUSE COLLECTION OF FOOD/BIODEGRADABLE
WASTE IN PRIVATE SOCIETY ON MONTHLY PAYMENT BASIS
THROUGH PRIVATE SECTOR/NGO

106 TOOLS& EQUIPMENT

10.6.1 Hand Carts

The use of traditional hand carts should be discontinued and instead, hand
carts having 4 to 6 detachable containers of capacity ranging from 30-40 litresi.e.
0.03 to 0.04 cu.m each should be used as shown in Fig.10.3. The containers
should be of sturdy material preferably strong polyethylene/plastic with a handle
on the top and rim at the bottom for easy handling of the container. The handcarts
should have preferably three wheels and sealed ball bearing. There should be
locking arrangement with a chain and alock. The design and specifications of the
handcart and the containers could be as shown in the Annexure 10.1.
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FIG. 10.3 CONTAINERIZED HANDCART WITH 6 DETACHABLE CONTAINERS

10.6.2 Tricycles

Local bodies can use tri-cycles instead of handcarts in the areas which are
spread out, and distances are long. The tricycles could have eight containers of
0.04 cu.m. (40 litres) capacity each as shown in Fig. 10.4 These containers should
also be detachable from the tricycle and should have alocking arrangement.

FIG.104 TRICYCLESHAVING 8 CONTAINERSFOR PRIMARY COLLECTION
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10.6.3 Community Bin Carrier

A community bin carrier having a capacity to carry 40 containers (bins) in a
two tier arrangement may be used to pick up community bins from residential
areas and slums in the cities and towns where direct transfer of waste into the hand
carts or tricycles is not found suitable. These vehicles with two member crew
should pick up filled community bins and replace empty ones and take the vehicle,
when 40 filled containers are picked up, to the nearest temporary waste storage
depot (large container for transfer of waste) asillustrated in Fig. 10.5

FIG.10.5 USE OF COMMUNITY BIN CARRIER

10.7. METHODSOF PRIMARY COLLECTION OF WASTE
10.7.1 Door Step Collection through Containerized Handcarts

A bell may be affixed to the handcart given to the sweeper or a whistle may
be provided to the sweeper in lieu of a bell. Each sweeper may be given a fixed
area or beat for sweeping plus a fixed number or stretch of houses for collection of
waste. The local bodies may, based on local conditions, fix the work norms as they
deem appropriate. It is suggested that in congested or thickly populated areas,
250 to 350 running metres (RMT) of road length and the adjoining houses may be
given to each sweeper, whereas in less congested areas 400 to 600 running metres
of the road length with adjoining houses may be allotted to a sweeper depending
upon the density of population in the given area and local conditions. In low
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density areas even 650 to 750 running metres of road length and houses can be
given. Normally 150 to 250 houses coupled with the above road length may be
taken as ayardstick for allotment of work to an individual sweeper.

10.7.2 Role of Sweeper

The sweeper should ring the bell or blow the whistle indicating his arrival
at the place of his work and start sweeping the street. The people may be directed
through adequate publicity campaign that on hearing the bell or whistle they
should deposit their domestic biodegradable waste into the handcart of the
sweeper or hand over the waste to him/her.

At places where it is not convenient for the householder to deposit the
waste in the handcart/tricycle, on account of their non-availability at home when
sweeper arrives in their areas, they may leave the domestic waste in domestic bins
or bags just outside their houses on the street in the morning so as to enable the
sweepers to pick up the waste and put it into the handcart.

No sweeper may be expected or directed to do house-to-house collection by
asking for waste at the doorsteps, as thiswill affect his energy and productivity.

10.7.3 Collection through Motorised Vehicles

Local bodies as an alternative to doorstep collection through containerised
handcarts may deploy motorised vehicles having unconventional/sounding horn
for doorstep collection of waste. Driver of the vehicle should intermittently blow
the horn announcing his arrival in different residential localities and on hearing
this, the householders should deposit their domestic waste directly into such
vehicle without loss of time.

10.7.4 Primary Collection of Waste from SocietiessComplexes

In private societies, complexes and multi storied buildings, normally no
sweepers are provided by local bodies, hence private sweepers are generaly
engaged. It may therefore be made compulsory for the management of the
societies, complexes and multi-storeyed builders, to keep community bins or
containers in which dry and wet waste may be separately stored by there residents.
Such bins may be placed at easily approachable locations to facilitate convenient
collection by the municipal staff or the contractors engaged by the local body. The
local body should arrange to collect waste from these community bins/containers
through handcarts, tricycles, pick-up vans, or other waste collection vehicles as
may be convenient, on adaily basis.

To facilitate collection of waste from societies or commercial complexes,
the local bodies should by a rule, make it obligatory for them to identify an
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appropriate site within their premises for keeping such bin/container for the
storage of waste.

10.7.5 Collection of Waste from Slums

Local bodies should collect waste from slums by bell ringing/whistle
system along their main access-lanes. Residents should bring their wastes from
their houses to hand carts. Where slum residents prefer community bins, they
should bring their biodegradable waste to these bins only an hour or two before the
time of clearance. The local body may, if so desired, engage a private contractor
for collection of such waste. Performance certification by a “Mohalla (local level)
Committee” may beinsisted upon in such cases.

10.7.6 Collection-at-the Door step in Posh Residential Areas

In posh residential areas where the residents as a whole might not be
willing to bring their waste to the municipal handcart/ tricycle, system of
collection from the-door step on full cost recovery basis may be introduced. This
service can be contracted out by the local body or NGOs or contractors registered
with the local body may be encouraged to provide such service in the areas where
it is found economically viable to introduce door to door waste collection service.
This service may not be provided to isolated houses, shops and establishments.
Pena provisions may be introduced for failure of service where contracts are
proposed to be awarded.

10.7.7 Collection of Duly Segregated Recyclable/Non-io-degradable Waste
from Households

Recyclable waste has a vaue. Severa rag pickers in the urban aress,
therefore, move from street to street, bin to bin and go to the dump yard to pick up
recyclable waste. These rag pickers are exposed to health risks as they put their
bare hands in contaminated waste. They sell contaminated waste to the waste
purchasers stored in slums creating unhygienic conditions. Quite often they
spread the waste at the dust bin site to pick up recyclable. This system can be
improved by introducing a system of collecting recyclable waste from the
doorsteps changing the roll of rag pickers to that of waste collectors. This
informal sector could thus be organised through NGOs, upgraded and given an
opportunity to earn their living through doorstep collection of unsoiled recyclable
waste.

NGOs may be activated to organise the rag pickers and convert them into
door-step waste-collectors to improve their quality of life and to reduce their
health risk. This will also increase their income levels. NGOs may allot to such
waste collectors specified lanes and by-lanes comprising of 150 to 250 houses and
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some shops for doorstep collection of recyclable. They may also be given identity
cards by the NGOs for increasing their acceptability in society. NGOs and/or the
corporation may support such waste collectors by giving them bags and tools
required for collection of recyclable waste from the doorsteps. The local body may
also inform the community of the arrangements made by the NGO and advise
them to avail of the services asillustrated in the Fig. 10.6.

FIG.10.6 HOUSE TOHOUSE COLLECTION OF RECYCLABLE WASTE THROUGH
A WASTE COLLECTOR (UPGRADED RAGPICKER)-AN NGO EFFORT.

10.8 ENCOURAGEMENT TO NGO'S/PRIVATE SECTOR

Local bodies may aso encourage NGO/private sector to collect both
food/biodegradable waste as well as recyclable waste from the door steps on their
own by making direct contractual arangement with the residents
associations/commercial complexes to reduce their financial burden.
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10.9 COLLECTION OF WASTE FROM SHOPS AND
ESTABLISHMENTS

Shops and establishments normally open after 9 am. These timings do not
synchronize with the usual work schedule of sweepers. Under such a situation one
of the following aternatives may be adopted.

Sweepers may first carry out the work of street sweeping in the morning
hours as usual and soon thereafter take up the work of door-step collection
of waste, after most of the shops have opened.

Waste collectors (rag pickers) may be organised to collect the recyclable
waste from shops and establishments as soon as they open, as most of such
waste is recyclable. Working arrangements may be made with the shops
and establishments accordingly. The shops & establishments may be asked
to store waste in two bins if they produce waste other than recyclable waste
also. Thisarrangement may be made on * No payment’ basis on either side.

The recyclable material received by the waste collectors directly from
shops and establishments would give them a better return. The waste would
be dry and not soiled and would fetch a good price in the market. This will
work as an incentive for them to continue door to door collection.

The associations of markets, shops and establishments may be persuaded to
organise this service with the help of NGOs and waste collectors in their
market.

Note of caution:

Rag picking is an informal income-generating activity undertaken by a poor strata
of society. The suggestion to improve their lot by upgrading them to the level of
doorstep waste-collector is only with a view to improve the quality of life of the
rag-pickers, relieve them from the dirty work of picking up soiled and
contaminated waste to earn their living, integrate them in the mainstream of
society by giving them access to the houses, shops and establishments to collect
recyclable waste from the door step in the same informal manner. The rag-pickers
should not, therefore, be given any forma employment on a daily or monthly
wage by local bodies or even by NGOs as it may attract the provisions of |abour
laws. The NGOs should only help in improving their lot by organising them and
need not play a role of their employers for the primary collection of recyclable
waste from the doorstep. At the same time they should not be prevented by law
from engaging in this occupation.
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Doorstep collection service from shops and establishment may be provided
or may be contracted out on ‘full cost-recovery’ basis.

Large commercial complexes could use 3.0 cu.m to 7.0 cu.m containers,
which are commonly used by the local bodies for community storage of
waste so that its transportation could be synchronized by local bodies along
with other containers, kept in the city.

10.10. COLLECTION OF BIO-MEDICAL WASTE

Collection of bio-medical waste should be done in accordance with the
rules/directions contained in the Ministry of Environment & Forests, Govt. of
India Notification dated 20" July 1998 as the liability for safe disposal of bio-
medical waste is on such waste producer and the local body as such is not directly
responsible to provide any service. The recommendations given in the chapter on
biomedical waste (Chapter 7) in the manual may be followed.

10.11. COLLECTION OF HOTEL AND RESTAURANT WASTE

Hotels and restaurants may make their own arrangements for collection of
waste through their own association, or local bodies may extend help in primary
collection of such waste by deploying their own manpower and machinery for
door step collection of such waste on full-cost-recovery basis. The cost could be
recovered on pro-rata basis. Doorstep service may be contracted out by local
bodiesif so desired.

Charges for the collection of hotel waste may depend upon the quantity of
waste to be picked up from the hotels and restaurants and frequency of collection
required.

The cost recovery may be planned according to the classification of hotels/
restaurants made on the above basis and decided in consultation with them.

Thorough survey of the waste generation by hotels/ restaurants may be
made before the collection rates are introduced and notified.

10.12 VEGETABLE, FRUIT, MEAT AND FISH MARKETSWASTE

Such wastes should be removed on a daily basis either departmentally or
through contractors on full or part-cost-recovery basis as may be deemed
appropriate by local bodies.

Large containers kept in the fruit and vegetable markets should be removed
during night time or non-peak hours and the waste from meat and fish markets
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should be collected through closed pick-up vans service by engaging a contractor,
or departmentally as deemed expedient by the local body.

10.13 COLLECTION OF GARDEN WASTE

The waste stored in public and private parks, gardens, lawn plots etc.
should be collected on a weekly basis by arranging a rotation for collecting such
waste from different areas, on different days to be notified to the people to enable
them to trim the trees and lawns accordingly and keep the waste ready. This waste
may be got collected through a contractor or departmentally as deemed
appropriate by the urban local authorities. Cost recovery may be insisted upon,
based on the volume of waste collected.

10.14 COLLECTION OF WASTE FROM MARRIAGE HALLS, KALYAN
MANDAPS, COMMUNITY HALLS ETC.

The special arrangement should be made for collection of waste from
marriage halls, kalyan mandaps, community halls, etc. daily on a full-cost-
recovery basis. The cost of such collection could be built into the charges for
utilising such halls. This service may be provided preferably through a contractor
or departmentally as the local bodies deem fit. On-site, processing of food wastes
by bio-methanation and composting may be encouraged.

10.15. COLLECTION OF CONSTRUCTION AND DEMOLITION WASTE

Local bodies should prescribe the rate per tonne for the collection,
transportation and disposal of construction waste and debris and notify the
same to the people.

Every person who is likely to produce construction waste may be required
to deposit with the concerned local body an approximate amount in
advance at the rates as may be prescribed by the local body from time to
time, for the removal and disposd of construction waste from his premises
by the loca body. Such amount may be deposited at the time when the
building permission is being sought and in cases where such permission is
not required, at any time before such waste is produced.

The charges for removal of construction waste to be doubled for those who
fail to deposit the amount in advance.

Large local bodies may provide skips (large containers) to the waste
producers on rent for the storage of construction waste so that double
handling of the waste can be avoided or use front end loader & trucks to
pick up such waste. In smal towns this may be done manualy using
trucks, tractors and manpower.
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To facilitate disposal of small quantities of construction/demolition waste,
large containers may be placed in various parts of the city where waste
producers may deposit small quantities through private labourers, cart
pullers, donkeys, etc. and such waste may be collected by ULBs from time
to time before such containers start over flowing.

10.16. DAIRY AND CATTLE-SHED WASTE

The dairies and cattle breeders having sheds within the city limits should be
asked to move the cattle sheds outside the city limits and until this is implemented
they should be directed not to stack the cow dung, grass or other stable wastes
within their premises or on the roadside. They must transfer the waste produced by
them daily into the specified municipal storage containers nearby, which should be
collected at regular intervals by local bodies.

10.17 COLLECTION OF DOMESTIC HAZARDOUS & TOXIC WASTE

Collection of Domestic Hazardous & Toxic Waste such as used batteries,
paints, broken tube lights, expired medicines and others shown in chapter of
Storage of Waste kept separately in the bins placed in various parts of the city
should be collected periodically by the urban local bodies and got segregated and
disposed of as per the hazardous waste management rules of the Government of
India.
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ANNEXURE -10.1

SPECIFICATION OF NEW DESIGN HAND WHEEL BARROW

S.No. Material Size Detailsfor No. Quantity Remarks
1 M.S. Angle 25255 mm Top Frame - 332CM
2 M.S. Angle 25255 mm Bottom Frame - 330CM
3 M.S. Angle 25¢25x5mMm Standing support | 4 100CM
4 M.S. Angle 25¢25x5mm Bottom frame 1+2 230CM
Section angle
5 M.S. Tee 40x40x6 mm Bending wheel 2 314CM Each wheel
6 M.S. Flat 40x6 mm Support wheel & | 12 240CM Dia 500 each
hub
7 M.S. Flat 2065 mm For axle bracke 2 70CM Wheel need
8 M.S. Flat 2066 mm Barrow Section - 710CM 6 supports
Flat
9 MS Squarebar | 25x25mm Axle 1 100CM
10 Round head 3210 mm Riveting 2 12 No.
rivet wheels
11 Round head 25x8 mm Riveting 2 12 No.
rivet wheels
12 Hexagonal bolt | 40x10mm Axle & Bracket 2 side 4Nos
13 M.S. Washer 2550 mm — 2side 4 Nos
16G thick
14 Cotter pin 6x50mm TOjoint 2side 2Nos
length
15 C.I.Hub Complete with Each side 2side 2Nos
axle hole 20
mm support
hole 6 no. with
turning etc.
The weight of
the hub 3.5 Kg
16 HDPE Wheel 8'x3'x1" Frontsideof the | 1 1 No. HDPE Material
HDPE Whesl Barrow
Red Colour
17 Bearing SKF 6204 ZZ For Wheels 2sides | 4Nos
18 Galvanise Tube | 20mm For handle - 127CM
B grade
19 Black anti Barrow should With
corrosive paint be painted coats | two
insde & outside
20 MS bush ID=25mm wal Fortwosidesof | 2sides | 2Nos
thickness- 3mm | the wheel
21 M.S. Angle 25x25¢5 mm For handle 2 Nos 114CM

Note : Every Wheel Barrow should be equipped with 1500 mm long 5 MM MS chain and 7 Lever Jalaram
lock. For each wheel barrow, MS chain should be provided with fitting arrangement.




SKETCH PLAN FOR REFUSE M.S. WHEEL BARROW

NOTE :- (1) ALL DIMENSIONSMENTIONED IN MILLIMETRESONLY
(2) WHEEL BARROWSASPER SAMPLE



POLYTHYLENE CONTAINER FOR WHEEL BARROW



SPECIFICATIONSFOR POLYETHYLENE CONTAINER TO BE USED
IN THE HANDCART FOR COLLECTION OF SOLID WASTE

The polyethylene container having size of 325 mm x 325 mm at the top and
290 mm x 290 mm at bottom with overall height of 325 mm shall be designed for
transferring solid waste to the communal waste storage sites.

Material of Manufacture

The material used for the manufacture of moulded polyethylene garbage
bins should be virgin and the best quality. The material should conform to the
following standards:

S.No. Property Testing Method uUnit Value
1 | Density |S-7328-1992 Gm/cm’ > (0.930
2 | MH 1S-2530-1963 GM</10 15t05
min
3 | Tensllestrength | 1S-8543-84 Part —4/ Kglcm? 120
Sec 7 1996
4 | Flexura modulus | 1S-13360 part—5/sec 7 | Kglcm? 3000
1996
5 Hardness (Shore) | I1IS13360 part-5/sec | | D scale >D 50
1992
6 |Vicaa  Softening|1S1336 part-6/sec || C > 90
Temp 1992
7 |Impact  Strength| 1S-12701-1996 Jmm? No puncture
(2.5 Kg/1 mts) or damage
8 | Weathering - 1S522530-1963 No.4 gray
Colour fastness scale
Accelerated ASTM-G-53 - should be tested with
uv Q>U>V type accelerated
Test (50° C) Weather meter for 200
Q.U.V. hours flexural modulus

Should each be not less
That 80% of the values
Before exposure.




The internal form and surface of the container shall be such that it will not
trap the contents.

There shall be no sharp edges anywhere on the container.

The internal and external surfaces shall be smooth and non-porous, free
from cracks, splits, dents, distortion, blisters, voids, air bubbles and other
surface blemishes or defects.

The bins are expected to be used in outdoor conditions. They should be
UV stabilised and should be able to withstand outdoor weather conditions
inIndia



SPECIFICATIONS FOR POLYETHYLENE CONTAINER TO BE USED
IN THE WHEEL BARROW FOR COLLECTION AND
TRANSPORTATION OF SOLID WASTE

The polyethylene container having size of 325 mm x 325 mm at the top and
290 mm x 290 mm at bottom with overall height of 325 mm shall be designed for
transferring solid waste to the communal waste storage sites. It shall be made
from durable material. The moulded polyethylene container shall be made from
one piece moulding process. It shall have top-rim outside and embossment as per
requirement.

The bottom of container shall have 10 mm dia. of four holes. It shall be
drilled at the corners. In-built suitable stiffner shall be provided in the bottom and
15 mm wide and 10 mm deep and suitable stiffner must be provided on both the
sides other than the handle fixed sides. Built-rim shall be provided at bottom for
easy handling and tilting container.

A handle shall be provided at the top of the container. The handle shall be
made from 8 mm MS bar and both ends of handle shall be fitted at the top of
container, with MS strips. The ends of handle shall be fitted with rivets by placing
inside and outside M S strips.  The fixing arrangement shall be such that it can hold
handle firmly and easily so also tilting and lifting can be done.

TOLERANCES:-  + or —3 mm except wall thickness.

THICKNESS :- All side should be 3 mm thick.
Tolerances of +/- 5% will be allowed.
Bottom should be 4 mm thick.



CHAPTER 11
STREET CLEANSING

11.1 INTRODUCTION

The sweeping of streets is such a smple and humble occupation that it
rarely attracts technical interest of the managers responsible for such activities.
However, many cities spend between 30 to 50 percent of their solid waste budgets
on street cleansing. It is a service for which a wide variety of tools, equipment and
methods, both manual and mechanical, are available, and it is one in which there is
often great scope for financial saving by the introduction of more efficient
methods.

This is an area in which public relations are very important. Much of the
work arises directly from shortcomings in public behaviour, such as throwing litter
on the streets and open spaces. In some cities, however, a high proportion of street
wastes arise from deficiencies in the refuse collection service as a result of which
residents dispose of domestic and shop-wastes in the streets. The cost of removing
wastes which have been scattered on the streets is very much higher than the cost
of collecting similar wastes which have been placed in containers such as domestic
wastes bins or litter containers.

Thus street cleansing policies should have the following objectives:

the provision of services for the collection of wastes from source, i.e.,
efficient refuse collection,

reduction of street litter by public education and awareness,

the use of systems which achieve high labour productivity,

the design and use of effective tools and equipment.
11.2 SOURCES

For the purpose of solid waste management all street wastes fall into three
main categories:




11.2.1 Natural Wastes

These include dust blown from unpaved areas, sometimes from within the
city and sometimes from a great distance, and decaying vegetation such as falen
leaves, blossoms and seeds which originate from trees and plants in the city.
Natural wastes cannot be avoided, but may be controlled by such measures as the
careful selection of the types of tree planted in the city.

11.2.2 Road Traffic Wastes

Motor vehicles deposit oil, rubber and mud; in addition, there is sometimes
accidental spillage of a vehicleés load. Animas drawing vehicles deposit
excrement on the road surface. At large construction sites mud is often carried out
by motor vehicles and deposited on adjacent roads; in wet weather this can cause
danger to other traffic by skidding. Traffic wastes are largely unavoidable but
some legislative control is possible in the cases of load spillage and construction
sites.

11.2.3 Behavioural Wastes

The main source of wastes is litter thrown by pedestrians and house or
shop-wastes swept or thrown out of private premises instead of being placed in the
suitable container meant for the purpose. Human spittle and the excrement of
domestic pets also fall into this category and together provide hedth risk, which
arises from street wastes due to inhalation of dust contaminated by dried spittle
and excrement.

Behavioural wastes are largely avoidable provided an efficient refuse
collection service is in operation and litter bins are provided for the use of
pedestrians. But success requires a continuing programme of public education
and awareness backed up by legislation and rapidly operating enforcement
procedures.

11.3 MANUAL CLEANSNG OF STREET AND PUBLIC PLACES

A street normally comprises three distinct paved surfaces. a highway for
motor traffic, and footway on both sides for pedestrians. The footways are dlightly
elevated and are separated from the highway by a kerb and channel. The channel
Is the lowest part of the road structure and serves as a drainage channel during
rainfall; at regular intervals it is provided with outlets for the surface water to the
main drainage system.
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It is rarely necessary to sweep the surface of the highway because motor
traffic creates a turbulence, which carries dust and litter away from the crown of
the road and concentrates it in the channels at the sides. Thus, street sweeping
usually hastwo components: footways and channels.

Footway wastes are mainly light litter and a little dust; in the channels the
proportion of dust and heavy wastes is usually greater. Therefore, the tasks tend to
be different. Footways are large areas with a low concentration of wastes;
channels are narrow strips with a high concentration of wastes, which tend to be

heavy.

Although these principles apply to most streets of a city, the amount of
wastes generated varies in proportion to the level of human activity; thus the
necessary frequency of sweeping can range from several times a day to once or
twice aweek.

11.3.1 Frequency of Street Cleansing

Daily sweeping of public streets is essential where there is habitation close
by. Isolated pockets or roads with little or no habitation around do not require
daily cleansing but at the same time they cannot be ignored. A schedule of street
cleaning should be prepared, prioritizing the roads requiring daily cleansing and
the ones which are need to be cleansed periodically.

The following measures may be taken to ensure regular sweeping of streets
and public places:

11.3.11 Cleansing of Street on a daily basis including Sundays and Public
Holidays

Cleansing of the public roads, streets, lanes, by-lanes should be done daily
if there is habitation or commercial activity on one or both sides of the street. A
list of such roads and streets together with their length and width should be
prepared and a program for their daily cleaning should be worked out by the local
body keeping in view the work norms (yardsticks) prescribed. Roads and streets
with no cluster habitation which do not require daily cleaning may be put in a
separate group and may be taken up for need-based cleaning on aternate days,
twice a week, once a week or occasionally, as considered appropriate by the urban
local body. Similarly a timetable should be prepared for cleaning of open public
spaces daily or periodically to ensure that they do not become dump yards and
remain clean.
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(@  Working on Sundays:

The generation of waste is a continuous process. As waste is produced
each day, collection, transportation and disposal of waste is required to be done
daily. There can therefore be no holiday in street sweeping, primary collection,
transportation, processing and disposal of waste. All local bodies should therefore
re-organize their work schedule and ensure that the Sanitation Department
functions on all days in the year irrespective of Sundays and public holidays. This
does not mean that Sanitation Department staff shall have no weekly off or
holidays. The sweepers and other staff engaged in collection, transportation and
disposal of waste as well as supervison of sanitation services should be given
their statutory weekly off by rotation instead of giving them off on Sunday, by
dividing the staff into seven groups and each group getting a weekly off on one of
the days of the week. Thus one-seventh of the staff should be enjoying their
weekly off on each day of the week. This will necessitate staff consolidation or
creation of additional posts to the extent of one-seventh of the total strength of the
staff in the citieswhere no cleaning is presently done on Sundays.

Alternatively, the staff may be given two haf days (afternoon) off in a
week in lieu of one full day weekly off if the sweepers agree to such an
arrangement. Here the sweepers may leave work after working for 4 hours on two
days out of seven days of the week to make up their weekly off. Perhaps they may
be happy to have two haf holidays instead of one weekly off in a week as they
will have more time for themselves and the family twice a week. However, since
this has legal implications, such arrangements will have to be worked out by
mutual consent.

This arrangement of giving two haf days leave in lieu of one full day
weekly off, may be made applicable to street sweepers and drain cleaners and their
supervisors only and not to the transportation workers or workers engaged in the
disposal of waste as these activities have to continue for full shifts of the day.
One-seventh additional staff may be engaged in these sections of the SWM
department to make up the requirement of working on all the days, or overtime
may be given as per the need to complete the day’ s work.

(b) Review of Holidays given to the staff working in essential services such
as Collection, Transportation, Processing and Disposal of Waste:

The list of public holidays being given to staff engaged in essential services
vis-avis general category staff should be reviewed by the local body. Normally
the number of holidays given to essential services staff are less than half the
number of holidays given to general category staff. After review, the local body
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may finalize the number of holidays to be given to the sweepers and other staff in
SWM and thereafter may make necessary arrangements for the collection,
transportation and disposal of waste on all public holidays by either suitably
compensating existing workers for holiday or by creating additional mechanisms
to carry out the work on public holidays. The staff can also be compensated by
gving additional earned leave in lieu of a public holiday, or additiona
saary/adlowance as deemed proper.  This suggestion does not preclude
continuance of existing arrangements, if any, made by the local body to provide
SWM services on public holidays.

(c)  Substitution of Sanitation Workers:

When any sanitation worker remains absent or proceeds on leave, alternate
arrangements must be made to ensure that cleaning is done as usual. Badli
workers or leave reserve could be used for this purpose. Any other satisfactory
arrangements, which are currently in use for this purpose, may continue. Work
must not suffer on account of absenteeism.

(d)  Prevent open Burning of Waste by Sweepersand the Public:

All Urban Loca Bodies should take measures to prevent burning of tree
leaves and other waste by sweepers on the roadside and direct sweepers to take all
waste to the communal waste storage bing/sites only. Action may be taken against
the erring employees. Where open spaces are available nearby, the leaves could
be rapid-composted and used locally as organic manure for roadside plantations.

114 CLASSFICATION OF STREETS

For the effective planning of manua sweeping it is necessary to classify
streets, or sections of streets, according to the required frequency of sweeping.
The following Table 11.1, shows a typica method of classification with the
frequency of sweepings.

Each city should determine its own frequency requirements and develop an
appropriate classification system. Time studies should then be carried out for each
class of street and the results of these will indicate the length of street that a man
can sweep at the required frequency. For example, time studies may show that for
Class A streets one man can be allocated between 250 and 300 metres, while for
Class F the length may be as great as 1.0 km. In measuring work content,
sub-classification may be necessary to take account of variation in wastes
generation within agiven class.



Table11.1: A Typical Classification of Streets and the Frequency of Sweeping

Class Character of Street Frequency of Sweeping

A City centre shopping Daily

B Market areas Daily

C City centre and minor streets Daily

D Sub-urban shopping streets Daily

E Residential streets (high & low Daily
income)

F Roads and streets having no Once aweek
househol ds/establishments on
either sides

G Sub-urban main streets Twice aweek

H Open space Occasiondly, when required.

(minimum once in afortnight)

On the basis of this information a city can be divided into sweepers beats
which contain fairly uniform workloads, despite great differences in the lengths to
be covered.

11.4.1 Sweeping M ethods
In the norma sweeping Situation of footway and channel there is an

established work method for a single operator which has been designed to
minimize unproductive walking:

1. Park receptacle (normally a handcart) at commencement of section
to be swept.
2. Using wide broom, sweep wastes off footway into channel for a

convenient distance, say 20-50 metres.

3. Sweep channel in reverse direction, ending at parked receptacle;
make intermediate heaps if quantity so required; do not sweep across
drainage grids.

4. Move receptacle up to next section to be swept, picking up heaps on
the way.

11.4.2 Work-normsfor Street Sweepers

Work-norms for street cleansing depends on various factors e.g. city size,




types of residential, institutional and commercia areas, quality and quantity of
refuse generated etc. Suggested work-norms have been given at Para 19.6 in
Chapter 19 on “Ingtitutional and Capacity Building Aspects’.

11.4.3 Working Hours

Different cities have adopted different working hours depending on local
conditions and age-old traditions. It is desirable to start work as early as possible
in the morning so that the city looks clean before the roads and streets get busy in
the morning.

Normally the labour force is required to work for 8 hours and is given half
an hours' recess. Considering the type of work, it is desirable to split the 8 hours
of duty of sweepers into two spells, 4 to 5 hoursin the morning and 3 to 4 hoursin
the afternoon and the work force should be fully utilized in both the spells of
duties. Quite often the work force is utilized in a group in the afternoon hours,
which is highly unproductive. Individual work needs to be allotted to each person
in both spells to ensure full output and accountability. The local body may decide
the duty hours on the above lines and the total hours of work to be taken from the
sweepers, subject to government policy, court orders and union agreements.

115 EQUIPMENT USED FOR STREET SWEEPING

Use of appropriate tool play an important role in improving the efficiency
of the work force. Presently most of the tools utilized by the sanitation workers
are inefficient and outdated and need to be replaced by efficient tools and
equipment. Traditionally the work force resists any change, even if it is for their
good. Persuasion and awareness efforts will, therefore, be necessary to convince
the workforce to adopt improved tools and equipment. Equipment used for
manual street sweepings are; brooms, shovels, and containers. These are
described in the following sections:

11.5.1 Brooms

Instead of using short handled brooms which require bending of the body
while at work, causes fatigue to the workforce and causes back pain in the long
run, the workforce may be advised to use long handled brooms, which will not
require bending, reduce fatigue and increase their productivity. In cities where a
broom allowance is given, or only lsoom sticks are provided to sweepers, they
may be persuaded that long handled brooms may be used or made by them for
street sweeping. While making such brooms, a metal blade which can scrape the



material sticking on the street should be fixed on the top d the broom, or a
separate metal scraper may be given to the sweepers, to remove sticky material
from the street while sweeping.

There is no yardstick about the number of brooms to be given to sweepers
per month. In some cities three brooms per month are given, whereas in other
cities only one broom is given per quarter of a year. One long handled broom per
month is considered to be adequate for street sweeping. The bamboo (long
handle) to which the broom is attached need not be given once a month as it hasa
long life. The same bamboo should be reused while making the broom. The
bamboo may be replaced as and when required. It could be once in six months or
once ayear depending upon the local conditions of the city.

Delhi Model Broom, as shown in Fig. 11.1 is being extensively used in
large cities and towns. General specifications of Delhi model broom are:

L ength of the broom 80-85cm
Weight of the broom 1kg
Binding material 20 gauge M S sheet ring having width of 1.5-2 cm
Handle of the broom Bamboo of 135 cm length, 3-4 cm dia
Weight of the bamboo handle 900 gm
(approximately)

The bamboo sticks should be free from ruts, insects and of good quality.
The handle of the broom should be solid aad smooth in texture and free from
insects. The bamboo should have a pointed edge on one end for proper fixing with
the broom.

11.5.2 Shovels

The function of the broom is to gather the street wastes into small heaps,
which then have to be picked up completely, and placed in a receptacle. The
conventional tool for this purpose is a large straight-blade shovel. However, when
the wastes comprise large quantities of very light materials such as leaves, a
shovel is ineffective because dried leaves fall of or are blown away during
transfer. A good solution to this problem is to use a pair of flat boards, usualy
plywood, between which the wastes are retained by hand-pressure. A typical
design of hand shovel with specification isgiven at Fig. 11.2.
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11.5.3 Container for Transfer of Sweepings

Various types of containers are used by the sweepers engaged in street
sweepings for facilitating easy transfer of street-sweepings from the streets into
the handcarts. Containers, which are rormally used, made up of Cane, Bamboo,
Plastic, Low Density Plastic (LDP), Metal or Fibre Reinforced Plastic (FRP).
While selecting a particular type of container, economic consideration must be
given keeping in view the life of the container. A general description of
aternative containers for sweepersisgivenin Table 11.2.

Table11.2: General Description of Alternative Containersfor Sweepers

Cane Bamboo Other
basket basket material
bin
Plan cross section shape Circular Circular Square
Top dimension (diameter or side) (mm) 440 450 450
Bottom dimension  (mm) 380 350 300
Height (mm) 360 350 500
Weight (kg) 4 1.5 4
Capacity (litres) 25-40 25-40 25-40

11.5.4 Vehiclesand Transfer Facilities
The work of asweeper fallsinto two main parts:

() sweeping, and transferring wastes to receptacle, and

(i)  transporting full receptacle to a transfer point where it can be
emptied.

In terms of sweeping, while the first activity is productive, the second is
unproductive because it represents loss of sweeping time. The am, therefore,
should be to reduce to the minimum the proportion of time spent on transport.
This can be achieved in two ways.

() minimizing the distance over which the collected wastes have to be
transported, and

(i)  providing the maximum size of receptacle for swept wastes.



Variousactivitiesinvolved in thefirst approach are described as under:

An essential feature of the organization for street sweeping is the provision
of a transfer facility within reasonable distance of each beat. The ided
arrangement is for this to be located in the district depot where it is under
continuous supervision. It can take many different forms, but it must not be a
dump on the ground, which would be unhygienic and costly in manpower for re-
loading. The following are systems in common use, and the capacities are based
or; 40 sweepers each of whom brings in 0.5 nt/day, a total for the district of 20
m°/day:

() aside-loaded trailer of 7 m®, exchanged three times aday, and
(i)  asteel skip of 4 m* exchanged five times/day by a skiphoist vehicle.

There is an alternative to the provision of transfer facilities for sweepers:
this is to arrange for every sweeper to be visited about four times a day by a
vehicle into which his full bins are emptied. The system requires very careful
routing and the observance of precise timetables by sweepers and vehicles to
ensure rendezvous without tedious searches. It has the advantage that the sweeper
is able to devote the whole of his time to sweeping, but it does not eliminate the
need for the other depot facilities such as welfare and handcart parking.

The second one which has been seriously neglected in many cities and
towns. Often sweepers are given baskets for the transport of street wastes, as a
result of which they spend most of their day walking to empty the basket instead
of sweeping. The best solution is a handcart, the gross weight of which may be as
much as 50 to 60 kg in level areas and lessin hilly areas.

The handcart design should avoid the need to empty the cart on to the
ground at the transfer place, because this would create the unnecessary task of
shovelling wastes into another vehicle at the time when the wastes is to be
delivered to the disposal site. A better method is to equip the handcart with a
number of portable receptacles that can be lifted off and emptied by one man into
atransfer facility serving a number of sweepers.

The desirable features of a handcart for use by a single sweeper are as
follows:

() frame of light tubular steel, or angle, supporting a platform on which
are placed two or more portable bins,

(i)  whedls of large diameter, with rubber tyres, preferably pneumatic,
ball or roller bearings,
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(iii)  the portable bins should have a capacity of 30-40 litres each,
according to the density of the wastes,

(iv)  brackets should be mounted on the frame of the handcart to carry
three brooms and a shovel.

11.5.5 Hand-Carts/Tricycles

Each sweeper engaged in street sweeping should be given a handcart
having 4 to 6 containers or atricycle having 8 or more containers of 30 to 40 liters
capacity each as illustrated below, for ease of handling. These containers should
be detachable to facilitate the direct transfer of street sweepings and household
waste from the container into the communal waste storage bins. Such containers
should lockable with a chain arrangement. The handcart should have at least 3
wheels ball bearings so that it can be used efficiently. A typical sketch of six-bin
handcart arrangement isshownin Fig. 11.3.

A detailed drawing of a new Handcart (M.S. Wheel Barrow) is shown in
Fig. 11.4 and their specificationsare given in Table 11.3.

A dealed sketch of Polyethylene Container to be used in the Handcart
(M.S. Whed Barrow) for collection and trangportation is shown in Fig. 11.5.
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Table11.3 : Specification of New Design Hand Wheel Barrow
Sl. Material Size Detailsfor No. Quantity | Remarks
No.
1 | M.S Angle 25x25¢5 mm Top frame - 332¢cm
2. | M.S. Angle 25x25x5 mm Bottom frame - 330cm
3. | M.S. Angle 25x25¢5 mm Standing support 4 100 cm
4. | M.S Angle 25x255 mm Bottom frame 1+2 230cm
Section angle
5 | M.S. Tec 40x40%6 mm Bending wheel 2 314cm Each
wheel
6. | M.S. Fa 40x 6 mm Support wheel & hub 12 240cm Dia500
mm each
7. | M.S Hat 20x5mm For axle bracket 2 70cm Wheel
need
8. | M.S.FHat 20x5mm Barrow Section Flat - 710cm 6 supports
9. | M.S. Square 25x25mm Axle 1 100cm
bar
10. | Round head 32x10mm Riverting 2wheds | 12 No.
rivet
11. | Round head 25x8mm Riverting 2wheds | 12 No.
rivet
12. | Hexagond 40x 10mm Axle & Bracket 2 side 4 Nos.
bolt
13. | M.S. Washer | 25x50 mm- 2side | 4Nos.
16G thick
14. | Cotter pin 6 x 50 mm length TOjoint 2side 2 No.
15. | C.l.Hub Completewithaxic | Each side. 2side 2 No.
hole20 mm
support hole 6 no.
with turning etc.
The weight of the
hub 3.5 kg.
16. | HDPE Wheel | 8'x3'x1" HDPE Front side of the 1 1 No. HDPE
Wheel Red colour | Barrow Material
17. | Bearing 6204 2Z For wheels 2sides | 4 Nos. Standard
quality.
18. | Gavanise 20 mm B grade For handle - 127¢cm
tube
19. | Black and Barrow should be With two
corrosive painted coatsinside &
paint outside.
20. | M.S. Bush CD=25mmwadl For two sides of the 2sides | 2Nos.
thickness-3mm wheel
21. | M.S. Angle 25x25¢5 mm For handle 2Nos. | 114cm

Note:

Every whed barrow should be equipped with 1500 mm long 5 mm MS chain and 7 Lever
Jalaram lock. For each whed barrows MS chain should be provided with fitting
arrangement.
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11551 Specifications for Polyethylene Container to be used in the
Handcart (M.S. Wheel Barrow) for Collection and Transportation
of Solid Waste

The polyethylene container having size of 325 mm X 325 mm at the top
and 290 mm X 290 mm at bottom with overall height of 325 mm shall be designed
for transferring solid waste to the communal waste storage sites. It shall be made
from durable material. The moulded polyethylene container shall be made from
one piece moulding process. It shall have top-rim outside and embossment as per
requirement.

The bottom of container shall have four holes of 10 mm dia. It shall be
drilled at the corners. Inbuilt suitable stiffener shall be provided in the bottom and
15 mm wide and 10 mm deep and suitable stiffener must be provided on both the
side other than the handle fixed sides. Built-rim shall be provided at bottom for
easy handling and tilting container.

A handle shall be provided at top of container. The handle shall be made
from 8 mm MS bar and both ends of handle shall be fitted with rivets by placing
inside and outside M S strips.  The fixing arrangement shall be such that it can hold
handle firmly and easily so also tilting and lifting can be done.

TOLERANCES: 1 or — 3 mm except wall thickness

THICKNESS: All side should be 3 mm thick.
Tolerances of +/ - 5% will be allowed.
Bottom should be 4 mm thick.

11.55.2 Material of Manufacture

The material for the manufacture of moulded polyethylene garbage bins
should be virgin and of the best quality. The material should aso conform to the
standards asindicated in Table 11.4.

11.6 CLEANSING OF SURFACE DRAINS

In many cities there are open surface drains beside the road, into which
guite often the sweepers and the public dispose of waste unauthorisedly. These
drains need to be cleaned on a regular basis to permit free flow of waste water.
Action should be taken to ensure that sweepers and citizens do not dispose of any
waste into drains.
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Table11.4 :

Propertiesand Standards of the M aterial

SI.No. | Property Testing method Unit Value
1. Density |S-7328-1992 Gm/cn’ > 0.930
2. Melt Flow Index |S-2540-19631 GM</10 min 1.5t05
3. Tensile strength |S-8543-84 part- Kg/cm? 120

4/sec 7 1996
4. Flexural modulus 1S-13360 part- K g/cm? 3000
5/sec 7 1996
5. Hardness (shore) 1S-13360 part- D scale > D 50
5/sec 11992
6. Vicat Softening |S-1336 part- > 90
Temp 6/sec 1 1992
7. Impact strength 1S-12701-1996 Jmm? No puncture
(2.5 kg/1 mts) or damage
8. Weathering |1S-22530-1963 No. 4 gray
- Colour fastness scde

- Accelerated Ultra
Violet Test (Q.U.V.)

ASTM-G-53, (50°C) -

should betested with
Q.U.V test type
acceler ated weather o-
meter for 200 hours.
Tensile strength and
flexural modulus
should each be not
lessthan 70% of

the values before
exposure.

Theinternal form and surface of the container shall be such that it will not trap the

contents.

There shall be no sharp edges anywher e on the container

The internal and external surfaces shall be smooth and non porous, free from
cracks, splits, dents, distortion, blisters, voids, air bubbles and other surface

blemishes or defects.

The bins are expected to be used in outdoor conditions. They should be UV
stabilized and should be able to withstand outdoor weather conditionsin India.

Initially, drain cleaners reporting to the Solid Waste Management
Department should be given the work of cleaning shallow surface drains (not more
than 60 cms) upto 500 meter length per day and this length may be increased as
soon as the discharge of solid waste into the drain is substantially reduced.
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Necessary tools should be given to the drain cleaners. They should aso be given
suitable seamless handcarts and shovels for transferring the silt to sites identified
for depositing it. The periodicity of cleaning such drains should be worked out
based on the conditions and frequency of clogging of drains. The Roster of
Cleaning of such drains should be worked out and strictly followed.

Whatever waste is removed from the drains should not be allowed to
remain outside the drain for long for drying. It would be desirable to deposit the
wet silt into a seamless handcart as soon as it is taken out from the drain. If that be
not possible or found difficult, the silt may be allowed to dry for about 4 hours
outside the drain before transporting the semi-solid silt for disposal.

In specia situations a maximum of 24 hours should be allowed for removal
of such waste. Seamless handcarts may be used for transfer of silt from the
surface drain site to the waste storage depot. Shovels should be used for
transferring the contents from the seamless handcart or tricycle to a larger
container kept at the temporary storage depot or communal waste storage site.

If this work can be contracted out the contractor should ensure that the silt
removed from the drain is similarly lifted promptly and taken to the disposal site
as per the terms of contact.

11.7 REMOVAL OF SLT FROM UNDERGROUND DRAINY
MANHOLES

The work of removal of silt from underground drains or manholes, storm
water drains or surface drains deeper than 600 mm, should be done by the
Engineering Division of the local body and this work should not be entrusted to
the SWM department. The silt so removed should not be kept on the
road/footpath for drying. This waste should be removed on the same line as
suggested for silt removed from the surface drains. Wet waste only be removed
immediately from the main roads and not less than in 4 hours and in other areas
within 24 hours and taken to the disposal site to prevent nuisance and health
hazards. This waste should not be taken to the compost plant, but may be used as
landfill cover.

11.8 MECHANICAL SWEEPING

Most mechanical sweepers are suction machines, usually assisted by one or
more revolving “scarifying” brushes for dislodging adhering matter. They range
in size from small pedestrian-controlled pavement sweepers to large channel
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sweepers, which often have an auxiliary engine to provide suction. The smallest
machines operate at about 3 kmph, the largest at 8 kmph or faster. Some of the
latter can be fitted with a wander-hose which can be controlled by an attendant and
used to pick up refuse from inaccessible places; for example dry leaves from a
drainage ditch.

Pavement sweepers are not usually practicable for cleaning normal
footways because of obstructions such as lamp-columns, and the presence of
pedestrians. Their main application is for very large paved areas such as central
reservations and car parks. When they can be deployed effectively, they are very
efficient for the removal of fine dust.

Channel sweepers have the same virtue, but they aso have serious
limitations, in particular:

() no car parking can be alowed on mechanical sweeper routes,

(i)  well-engineered roads are essential, particularly channel and kerb
alignment,

(iii)  the serviceability of mechanical sweepers is low compared with
most other vehicles,

(iv) they are subject to damage by heavy objects lying on the road, or
during travel over rough ground at disposal sites.

One function for which channel sweepers are supreme is the cleansing of
heavy traffic roads on which the employment of manual sweepers may be
dangerous. For this purpose, and also for one-way streets, the machine must be
capable of working in either the left or the right-hand channel.

11.9 INSTITUTIONAL ARRANGEMENT FOR MANUAL SWEEPERS

For the effective management of sweepers, and for the transfer of their
collected wastes, depots are required with the following facilities:

() office for the district supervisor, where sweepers book on and off,
(i)  parking areafor handcarts with minor repairing facilities,

(iii)  tool and equipment store,

(iv)  transfer facility for sweepings,

(v)  toilet and welfarefacilities.
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Each depot should be located, as far as possible, at the centre of a sweeping
district, the area of which will be determined by the number of sweepers and the
lengths of their beats. In a city centre beats will be short and there may be more
than 40 sweepers employed per square km; thus depots may be required on a grid
of 1 km. In this case the average walking distance from beat to depot would be
less than 500 metres. In a sub-urban residential area the number of sweepers per
square km may be one or even less, and thus the depots would be more widely
spaced. For example, a depot employing 20 sweepers may serve a district with an
area of 25 km® equivaent to a grid of 5 km. In this case the average walking
distance between depot and a beat could be 2 km and, therefore, the beats should
be planned radially, to permit working on an outward and return basis each day.

11.10 LEGISLATION

Because of the behavioural origins of a large part of street wastes,
legidation can often assist in achieving higher standards of cleanliness and
reducing the total workload. Legislation on street cleansing has been incorporated
in detail in Chapter 24 on “ Legal Aspects’.
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CHAPTER 12
WASTE STORAGE DEPOTS

121 INTRODUCTION

This is the third essential step for an appropriate Solid Waste Management
System. All the waste collected through Primary Collection System, from the
households, shops and establishments has to be taken to the processing or disposal
site either directly necessitating a large fleet of vehicles and manpower or through
cost effective systems which are designed to ensure that all the waste collected
from the sources of waste generation is temporarily stored at a common place
called "Waste Storage Depots' and then transported in bulk to the processing or
disposal sites. Such temporary arrangement for storage of waste is popularly
known as dust bin, Dhalavs,etc. This facility has to be so designed that the system
synchronizes with the system of primary collection as well as transportation of
waste.

122 THE PRESENT SCENARIO

In India, the system of providing waste storage depots is most inefficient,
unhygienic and unscientific, posing a serious threat to the public heath and
environment. In most cities, waste storage depots are of the following types.

1. Open sites,
Cement-concrete-cylindrical bins,
Masonry bins,

Metal rings,

Dhalavs, etc.

a bk D

At some places metallic containers are also placed. Deposition of waste at
the open waste storage sites is most unscientific and unhygienic. The waste is just
dumped at such sites from the wheel barrows/hand carts and waste remains littered
around such gites causing insanitary conditions, foul smells, environmental
pollution besides giving unsightly appearance till it is removed as could be seen
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from the photographs in Fig. 12.1. This waste aso necessitates multiple handling
till itisfinally disposed off.

FIG.12.1 OPEN WASTE STORAGE DEPOT

Similar is the position of cylindrical and masonry bins where waste
overflows outside the bin as these are poorly designed and not user friendly.
Sweepers do not put the waste in such bins and instead throw the waste outside the
bin due to wrong design of the handcart and inappropriate size of the bin as shown
in the photograph in Fig. 12.2. These bins necessitate multiple as well as manua
handling of contaminated waste.

Large concrete bins or "dhalavs' are constructed at some places for bulk
storage of waste. These designs are also unsuitable as sanitation workers do not
take the waste inside but throw the waste at the entrance blocking the passage.
Waste is thus seen more outside the bin than inside. Waste stored at such depots
also necessitates multiple handling.

12.3. MEASURESTO IMPROVE THE STUATION

The solid waste collected from the doorsteps or from the community bins
through the primary collection system needs to be unloaded and stored at
convenient places for its onward transportation in a cost-effective manner.
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Temporary waste storage depots which synchronize with primary collection and
transportation system are, therefore, required to be located at suitable sitesin lieu
of open waste storage sites, and in replacement of cylindrical cement bins,
masonry bins, Dhalavs, etc.

FIG.12.2 USE OF ILL-DESIGNED WASTE STORAGE DEPOTS
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124 STEPSTO BE TAKEN BY THE LOCAL BODY

The local body, taking into consideration that there is adequate space to
place one or more containers of 3 to 10 cu.m size, the proposed waste storage
depot would not obstruct the entrance of any building, would not cause hindrance
to the traffic, there is adequate space for the movement of vehicles which come to
pick up the container, should identify suitable locations at a distance not exceeding
250 metres from the work place of sanitation workers where waste storage depots
facilities can be created. As far as practicable, such depots should be created at
the existing unhygienic waste storage depot sites to minimize the objections from
the people. As soon as such sites are identified, the sites should be prepared in
such a way that a large size closed body container/containers can be placed at the
site and it becomes possible to bring waste up to such containers easily and
transfer the contents from the hand carts. It should aso be possible to remove the
container or replace with the hydraulic vehicle without causing inconvenience to
the people and obstruction to the traffic. Soon thereafter all open waste storage
sites should be abolished expeditiously and all dust bins made of cement pipes,
metal rings, masonry construction, Dhalavs, etc., should also be replaced in a
phased manner by a neat mobile container placed at the site identified for
deposition of waste through containerised hand carts/containerised tricycles etc.,
bringing waste from the door steps, from the community bins and from the streets.

12.5. OPTIONSFOR SELECTION OF CONTAINERS

There are variety of containers, which can be placed at the waste storage
depots. Thelocal body may consider one or more options stated below.

Depending on the quantities of waste likely to be deposited at the
temporary waste storage depots, provide one or more large metallic
containers (3 to 10 cu.m) with lid as illustrated in Fig. 12.3 at the Waste
Storage Depots.

Distance between the Depots

Such depots should be at a distance not exceeding 250 meters from the
place of work of the sweepers. The distance between two bins should, therefore,
not exceed 500 meters. The distance between the bins can be determined on the
basis of the load of garbage/refuse that is likely to be received at the container
from the area concerned.



FIG.12.3 CONTAINERSPLACED AT THE WASTE STORAGE DEPOTS

Flooring below the containers

The bins should be placed on cement concrete or asphalt flooring having a
gradual slope towards the road to keep the site clean as shown in the photograph at
Fig.12.4 below. The design and specifications for construction of flooring for
placing the containers may be seen kept at Annexure-12.1. Rectangular flooring
should be done in such a way that the container is kept in the centre as shown in
the photograph in Fig. 12.3 and there should be paved space left on both sides of
the container to facilitate transfer of waste from the hand cart / tricycle into the
container. The flooring should be flush with the border of the road to maintain
hygienic conditions and facilitate early transfer of waste from the handcart/tricycle
into the container. A catch pit may be provided close by, if storm water drains
exist in the city.



FIG. 124 CEMENT CONCRETE FLOORING FORPLACEMENT OF CONTAINER

At places where due to narrow roads, it may be found difficult to place
container as shown above. The container may be placed lengthwise to
facilitate loading from the front side only. Transportation of container in
such a situation may have to be done from the side of the road as shown in
Fig. 12.5.

FIG. 125 CONTAINERSPLACED LENGTHWISE ON NARROW STREETS
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In areas where placement of large containers is inconvenient on account of
congestion, narrow roads, etc., one or more small containers of 0.5 to 1.00
cu. m. size as illustrated in Fig. 12.6 may be placed on the roads, lanes and
by lanes at short distances not exceeding 100 meters. These bins should
also be kept on paved flooring as shown in option (1) and cleared daily.

FIG. 126 SMALL CONTAINER PLACED AT SHORT INTERVALSIN
LIEU OF LARGE CONTAINER

In highly congested areas where it is difficult to place containers or send
out a vehicle to collect waste from such bins, the local body may press into
service small waste collection vehicles for direct transfer of waste from the
hand cart/tricycles into such vehicles. Such vehicles can be parked a
suitable locations/junctions in the congested areas for a few hours in the
morning where sweepers can bring the waste easily as can be seen from the
photograph in Fig. 12.7.
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FIG.12.7 SMALL WASTE COLLECTION VEHICLESUTILIZED FOR DIRECT
TRANSFER OF WASTE

In small cities where the local body feels that it will be difficult to maintain
hydraulic vehicles for transportation of such containers, it should place a
low bed Tractor Trolley or containers., which could be towed away by a
tractor or a similar prime mover at the temporary waste storage site. The
flooring should be paved for placing such trolleys or containers and
maintaining hygienic conditions.

12.6 CRITERIA FOR PLACING LARGE SIZE CONTAINERS AT THE
WASTE STORAGE DEPOTS

As fa as practicable large sized closed body containers may be placed at
the temporary waste storage depot to minimise the cost of transportation. The
density of Indian waste is generally 500 Kgs./ cu. m. So containers of 1 cu. m.
volume would be required per 500 Kgs. of waste depending on the quantity of
waste expected to be recelved a the waste storage depot each day. The
container/containers of at least twice the capacity may be placed at such locations
to prevent over flow of bins and have freedom to lift the bin at the local body's
convenience. For instance, if at one location two towns of waste is expected,
depending on the density of waste, a container of 4 cu. m. capacity is necessary to
hold the waste. Two containers of 4.0 to 4.5 cu. m. may be placed a such
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locations so that there will be no over flow and the container when about to be
full, can be lifted.

If the total quantity of waste to be transported in the city each day 100
tonnes i.e. 200 cu.m., the local body should place containers having a total
capacity of at least 400 cu.m. This will create 100% spare capacity which will
avoid the over flow and enable the local body to transport the containers in any
shift or on the alternate day or even twice a week depending on when the container
getsfull.

Such containers can be made of various designs with a variety of
specifications by private sector. What is important is that the container should
have the designed capacity, good strength, the loading height less then one metre
so that it may not be difficult for sweepers, particularly female sweepers to
transfer the contents from the hand carts container into the large container. A
typical design and specification for 7cu.metre container may be seen at Annexure-
12.2. This design or specification may not be taken as a standard recommended
design. Itisjust an example

12.7 MAINTENANCE OF WASTE STORAGE DEPOTSCONTAINERS

A periodical inspection should be carried out once in three months of the
waste storage depots and any damage caused to the flooring, screen walls, etc.
should be repaired.

Waste storage container and hand cart which bring waste to the waste
storage depot should be repaired expeditiously as soon as reported by sweepers
and they should be given replacement against taking their hand carts / containers
for repair so that the work does not hamper.

Large containers generaly have a strong frame and the metal sheets of the
container get corroded if not well maintained. Annua painting of the container
from inside and outside must be carried out for increasing the life and better
appearance of containers.

When the metal sheets of large containers give way, the entire container
need not be replaced; only the sheet may be repaired or replaced. It is only when
it is felt that its main frame has given way and repairing is not possible the entire
container may bereplaced. A large container should normally last 12 to 8 years.

Hand-carts generally last 4 to 5 years but containers may last only 1 to 2
years. Containers as and when worn out should be replaced maintaining adequate
stock of the same in the work-shop or in the solid waste management departmental
stores.

227



ANNEXURE-12.1

The specifications for construction of waste stor age depot.

. The waste storage depot shall be of 20 ft. x 20 ft., 30 ft. x 30 ft., 60 ft. x 30 ft.

for placing one, two and three containers respectively.

. The three sides of the waste storage depot should be of 6" thick RCC wall
having 4 ft. height.

. There shall be RCC flooring of 6 inch thickness.

. The flooring height shall be 6 inches above the ground from the farthest end
touching the screen wall and shall gradually taper down to the ground level.

. An approach road should be made from the road to the waste storage depot for
the hand carts to reach conveniently the container placed on the flooring of the

depot.



SKETCH PLAN FOR RCC WASTE STORAGE SITE (30' x 20')



ANNEXURE -12.2

GENERAL SPECIFICATIONS OF 7 CUMT. CAPACITY GARBAGE

CONTAINERSTO BE HANDLED BY 7CUMT.D.P.UNITS

1.

9.

10.

Container should be of 7 CU.MT. volumetric capacity & should be strong
enough to handle the garbage of its maximum capacity.

Container shall have its—

- Bottom plate (i.e. floor of 5 MM thick M S plate

- Sides, front & top portion of 3 MM thick M S sheet.

- Rear door of 3 MM thick M S sheet.

- 4 nos top lids/windows of 1.6 MM thick MS sheet having diagona
angle support inside the window for its sturdiness.

There should be minimum 4 nos. cross stiffner/cross members, along the
length of the container with end to end. Cross member should be minimum
of ISMC-75 size MS channel.

There must be 2 nos. longitudinal channels beneath the floor to strengthen
the floor of minimum ISMC-75 size MS channel.

All the plate/sheet joints at container edge/border must be supported with
continuous M S angle of minimum 40 x 40 x 6mm thick size.

Anglefor rear door & top lid should be of 25 x 25x 3 mm.
Container outerside shall be coloured as per requirement.

- Internally coloured with black anti-corrosive epoxy paint.

- Bottom of the container shall also be painted with black anti-
corrosive colour.

- Prior to painting 2 costs of primer/red oxide shall be applied as per
the paint manufacturing standard.

- Colour must be of first class quality of Nerolac/Asian/Berger/J&N or
equivaent standard brand.

Local Body’slogo shall be painted as per instructions.

First sample container should be got approved from the Local Body.

Suggestiong/instructions given by the representative Loca Body, shall be
implemented during the inspection.
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CHAPTER 13
TRANSPORTATION OF WASTE

13.1. INTRODUCTION

Trangportation of the waste stored at waste storage depots at regular
intervals is essential to ensure that no garbage bins/containers overflow and waste
is not seen littered on streets. Hygienic conditions can be maintained in
cities/towns only if regular clearance of waste from temporary waste storage
depots (bins) is ensured.

Transportation system has to be so designed that it is efficient, yet cost
effective. The system should synchronize with the system of waste storage depot
and should be easily maintainable.

13.2. THE PRESENT SCENARIO

13.2.1 Inefficient and Unscientific Manual Loading of Waste

In most of the cities'towns there is no synchronization between waste
storage depots and transportation of waste. Waste stored in open spaces is either
loaded manually or with the help of loaders in traditional trucks. Manual loading
takes time and reduces the productivity of the vehicles and manpower deployed.
Besides, manua handling of waste poses a threat to the health of the sanitation
workers as the waste is highly contaminated. (See Photographsin Fig.13.1)
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Fig. 13.1 MANUAL LOADING OF WASTE

Loading through loading machine necessitates large quantities of waste
collected in open, as could be seen from the photograph below.



Fig. 13.2 LOADING OF WASTE THROUGH FRONT END LOADER & TRUCKS

Here the loading operation is cheap but the loaders can not clean waste
storage depots fully, besides loading machine damage the flooring and screen
walls very often necessitating frequent repairs. If repairs are not carried out on
time, the damaged flooring becomes a source of nuisance.

In cities where Dhalavs or large masonry bins are used, waste is not
regularly removed from inside of such structures and loaders can not effectively
function for removal of waste from the corners of such structures. Leftover
(uncollected) waste putrefies and emanates foul smell causing nuisance and
insanitary conditions.

13.2.2 Irregular Transportation

Cities and towns generaly have limited fleet of vehicles and most of them
are old necessitating frequent repairs with the result the transportation of waste
does not take place regularly. The waste is generally seen lying in heaps or
scattered at the unscientifically designed dust bins giving unsightly appearance
besides causing nuisance and unhygienic conditions.
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13.2.3 Under utilization of Fleet of Vehicles

Most of the vehicles are manually loaded and the lorries which can easily
take 5 to 6 tonnes of solid waste in one trip, carry only 1-3 tonnes of waste as strict
monitoring system does not exist. In severa cities, small vehicles and even
bullock carts are taken directly to landfill sites located at long distances. This
makes the transportation operation very inefficient and uneconomical.

13.2.4 Open Trucks Cause Nuisance

Open trucks loaded with garbage wade through cities and towns as shown
in Fig.13.3(@) & (b) below. They emanate fowl smell and cause nuisance to
people. A places where cover material is arranged, covering of trucks is done
half-heartedly and nuisance continues.

Fig. 13.3(a) GRABAGE LOADED IN OPEN TRUCKS CAUSING NUISANCE
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Fig. 13.3(b) GARBAGE LOADED IN OPEN TRUCKS CAUSING NUISANCE.

13.2.5 Non-Routing of Vehicles

In cities and towns, by and large, transportation net work is illdesigned.
Waste storage depots are not cleared at regular intervals and more or less fire
fighting operations are carried out by local bodies. These sites are attended to
more on the basis of the complaints received or pressure brought on local staff
rather than following a system of regular removal of waste from waste storage
depots. The system of routing of the vehicles and the clearance of the bins on day
to day basisthus generally breaks down.

13.2.6 Transportation of Waste from Hotels, Restaurants, Hospitals,
Construction Sites, Etc.

In many cities there is no separate system of collection and transportation
of such wastes and waste from the above sitesis not cleaned regularly.
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13.3. MEASURESTO BE TAKEN TO IMPROVE THE SYSTEM

Looking to the present situation, transportation of waste has to be planned
scientifically to bring about atotal change in the existing system.

System of transportation should be such that it can be easily maintained
departmentally or through private garages and the system should appropriately
match with the system adopted for the storage of waste at the waste storage
depots. Manual loading should be discouraged and phased out expeditiously and
replaced by direct lifting of containers through hydraulic system or non-hydraulic
devices or direct loading of waste into transport vehicles.

Transportation of waste should be done regularly to ensure that the
containers /trolleys and dustbin sites are cleared before they start overflowing. The
frequency of transportation should be arranged accordingly. The system of
transportation of waste must synchronize with bulk storage of waste at the
temporary waste storage depots. nmultiple and manual handling of waste should be
avoided.

13.4. STEPSTOBE TAKEN TO MEET THE ABOVE OBJECTIVES
13.4.1. Domestic/Trade/l nstitutional Waste

Transportation of waste from temporary waste storage depots/sites may be
planned in accordance with the frequency of containers becoming full. The
locations where the containers are placed may be grouped into four categories as
under:

Containers which are required to be cleared more than once aday.
Containers which are required to be cleared once a day.
Containersto be cleared on alternate days.

Containers, which take longer, time to fill and need clearance twice a week.

It may be ensured that vegetable, fruits, meat, fish market waste is removed
at least once in aday.
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13.4.2 Routing of Vehicles

Depending on the containers to be cleared each day, the route for lifting
containers may be worked out avoiding zigzag movement of vehicles to the extent
possible. Thiswill save alot of fuel and time.

13.4.3 Useof Vehiclesin Two Shifts

All the \ehicles may be utilized in two shifts to lift containers, to ensure
full utilization of the fleet of vehicles and to reduce the requirement of new
vehicles.

Transportation of waste during night time may be done in areas where there
is serious traffic congestion during the day and it hampers solid waste
management operations. Work at night will increase the productivity and reduce
the cost of such service.

13.4.4 Type of Vehiclesto beUsed

Vehicles which can synchronize well with containers placed at temporary
waste storage depots should be utilized for transportation to prevent multiple
handling of waste. The selection of the type of vehicles should also be done
keeping in mind the quantity of waste to be transported, the distances to be
travelled, the road widths, road conditions, work shop facilities, etc.

In cities above 5 lac population, hydraulic vehicles could be used.
Following type of vehicles or similar vehicles could be used for transportation of
waste.

(i) Container lifting devices such as Dumper placers/skip lifters or similar
other vehicles may be used for transportation of large size containers to
transfer stations or to disposal sites asillustrated in Fig.13.4.

(ii) At places where small size containers of 0.5 to 1.0 cu.m. may have been
placed, the refuse collector machine without compaction devices of 6 to |15
cu.m. capacity having top or back loading facility may be used. This
vehicle, instead of transporting the container as shown in Fig.13.4 above
lifts and unloads the contents of the gmall container into the body of the
vehicle through a hydraulic system and puts the empty container back in
place as shownin Fig.13.5.
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Fig. 134 TRANSPORTATION OF LARGE CLOSED-BODY CONTAINER

FIG. 13,5 LIFTING OF SMALL CONTAINER FOR EMPTYING THE CONTENTS
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(iii) Transportation from Congested Areas

(iv)

Local bodies should provide facility of direct loading of waste in small
vehicles in the congested areas where small vehicles may be parked at
suitable locations during primary collection and sweepers may be directed
to transfer the waste from the hand carts directly into vehicles, as shown in
Fig. 13.6 below.

Fig. 13.6 PRIMARY COLLECTION OF WASTE THROUGH A
SMALL VEHICLE

The waste so collected in small vehicles may be taken to the nearest
transfer station to transfer the contents into a large container by using a
ramp to reduce the cost of transportation.

In small cities with poor repairs and maintenance facility, where hi-tech
vehicles may not work efficiently, tractor-trolley combination or lifting of
containers or toeing of containers by tractors may be utilized. Simple

hydraulic tipping-trailers are recommended to avoid manual unloading at
Processing Plants or disposal sites.
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13.4.5 Bio-Medical Waste From Hospitals, Nursing Homes, Health Care
Establishments Etc.

Transportation of bio medical waste has to be arranged by waste producers
or their associations. The instructions contained in the Biomedica Waste
(Management and Handling) Rules 1998 may be followed. The recommendations
made in the Chapter-7 on biomedical waste may be followed. Adequate protective
clothing must be used by the staff handling biomedical waste as illustrated in the
photograph in Fig. 13.7:

Fig. 13.7 STAFF ENGAGED IN TRANSPORTATION OF BIOMEDICAL WASTE

13.4.6 Transportation of Waste From Hotels & Restaurants

Hotels and restaurants waste should be collected once or twice daily
through a contract given by the associations of hotels and restaurants, or at their
request by local bodies on cost recovery basis. Doorstep collection system may be
introduced for collection of such waste. Either refuse collector with back loading
facility or motor vehicle with close body may be used. The entire collection and
transport system could be privatized and rates may be prescribed by the
associations or local bodies. 33% spare vehicles may be kept in reserve to ensure
reliable service.
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13.4.7 Transportation of Construction Waste and Debris

Disposal of construction and demolition waste and debris is the liability of
waste producers. If such waste is not promptly removed within a reasonable time
prescribed by the local body, it may be removed by the local bodies themselves on
full-cost-recovery basis. One of the following methods may be adopted for
transportation of construction waste and debris:

In very large cities where a skip-renting system can be introduced, the skips
may be transported by hydraulic system a a time mutually agreed upon
between the local body and waste producer. See photograph in Fig. 13.8.

Fig.13.8 SKIPUTILIZED FOR TRANSPORTATION OF
CONSTRUCTION WASTE/DEBRIS.

When sufficient cost-recovery fee is deposited in advance by waste
producer for removal of construction waste, such waste may be loaded
mechanically into skips or vehicles using front-end-loaders. One front-end-
loader and 3 to 4 trucks can transport 100 to 150 tonnes of construction
waste in one shift.

In small cities under 5 lac population, construction waste may be manually
loaded into trucks/ or tractor trolleys and transferred to disposal sites.
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Since al such waste must be cleared sooner or later, the more promptly this is
done, the cleaner the city will be and there will be less traffic obstruction.

13.4.8 Transportation of Waste from Narrow L anes

Quite often small quantities of waste are disposed of in narrow lanes, which
cannot be removed by sending out the usual transport vehicles. Loading rickshaws
or traditional carts or animals may be used for removal of such waste manually but
very promptly.

13.5. SETTING UP OF TRANSFER STATIONS

In large cities where disposal sites are more than 10 km. away from the city
boundary and smaller vehicles are used for transportation of waste, it may prove
economical to set up transfer stations to save transportation time and fuel provided
such cities have a good performance record of vehicle maintenance and adequate
facilities to maintain large size vehicles and containers. Large size 15 to 20 cu. m.
contai ners could be kept at transfer stations to receive waste from small vehicles.
A ramp facility may be provided to facilitate unloading of vehicles or dumper
places containers, directly into large containers at transfer station. Construction of
complicated and expensive transfer stations must be avoided.

The requirements of large containers and vehicles may be worked out on
the basis of the total quantity of waste expected to be brought to the transfer
station and the number of trips the vehicles will be able to make in two shifts each

day.
13.6 LIFTING OF WASTE FROM TRANSFER STATION

In cities where transfer stations have been provided, to economize the cost
of transportation of waste, large containers of 15 to 20 cu.m. may be used and
lifted by specially designed vehicles which can carry big size containers duly
cleared by regional transport authorities.

13.7 WORKSHOP FACILITY FOR VEHICLESMAINTENANCE

All local bodies must have adequate workshop facilities for the
maintenance of their fleet of vehicles and containers, handcarts etc. Such facilities
may be created by local bodies departmentaly or through a contractual
arrangement. The workshop, public or private, should have adeguate technical
staff, spares and preventive maintenance schedules to ensure that at least 80% of
the vehicles remain on the road each day and the down time of repair/maintenance
is minimised to the extent possible. Spare assemblies should be kept available
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which could be given as replacements until necessary repairs are carried out. The
workshop should be preferably headed by an automobile or mechanical engineer.

Cities which use hydraulic equipments such as dumper placers, refuse
collectors, etc., should as far as possible give contract to the manufacturers of the
equipment or to their, authorized agents or to reliable workshops in the city for the
repairs and maintenance of vehicles to keep the fleet of vehiclesin a good working
condition. In such cases, daily checking, 15 days checking, checking after 2000
Kms and 4000 Kms. may be carried out departmentally and checking after 20,000
Kms could be got done through a private garrage which has been given contract.
Generally this will take about an year when some major repairs would be required
in the vehicles, which could be done through a contractor.

In cities where such an arrangement is not possible or local bodies desire to
maintain the fleet of vehicles departmentally, they should appoint adequate
technical staff, in the workshop for maintenance of the fleet of vehicles as shown
in Table 13.1 below and should have a schedule of preventive maintenance for the
vehicles as shown in Annexure-13.1. This Annexure shows the items to be
checked daily, fortnightly/ after 2000 Kms., after the 4000 kms, etc., in case of
hydraulic mounted vehicles. Similar schedule of maintenance for the trucks
utilized for handling garbage is given in Annexure-13.2, which also shows the
preventive maintenance schedule after running 24000 Kms.

Table-13.1
STAFF REQUIREMENT FOR MAINTENANCE OF VEHICLES

R. DESIGNATION VEHICLES | VEHICLES | VEHICLES [ VEHICLES
NG 5 10 25 50
1. | Fitters 1 1 4 6
2. | Electricians 1 1 2 2
3. | Tyrefitters - - 1 2
4. | Body smith - - 1 1
5. | Welder - - 1 1
6. | Supervisors - 1 2 2
7. | Mechanics 1 1 2 2
8. | Helpers/Cleaners 1 2 4 6
9. | Storeclerks - - - 1
10. | Maintenance Incharge - - - 1
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Team incentives should be introduced in departmental workshops to ensure
that more than 80% of vehicles remain on the road throughout the month.

Type of standard tools required in the workshop.

If local bodies decide to maintain the fleet of vehicles departmentally, the
minimum tools required in the workshops are given in Annexure-13.3

The workshops should preferably be run in more than one shift. Technical
staff as per the requirement may be kept in the second or third shift to ensure
optimum utilization of the fleet of vehicles of local bodies.

Since waste-transport vehicles have a useful life of 810 years, financial
planning must ensure timely replacement of vehicles to minimise down time and
repair costs.

13.8 FLEET OF VEHICLESTO BE MAINTAINED

Every local body should work out the need of vehicles as under.
() No. of containers placed in the city.
(if)  No. of containersto be removed on day to day basis.
(iii) No. of containersto belifted 1%, 2" and/or 3" shift.
(iv)  Distanceto betravelled.
v) No. of containers avehicle can lift in one shift.

Normally during the busy day time 4 to 5 containers can be transported
from the city to the processing or disposal site if distance to be travelled is
within 5to 9 Kms. The no. of trips could be more if the distance to be
travelled is less than 5 Kms. And could be less if distance to be travelled is
more than 9 Kms. More trips could be made if transportation is carried
during night time when the roads are free from traffic flow.

(vi)  No. of vehiclesrequired to lift the required No. of containersin two shifts.
(vii) Stand by vehiclesrequired @ 30% of thetotal vehiclesto be used each day.
(viii) Tota no. of vehiclesrequired on the fleet.

It must be ensured that local bodies remove daily quantities of waste equal
to the total quantity of waste produced each day to avoid any backlog, which can

be estimated by taking all the vehicles small or big, carrying waste to the waste
treatment/disposal site through a public weigh bridge for at least 3 days
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continuously or correctly estimate the quantities of waste transported each day
taking into consideration the volume and density of the waste being transported on
day-to-day basis. Some studies, conducted by NEERI, Nagpur in past have
estimated waste generation rates as per Table 13.2.

TABLE 13.2

POPULATION RANGE AVERAGE PER CAPITA WASTE
GENERATION (IN GRAMS)

1,00,000 to 5,00,000 210
5,00,000 to 10,00,000 250
10,00,000 to 270
20,00,000

20,00,000 to 350
50,00,000

50,00,000 and above 500*

Source: NEERI. Strategy. Report on SWM in India
* Presently 600 gm.

13.9 PARKING OF WORKSHOP VEHICLES

Small cities having a few vehicles can have parking in the workshop itself;
but in big cities where large distances are to be travelled, it is desirable to have
parking depots in different parts of the city to reduce dead mileage of vehicles.
Cities above 5 lacs population should think of having more than one depot for
parking of vehicles in different directions of the city. Cities above 2 million
should think of having at least 3 to 4 such depots to reduce the congestion in the
workshop and also to cater the needs of the different sectors of the city from the
depot close by. The arrangements for putting fuel in such vehicles could aso be
made locally either by having fuel filling station at each depot or having a working
arrangement with a private petrol pump to provide fuel on contractual basis to
municipal vehicles. Thiswill save lot of dead mileage and add to the efficiency of
transport system.
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ANNEXURE —-13.1.

Hydraulic Vehicle I nspection Schedule

Daily Checking.

l.
.
1.
V.

Water topping in radiator

Engine Oil level

Visual type pressure to be checked
Complaint of driver to be attended

For Hydraulic System checking.

1)
1)
1

>
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Check oil level of oil tank
Check leakage of oil; change oil seal if required.
Tighten al connections

Check hydraulic operations; set pressure, if required.
2000 KM Visual checking or 15 days checking.
Engine

Check fuel line leakage

Check engine oil leakage

Check water leakage

Start engine, check and adjust engineidling and stop level
Change front and rear engine foundation

Check pressure leakage and cureit.
Admission

Check clutch pedal free play and take judgement for clutch dish plate.
Check gear and diff. Oil leakage and cureit.

Check joint line play and changeit.

Check all joint bolt and tight/change.
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Brake

Check leakage in brake system
Check liners and adjust brake

Clean air tank
Fuel

Check fuel tank cap & ring and change

Electrical

Check fan belt and tight it

Check level of electrolyte and top up
Check rod of alternator/dynamo
Check all lights and switches.

Chassis
Check shackle brackets, bolts, spring, leaf spring centre and tight U bolts.
Tyre

Fill up air intyre
Tight whedl nuts
Remove stones between two tyres

Change polish tyres

Body

Tight bumper, check seats and rest of necessary, tight it and if necessary
change it. Check steering of the bolt, side signal and horn. Check

windscreen glass.



L

10.

11.
12.
13.

14.
15.

4000 Km checking (General Checking)
Engine

Clean engine, check oil leskage, if informed change engine oil and oil filter
if in mileage.

If oil changed in vehicle, do as per under.

a Check tappets
b) Clean fuel filter bowl
C) Clean feed pump prefilter

Clean air cleaner and change oil

Check oil level of fuel pump. Tight bolts of fuel pump coupling.

Check fuel connection including injector pipes

Check unloader valves, brake peda vave, dua brake vave, and stand
brake and system protection valve.

Check engine oil pressure in cold position and aso check blow back and
smoke

If thereisno dipstick fit it

Check engine running and accelerator connection

Check radiator/water pump for leakage, grease water ump bearing, check
radiator hose pipe and radiator support.

Check dumper pulley

Check timing covers oil seal for |leakage

Clean diesal tank from outer side, check its cap & ring, and if needed,
changeit.

Check engine foundation and bolts

Clean oil breather and if needed replaceit.
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Brake

Check oil in hydraulic brake system. Clean brake oil reservoir tins and also
checksfor leakage.

Drain pressure tank. Check brake pedal pin or bolt/change.

Check all pipe connection of brake system. Also check brake diaphragm for
leakage, check brake setting/change.

Check brake drum and liner and set brake.

Check brake pedal freetravel.

Tight al axle studs, if necessary change axle shaft and fit it with spring
washer.

Open front hubcap & greaseif in vehicle oil change.

Check air pressures and adjust it.
Steering

Check steering connection and foundation bolts, ball pin with 130 to 150
PS, pressure.

Oil king pin and steering box.
Transmission system: clutch, gear, joint, differential.

Check clutch pedal plug, gear level, thrust bearing, clutch rod sockets, gear
top and gears round bolts.

Grease clutch thrust bearing and check fork.

Check gear oil and top up. Check for leakage of gear oil seal and flange nut.

Check cover of gear die, if it isnot, then fit it.

Check drivesoil and top U. Check pinion, oil seals and coversfor leakage.

Check breather of gear and diff.

Check propeller shaft, U-bolts, joint bearing and all unigue joint bolts and
tight and if needed, change it.



Lubrication

Lubricate al the pointsin chassis.

Spring
Tight all spring, U bolts with T spanner, check springs crossmember bolts,
body bolts and bumper bolts and tight.

Electrical

Clean battery, top up electrolyte, check gravity clean terminas and grease
it.

Check dynamo alternator changing rate and fan belt.

Check self starter and starter foundation studs.

Check all lights, one off switches, fuse system and wiring, clean roof light

glass.
Tyre

Check tyre for puncture, fill pressure if needed tight wheel nut.
Changetyreif it is polish/wear out/damage

Remove stoneif thereisin between two tyres.



ANNEXURE-13.2

Schedule of Maintenance of trucks & vehicles.

1 Daily checking

1 Water hopping in radiator

2 Engineoil level.

3. Tyre pressure (visually)

4 Complain of driver to be attended.

[1) Hydraulic system

1 Check ail level or ail tank.

2 Check leakage, change oil sedl if required.

3. Tighten all connection.

4 Check hydraulic operation, set pressure if required.
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Visual Checkingto becarried out after every 2000 Kms. or 15 days

Engine

Check fud line leakage

Check engine oil leakage

Check water leakage

Start engine, check and adjust engine idling and stop lever
Change front and rear engine foundation

Check pressures leakage and cureit.
Transmission

Check clutch pedal free play & take judgement for clutch dish plate.
Check gear & diff. Oil leakage & cureit.

Check joint line play and change it

Check all joint bolt and tight/change

Brake

Check leakage in brake system
Check liners and adjust brake

Clean air tank

Fuel

check fuel tank capand ring and change.

Electrical

Check fan belt and tight it.

Check level of electrolyte and top up
Check rod of alternator/dynamo
Check all lights and switchers
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Chassis.
Check shackle brackets, bolts, spring leaf spring centre & tight U bolts.
Tyres

Fill up airintyre

Tight whedl nuts

Remove stones between two tyres
Change polish tyres

Report for which tyres wears because of mechanical defects.
Body

Tight bumpers, check steering of the bolt, side signal and horn. Check wind

screen glass.

Checkingto becarried out after every 4000 Kms.

Engine

Clean engine, check oil leakage, change engine oil and oil filter if in

mileage.
When you change oil in vehicle do as under:-

a Check Tappets
b) Clean fuel filter bowl
C) Clean FD pump prefilter

Clean air cleaner and change oil.

Check oil level of fuel pump. Tight bolts of fuel pump coupling.

Check fuel connection including injector pipes.

Check unloader valve, brake pedal vave, due brake valve, stand brake and

system protection valve.



10.

11.
12.
13.

14.
15.

Check engine oil pressure in cold position and also check blowback and
smoke.

If thereisno dipstick fit it.

Check engine running and accelerator connection.

Check radiator/water pump for leakage, grease water pump bearing, check
radiator hose pipe and radiator support.

Check dumper pulley.

Check timing covers oil seal for leakage.

Clean diesel tank from outer side and check its cap and ring, if needed
change.

Check engine foundation and bolts.

Clean oil breather, if needed, replaceit.

Brake

Check oil in hydraulic brake system. Clean brake oil reservoir tin and aso
check for leakage.

Drain pressure tank. Check brake pedal pin or bolt/change.

Check all pipe connection of brake system. Also check brake diaphragm for
leakage, check brake setting/change.

Check brake drum and liner and set brake.

Check brake pedal freelevel.

Tight all axle studs, if necessary change axle shaft and fit it with spring
washer.

Open front hubcap and grease if in vehiclein which oil change.

Check air pressure and adjust it.
Steering

Check steering connection and foundation bolts. Tight ball pin with 130 to
150 PS, Pressure.
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Oil king pin and steering box..

Transmission system : Clutch, Gear, Joint, and Differential.

Check clutch pedal plug, gear lever, thrust bearing clutch rod sockets, gear
top and gear round bolts.

Grease clutch thrust bearing and check fork.

Check gear oil and top up. Check for leakage of oilseal and flange nut.

Check cowver of gear die, if itisnot there, fit.

Check diff. Oil and top up. Check pinion, oil seal and cover for leakage.
Check breather of gear and diff.

Check propeller shaft, U joint bearing and all unique joint bolts and tight if
needed change.

Lubrication

Lubricate all the pointsin chassis.
Spring

Tight al spring U bolts with T spanner, check springs, cross member bolts,
body bolts and bumper bolts and tight.

Electrical

Clean battery. Top up electrolyte, check gravity clean terminals and grease
it.

Check dynamo/alternator changing rate and fan belt.

Check self-starter and starter foundation studs.

Check all lights, on off switches, fuel system and wiring, clean roof light

glass.

Tyre
Check tyre for puncture, fill pressure if needed tight wheel nut.
Changetyreif it has worn out/damaged.

Remove stoneif they'rein between two tyres.
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13.

14.
15.
16.
17.
18.

19.
20.
21.
22.

I nspection for maintenance at 2400 Kms.

Engine

Check all diesel and oil pipesfor leakage and clamp the same properly.

Clean the feed pump prefilter.

Change diesdl filter in mileage.

Change in theinjectors.

Check Bosch pump timing, its mounting and tight timing bolt.

Open the bosch pump cover and do oiling

Changeair cleaner

Changethe oil and oil filter in mileage

Fit the dipstick if missing.

Change vave cover packing.

Clean the breather.

Do tappet setting (0.20") for Henna Engine concern the respective
authority.

Check exhaust manifold and silencer and repair it if needed. Check and set
accelerator connections and ail it. Check water pump pulley, fan and fan
bolt.

Change water pump if needed or regrease it.

Tight cylinder head nuts in recommended order

Change water pump if needed or regrease it.

Tight cylinder head nuts in recommended order.

Change, unloader valve, hand brake vave, dud brake vave, system
protection valve, if in mileage or check for any leakage's

Check system air pressure, adjust the system air pressure.

Change the units, which are in mileage.

Open brake line air filters clean/change and refit.

Check/change brake pedal valve.
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Brake

Over haul both front, rear brakes and change the bearing grease.

Change the front axle if in mileage.

Change the camshaft in mileage and change brake chambers in mileage or
leakage.

Check and change oil seals and its rings and required wheel bearing, also
set wheel bearing play.

Check all brake hoses and change if required. Set its position to avoid any
wearing.

Check and tight or replace all chassis pot pipe.

Check hub, axle stud and replace where necessary.

Axle stud should procured 5/10@ check axle shaft holes and willing if
required replace axle shaft.

Check sluck adjustment and replaceif required.

Check/replace pr.meter.

Drain theair tank.

Check/replace brake pedal fulcrum pin and bolts.

Clutch and gears.

Change clutch disc plate/prt.plate/gear box if in mileage on having defect.
Check/replace clutch pedal bush.

Check/replace clutch rod socket. Jaw pin.

Check/replace flywheel ring.

Check/replace the bearing fork.

Tight gem housing bolts with spring washer.

Set the clutch and adjust free play (3.75").

Top up change gear oil.

Fit geardie inspection play.



10.
11.
12.

© © N o a0 bk~ w0 D

m

© N o g & w0 NP

Check/change gear die.
Check geardie bolt/stud. Check/tight gear lever rock bolt.

Check/change/tight joint bolt, check gearbox flange for hole and if required

change.

Differential and steering.

Check milling and flange hole of pro.shaft, york and centre bearing and

change.
Check/change joint bolts.

Check/change centre bearing bolts.

Check steering connection, remove play and do steering rel oading.

Check and change all steering ends.

Tight ball pin nut with 130/150 PSI pressure.

Top/change steering ail

Top /change dif. Oil.

Change differential given in mileage on defect
Check/tight/change/sackle bracket bolts.

Check/tight/change | bolts and U boltswith help of T spanners.
Check leaf springs and chassis and give reports.

Tight diff. Tube studs.

Diesel, tank, greasing/brake chamber.

Do greasing in suspension, accelerator, and in need full units.
Drain diesel tank and change it if leakage.

Clean diesdl tank plug net.

Fit rubber packing both diesdl tank, bolt and tank.

Tight diesel tank bracket and mounting bolts.

Check/change rubber O/F pipe.

Check/change diesel tank cap and return spring and rubber rings.
Change front brake chamber in mileage or |eakage.
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Radiator/Engine foundation/Coil/Kingpin.

Change radiator and hose pipes.

Change/check front & rear engine foundation bush meter cones.
Check/change engine foundation pin and fit quarter pin.

Check and change engine side support bolts and its pads.
Check/change radiator mounting pads.

Adjust the king pin and do wheel aignment.

Auto electric.

Check/change starter/alternator/batteries.

Remove all the batteries from battery box deems the battery box and refit.
Check/change starter/chassis earthing wire, main wire, jumper wires.
Check/change wire socket battery terminal and apply jelly.

Top up the battery with dist. Water mix upto 1/2" above plates.
Check/change starter push button.'check/change fan belts.

Check/change fan belts.

Check/change lighting switches, fuse and junction wiring.

Check/change route board/rood light/brake light/parking light/head

light/side signal/dipper switch/all tube lights and covers.

Clean head light seal beam, roof light glass, tube light covers, and adjust

headlights.
Body
Check and replace or repair driver seats.

Check driver seat's gear and ail it.

Check/change side glass, looking glass and all glasses.

Check/repair/change grill, bonnet, front rear bumpers, horn, horn bulb,

windscreen glass and its bracket, lock of driver cabin doors.

Fit horn with proper cleaning and position.
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Tyre

Change punctured tyres.

Check tyre pressure and check/changer wheel platesif required.
Change worn out, polish, damaged tyres.

Remove stones, bolts from tyres.

Cleaning/paint.

Cleaning all the glass from both the sides.

Paint the required part with some colour.
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ANNEXURE - 13.3

Minimum equipments/toolsrequired for workshop to maintain afleet of up

to 50 vehicles.

5HP Air Compressor

Car washing machine

150 amp. Welding machine for fabrication and body work.

Oneton capacity lib crane preferably mechanically operated.

Battery charging machine having capacity of 12 Volt, 6 batteries, battery
tester such as hydro meter, volt meter, etc.

Working table along with vice for repairing aggregates.

Tube vulcanizing machine tyre inflator.

Pneumatic grease pump, grease gun, €tc.
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CHAPTER 14
COMPOSTING

141 INTRODUCTION

The organic content of Municipal Solid Waste (MSW) tends to decompose
leading to various smell and odour problems. It also leads to pollution of the
environment. To ensure a safe disposal of the MSW it is desirable to reduce its
pollution potential and several processing methods are proposed for this purpose.
Composting process is quite commonly used and results in production of a stable
product - compost which depending upon its quality can be used as a low grade
manure and soil conditioner.  The process results in conservation of natural
resources and is an important processing method, especialy in agricultural and
horticultural areas.

In the case of individual households, small establishments and colonies,
vermi-composting which involves the stabilisation of organic solid waste through
earthworm consumption for conversion of the organic material to worm casting is
being increasingly preferred. This processis discussed in detail in Chapter 16.

14.2 PRINCIPLES OF COMPOSTING — MANUAL AND MECHANISED
METHODS

Decomposition and stabilisation of organic waste matter is a natural
phenomenon. Composting is an organised method of producing compost manure
by adopting this natural phenomenon. Compost is particularly useful as an organic
manure which contains plant nutrients (Nitrogen, Phosphorous and Potassium) as
well as micro nutrients which can be utilized for the growth of plants (Gotaas
1956). When used in conjunction with chemical fertilisers optimum results ae
obtained.

Composting can be carried out in two ways i.e, aerobically and
anaerobically. During aerobic composting aerobic micro-organisms oxidise
organic compounds to Carbon di oxide, Nitrite and Nitrate. Carbon from organic
compounds is used as a source of energy while nitrogen is recycled. Due to
exothermic reaction, temperature of the mass rises. During anaerobic process, the
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anaerobic micro organisms, while metabolising the nutrients, break down the
organic compounds through a process of reduction. A very small amount of
energy is released during the process and the temperature of composting mass
does not rise much. The gases evolved are mainly Methane and Carbon di oxide.
An anaerobic process is areduction process and the final product is subjected to
some minor oxidation when applied to land.

143 INDORE & BANGALORE METHODS OF COMPOSTING

Manual composting was systematised by Howard & his associates. It was
further developed by Acharya & Subrahmanyam and the methods are
convertionally referred as Indore and Bangal ore methods of composting.

14.3.1 Bangalore Method

This is an anaerobic method conventionally carried out in pits. Formerly
the waste was anaerobically stabilised in pits where alternate layers of MSW and
night soil were laid. The pit is completely filled and a final soil layer is laid to
prevent fly breeding, entry of rain water into the pit and for conservation of the
released energy. The material is alowed to decompose for 4 to 6 months after
which the stabilised material is taken out and used as compost.

14.3.2 Indore Method

This method of composting in pits involves filling of alternate layers of
similar thickness as in Bangalore method. However, to ensure aerobic condition
the material is turned a specific intervals for which a 60 cm strip on the
longitudinal side of the pit is kept vacant (Fig.14.1). For starting the turning
operation, the first turn is manualy given using long handled rakes 4 to 7 days
after filling. The second turn is given after 5 to 10 more days. Further turning is
normally not required and the compost isready in 2 to 4 weeks.

In the urban areas, due to extensive provision of water carriage system of
sanitation, night soil is not available. Composting of MSW aone is hence often
carried out. Aerobic composting of MSW iscommonly carried out in windrows.
14.3.3 Comparison of the Methods

The Bangalore method requires longer time for stablisation of the material

& hence needs larger land space, which is in short supply in urban aress. The
gases generated in this anaerobic process aso pose smell & odour problems.
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The Indore method on the other hand stabilises the material in shorter time
& needs lesser land space. As no odourous gases are generated in this process, it
is environment friendly & hence commonly preferred.

While the organic matter is stabilised during the composting process, the
moisture content also changes. The non decomposables are also rejected. Hence
the quantity of compost is much lesser than the input & is normally around 50%,
and the exact value depends upon the characteristics of the input material.

14.3.4 Windrow Composting

The organic material present in Municipal Waste can be converted into a
stable mass by aerobic decomposition. Aerobic micro organisms oxidize organic
compounds to Carbon di oxide and oxides of Nitrogen and Carbon from organic
compounds is used as a source of energy, while Nitrogen is recycled. Due to
exothermic reactions, temperature of massrises.

In areasregions were higher ambient temperatures are available,
composting in open windrows is to be preferred. In this method, refuse is
delivered on a paved/unpaved open space but levelled and well drained land in
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about 20 windrows with each windrow 3m long x 2m wide x 1.5m high, with a
total volume not exceeding 9.0 cu.m.

Each windrow would be turned on 6" & 11™ days outside to the centre to
destroy insects larvae and to provide aeration. On 16™ day, windrow would be
broken down and passed through manually operated rotary screens of about 25mm
square mesh to remove the oversize contrary material. The screened compost is
stored for about 30 days in heaps about 2m wide x 1.5m high and up to 20m long
to ensure stabilization before sale.

144 FACTORSAFFECTING THE COMPOSTING PROCESS
14.4.1 Organisms

Aerobic composting is a dynamic system wherein bacteria, actinomycetes,
fungi and other biological forms are actively involved. The relative preponderance
of one species over another depends upon the constantly changing food supply,
temperature and substrate conditions. Facultative and obligate forms of bacteria,
actinomycetes and fungi are most active in this process. In the initia stages
mesophilic forms predominate and thermophilic bacteria and fungi soon take over
except in the fina stage of composting. Except when the temperature drops,
actinomycetes and fungi are confined to 5 to 15 cm outer surface layer. If the
turning is not carried out frequently the actinomycetes and fungi in these layers
register increased growth imparting it typical greyish white colour. Thermophilic
actinomycetes and fungi are known to grow well in the range of 45 to 60° C.

Different organisms are known to play predominant role in breaking down
different constituents of municipal solid waste. Thermophilic bacteria are mainly
responsible for the breakdown of proteins and other readily biodegradable organic
matter. Fungi and actinomycetes play an important role in the decomposition of
cellulose and lignin. The actinomycetes common in compost are Streptomyces sp.
and Micromonospora sp. the latter being more prevalent. The common fungi in
compost are Thermonomyces sp., Penicillium dupontii and Asperigalus
fumigatus. Mgjority of these organisms responsible for composting are already
present in municipal solid waste. Not much information is available regarding the
organisms active in anaerobic composting, though many of the organisms
responsible for anaerobic decomposition of sewage sludge will be active here a so,
and differences are expected due to the concentration of nutrients present and the
temperature conditions.
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14.4.2 Useof Cultures

During the development of composting process various innovators came
forward with inoculum, enzymes etc.,, clamed to hasten the composting
process. Investigations carried out by various workers have shown that they
are not necessary. The required forms of bacteria, actinomycetes and fungi are
indigenous to MSW. Under proper environmental conditions the indigenous
bacteria adapted to MSW rapidly multiply, as compared to the added cultures
which are more attuned to controlled laboratory conditions and carry out
decomposition. The process is dynamic and as any specific organism can survive
over a specific range of environmental conditions, as one group starts
diminishing, another group of organisms starts flourishing. Thus, in such a mixed
system appropriate life forms develop and multiply to keep pace with the
available nutrients and environmental conditions. Hence, addition of similar and
extraneous organisms in the form of inoculum is unnecessary. However, such
inoculum will be required during composting of industrial and agricultural solid
waste which do not have the large mix of indigenous bacterial population.

14.4.3 Moisture

The moisture tends to occupy the free air space between the particles.
Hence, when the moisture content is very high, anaerobic conditions set in.
However, the composting mass should have a certain minimum moisture content
in it for the organisms to survive. The optimum moisture content is known to be
between 50 to 60 % . Higher moisture content may be required while composting
straw and strong fibrous material which soften the fibre and fills the large pore
spaces. Higher moisture content can also be used in mechanically aerated
digesters. In anaerobic composting the moisture content used will depend upon the
method of handling and whether it is carried out in the open or in closed container.

14.4.4 Temperature

The aerobic decomposition of a gram mole of glucose releases 484 to 674
kilo calories (kcal) energy under controlled conditions, while only 26 kca are
released when it is decomposed anaerobically. Municipal solid waste is known to
have good insulation properties and hence the released heat results in increase in
temperature of the decomposing mass. As some of the heat loss occurs from the
exposed surface, the actual rise in temperature will be dlightly less. When the
decomposing mass is disturbed, as during turning of windrows, the resultant heat
loss results in drop in temperatures. Under properly controlled conditions
temperatures are known to rise beyond 70°C in aerobic composting. Under
properly controlled conditions temperatures are known to rise beyond 70°C in
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aerobic composting. During anaerobic composting as the released heat is quite
small and as part of it is lost from the surface only a marginal rise in temperature
occurs.

This increased temperature results in increased rate of biological activity
and hence results in faster stabilisation of the material. However, if the
temperature rise is very high, due to inactivation of the organisms & enzymes the
rate of activity may decrease. The studies carried out have shown that the activity
of cellulose enzyme reduces above 70°C and the optimum temperature range for
nitrification is 30° to 50°C beyond which nitrogen loss is known to occur. The
temperature range of 50° to 60°C is thus optimum for nitrification and cellulose
degradation.

The high temperature also helps in destruction of some common pathogens
and parasites (Table 14.1). According to Scott, during aerobic composting when
the material is turned twice in 12 days Entamoeba histolytica is killed and the
eggs of Ascaris lumbricoides are killed in 36 days when turned thrice. The studies
carried out at NEERI have shown that the destruction of these organisms is not
ensured under anaerobic conditions.

Knoll has proved that the high temperature and long retention during
aerobic composting along with the antibiotic effect results in destruction of
parasites and pathogens.

Thus, if the process is so controlled that the temperature is kept between
50° to 60 ° C for 5 to 7 days, destruction of pathogens and parasites can be
ensured.

14.4.5 Carbon/Nitrogen (C/N) Ratio

The organisms involved in stabilisation of organic matter utilise about 30
parts of carbon for each part of nitrogen and hence an initial C/N ratio of 30 is
most favourable for composting. Research workers have reported the optimum
value to range between 26-31 depending upon other environmental conditions.
The C/N ratio considers the available carbon as well as the available nitrogen
while the available carbon and nitrogen in the MSW may vary from sample to
sample. Whenever the C/N ratio is less than the optimum, carbon source such as
straw, sawdust, paper are added while if the ratio is too high, the sewage sludge,
slaughter house waste, blood etc. are added as a source of nitrogen.

248



Table14.1: Temperatureand Time of Exposure Needed for Destruction
of some Common Par asites and Pathogens.

Organisms Timeand Temperaturefor destruction
1. Styphosa No growth beyond 46°C, death in 30 minutes
at 55-60°C and 20 minutes at 60°C,destroyed
in ashort time in compost environment.
2. Samonellasp. In 1 hour at 55°C and in 15-20 minutes at
60°C
3. Shigdlasp. In 1 hour at 55°C .
4. E.Coli In 1 hour at 55°C and in 15-20 minutes at
60°C
5. E.histolyticacysts In few minutes at 45°C and in afew seconds

10.
14.

12.

13.
14.

Taeniasaginata
Trichinellaspiraislarvae

Br.abortus or Br.suis

Micrococcus pyogenes
var. aureus
Streptococcus pyogenes
Mycobactercum tuber-
culosisvar. hominis
Corynebacterium
diptheriae

Necator americanus

A.lumbricoides eggs

at 55°C.

In afew minutes at 55°C.

Quickly killed at 55°C, instantly at 60°C.

In 3 minutes at 62-63°C and in 1 hour at
55°C

In 10 minutes at 54°C.

In 10 minutes at 54°C.

In 15-20 minutes at 66°C or after momentary
heating at 67°C.

In 45 minutes at 55°C.

In 50 minutes at 45°C .
In 1 hour at 50°C.
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1446 Aeration

It is necessary to ensure that oxygen is supplied throughout the mass
and aerobic activity is maintained. During the decomposition, the oxygen gets
depleted and has to be continuously replenished. This can be achieved either by
turning of windrows or by supplying compressed air. During the turning, it is
necessary to bring inner mass to the outer surface and to transfer the outer waste to
the inner portion. (Fig. 14.2) . In case of artificial air supply the quantity of air
supply isnormally maintained at 1-2 cu.m./day/kg of volatile solids.

Artificial air supply requires enclosing decomposing mass in containers
which is quite costly. Hence in Indian conditions the decomposition is commonly
carried out in open windrows. Studies a8 NEERI have shown that the optimum
turning interval which will reduce the cost and simultaneously maintain aerobic
conditionsis 5 days.

14.4.7 Addition of Sewage and Sewage Sludge

The optimum C/N ratio for composting is 25-30. MSW in developed
countries has a C/N ratio of nearly 80. To bring it down to the optimum value and
to reduce the cost of sewage sludge treatment, it is mixed with sewage sludge
(C/IN =510 8). MSW in India, on the other hand has an initial C/N ratio of around
30 which does not need blending. 1f such a mixing is done, C/N value may reduce
below 20, when aloss of nitrogen in the form of ammonia occurs. (Table 14.2)
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Tables14.2: Nitrogen Conservation in relation to C/N Ratio

Initial Final % of Nitrogen (N) % N loss

C/N Ratio (dry weight basis)
20 1.44 38.8
20.5 1.04 48.1
22 1.63 14.8
30 1.21 0.5
35 1.32 05
76 0.86 -

Addition of sewage sludge increases smell and odour problems. It will aso
increase handling and transportation cost. Even if sewage is used as a source of
moisture, bulk of sewage will still have to be treated. The sewage often contains
waste waters from industries which contain hazardous constituents which will
pose problems in the cmmposting process and compost quality. In view of the
above, addition of sewage and dludgeis not desirablein India.

145 CONTROL OF COMPOSTING PROCESS

The composting is normally taken to be complete when the active
decomposition stage is over and the C/N ratio is around 20. If the C/N ratio of
compost is more than 20, the excess carbon tends to utilise nitrogen in the soil to
build cell protoplasm. This results in loss of nitrogen of the soil and is known as
robbing of nitrogen in the soil. If on the other hand the C/N ratio is too low the
resultant product does not help improve the structure of the soil. It is hence
desirable to control the process so that the final C/N ratio is around 20.

The composting process should also be so controlled that the temperature
of the decomposing mass remains between 50°-60 °C for at least a week. This
ensures the destruction of any parasites or pathogens present in the decomposing
mass.

During the operation of the process, aerobic conditions should be
maintained by cortrolling the aeration so that smell & odour as well as fly
problems do not arise. During turning, care should be taken to avoid dust
problem.

The windrows should be located over impervious surface so that the surface
water from the windrows which may contain entrained particulates & pollutants is
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properly collected and safely disposed of after processing. Such process leachate
can also be reused in composting operation.

The rejects from the process should be disposed off at properly designed
and operaed sanitary landfills. The MSW should be diverted to a properly
operated sanitary landfill during annual maintenance period as well as during
shutdown of the plant.

When the composting is carried out by controlling the various factors
within the optimum range, proper quality compost will be obtained.

14.5.1 Propertiesof Compost

The compost prepared from MSW should be black brown or at least black
in colour. It should be crumbly in nature with an earthy odour. The pH should be
neutral though dlightly acidic or alkaline pH within the range of 6.5 to 7.5 can be
tolerated.

The compost should neither be completely dry nor it be lumpy and water
should not come out of the mass when squeezed.

The Nitrogen, Phosphorous and Potassium (NPK) contents should be more
than one percent each. The Nitrogen should be in the form of Nitrates for proper
utilisation by the plants. The C/N ratio should be between 15 to 20.

In order to ensure safe application of compost, the standards laid down in
the Draft on Municipal Waste (Management & Handling) Rules, 1999, notified on
27" September, 1999 by the Ministry of Environment & Forests, Government of
India, for production of compost given as per table 14.3 must be adhered to:-

Table14.3 Standardsfor Compost

Parameter Maximum acceptable concentration parts
per million (ppm)

Arsenic 20

Cadmium 20

Chromium 300
Copper 500
Lead 500
Mercury 10

Nickel 100
Zinc 2500
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14.6 MECHANICAL COMPOSTING

Though manual methods are preferable in countries where labour is
comparatively cheap, mechanical processes are preferred (Gotaas 1956) where
higher labour costs and limitations of space exist. In 1922, Becari in Italy patented
a process using a combination of aerobic and anaerobic decomposition in enclosed
containers. The first full scale plant was established in 1932 in the Netherlands by
a non profit utility company-VAM using Van Maanen Process in which raw refuse
IS composted in large windrows, which are turned at intervals by mobile cranes
moving on rails. The Dano Process was developed in Denmark in 1930. Several
other processes were subsequently developed using different methods of
processing of solid waste using different designs of digester.

14.6.1 Unit Processes
A mechanical composting plant is a combination of various units which

perform specific functions. Fig.14.3 gives a genera flowchart of a mechanical
compost plant.
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Solid waste collected from various areas reaches the plant site at a variable
rate depending upon the distance of collection point. As the compost plant
operates at a constant rate, a balancing storage has to be provided to absorb the
fluctuations in the waste input to the plant. Thisis provided in a storage hopper
of 8 to 24 hours storage capacity, the exact value depending upon the schedule of
incoming trucks, the number of shifts and the number of days the plant and solid
waste collection system works.

The waste is then fed to a slowly moving (5metres'minute) conveyor belt
and the non-decomposable material such as plastics, glass, metals are manually
removed by labourers standing on either side of the conveyor belt. The labourers
are provided with hand gloves and manually remove the material from the moving
belt (the thickness over the belt is kept less than 15cms) and the removed material
is stored separately.

The metals are then removed from the waste by either a suspended magnet
system(Fig.14.4a) or a magnetic pulley system (Fig.14.4b). Magority of the metals
are recycled at the source itself and hence are not contained in the waste.
Magnetic removal of metals hence is not very efficient and therefore not used is
India
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In developed countries glass and metals are present in larger concentration
and are removed by using ballistic separators. In these units, the waste is thrown
with a large force when different constituents take different tragectories and get
separated (Fig.14.5). This unit is energy intensive and due to smaller content of
glass and metalsin Indian municipal solid waste, it isnot used in India
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The waste is thus subjected to size reduction when the surface area per unit
weight is increased for faster biological decomposition. Size reduction also
helps in reducing fly breeding in the decomposing mass. This is commonly
carried out either in Hammermills or Rasp mills. Hammermills are high speed
(600-1200 revolutions per minute) compact machines but consume large energy
(Fig.14.6). Rasp mills are slow moving large units that require lesser energy
(Fig.14.7). The capital cost of a hammer mill isless but its operating cost is more
than that of a rasp mill mainly due to the larger energy requirement as well as
more frequent replacement / retipping of hammers.
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The gabilisation is carried out in open windrows provided over flagstone
paved or cement concrete paved ground. These windrows are turned every 5 days
to ensure aerobic decomposition. Various types of equipment such as front end
loaders/windrows reshiftersare used for turning of windrows.

At the end of the 3 to 4 weeks period, the material is known as green or
fresh compost wherein the cellulose has not been fully stabilised. It is hence
stored in large sized windrows for 1-2 months either at the plant or the farms. At
the end of the storage period, it is known as ripe compost. It may be sometimes
subjected to size reduction to suit kitchen garden and horticulture requirements.

14.6.2 Experiencein India

Ten mechanical compost plants were set up in India during 1975-80 under
the Centra Scheme of Solid Waste Disposal. These plants used different
flowsheets. NEERI evaluated the performance of 7 of these mechanical
composting plants during 1980-82. The studiesrevealed :-

L arge storage hoppers are not needed.

The waste characteristics indicated that magnetic separators were
inefficient at the concentration of metals in Indian municipal solid waste
& need not be provided.

Revolving drum mixers were counter productive and need not be
provided.

Covering of windrow area is not required as the plants are normally shut
down during monsoon for annual repairs.

Artificial aeration under Indian conditions does not reduce composting
time and hence need not be provided.

It is preferable to first stabilise the raw material and then subject it to
picking and size reduction. This will require same windrow area, and
improve efficiency of picking and size reduction.

Composting should not be considered as a commercial venture but
should be treated as a processing method and the sale price of compost
fixed accordingly.

In case the plants have to be set up by private agency, this aspect should
be kept in view while entering into agreement.
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14.6.3 Composting Plantsfor Indian Municipal Solid Waste

The Municipal Solid Waste in Indian urban centres has a favourable C/N
ratio of around 30 and is amenable to composting. The farmers and horticulturists
are aso accustomed to the use of farmyard manure and hence may adopt
compost prepared from municipal solid waste. While setting up a municipal scale
mechanical compost plant the following steps need to be taken.

14.6.3.1 Assessment & Development of Market

The size and location of market for the sale of compost needs to be assessed
through a market survey. The survey should assess the price which the consumer
would be willing to pay and the transportation distance to the potential market.
The demand of compost is seasona and is dependent upon the crops being grown.
Hence, the marketing and distribution system should include location of supply
depots close to the bulk consumers.

14.6.3.2 Selection of Site

The site should be flat and should not be liable to flooding. It should be
readily approachable but dightly away from a main road to avoid any nuisance to
the traffic in the event of the plant not operating properly. The approach road
should be sufficiently wide so that the traffic is not obstructed in the event of
break down of incoming Municipal Solid Waste trucks. The areas where compost
Is to be supplied should be near the site and should be easily accessible. A site for
disposal of non compostables should be available near the compost plant site.

Trees planted along the periphery of the site will serve partly as a barrier
against the noise and odour from the plant and aso help in litter control by
reducing the wind speed . The trees will also protect the plant from dust and
pollutants due to the highway.

14.6.3.3 Pilot Studies

The design and construction of a full scale compost plant needs at least 1.5
to 2 years. Before the plant becomes operational, pilot scale studies be carried out
using a small quantity of the raw waste that will be used in the final plant. The raw
waste as well as finished compost should also be analysed for heavy metal content.
The output of the plant should be widely advertised to the consumers. The pilot
studies will help determine the proportion of non-compostables that need disposal,
the compost output per tonne of input and its nutrient contents.
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The input to composting process should be carefully chosen to be mainly
organic & should not contain any hazardous material. Wastes originating from
industrial areas should have to be carefully selected to ensure that it does not
contain any hazardous components.

The site should be properly paved and the run off from the area collected by
a peripheral drain and taken to a sump from where it can be pumped and reused
for tree plantation.

14.6.3.4 Flowsheet

In the pre-fermentation type of plant which are preferred, in a mgjority of
Indian urban centres, the incoming trucks can directly discharge their contents in
the windrow area.

During composting, the temperature of the mass has to be continuously
monitored. This can be done by using probes. The optimum moisture content for
composting is between 50-60%, while that in the incoming waste is much lower.
The addition of moisture can hence be done through a hose connected to a fire
hydrant. During composting, the moisture content tends to reduce and necessary
moisture can be similarly added during turning.

After 20 days, the organic matter would be stabilised and the waste can
then be taken for further processing.

The Indian waste characteristics indicate a low content of metals and glass.
Further, when the recommendations of the committee appointed by Hon'ble
Supreme Court regarding source separation are implemented, this proportion will
be very small. Magnetic separators hence need not be provided. The glass,
plastics and other inorganics can easily be removed using the manual separation
process and ballistic separators will not be required. After pre-fermentation, the
waste is transferred to a hopper using tractor trailor system. A conveyor at the
bottom of the hopper transfers it to the sorting area where workers standing on
either side of the conveyor belt remove the contraries and deposit them in bins
placed alongside. As mgjority of Indian urban centres are not completely sewered,
human excreta and cowdung are often mixed with the waste. After
prefermentation, the material is no more offensive and hence does not pose any
problem during manual separation.

The compost thus prepared can be sold directly to the farmers as raw or
green compost. However, as the lignin content of the waste has not yet been
stabilised, it should not be applied to the farms for at least two more months. In
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case adequate space is available at the plant, the material should be stored in large
size maturation windrows for 23 months. During this period, lignin and other
resistant material is stabilised and the product can then be sold as ripe compost.

In case the ripe compost is to be sold in bulk it can be sold as it is.
Sometimes it is sold in small packets. In such cases, from marketing point of
view, size reduction using a ssmple hammer mill is carried out and the material is
bagged and sold. As the materia is already stabilised, the required Horse Power
of the hammer mill is less, thus reducing the energy consumption and maintenance
problem.

In the North East Indian states, to protect the windrows from heavy rainfall,
the windrow area will have to be covered. For urban centres in Kashmir and
Himachal Pradesh covering of windrows will be necessary to protect the plant
from low external temperatures.

14.6.35 Environmental Control

All uncovered windrow areas should be provided with an impermeable base.
Such a base may be made of concrete or of compacted clay, 50 centimetres
thick, having permeability less than 10 centimetres/second. The base must be
provided with 1 to 2 percent slope and must be encircled by lined drains for
collection of leachate/surface water runoff. All lined drains should be
connected to a lined settling pond, where tests for quality of waste-water are to
be performed on a weekly basis. A treatment unit will be provided to ensure
that the waste-water is discharged to open drains only after it meets the
regulatory standards.

On such days when the waste cannot be accepted at the compost plant or if
shutdown occurs for extended period due to rains/cold climate/major
breakdown or annual maintenance, the waste should be diverted to a properly
designed and operated MSW landfill.

The process rejects are to be removed from the compost plant on a daily basis.
The recyclables should be diverted to appropriate vendors. The non
recyclables should be sent to a properly designed and operated MSW landfill.
Temporary storage of rejects should be done in a covered area. If temporary
storage is done in an open area, it must be done only for 1 or 2 days, at an area
having an impermeable base and lined drains for collection of leachate/surface
water runoff. The height of stockpiled waste should not exceed 3 metres and
the storage area must have provision for odour control, litter control, fire
control and birds control.
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The general flowsheets for different population ranges are as given below :

|. Lessthan 1 Lakh population

Weight bridge

Windrow Yard

Maturation

I_> Bu

Manual Turning

every 5 days

1. Between 1,00,000 to 5,00,000 population

Ik Sale

Weight bridge Windrow Yard Transfer by Removal of

|| Tractor trailor Contraries

Turning by Front End L oader
every 5 days
[1l.  Morethan 5,00,000 population
Weight [ Windrow [—] Transferby [—] Removal of [T Size | Packing
bridge Yard Tractor trailor Contraries Reduction
Turning by Front End L oader

every 5days
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CHAPTER 15
ENERGY RECOVERY FROM MUNICIPAL
SOLID WASTE

151 INTRODUCTION

Municipal Solid Waste (MSW) contains organic as well as inorganic matter.
The latent energy present in its organic fraction can be recovered for gainful
utilisation through adoption of suitable Waste Processing and Treatment
technologies. The recovery of energy from wastes also offers a few additional
benefits asfollows:

() The total quantity of waste gets reduced by nearly 60% to over 90%,
depending upon the waste composition and the adopted technol ogy;

(i)  Demand for land, which isaready scarcein cities, for landfilling is reduced;

(iili)  The cost of transportation of waste to far-away landfill sites also gets reduced
proportionately; and

(iv)  Net reduction in environmental pollution.

It is, therefore, only logical that, while every effort should be made in the
first place to minimise generation of waste materials and to recycle and reuse them
to the extent feasible, the option of Energy Recovery from Wastes be also duly
examined. Wherever feasible, this option should be incorporated in the over-all
scheme of Waste Management.

152 BASIC TECHNIQUESOF ENERGY RECOVERY

Energy can be recovered from the organic fraction of waste (biodegradable as
well as non-biodegradable) basically through two methods as follows:

(i) Thermo-chemical conversion : This process entails thermal de-composition
of organic matter to produce either heat energy or fuel oil or gas; and

(i) Bio-chemical conversion: This processis based on enzymatic decomposition
of organic matter by microbial action to produce methane gas or alcohal.

The Thermo-chemical conversion processes are useful for wastes containing
high percentage of organic non-biodegradable matter and low moisture content.
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The main technological options under this category include Incineration and
Pyrolysis/ Gasification.  The bio-chemical conversion processes, on the other
hand, are preferred for wastes having high percentage of organic bio-degradable
(putrescible) matter and high level of moisture/ water content, which aids microbial
activity. The main technological options under this category is Anaeraobic
Digestion, also referred to as Biomethanation.

15.2.1 Parameters affecting Energy Recovery:

The main parameters which determine the potential of Recovery of Energy
from Wastes (including MSW), are:

Quantity of waste, and
Physical and chemical characteristics (quality) of the waste.

The actual production of energy will depend upon specific treatment process
employed, the selection of which is also aitically dependent upon (apart from
certain other factors described below) the above two parameters. Accurate
information on the same, including % variations thereof with time (daily/ seasonal)
is, therefore, of utmost importance.

The important physical parameter s requiring consideration include:

size of constituents
density

moi sture content
Smaller size of the constituents aids in faster decomposition of the waste.

Wastes of the high density reflect a high proportion of biodegradable organic
matter and moisture. Low density wastes, on the other hand, indicate a high
proportion of paper, plastics and other combustibles.

High moisture content causes biodegradable waste fractions to decompose
more rapidly than in dry conditions. It aso makes the waste rather unsuitable for
thermo-chemical conversion (incineration, pyrolysis gasification) for energy
recovery as heat must first be supplied to remove moisture.

The important chemical parameters to be considered for determining the
energy recovery potential and the suitability of waste treatment through bio-
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chemical or thermo-chemical conversion technologiesinclude: -

Volatile Solids

Fixed Carbon content

Inerts,

Calorific Value

C/N ratio (Carbon/Nitrogen ratio)

toxicity

The desirable range of important waste parameters for technical viability of
energy recovery through different treatment routesis given in the Table 15.1. The
parameter values indicated therein only denote the desirable requirements for
adoption of particular waste treatment method and do not necessarily pertain to
wastes generated / collected and delivered at the waste treatment facility. In most
cases the waste may need to be suitably segregated/ processed/ mixed with suitable
additives at site before actual treatment to make it more compatible with the
gpecific treatment method. This has to be assessed and ensured before hand. For
example, in case of Anaerobic digestion, if the C/N ratio isless, high carbon content
wastes (straw, paper etc.) may be added; if it ishigh, high nitrogen content wastes
(sewage dudge, slaughter house waste etc.) may be added, to bring the C/N ratio
within the desirable range.

Table 15.1 Desirable range of important waste parameters for technical
viability of energy recovery:

Waste Treat ment Basic principle Important Waste Desirable Range*
Method Parameters
Thermo-chemical Decomposition of | Moisture content <45%
conversion organic metter by | Organic/
action of heat. Volatile matter > 40 %
-Incineration
-Pyrolysis Fixed Carbon <15%
-Gadfication
Total Inerts <35%
Cdlorific Vaue (Net >1200 k-cal/kg
Cdorific Vaue)
Bio-chemical Decomposition of | Moisture content >50 %
conversion organic matter by
microbia action. Organic / > 40 %
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-Anaerobic V olatile matter
Digestion/
Bio-methanation C/N rétio 25-30

Indicated values pertain to suitably segregated/ processed / mixed wastes and do not necessarily correspond to
wastes as received at the treatment facility.

15.2.2 Assessment of Energy Recovery Potential

A rough assessment of the potential of recovery of energy from MSW
through different treatment methods can be made from a knowledge of its calorific
value and organic fraction, as under:

In thermo-chemical conversion al of the organic matter, biodegradable as
well as non-biodegradable, contributes to the energy output :

Total waste quantity : W tonnes

Net Calorific Vaue : NCV k-cal/kg.

Energy recovery potentia (kWh) = NCV x W x 1000/860 = 1.16 x NCV x W
Power generation potentid (kW) =116XxNCV xW/24 =0.048x NCV x W
Conversion Efficiency = 25%

Net power generation potential (kW) = 0.012x NCV x W

If NCV = 1200 k-cal/kg., then

Net power generation potential (kW) = 144xW

In bio-chemical conversion, only the biodegradable fraction of the organic
matter can contribute to the energy output :

Total waste quantity: W (tonnes)

Total Organic/ Volatile Solids: VS= 50 %, say

Organic bio-degradable fraction : approx. 66% of VS=0.33x W

Typical digestion efficiency = 60 %

Typical bio-gasyield: B (m?)=0.80nt / kg. of VS destroyed
=0.80x 0.60x 0.33x W x1000= 1584 x W

Cdorific Value of bio-gas = 5000 kcal/nT (typical)

Energy recovery potential (kWh) =B x 5000/ 860 =921 x W

Power generation potential (kW) = 921xW/24 =384xW

Typical Conversion Efficiency = 30%

Net power generation potential (kW)= 11.5x W

In general, 100 tonnes of raw MSW with 50-60% organic matter can
generate about 1- 1.5 Mega Watt power, depending upon the waste characteristics.
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15.3 TECHNOLOGICAL OPTIONS

There are various technological options which can be employed for recovery
of energy from MSW (Fig. 15.1). While some of these have already been applied at
a large scale, some others are under advanced stages of development. A brief on
these technologiesis given below.

15.3.1 Anaerobic Digestion (AD)

In this process, also referred to as bio-methanation, the organic fraction of
wastes is segregated and fed to a closed container (biogas digester) where, under
anaerobic conditions, the organic wastes undergo bio-degradation producing
methane-rich biogas and effluent/ ludge. The biogas production ranges from 50-
150m*/tonne of wastes, depending upon the composition of waste. The biogas can
be utilised either for cooking/ heating applications, or through dual fuel or gas
engines or gas / steam turbines for generating motive power or electricity. The
sludge from anaerobic digestion, after stabilisation, can be used as a soil
conditioner, or even sold as manure depending upon its composition, which is
determined mainly by the composition of the input waste.

Fundamentally, the anaerobic digestion process can be divided into three
stages with three distinct physiological groups of micro-organisms:

Stage I: It involves the fermentative bacteria, which include anaerobic and
facultative micro-organisms. Complex organic materials, carbohydrates, proteins
and lipids are hydrolyzed and fermented into fatty acids, dcohol, carbon dioxide,
hydrogen, anmonia and sulfides.

Stage I1: In this stage the acetogenic bacteria consume these primary products and
produce hydrogen, carbon dioxide and acetic acid.

Stage I11: It utilizes two distinct types of methanogenic bacteria. The first reduces
carbon dioxide to methane, and the second decarboxylates acetic acid to methane
and carbon dioxide.
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Factors, which influence the Anaerobic Digestion process, are temperature,
pH (Hydrogen lon Concentration), nutrient concentration, loading rate, toxic
compounds and mixing. For start-up a good innoculum such as digested sludge is
required. A temperature of about 35-38°C is generally considered optimal in
mesophilic zone (20-45°C) and higher gas production can be obtained under
thermophillic temperature in the range of 45-60°C. Provision of appropriate heating
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arrangements and insulation may become necessary in some parts of the country.

Anaerobic Digestion (AD) of MSW offers certain clear advantages over the
option of Aerobic process, in terms of energy production/ consumption, compost
quality and net environmental gains:

() AD processresultsin net production of energy.

(ii)  Thequality of the digested sludge (compost) is better as Nitrogen is not lost
by oxidation.

(iii)  Itstotally enclosed system prevents escape of polluted air to atmosphere.
(iv)  Thenet environmental gains are positive.

15311 Main Stepsin Anaerobic Treatment of MSW

Pre-treatment: to remove inerts and non-biodegradable materials,
upgrade and homogenise the feedstock for digestion and
to promote downstream treatment processes.

Anaerobic Digestion: and to produce biogas for energy to de-odorise, stabilise
and disinfect the feedstock.

Post-Treatment: to complete the stabilisation of the digested material and
to produce a refined product of suitable moisture
content, particle size and physical structure for the
proposed end-use as organic manure.

Effluent Treatment: to treat the liquid effluent to specified standards before
final disposal.

15.3.1.2 Different Designs and Configurations of AD Systems

Different designs and configurations of AD systems have been developed by
various companies to suit different total solid concentration in the feed and
microbial activity i.e. single phase, bi-phasic, multi-phasic. The more popular ones
are broadly categorised as low/ medium and high solids, two phase and leach bed
systems.

(1) Low / Medium Solid Digestion Systems:

A large number of systems presently available worldwide for digestion of
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solid wastes are for low (< 10%) or medium (10-16%) solid concentrations. Some
of these systems, when applied to MSW or Market Waste, require the use of water,
sewage sludge or manure.

(i)  High Solid Continuous Digestion Systems:

These systems have been developed since the late eighties principally for the
organic fraction of municipal solid waste but have also been extended to other
industrial, market and agricultural wastes. The digestion occurs at solid content of
16% to 40%. These systems are referred to as ‘Dry Digestion’ or Anaerobic
Composting when the solid concentration is in the range of 25-40% and free water
content is low. Systems in this category vary widely in design and include both
completely mixed and plug-flow systems.

(iii) Two Stage Digestion Systems:

In these systems the hydrolysis, acidogenesis and acetogenesis of the waste
are carried out separately from the methanogenesis stage. Since each step is
optimised separately, so that each of the reactions (i.e. acidogenesis,
methanogenesis, etc.) is operated closer to its optimum, the rate of digestion is
significantly increased. However, requirement of two reactors and more process
controls may lead to higher capital costs and system complications.

(iv) Dry Batch Digestion/ L each Bed Process:

This design concept is closest to the processes occurring naturaly in a
landfill. The reactor containing the organic material is inoculated with previously
digested waste from another reactor, sealed and allowed to digest naturally. The
leachate from the bottom of the reactor is re-circulated and heated, if required, to
promote the degradation process.

In Leach Bed systems also referred to as SEBAC systems (Sequential Batch
Anaerobic Composting) this leachate is treated in a wastewater digester prior to
recirculation, and thus the solid phase digester essentially acts like a hydrolysis /
acid forming stage of atwo phase system. This approach has the distinct advantage
of reduced materials handling but overall degradation of the organic matter can be
lower than other systems.

A great deal of experience with biomethanation systems already exists in
India, but a large part of this is related to farm-scale biogas plants and industria
effluents. There s little experience in the treatment of solid organic waste, except
sewage sudge and animal manure. However, severa schemes for bio-methanation
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of MSW and Vegetable Market Yard Wastes, are currently planned for some cities
of the country.

15.3.2 Landfill Gas Recovery

The waste deposited in a landfill gets subjected, over a period of time, to
anaerobic conditions and its organic fraction gets slowly volatilized and decomposed
according to the process similar to that taking place in an Anaerobic Digestion
system as detailed in the previous section. This leads to production of landfill gas
containing about 45-55% methane, which can be recovered through a network of gas
collection pipes and utilised as a source of energy.

Typically, production of landfill gas starts within a few months after disposal
of the wastes and generally lasts for about ten years or even more depending upon
mainly the composition of wastes and availability / distribution of moisture. The
yearly gas production rates observed in full size sanitary Landfills in other countries
range from 5-40 litre/kilogram. The MSW generated in mgjor Indian citiesisrichin
organic matter and has the potential to generate about 15-25 |/kg of gas per year over
its operative period.

The proportion of various constituent gases changes with time since the onset
of decomposition (Fig.15.2). The gas tends to escape through the cracks and
crevices in the deposited material unless suitable outlet is provided. It aso moves
by diffusion (concentration gradient) and convection (pressure gradient)
mechanisms. Such lateral migration poses danger to adjoining structures and
vegetation.

This gas can be recovered through an active system of vertical or horizonta
wells, which are drilled into the waste where methane is being produced. Vertical
wells are the most common type used and are located at the rate of about two wells
per acre. The wells normally consist of perforated High Density Poly Ethylene or
Poly Vinyl Chloride pipes of 50 to 300mm diameter surrounded by 300mm
thickness of 25-35mm size gravel. The gas wells are provided at the time of
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filling of the landfill. The schematic of a typical gaswell is given in Fig.15.3 and
that of atypical closed Landfill in Fig.15.4. Generally depth of the gaswell is 80%
of the height of landfill. The wells are connected by a main collection Header and
the gasis pumped out under negative pressure by ablower. The gasis passed through
a moisture trap, gas cleaning unit, (containing activated alumina, silica gel or
molecular sieves) a flame arrester, a non-return valve and gate value before its
connection to the compressor (Fig. 15.5). Usually several gas wells are connected
to a blower, though pumping from all the wells is not carried out simultaneously. A
flare (open / enclosed flame) is provided to burn the gas when it can not be used.

Some studies have indicated out that out of the total theoretical quantity of

CH,, 20-25% can be recovered. Studies carried out for a few Indian cities indicate
that the gas will continue to be generated over a period of 7-10 years. Thewellsand
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the compressor can be designed for capacities based on these values.

Not al landfill gas generated in the landfill can be collected; some of it will
escape through the cover of even the most tightly constructed and collection system.
Newer systems may be more efficient than the average system in operation today. A
reasonable assumption for the gas collection efficiency for a properly planned gas
collection system is 70 - 85%.

At locations, where the gas recovery may not be feasible, passive venting may
be required to be carried out, by using a perimeter trench filled with gravel or rubble
enclosed in wire mesh.

Landfill gas has a calorific value of around 4500 Kilo Calories per Cubic
metre . It can be used as a good source of energy, either for direct thermal
applications or for power generation. There are three primary approaches to using
the landfill gas:

(&) direct use of the gaslocally (either on-site or nearby):
(b) generation of electricity and distribution through the power grid; and
(c) injectioninto agasdistribution grid.

Direct use of the gas locdly is often the simplest and most cost-effective
approach. The medium quality gas can be used in awide variety of ways, including;
residential use (cooking, hot water heating, space heating); boiler fuel for district
heating; and various industrial uses requiring process heat or steam (such as in
cement manufacture, glass manufacture, and stone drying).

A description of the different techniques involved in the utilisation of
landfill gas for power generation isgiven under Section 15.4.

15.3.2.1 Selection of Existing Landfill Sitesfor Gas Recovery

Before proceeding with Gas Recovery projects, it is necessary to ascertain
which of the existing landfills or open dumps are likely to be large enough to
warrant attention. Generally the sites considered suitabl e for recovery of energy are
those having over one million tonnes of waste in place, a majority of which should
be less than ten years old. Such sites are expected to generate enough gas to
support a profitable gas recovery project over anumber of years.

15.3.2.2 Assessment of Gas Production Potential
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The current end potential future amount of methane gas that can be produced/
collected from any landfill site depends upon several factors including the amount
of waste in place and its characteristics. The steps involved in estimating the gas
production potential are asfollows:

(1) Estimation of Total Waste L andfilled:

An estimate of the waste quantity at individual landfills and open dumps can
be made from a knowledge of the following:

Area, Depth, and Waste Density.
Waste Records.

Contour Plots.

If this data is not readily available for urban areas, a rough assessment of
waste in place can be determined using the following data:

urban populations;
waste generation rate per person per year;
fraction of waste landfilled; and

the number of years landfilling has been taking place.

Using this information, the total amount of waste placed in all the landfills
and large open dumpsin the urban areais calculated as following :

Total Waste Landfilled (tonnes) = Urban Population x Waste Generation Rate
(kg/person/year) x Fraction of Wastein
Landfills or Open Dumpsx Y ears of
Landfilling x 0.001.

The average waste quantity in place at each site can then be arrived at by
dividing the above total quantity by the total number of the sites, and adjusted further
in proportion to their relative areas and/ or depths.

(i)  Assessment of Waste Characteristics:

Waste characteristics influence both the amount and the extent of gas
production within landfills. Different countries and regions have MSW with widely
differing compositions; wastes from developing countries, are generally high in food
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and yard wastes, whereas devel oped countries, especially North America, have avery
high paper and cardboard content in their MSW. Landfills in developing countries
will tend to produce gas quickly (completing methane production within 10-15
years) because putrescible material decomposes rapidly. Landfills with high paper
and cardboard content will tend to produce methane for 20 years or more, at alower
rate.

If hazardous materials are mixed with the MSW, the recovered gas may
contain trace quantities of hazardous chemicals, which would need to be removed
from the gas prior to utilization. Higher gas purification requirements translate to
higher costs.

If landfills or large open dumps primarily have large quantities of
construction and demoalition debris, they will not produce expected quantity of gas.
Therefore, these sites may not be good candidates for energy recovery.

A knowledge of the waste types contained in a landfill siteis, therefore, very
important for fair assessment of the gas production potential. However, waste
disposal records are often incomplete or nonexistent and specific studies have to be
conducted for each specific site to assess the waste composition.

(iti)  Methods of GasProduction Potential:

The following three methods are commonly used to estimate the gas
production:

(@ Test Wélls:

The most reliable method for estimating gas quantity, short of installing afull
collection system, is to drill test wells and measure the gas collected from these
wells. To be effective, the wells must be placed in representative locations within
the site. Individual tests are performed at each well to measure gas flow and gas
quality. The number of wells required to predict the quantity of landfill gas will
depend upon factors such as, landfill size and waste homogeneity.

A genera rule applied is to reduce the amount of gas collected by test wells
by 50%. This is done because wastes at these sites are often loosely compacted or
spread in varying amounts across the landfill. Also, gas migration at these sitesis a
common problem, which can escalate the gas collection figures. Furthermore,
reducing the test estimates to half provides a conservative estimate of gas
production, which is important for purposes of determining the size of the energy
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recovery system. Later, if it is established that the gas is being under-utilized, it is
easy to supplement the collection system; however, the reverse is not possible.

An added benefit of this method is that the collected gas can be tested for
quality as well as quantity. The gas should be analyzed for methane content as well
as hydrocarbon, sulfur, particulae, and nitrogen content. Thiswill help in designing
the processing and energy recovery system.

(b)  Rough Approximation:

The simplest method of estimating the gas yield from a landfill site is to
assume that each tonne of waste will produce 6 nT of landfill gas per year. The
procedure for approximating gas production is derived from the ratio of waste
guantity to gas flow observed in the many diverse projects aready in operation. It
reflects the average landfill that is supporting an energy recovery project, and may
not accurately account for the quality of waste, climate, and other characteristics
present at a specific landfill.

This rough approximation method only requires knowledge of how much
waste isin place at the target landfill or large open dump. The waste tonnage should
be less than ten years old. Estimates from this approximation may however vary by
as much as 50%. This rate of production can be sustained for 5 to 15 years,
depending on the site. The Rough Approximation method produces the lowest
estimates of gas recovery. As such, it will be the most conservative estimate for
purposes of conducting the site assessment.

(c) Model Estimates:

Although test wells provide real data on the site’'s gas production rate at a
particular time, models d gas production predict gas generation during the site
filling period and after closure. These models typically require the period of
landfilling, the amount of waste in place, and the types of waste in place as the
minimum data. Two main models used for emissions estimating purposes are the
“First Order Decay Model” and the “Waste In Place Model”. The First Order Decay
Model produces the highest estimates, but its estimates are very sensitive to the
assumptions made about the timing of the waste disposal and gas recovery.

15.3.3 Incineration

It is the process of direct burning of wastes in the presence of excess air
(oxygen) at temperatures of about 800°C and above, liberating heat energy, inert
gases and ash. Net energy yield depends upon the density and composition of the
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waste; relative percentage of moisture and inert materials, which add to the heat | oss;
ignition temperature; size and shape of the constituents; design of the combustion
system (fixed bed/ fluidised bed ), etc. In practice, about 65 to 80 % of the energy
content of the organic matter can be recovered as heat energy, which can be utilised
either for direct thermal applications, or for producing power via steam turbine-
generators (with typical conversion efficiency of about 30%).

The combustion temperatures of conventional incinerators fuelled only by
wastes are about 760° C in the furnace, , and in excess of 870°C in the secondary
combustion chamber. These temperatures are needed to avoid odour from
incomplete combustion but are insufficient to burn or even melt glass. To avoid the
deficiencies of conventional incinerators, some modern incinerators utilise higher
temperatures of up to 1650°C using supplementary fuel. These reduce waste volume
by 97% and convert metal and glassto ash.

Wastes burned solely for volume reduction may not need any auxiliary fuel
except for start-up. When the objective is steam production, supplementary fuel
may have to be used with the pulverized refuse, because of the variable energy
content of the waste or in the event that the quantity of waste available is
insufficient.

While Incineration is extensively used as an important method of waste
disposdl, it is associated with some polluting discharges which are of environmental
concern, athough in varying degrees of severity. These can fortunately be
effectively controlled by installing suitable pollution control devices and by
suitable furnace construction and control of the combustion process. The various
environmental concerns and pollution control measures are discussed in Section
15.5.

15.33.1 Basic Typesof Incineration Plants

Both Stoker and Fluidised Bed type furnaces are used in incinerators. These
are illustrated in Fig.15.6 and Fig.15.7. The modern municipa incinerators are
usualy of the continuously burning type, and may have “water wall” construction in
the combustion chamber in place of the older, more common refractory lining.
Corrosion of “water wall” units can, however, be a problem. Recent advancements
include Twin Interchanging Fluidised Bed Combustor developed by a company in
Japan, which is claimed to be capable of completely combusting wastes of low to
high calorific values at very high overall efficiency (Fig.15.8).

Some basic types of Incineration Plants operating in the developed countries
in the West and in Japan are asfollows:
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(i) MassBurn:

About three-fourths of the waste-to-energy facilities in the U.S. and a few
other countries are ‘mass burn’, where refuse is burned just asit is delivered to the
plant, without processing or separation. These plants are sized to incinerate up to
3,000 tons of refuse per day and use two or more burners in a single plant. While
facilities are sized according to the expected volume of waste, they are actually
limited by the amount of heat produced when the garbage is burned. For example,
if garbage burns hotter than it is expected to, less volume of material can be
incinerated. Some mass burn plants remove metals from the ash for recycling.
Mass burn plants have operated successfully in Europe for more than 100 years. A
typical schematic diagram of such plantsisgivenin Fig. 15.9.

(i1)  Modular Combustion Units:

Modular incinerators are simply small ‘mass burn’ plants with capacity
ranging from 25 to 300 tonnes per day. The boilers are built in afactory and shipped
to the plant site, rather than being erected on the site, as is the case with larger
plants. Thesefacilities are often used in small communities.

(iii) Refuse-Derived Fuel (RDF) based Power Plants:

In an RDF plant, waste is processed before burning. Typicaly, the non-
combustible items are removed, separating glass and metalsfor recycling.
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The combustible waste is shredded into a smaller, more uniform particle size for
burning. The RDF thus produced may be burned in boilers onsite, or it may be
shipped to off-site boilers for energy conversion. If the RDF isto be used off-site, it
isusually densified into pelletsthrough the process of pelletisation.

Pelletisation involves segregation of the incoming waste into high and low
calorific value materials and shredding them separately, to nearly uniform size. The
different heaps of the shredded waste are then mixed together in suitable
proportion and then solidified to produce RDF pellets. The caorific value of RDF
pellets can be around 4000 kcal/ kg depending upon the percentage of organic
matter in the waste, additives and binder materials used in the process, if any. Since
pelletisation enriches the organic content of the waste through removal of inorganic
materials and moisture, it can be very effective method for preparing an enriched
fuel feed for other thermo-chemical processes like Pyrolysis Gasification, apart
from Incineration. Additional advantage is that the pellets can be conveniently
stored and transported.

RDF plants involve significantly more sorting and handling than Mass Burn
facilities and therefore provide greater opportunity to remove environmentally
harmful materials from the incoming waste prior to combustion. However, it is not
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possible to remove the harmful materials completely. Severa years ago RDF was
used mainly along with coa fired boilers but now, because of the stricter
restrictions w.r.t. air emissions, it isusualy burned in dedicated boilers designed
and built specialy for the RDF. In case of RDF Pellets too, it needs to be ensured
that the pellets are not burned indiscriminately or in the open, but only in dedicated
Incineration facilities or other well designed combustion systems, having all the
necessary pollution control systems as described in Section 15.5.

15.3.3.2 Indian Scenario for Adoption of I ncineration Technology

All sorts of waste materials are generated in the Indian cities as in other
countries. However, in the absence of a well planned, scientific system of waste
management (including waste segregation at source) and of any effective regulation
and control of rag-picking, waste burning and waste recycling activity, theleft-over
waste at the dumping yards generally contains high percentage of inerts (>40%) and
of puterscible organic matter (30-60%). It is common practice of adding the road
sweepings to the dust bins. Papers and plastics are mostly picked up and only such
fraction which is in an unrecoverable form, remainsintherefuse. Paper normally
constitutes 3-7% of refuse while the plastic, content is normally less than 1%. The
calorific value on dry weight basis (High Calorific Vaue) varies between 800-1100
k-cal/kg. [Tables 3.4 and 3.5 in Chapter 3, refers]. Self sustaining combustion
can not be obtained for such waste and auxiliary fuel will be required. Incineration,
therefore, has not been preferred in India so far. The only incineration plant
installed in the country at Timarpur, Delhi way back in the year 1990 has been lying
inoperative due to mismatch between the available waste quality and plant design |
The case study givenin Section 15.7 refers].

However, with the growing problems of waste management in the urban areas
and the increasing awareness about the ill effects of the existing waste management
practices on the public heah, the urgent need for improving the overall waste
management system and adoption of advanced, scientific methods of waste disposal,
including incineration, isimperative.

15.3.4Pyrolysis/ Gasification

Pyrolysisisalso refered to as destructivedistillation or carbonization. It is
the process of thermal decomposition of organic matter at high temperature (about
900°C) in an inert (oxygen deficient) atmosphere or vacuum, producing a mixture of
combustible Carbon Monoxide, Methane, Hydrogen, Ethane [CO, CH., H,, GHeg
and non-combustible Carbon Dioxide, water, Nitrogen [CO,, H;O, Ny gases,
pyroligenous liquid, chemicals and charcoal. The pyroligenous liquid has high heat
value and is a feasible substitute of industrial fuel oil. Amount of each end-product
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depends on the chemical composition of the organic matter and operating
conditions. Quantity and chemical composition of each product changes with
pyrolysis temperature, residence time, pressure, feed stock and other variables.

Gasification involves thermal decomposition of organic matter at high
temperatures in presence of limited amounts of air/ oxygen, producing mainly a
mixture of combustible and non-combustible gas (carbon Monoxide, Hydrogen and
Carbon Dioxide). This process is similar to Pyrolysis, involving some secondary/
different high temperature (>1000°C) chemistry which improves the heating value
of gaseous output and increases the gaseous yield (mainly combustible gases
CO+H,) and lesser quantity of other residues. The gas can be cooled, cleaned and
then utilized in 1C engines to generate electricity.

Pyrolysis/ Gasification is already a proven method for homogenous organic
matter like wood, pulp etc. and is how being recognised as an attractive option for
MSW aso. In these processes, besides net energy recovery, proper destruction of
the waste is also ensured. The products are easy to store and handle. These processes
are therefore being increasingly favoured in place of incineration.

1534.1 Different Typesof Pyrolysis/ Gasification Systems

The salient features of different typesof Pyrolysis/ Gasification Systems so far
developed are given below.

(1) GarretsFlash Pyrolysis Process:

This low temperature pyrolysis process has been developed by Garrett
Research and Development Company. In a4 tonnes per day pilot plant set up by the
company at La Varne, California, the solid waste isinitially coarse shredded to less
than 50mm size, air classified to separate organics / inerts and dried through an air
drier. The organic portion isthen screened, passed through a hammer mill to reduce
the particle size to less than 3mm and then pyrolysed in a reactor at atmospheric
pressure. The proprietary heat exchange system enables pyrolytic conversion of the
solid waste to a viscous oil at 500°C. A schematic diagram of this systemisgivenin
Fig. 15.10.
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(i)  Pyrolysis Process developed by Energy Research Centre of Bureau of
Mines, Pittsburg:

Thisis a high temperature pyrolysis process to produce both fuel oil and fuel
gas and has been investigated mainly at laboratory scale. The waste charge is heated
in a furnace with nickel-chromium resistors to the desired temperature. The
produced gases are cooled in an air trap where tar and heavy oil condense out.
Uncondensed vapours pass through a series of water-cooled condensers where
additional oil and aqueous liquors are condensed. The gases are then scrubbed in an
electrostatic precipitator before further use. It is clamed that one tonne of dried
solid waste produces 300-500 m® of gas, but the process is yet to be tested at full
scale. A schematic diagram of this systemisgivenin Fig.15.11.
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(iii) Destrugas Gasification System:

In this system (Fig. 15.12) the raw solid waste isfirst subjected to shredding
/ size reduction in an enclosed shed. The air from this shed is taken up as intake air
in the plant so as to avoid odour problems. The shredded waste is fed to retorts
(heated indirectly by burning gas in a chamber enveloping it) through which it sinks
under gravity and gets subjected to thermal decomposition. The produced gas is
washed and most of it (85%) used for heating the retorts. The remaining 15% is
available asfuel. The slag consists of mostly char.
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15.34.2 Other Emerging Processes

(i)  Slurry Carb Process:

This process has been developed by a company in USA to convert municipal
solid waste into fuel oil. It is used in conjunction with a wet resource recovery
process to separate aut the recyclables. The received waste is first shredded and
placed in an industria pulper. The heavier and denser inorganic material sink to the
bottom of the water-filled pulper from where it is easily removed. The remaining
waste slurry (organic fraction) is subjected to violent pulping action, which further
reduces the size of its constituents. The pulped organic waste is then subjected to
high pressure and temperature whereby it undergoes therma decomposition /
carbonisation (slow pyrolysis) tofuel oil.

(if)  PlasmaPyrolysisVitrification (PPV) / Plasma Arc Process:

Thisis an emerging technology utilising thermal decomposition of organic
wastes for energy / resource recovery. The system basically uses a Plasma Reactor
which houses one or more Plasma Arc Torches which generate, by application of
high voltage between two electrodes, a high voltage discharge and consequently an
extremely high temperature environment (between 5000- 14,000°C. This hot plasma
zone dissociates the molecules in any organic material into the individual elemental
atoms while all the inorganic materials are simultaneously melted into molten lava.

The waste materia is directly loaded into vacuum in a holding tank, pre-
heated and fitted to a furnace where the volatile matter is gasified and fed directly
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into the plasma arc generator where it is pre-heated electricaly and then passed
through the plasma arc dissociating it into elemental stages. The gas output after
scrubbing comprises mainly of CO and H,. The liquefied produce is mainly
methanol.

The entire process is claimed to safely treat any type of hazardous or nor-
hazardous materials. It has the advantage that the NOx (oxides of Nitrogen) and SOx
(oxides of Sulphur) gases emissions do not occur in normal operation due to the
lack of oxygen in the system.

Some US companies offering PPV technology are reported to be setting up
some demonstration units based on this technology in Malaysiaand Singapore.
15.3.5 Advantagesand Disadvantagesof Different Technological Options

The main advantages and disadvantages of the different technological
options described above are givenin Table 15.2.

Table15.2 Advantagesand Disadvantages of Different Technological

Options:
Advantages Disadvantages
Anaer obic Digestion Heat released isless- resulting in lower
Energy recovery with production of high | and less effective destruction of
grade soil conditioner. pathogenic organisms than in aerobic
composting. However, now thermophilic
No power requirement unlike aerobic temperature systems are also available to

composting, wheresieving and turning | take care of this.
of waste pile for supply of oxygenis

necessary

Enclosed system enables all the gas Unsuitable for wastes containing less
produced to be collected for use. organic matter

Controls Green House Gases

emissions Requires waste segregation for

improving digestion efficiency.
Free from bad odour, rodent and fly
menace, visible pollution and social
resistance.




Modular construction of plant and
closed treatment needs less land area.

Net positive environmental gains.

Can be done a smdl-scae

L andfill Gas Recovery
L east cost option.

The gas produced can be utilised for
power generation or as domestic fuel
for direct therma applications.

Greatly polluted surface run-off
during rainfall.

Highly skilled personnel not necessary.

Natura resources are returned to soil
and recycled.

Can convert low lying marshy land to
useful aress.

Soil / Groundwater acquifers may get
contaminated by polluted leachate inthe
absence of proper |eachate treatment
system

Inefficient gas recovery processyielding
30-40% of the totad gas generation.

Ba ance gas escapes to the aimosphere
(significant source of two mgor Green
House gases, carbon dioxide & methane)

Large land arearequirement

Significant  transportation costs to
faraway landfill sites may upset viability

Cost
of pre-treatment to upgrade the gas to
pipeline quaity and leachate treatment
may be significant.

Spontaneous ignition/explosions due to
possible build up of methane
concentrations in amosphere

Incineration
Most suitable for high Calorific Value
waste, pathological wastes, etc.

L east suitable for aqgueous/ high moisture
content/ low Caorific Vaue and
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Units with continuous feed and high
through-put can be set up.

Thermal Energy recovery for direct
heating or power generation.

Relatively noiseless and odourless.

Low land area requirement.

chlorinated waste .

Excessive moisture and inert content
affects net energy recovery; auxiliary
fuel support may be required to sustain
combustion

Concern for toxic metals that may
concentrate in ash, emission of
particulates, SOx, NOx, chlorinated
compounds, ranging from HCI to
Dioxins

Can be located within city limits,
reducing the cost of waste
transportation.

Hygienic.

High Capital and O& M costs.
Skilled personnel required. for O& M.

Overal efficiency low for small power
stations.

Pyrolysis/ Gasification

Production of fuel gas/oil, which can
be used for avariety of applications

Compared to incineration, control of
atmospheric pollution can be dealt with
In asuperior way, in techno-economic
sense.

Net energy recovery may suffer in case
of wastes with excessive moisture.

High viscosity of pyrolysisoil may be
problematic for its transportation &
burning.

15.3.5 Land Requirements

The area of land required for setting up any Waste Processing/Treatment
facility generally depends upon the following factors:

Total waste processing/treatment capacity, which will govern the overall plant

design/size of various sub-systems.

Waste quality/characteristics, which will determine the need for pre-
processing, if required, to match with the plant design

Waste treatment technology selected, which will determine the waste
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fraction destroyed/converted to energy.

Quantity and quality of reject waste, liquid effluents and air emissions, which
will determine the need for disposal/post treatment requirements to meet
EPC norms.

As such, the actual land area requirement can be worked out only in the
Detailed Project Report for each specific project. However, for initial planning, the
following figures may be considered for 300 TPD (input capacity) Waste-to-Energy
facilities:

Incineration/Gasification/Pyrolysis plants : 0.8 hectare*
Anaerobic Digestion Plants : 2 hectares*
Sanitary Landfills (including Gas-to-Energy recovery) ; 36

hectares* *

* Based upon typical ingtalations

> For areas away from coast (can be more in coastal areas). Thisis estimated on the basis

of afilling depth of 7m and Landfill life of 15 years.
154 UTILISATION OF BIO-GAS

Main constituents of biogas are Methane (about 60%), Carbon Dioxide
(about 40%) and small quantities of Ammonia and Hydrogen Sulphide. The Calorific
Value of biogas is about 5000 kcal/m® and depends upon the methane percentage.
Thegas from landfills generally has alower calorific value.

The biogas, by virtue of its high calorific value, has tremendous potential to
be used as fuel for power generation through either 1C Engines or Gas Turbines can
be utilised for this purpose.

15.4.1 Local Gas Use

The simplest and most cost-effective option for use of landfill gas/ biogasis
local gas use. This option requires that the gas be transported, typicaly by a
dedicated pipeline, from the point of collection to the point(s) of gas use. If
possible, a single point of use is preferred so that pipeline construction and
operation costs can be minimized.

Prior to transporting the gas to the user, the gas must be cleaned to some
extent. condensate and particulates are removed through a series of filters and/or



driers. Following this minimal level of gas cleaning, gas quality of 35 to 50 percent
methane is typicaly produced. This level of methane concentration is generaly
acceptable for use in a wide variety of equipment, including boilers and engines.
Although the gas use equipment is usually designed to handle natural gas that is
nearly 100 percent methane, the equipment can usually be adjusted easily to handle
the gas with the lower methane content.

15.4.2 Pipelinelnjection

Pipeline injection may be a suitable option if no local gas user isavailable. |If
a pipeline carrying medium quality gas is nearby, only minimal gas processing may
be needed to prepare the gas for injection. Pipe line injection requires that the gas
be compressed to the pipeline pressure.

Medium Quality Gas. Medium quality gas will typically have an energy value
that is the equivalent to landfill gas with a 50% methane concentration. Prior to
injection, the gas must be processed so that it is dry and free of corrosive
impurities. The extent of gas compression and the distance required to reach the
pipeline are the main factors affecting the attractiveness of this option.

High Quality Gas. For high-quality gas, most of the carbon dioxide and trace
impurities must be removed from the recovered gas. Thisisamore difficult and
hence more expensive process than removing other contaminants. Technologies
for enriching the gas include pressure swing adsorption with carbon molecular
sieves, amine scrubbing, and membranes and are described in Section 15.4.4.
The schematic of atypical gasfilter systemisshowninFig. 15.13.

15.4.3 Electricity Generation

Electricity can be generated for on-site or for distribution through the local
electric power grid. Internal combustion engines (ICs) and Gas turbines are the
most commonly used for landfill gas/ biogas-to-power generation projects.

Internal Combustion Engines. Internal combustion engines are the most
commonly used conversion technology in landfill gas applications. They are
stationary engines, similar to conventional automobile engines, that can use
medium quality gas to generate electricity. While they can range from 30 to
2000 kilowatts (kW), IC engines associated with landfills typicaly have
capacities of severa hundred kW.

IC engines are a proven and cost-effective technology. Their flexibility,

294



especially for small generating capacities, makes them the only electricity
generating option for smaller landfills. At the start of a recovery project, a
number of IC engines may be employed; they may then be phased out or moved
to alternative utilization sites, as gas production drops.

IC engines have proven to be reliable and effective generating devices. However,
the use of landfill gasin IC engines can cause corrosion due to the impuritiesin
landfill gas. Impurities may include chlorinated hydrocarbons that can react
chemically under the extreme heat and pressure of an IC engine. In addition, IC
engines are relatively inflexible with regard to the airfuel ratio, which fluctuates
with landfill gas quality. Some IC engines aso produce significant NOy
emissions, although designs exist to reduce NOy emissions.
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Gas Turbines. Gas turbines can use medium quality gas to generate power of
sale to nearby users or electricity supply companies, or for on-site use. Gas
turbines typically require higher gas flows than IC engines in order to be
economically attractive, and have therefore been used at larger landfills; they are
availablein sizes from 500 kW to 10 MW, but are most useful for landfills when
they are 2 to 4 MW (USEPA, 1993c). Also, gas turbines have significant
parasitic loads, when idle (not producing power), gas turbines consume
approximately the same amount of fuel as when generating power. Additionally,
the gas must be compressed prior to usein the turbine.

Steam turbines: In cases where extremely large gas flows are available, steam
turbines can be used for power generation.

Fuel cells: Fuel Cells, an emerging technology, are being tested with landfill
gas. These units, expected to be produced in the 1 to 2 MW capacity range, are
highly efficient with relatively low NO, emissions. They operate by converting
chemical energy into usable electric and heat energy.

15.4.4 Purification of Biogas

Most effluents and solid wastes contain sulphates, which give rise to
presence of H,Sinthebiogas. The enginesto be fuelled by biogas, can tolerate H,S
content of up to 1000 ppm, beyond which the H,S can cause rapid corrosion.

Although biogas generated from MSW is generally not expected to contain
high percentage of H:S, adequate arrangements for cleaning of the gas have to be
made in case it is beyond 1000 ppm. Systems being used to remove HS from
biogas are based on Chemical, Bio-chemical processes or physical processes, which
are described below:

15441 Chemical Processes

Chemical processes are based on absorption of H,S by Alkali, Iron or
Amines. The most widely used process for desulphurisation is the Amine process
because it selectively absorbs H,S from biogas and can be carried out at near
atmospheric pressure. This can reduce the H,S content to 800 ppm. The raw biogas
is treated through an absorber column against tri-ethanol amine solution. The
absorber has one or more packing beds of polypropylene rings to provide better
contact between gas and the liquid media Amine solution while reacting with
biogas, gets saturated with H,S and CO, and is sent to the stripper column wherein it
gets regenerated by stripping off the H,S and CO, by heating with steam. The sour
gases are let off to achimney. The regenerated amineisready for reuse.



15.4.4.2

These processes uses secondary treated effluent to clean the biogas. This
effluent is sprayed from the top of the absorber columns while the raw biogas is blown
in from the bottom. The effluent cleans the biogas and is then sent to a aeration tank
where the H,S is converted into sulphates. The effluent from this aeration tank is partly
supplemented by fresh treated effluent and partly disposed off.
elemental sulphur is outside the scrubber and therefore ensures availability of the

Bio-chemical Processes

scrubber without choking effect.

15.4.4.3

Summary of Gas Cleaning Methods

A summary of the different methods being used for purification of biogasis
givenin Table 15.3.

Table15.3 Summary of Gas Cleaning Methods

Compound Processtype Process alter natives available
H.O Adsorption 1. Slicagd
2. Molecular Seves, and
Alumina
Absorption 1. Ethyleneglycal (at low
temperature - 20°F)
2. Sdexol
Refrigeration Chilling to -4°F
Hydrocarbons Adsorption Activated carbon
Absorption 1. Lean oil Absorption
2. Ethylene glycol, and
3. Sdexol
(All at low temperatures of -20°F)
Combination Refrigeration with ethylene
Glycal plus activated carbon
Absorption
CO, and H,S Absorption 1. Organic solvents
2. Alkdine st solutions
3. Alkanolamines
Adsorption 1. Molecular sSeves
2. Activated carbon
Membrane separation Hollow fiber membrane
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H.,S removd with Sulphur | Bio-chemica process
recovery

155 ENVIRONMENTAL MANAGEMENT OF WASTE-TO-ENERGY
PROJECTS

Any waste handling, treatment and disposa facility, either for energy/
resource recovery (including compost) or only for waste destruction, can be a
source of environmental pollution (air/ ground/ water and land / visual/ noise/ odour
pollution/ explosion), unless proper measures are taken in its design and operation.
The major environmental concerns in case of the Waste-to-Energy facilities based
on the established technologies of Incineration and Anaerobic Digestion, and the
control measures necessary, are discussed in the next Section. The concerns/
measures for Incineration are, however, generally also applicable to the other
waste processing/ treatment methods involving thermo-chemical treatment and
those for Anaerobic Digestion, to the other waste processing/ treatment methods
involving bio-chemica treatment (including composting).

15.5.1 Environmental Pollution Control (EPC) Measures for Incineration
Plants

Incinerators burning MSW can produce a number of pollutantsin the flue gas
in varying concentration like carbon monoxide, sulfur dioxide, and particul ate matter
containing heavy metal compounds and dioxins. Many of these pollutants are
formed as a result of incomplete/ partial combustion. That is, refuse that is not
burned at high enough temperatures, for long enough or when too much or too little
air has been added to the fire. The generation of these pollutants and their release
into the atmosphere can be effectively reduced or prevented by incorporating a
number of air pollution control devices and by proper operation of the WTE facility.

Concentrations of heavy metals in particulates, particularly lead, zinc,
mercury and cadmium, may be significant and care must be exercised in their
removal and disposal.

The most important of flue gas pollutants are sulphur dioxide (SO,) and
hydrogen chloride (HCI), the agents of acid rain. These may be eliminated by wet
scrubbers. Hydrogen fluoride and oxides of nitrogen are aso produced but are not
normally a problem because of low concentrations. The emission of combustible,
carbon-containing pollutants- dioxins and furans, is also of concern. The same can be
controlled by optimizing the combustion process.



Other concerns related to incineration include the disposal of the liquid
wastes from floor drainage, quench water, and scrubber effluents, and the problem of
ash disposal in landfills because of heavy metal residues.

Following is a summary of the gaseous emission control devices now being
used to remove pollutants from incinerator stack:

Dry Scrubbers

These “wash” particulate matter and gases from the air by passing them
through a liquid. The scrubber removes acid gases by injecting a lime durry (a
watery mixture) into a reaction tower through which the gases flow. A dry powder
containing salts is produced and collected alongwith the fly ash in an electrostatic
precipitator or in filters and discharged alongwith the fly ash into the ash residue.
The lime also causes small particles to stick together, forming larger particles that
are easier to remove. Ash is stabilized by the addition of lime which enhances its
natural alkainity.

Electrostatic Precipitators (ESP)

These units use high voltage to negatively charge incoming dust particles,
then the charged particles are collected on positively charged plates, ESPs -
documented as removing 99.95% of Total Suspended Particulates (TSPs), including
heavy metals - are very commonly used as WTE air pollution control devices.
Nearly 43% of all existing facilities use this method to control air pollution.

Fabric Filters (Bag houses)

These consist of hundreds of long fabric bags made of heat-resistant material
suspended in an enclosed housing which filters particles from the gas stream. Fabric
filters are able to trap fine, inhalable particles ( <10 microns) and can capture 99%
of the particulates in the gas flow coming out of the scrubber, including condensed
toxic organic and heavy metal compounds.

Stack Height

Stack height is an extra precaution taken to ensure that any remaining
pollutants will not reach the ground in a concentrated area. When the gasses enter
the stack they are quite clean due to the controls discussed above. Stacks being built
today are 200-300 feet (60-90m)or more in height, twice as high as the stacks used
on older municipal incinerators. Stack heights should be determined by calculating
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guantity of fuel used and considering local weather conditions also. Standard
equations could be used for determining stack heights.

EPA, USA has developed strict air emission standards for incinerators.
CPCB has dso stipulated certain standards for medical waste incinerators
and these standards could be enforced till specific standards are evolved for
M SW incinerators.

The schematic of a typical flue-gas cleaning system of a modern MSW
combustion facility isgivenin Fig. 15.14.

Dioxinsand Furans:

In recent years, one group of chemical compounds, Polychlorinated
dibenzofurans (PCDFs), commonly called dioxins and furans, has attracted special
attention because of their toxicity, carcinogeecity and possible mutagenicity. These
compounds are found in many foods - including fish, poultry and eggs- and occur in
such common products as wood pulp and paper. About 75 different forms have been
identified, of which five dioxins and seven furans are considered to be most toxic.

Fortunately, such compounds can be destroyed. It is clamed that by
maintaining very high temperatures during the combustion process, waste-to-energy
plants can eliminate virtually all of the dioxins that are produced. Also that a
combination of scrubbers and fabric filtration systems can remove up to 99 percent
of these large molecules. Activated carbon injection before the flue gas treatment
has also proved to be effective. Activated carbon reactor and catalytic rectors can be
used for advanced processing.

However, the dioxins and furans are the most controversial issues, and the
mechanism of their production are not yet completely clarified and their removal
methods are not yet completely established.

Water Pollution:

The liquid wastes of incineration - floor drainage, scrubber effluents and
guench water - have the potentia for the pollution of surface waters and aquifers, if
they are discharged as waste effluents without treatment. Faculty should make
arrangementsto meet the standards prescribed by the State Pollution Control
Boards.



Land Pollution:

Dry ash in the bottom residue and fly ash captured from flue gases in
electrostatic precipitations or bag filters contain heavy metals and will pollute the
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land unless treated or disposed of at special hazardous waste landfills.

15.5.2 Environmental Pollution Control (EPC) Measures for Anaerobic
Digestion Plants

The main points of concern relating to Anaer obic Digestion plantsinclude:

Biogas emissions/ leakage posing environmental and fire hazards.

Gaseous exhaust from the power generating units which must be duly cleaned to
meet specified standards for air emissions.

Disposal of large quantities of water and of liquid sludge which can pose
potential water pollution problem. While the liquid sludge can be used as rich
organic manure, either directly or after drying, its quality needs to be duly
ascertained for particular application. In case of use for food crops it needs to
be to ensured that it is not contaminated by heavy metals/ toxic substances
beyond permissible levels.

15.5.3 General Environmental Concernsand Control Measures

A summary of the general environmental concerns and control measures for
waste processing, treatment and disposal facilitiesisgivenin Table 15.4.

156 PLANNING AND EXECUTION OF WASTE-TO-ENERGY
PROJECTS

Any Wadgte-to-Energy project consist of several elements - collection/
availability of wastes, wastes treatment and recovery of energy, distribution and
marketing of the end products, disposal of fina rejects effluents, etc. If any of
these elements malfunctions, smooth management of the project can not be ensured.
A careful and proper advance planning is therefore very importance for the success
of these projects.

Table15.4 Summary of General Environmental Concerns and Control
Measures for Waste Processing, Treatment and Disposal

Facilities.
Waste tr eatment Environmental Control measures
technology concerns
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Thermo-chemical

Condensate from gas/

Recovery, recycling in process/

processes steam treatment.

-do- Residual inorganic Inert residual materials such as
material broken glass, crockery and

rubble to landfill.

-do- Gasifier char L eachability tests to determine
(a vauable source of soluble metal compounds.
plant nutrients).

Incinerator ash Contaminated char to be
stabilised prior to disposal.

All power Noise from gasifier and | To be enclosed in acoustic

generation engines modules with noise attenuated to

Facilities 75dB @ 1m from source.

Plant to have adequate buffer
space from nearest residential
areas.

All incorporating

Contaminated water

Recovery, recycling in process/

wet separation from separation treatment
processes process
All Stormwater from site If contaminated,
diversion/storage for process
use/ treatment to specified
standard before discharge.
-do- Wind blown rubbish Mesh fences around facility with
periodic cleaning of rubbish.
-do- Odour fromthewaste | Air from these areas to be
storage / processing extracted and treated to destroy
buildings odour causing compounds prior
to release to atmosphere.
-do- Exhaust gas from To bewithin limits prescribed

combustion engines or

by CPCB for industrial air




process burners emissions.

-do- Flies and mosquitoes All MSW received at the WTE
site to be processed and
disposed off within 10 hrs of
their receipt.

-do- Rats and Birds MSW receival areato be
cleaned daily.

MSW storage areato be an
enclosed/ sealed building and
cleaned weekly.

15.6.1 Basic Factorsin Planning and Execution

The important factors which need to be considered and taken into account
while planning any Waste to Energy facility and for selecting most appropriate,
techno-economically viable technology, are given below:

15.6.1.1 Cost of Collection & Transportation of Wastes

Thelogistics of waste collection/ segregation and its transport to plant site
are of fundamental importance. Sufficient consideration should be given to the
costs involved in the same. In the specific case of MSW, collection and
transportation costs often account for the largest proportion of MSW treatment
costs, which may be as high as 70% and may preclude consideration of certain
technologiese.g. Sanitary Landfilling at faraway sites.

15.6.1.2 Scale of Treatment

The waste quantity available/ to be processed is another magor factor
requiring careful consideration. Large scale treatment would be advantageous for
large cities where large waste quantities are discharged in limited area. Small scale
treatment on the other hand may be more suitable for low discharge density/ small
guantities of wastes to be treated. Such facilitieswill have the advantage that they can
be operated easily and quickly. However, collection and transportation costsin this
case (involving wide area) are bound to be higher than in the latter caseinvolving a
limited area, and a trade-off will be necessary.



15.6.1.3 Local Conditions/ Existing Waste Management Practices

The viability of any Waste to Energy Project, critically depends upon, inter-
dlia, an assured availability of the requisite quantities and quality of the waste.
Implicit, therefore, will be the need to ensure proper linkages in waste management
right from its generation at sourceto final disposal.

The waste management practices generally vary with: the local socio-
economic and physical conditions, rates of waste generation, and wastes
composition. The last two factors also determine the potential for energy recovery
within the over al frame-work of the waste management system. The local socio-
economic conditions and existing WM practices may, however, over-ride certain
solutions which otherwise are techno-economically moreviable. Conversely, there
will be a need to improve the existing waste management practices/ local conditions
to suit the selected technological option/ maximize energy recovery component.

For example, wastes of different qualities from different activities often get
mixed up with the Urban Municipal waste stream. Some of these wastes have avery
high percentage of organic matter and accordingly a high energy recovery potential.
It should, therefore, be ensured that such wastes are collected and transported
directly to the energy recovery facilities and not allowed to get mixed up with other
waste streams with low energy recovery potential.

15.6.14 Physical and Chemical Characteristics of the Waste

A careful evaluation of percentage of bio-degradable/ combustible
congtituents/ moisture content of the waste and its chemical composition is
necessary for selection of most appropriate technology.

Wastes from vegetable/ fruit yards and markets, agricultural and food
processing units etc. contain high concentration of bio-degradable matter and are
suitable for energy recovery through anaerobic de-composition. Solid wastes having
a high proportion of paper and wood products, on the other hand, will be suitable for
Incineration.

The composite solid wastes in urban areas in India are characterized, in
general, by low percentage of combustibles and high percentage of inorganic/ inerts
and moisture and are not very suited for incineration. The wasteisgeneraly rich in
bio-degradable matter and moisture content and can be treated anaerobically in
Sanitary Landfills or Anaerobic Digestersfor energy recovery.

In situations, where waste containing high percentage of combustibles and
low percentage of inorganic/ inerts and moisture, is either available or can be
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ensured, through either adoption of effective waste segregation/ processing
methods or in any other manner, the Incineration/ Gasification/ Pyrolysis options
can be gainfully utilised.

15.6.1.5 Seasonal Fluctuationsin Wastes Quantity & Quality

This is important as any imbalance between the availability of requisite
guantity and quality of wastes and the energy demand/ utilization pattern may
adversely affect the project’s viability. In case of conversion to steam/ heat energy,
it would be necessary to consume them in the vicinity of the plant as soon as
produced. Otherwise, the technologies of transportable and storage type energy
conversion viz. gasification/ pyrolysis (conversion to fuel oils), densification
(conversion into fuel pellets) may be considered to tackle such imbalance.

15.6.1.6 Treatment/Disposal of Rejects/Effluents

The method of treatment and disposal of the final rgjects effluents should be
considered in advance. The utility of the same should aso be considered asin case
of anaerobic digestion, where about 70% of the input is discharged as sediment
(digested sludge), but the same after being stabilized through aerobic treatment, can
be used as agood fertilizer.

It should be borne in mind while adoption of any particular technology that
MSW, though not classified as Hazardous or Toxic, may also contain some such
waste component (solvents, paints, pesticides, sewage sludge, pathological wastes
from hospitals, etc.). Proper Waste management requires that such waste materials
are stored, collected, transported and disposed off separately, preferably after
suitable treatment to render them innocuous and not mixed with the Urban Waste
stream. The possibility, however, of Toxic & Hazardous wastes being present in the
MSW, should be carefully examined and duly taken into consideration during their
treatment/ processing and in the design of the WTE plants.

Plastic wastes may account for 1-10% of the total Municipal Solid Wastes.
They are highly resistant to bio-degradation, which makes them objectionable for
release to the environment and of special concern in waste management. Plastics
have a high heating value making them very suitable for incineration. However, PVC
when burnt, may, under certain conditions, produce dioxin and acid gas, which calls
for adequate safety measures as already discussed in previous sections.

15.6.1.7 Energy End-Use

Effective marketability of end products (thermal energy/power/fuel
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oil/gas/pellets) will be a crucial factor determining the projects viability and needs
to be tied-up in advance. In case of projects amed at power generation, the
availability of grid close to plant site would, of course, be necessary to enable
wheeling of the generated power to third parties or its sale to utility.

15.6.1.8 Capital and Recurring Costs

These will be governed by, inter-alia, the Land area requirements and the
auxiliary power/water requirements of the project besides availability of
infrastructure and manpower with adequate expertise and skill for smooth operation
and maintenance.

15.6.1.9 Environmental |mpact

A relative assessment of different technological options from environmental
angle is necessary keeping in view the existing regulatory standards. The basic
approach adopted should be to promote environmentally sound waste disposal and
treatment technol ogies and wherein energy recovery isonly an additional benefit. It
should also be kept in view that a problem/ solution in waste disposal does
not become a problem in air pollution or water pollution.

In general, the ideal technology to choose should be the one which requires,
per unit volume of the waste treated, the minimum space, generates the minimum
rejects requiring further disposal and/ or effluents requiring least treatment before
final usage on discharge, demands least O&M efforts on the part of user agency in
terms of both O& M expenditure and manpower, has the best impact on minimizing
environmental pollution, requires the least initial capital investment and, of course,
recovers the maximum net energy. In practice, however, a trade-off between these
aspects would have to be made and the decision based on techno-economic viability
of any option at the specific site keeping in view the local conditions and the
available physical and financial resources.

15.6.2 Scope of Feasibility Studi es

The suggested scope of Feasibility Studies to be conducted for ascertaining
the techno-economic viability of different waste treatment options is summarised
below:

15.6.2.1 Quantity of Municipal Solid Waste Generated per day
Per capita and total generation.

Zone-wise quantity.
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15.6.2.2

15.6.2.3

15.6.2.4

15.6.2.5

15.6.2.6

15.6.2.7

Number of collection points along with quantity of waste available at
each.

Current Mechanism for Collection/ Transportation

Existing mode of collection

Details of collection and dumping points, and waste quantities collected/
dumped per day at each point.

Site maps showing the location of collection and disposal sites.

Physical & Chemical Characteristicsof Collected Waste

Size of constituents, density, moisture content, calorific value, ultimate/
proximate analysis, % of volatile solids & fixed carbon, etc.

Sampling of waste to be over minimum period of 3 consequtive seasons.

Sampling procedure to be as per BIS norms.

Present Mode of Disposal

Burning/ composting/ other methods.

Expenditure involved.

Provisionsin the Existing System for

Segregation of inert material
Recycling

Scientific disposal/ energy recovery
Revenue generation

Commitments/Arrangements of Concerned Municipality with
Private Parties regarding Waste Collection/ Disposal , if any

Details About the Proposed Scheme of Energy Recovery

sitedetails/ suitability
sizing of plant capacity
estimated waste processing/ treatment capacity
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estimated energy recovery potential/ other by-products.
assessment of alternative options/ technology selection;

guantity & quality of final rejects to be disposed off & their disposal
method;

15.6.2.8 Environmental | mpact Assessment Analysis of the Selected Option
15.6.2.9 Energy End-Use & Revenue Generation

15.6.2.10 Cost Estimates

Capital cost, O&M costs including manpower,
Revenue, Cost benefit analysis, etc.

15.7 CASE STUDIES

Some Case Studies on specific projects on Energy Recovery from Municipal
Solid Wastes in developed countries as well as India, are cited in the Annexure 15.1
to provide a brief over-view of the developments in the Waste-to- Energy sector
across the world.

15.8 CONCLUSIONS

The different technologies for recovering useful energy from Municipal
Solid Wastes already exist and are being extensively utilised in different countries
for their multiple benefits. It is necessary for the success of these technologiesin
India to evolve an Integrated Waste Management system, coupled with necessary
legislative and control measures. A detailed feasibility study needs to be conducted
in each case, duly taking into account the available waste quantities and
characteristics and the local conditions as well as relative assessment of the
different waste disposal options. Suitable safeguards and pollution control measures
further need to be incorporated in the design of each facility to fully comply with
the environmental regulations and safeguard public heath.  The Waste-to-Energy
facilities, when set up with such consideration, can effectively bridge the gap
between waste recycling, composting and landfilling, for tackling the increasing
problems of waste disposal in the urban areas, in an environmentally benign manner,
besides augmenting power generation in the country. Ministry of Non
Conventional Energy Sources is providing financial assistance for energy recovery
projects given as per Annexure 15.2.



ANNEXURE -15.1

Waste-to-Ener gy Case Studies

1 Puente Hills Landfill, Los Angeles County, California, USA:

Puente Hill landfill is owned and operated by the Sanitation Didricts of Los
Angles County. It encompasses an area of 1,365 acres only hdf of which is
ea-maked for use as landfill. The etire dte is beng deveoped, in
cooperdtion with the County Depatment of Paks and Recredtion, into
recregtiond facilities to benefit the surrounding Communities

The land fill receives 12,000 tons of waste per day Pat of the landfill is
aready closed and producing 27000-28000 CFM gas with typicd composition
of 36-40% methane, 35% CO,, 5% O, and 90-100 ppm H.S. The gas
colected from the landfill is ddivered to the Puente Hills Energy Recovery
Facility, where it is burned in a boiler to produce <eam which is fed to a
turbine generator st (two team boilers each of the rating of 264,000 Ib/hr a
1000° F and one turbine of 1850 Ib/hr.). The power generation is close to 50
MW which makesit thelargest Landfill Gasto Energy Fadility in the world.

The landfill stated commercid production of power from Jan.l, 1987. The
complete power plant was financed by the Banks and the plant has repad dl
the money within firda 5 years of its operaion. The totd cost of the project
induding interet which was repaid to bank was nearly US$ 35 min.. During
1 year of operdion i.e 1987 the company charged 12 centgkwh from the
grid. The charge was 15 centgkW-hr during 1996, the lagt year of the initid
10 year agreement. As per the new agreement subsequently entered, the
company is sdling power to the grid at 8 cents’ KW-hr.



The Opeaions Report of the Energy Recovery Fadlity

March 1997 wasasunder :

Gross Power
Paragtic Power

Net Power

Net average
Average LFG usd
Avalladility

Capacity Factor
Digpens Avallability
‘Solar’ online

The net energy generdtion and tota income during the years

asunder:

Y ear

1993
1994
1995
1996

37,766,000
2,832,000
34,934,000
47,000
23,800
100.0
101.5
100.0
87.0

Total Income ($)

49219330
52445031
56276480
60235255

for the month of

KW-hr
KW-hr
KW-hr
kW
SCFM
%

%

%
%

1993 - 96 has been

Total Net kW-hr
(approx)

394 MU
394 MU
397 MU
408 MU

No manure is being sold a present but the sameis planned in near future.

The company adso has a CNG facility producing 100 c¢fm of high qudity CNG

contaning on an average 97.5% methane
from landfill is dewatered, purified by membrane purification technology
which requires minimad mantenance, and pressurised to produce high qudity
CNG. The totd project cost of this component was approximatdy US$H 1
million  The facility is projected to be cgpable of producing cleen fud a an
equivaent gasoline cost in the range of US$ 0.5-1.0 per gdlon.

In this fadlity Methane ges coming



The tipping fee charged by the company was US$8/tonne in 1988, US$18 to
US$26/tonnein 1995 and is presently US$ 26/ton.

The Puente Hill Landfill has the capadty to provide environmentdly sound
digposa for the reddents and budness of Los Angdes county until the year

2013.

2 Berose Power Plant:

Project Location Bdrose, New South Wales, Audrdia
Power Generation Capacity 4MW

Fuel Landfill Gas

Power Purchaser Energy Audrdia

Start of Operation 1995

Landfill ges is extracted from the landfill dte, processed to remove moisture
and paticulate metter and utilised as fud for power generdtion. The power
produced is supplied to the utility digtribution system.

The gas extraction sysem comprisess gas production wdls drilled into the
landfill.  The wdls are fitted with welheads comprisng vaves and flov meters
to contral the flow from each wel. An underground pipeline network connects
the wells to a centrd gas compresson and processng plant. Gas is produced at
goproximatedy 50% methane content.  Gas blowers maintain vecuum on the ges
extraction sysem and compress the gas to the pressure required for supply to

the generdting plart.

The gengating plat comprises four ges engine generdor sats Generation
voltage is 415volts which is dsepped up by the unit transformers for each
gengrator =, to 33KV a which it is dectricaly interconnected with the utility
digribution sysem.



3 TheTiburg Plant (The Netherlands):

The plant based on biomethanation was built in 1993 for the processng of

52000 tong year of source-sorted organic fraction of municipd <olid waste
known as Vegetable Garden and Fruit Wage The dient festures of the plant

aeasfolows

Trestment capacity 52 000 tly VGF

Digester volume 2x3300m’

Waste composition 46% TS- 45% VS

Retention time 20 days minimum

Biogas production 80-85 Nm®/ ton feed in digester

Spexific methane yidd* 220 - 250 N’ /ton VSfed in digester

Bioges end -use Injection the gas network dfter

purification.

Compost Characterigtics:

Heavy metds mg/ kg TS
Cd= 05
Hg= 0.1
Pb= 67.0
Se= 50
Cu= 230
NIl = 7.6
Zn=190.0

Sdmondla absenceon 25g.

*after storage and screening.

4 The AmiensPlant (France):

The plant was built in 1987 for the processng of 55,000 tong year of Amiens
municipd solid waste. A mechanicd sorting unit dlows for the separation of

the organic fraction from MSW.



In 1996, as the process was conddered fully rdiable and economicd by the
other municpdities in the didricc of Amiens, the treament capecity was
extended to 85,000 tond year with the condruction of an additiond digedter.
Detals of the plant are as follows:

Treatment cgpacity 85000t/'y MSW

Digester volume 3 x 2400 m® (dart-up in 1988)
1 x 2 500 m® (start-up in 1996)

Sorted Waste composition 60% TS-63% VS

Retention time 18 - 22 days

Biogas production 140 - 160 N / ton fed in digester

Specific methaneyidd 220 - 250 Nm’ /ton VS fed in
digeter

Biogasend -use high pressure seam for indudtrid

consumption purpose- (5500 kW)

5 Chitose Incineration Plant (M etropolitan Tokyo):

Capable of handling up to 600 tons of garbage per day, the Chitose Incineration
Pat is Jgan's laget urben incingraior. Because the plat is dtuated in a
resdentid areg, the most pressing concans in its desgn were pollution and an
gopeding externd goperance  The Kumega Gumi fadlity is innovative both
in teems of its technology, desgn and building arangement. Because dl
operdions ae computer controlled, the facility's condruction required
accurecy down to the millimeter. Moreover, dectricity generaled by heat from
the incinerator provides dl the plat's dectricty reguirements Al in dl, the
date-of-the-art plant is & the vanguard of waste disposal in Japan.

Owner Tokyo Metropolitan Government
Design Kumaga Gumi Co., Ltd.
Structure Sted reinforced concrete 7/3
Area 20,998 sguare meters

Height 130 meters

Smokestaack Reinforced concrete



6  Refuselncineration cum Power Generation Plant, Timarpur, Delhi:

This R&D/ Rlot Plat for incneration of municipd solid wagte of Ddhi city
and generation of power as a by-product, was set up in the year 1987 with

assgance from Govarnment of Denmark..

Location Timarpur, Dehi
Year of ingdlation 1987
Feed-stock Incineration capacity 300 TPD Municipa Solid Wade
Net Cdoarific Vdue (NCV) :
1462.5 k-cd/kg.
(for rated power output)
Rated Power Generation Capacity 3.75 MW
Technology Incineration
Capital Cost Rs. 25 crore (approx.)
Supplier of Technology/ M/sVolund Miljotecknik A/S,
Turn-key contractor Denmark

The plant was on trid run and was opeated for a few months and wes
subsequently closed down in the year 1990 due to mismaich of qudity of
incoming Refuse (MSW) with the plant design.

The up-kegp and shutdown mantenance of the plant is continuoudy being
caried out through the Dehi Vidyut Board, till the plant assets are put to an
dternative/ efective u

A posshility is being explored to lesse out the entire facility, on ‘as is where is
bass to entrepreneurs interested in taking over the plant and meking ther own
invesment to cary out necessaty modifications or additions to the plant and
for operating it on commercid bess.



7. Waste Recycling Park, Wels, Austria:

The Wds Wade Recyding Pak is a moden waste processng & dispod
fadlity st up in 1995 for integrated waste management. It is owned by a
consortium of the County, the Municipdity, the Utility and the Plant Operating
Company/Electricity supplier- M/s Weser Abfdlverwertung, G.m.b.H.

The totd processing capecity of the plant is 160,000 tonnes per annum (TPA)
of different waste Sreams:

25,000 TPA organicwaste

30,000 TPA indudrid waste

60,000 TPA condruction Steswaste

45,000 TPA houscholds waste
160,000 TPA

The plant handles these wades through different processing routes depending
onther nature:

(i) 60,000 TPA wagte from households and other sources is of combustible
naure and is combusted in an Incdneraion Plant which generates 7 MW

power. The captive consumption is 1.5 mw and the rest is exported to grid,
corresponding to an annua energy production of 36 MU. The fadility has a 63
m high chimney and hes the mod moden treament sysem for emisson
control and dso for Ash Treatment, and which accounts for a mgor postion of
the total plant cost of 980 min. Shillings. It comprises of ESPs, Wet scrubbers,
Activated Cabon Filter, Caadytic Conveter. The emisson leves achieved
are understandably the best in the world and are as under :

Dust 8  mghn' C(org) 8  mgnt
HCI 7 ., Col 0.05
HF 0.3 ., Hg 0.05
SO, 20 y Dioxin 01 ngm’
NOy 100 .,

CO S0 "



(i) 25000 TPA of Indudtrid wadte is fed to a sorting station. 20,000 TPA of the
sorted waste goes to the Incineration plant and the remaining 5000 TPA to far-
away Landfill Ste,

(i) 19000 TPA of Organic Wade compriang Sewage dudge and other
compogibles  is processed in a Anegrobic Trestment Plant. It incorporates

vaious geps - dwedding, iron  separation, durry  formaion, Anaerobic
Digedter, Gas Holder, Cogeneration Power plant. The waste dudge from the
reector is dried by a centrifuge and fed to an Aerobic composting/trestment
unit dongwith some other incoming wastes (not trested anaerobicly).

The Anaerobic digester has a capacity of 1600m° and produces 1 min.n® ges
(6m3 per MT per day) . The cost of the AD system is dtated to be 100 min.
Shillings The find conpost (9000 TPA) is transported to a far-away Landfill
gte, and not used or consdered suitable asfertiliser .

(iv) 6000 TPA condruction wadte is fed to a treetment section and most of it
is trandared therefrom to fa-away Landfill dte About 1000 TPA is
combugible and tranderred to the Incneration plant. The entire fadlity is very
impressve and is an excdlent combinaion of the laet wade trestment
technologies which digpose of nealy 90% of the weste received, and with
remarkable environrmentd pollution control.



CHAPTER 16

EMERGING PROCESSING
TECHNOLOGIES

16.1 INTRODUCTION

Besides the established techniques such as composting, incineration, etc.
(chapters 14 & 15), various new methods are being developed for processing of
municipal solid waste. All these methods reduce the pollution potential &
guantity of solid waste requiring to be disposed off and also sometimes result in
recovery of some by products having potential use.

These processes commonly follow either the biological or the thermal
route. Howewver, a few methods use a combination of these routes while others
which treat the waste as an ore etc. have been developed in the developed
countries but their suitability for the Indian municipal solid waste has not yet been
established are discussed in this chapter.

16.2 VERMICOMPOSTING

Vermicomposting involves the stabilisation of organic solid waste through
earthworm consumption which converts the material into worm castings.
Vermicomposting is the result of combined activity of microorganisms and
earthworms. Microbial decomposition of biodegradable organic matter occurs
through extracellular enzymatic activities (primary decomposition) whereas
decomposition in earthworm occurs in aimentary tract by microorganisms
inhabiting the gut (secondary decomposition). Microbes such as fungi,
actinomycetes, protozoa etc. are reported to inhabit the gut of earthworms.
Ingested feed substrates are subjected to grinding in the anterior part of the worms
gut (gizzard) resulting in particle size reduction. Vermitechnology, a tripartite
system which involves biomass, microbes and earthworms in influenced by the
abiotic factors such as temperature, moisture, aeration etc. Microbia ecology
changes according to change of abiotic factors in the biomass but decomposition
never ceases. Conditions unfavourable to aerobic decomposition result in
mortality of earthworms  and subsequently no vermicomposting occurs.
Hence, preprocessing of the waste as  well as providing favourable
environmental condition is necessary for vermicomposting.
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The vermicompost is relatively more stabilised and harmonises with soil
system without any ill effects. Unfavourable conditions such as particle size of
biomass and extent of its decomposition, very large temperature increase,
anaerobic condition, toxicity of decomposition products etc. influence activity of
worms.

This technology has been used for agricultural waste and its adoption to
municipal solid wasteis of recent origin.

The worm species that are commonly considered are Pheretima sp,
Eisenia sp & Perionyx excavatus sp. These worms are known to survive in the
moisture range of 20-80% and the temperature range of 20-40°C. The worms do
not survive in pure organic substrates containing more that 40% fermentable
organic substances. Hence fresh waste is commonly mixed with partially or fully
stabilised waste before it is subjected to vermicomposting. The worms are aso
known to be adversely affected by high concentrations of such heavy metals, as
Cd (Cadmium), Cr (Chromium), Pb(Lead) & Zn(Zinc). Due to the constraints of
the temperature, moisture, Fermentable Organic Substances (FOS) and heavy
metals use of vermicomposting on municipal scale has not been successful.
However, use of this method for wastes from individual houses, housing colonies
etc. where the waste is mainly organic in nature and where the quantities are less
and can be manually handled is common.

Table 16.1 indicates the chemical analysis of earthworm casting from soil
and soil mixed with cowdung.

Table 16.1 Chemical analysis of earthworm casting

Cading Totd Nitrate | Tota Water | Totd Water

Source Nitrogen Phosphorus | Soluble | Potassum | Soluble
(%) (P) P Potassium

Sail 0.18 040 |732 6.00 84.00 4.0

Cowdung | 0.38 25.00 | 521 2.00 37.21 88.0

+ Soil

Values, except total nitrogen are in milligram (mg)/100 gram (gm).
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16.3 BIOGASFROM MUNICIPAL SOLID WASTES

When municipal solid wastes with a large proportion of organic matter is
subjected to anaerobic decomposition, a gaseous mixture of Methane & Carbon
di-oxide ( CH; & CO, ) known as biogas could be produced under favourable
conditions. The processis quite stable and upsets do not easily occur. The gas
production ranges from 0.29 nt /kg of VS added/day to 0.16 cubic metre (m®
)kilogram of VS added/day in different seasons. The pH (Hydrogen lon
Concentration) of the digesting mixture remains around 6.8 + 0.20.

The volatile solids destruction ranges from 40 to 55%. The sludge has good
manurial value of Nitrogen, Phosphorous, Potassium (NPK :: 1.6 : 0.85 : 0.93) and
is observed to drain easily. The process gives a good performance at a detention
time of 25 days.

A large number of plants to stabilise organic waste from vegetable market
solid waste to biogas have been operating in Europe and United States of
America. These plants mainly use low solids digestion or high solids digestion in
single stage or multistage processes. The Steinmuller Valorga process and Dranco
process are reported to have a favourable cost benefit ratio. (Additional details of
these plants are provided in Chapter 15).

Presently no such plants exist in India. However, proposals to construct two
such plants with Ministry of Non Conventional Energy Sources funding, to
process market waste arein an advanced stage of consideration.

16.4 CONVERSION OF SOLID WASTESTO PROTEIN

Laboratory investigations conducted at Louisana State University, USA
showed that under aerobic conditions, it is possible to convert the insoluble
cellulose contained in municipal waste by a célulytic bacteria. The bacteria are
then harvested from the media for use as protein. Studies were conducted using
waste bagasse as the sole carbon source. The process involves size reduction
followed by a mild akaline oxidation treatment before aerobic oxidation. The
bagasse is durried in water, mixed with simple nutrient salts mixture and then fed
to the reactor from where it is harvested. The single cell protein produced has a
crude protein content of 50 to 60%. It has a good amino acid pattern and has been
successfully tested on animals. The process has yet to be tested on a full scale
basis, but shows promise, especially due to its high efficiency of protein
production. It has been shown that a 450 kg bullock can synthesize 0.4 kg of
protein in every 24 hours (hrs) whereas 450 kg of soyabean synthesizes 36
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kgs protein in 24 hrs and 450 kg of yeast can synthesize more than 50 tonnes of
proteinin 24 hrs.

16.5 ALCOHOL FERMENTATION

This is a developing technology applicable to cellulosic biomass. It
involves anaerobic decomposition of cellulosic organic matter by Ethanologic
bacteriato produce mainly Ethanal.

More than 95% of the Ethanol produced world-wide is through
fermentation by yeast of molasses or starch (sugar or starch substances) which are
in short supply and are required for alternative uses. Ethanol production utilising
less expensive, abundant and renewable feed-stock such as cellulosic bio-mass
(lignocellulosics) is, therefore, desirable. Y easts, however, are currently unable to
degrade cellulose. Acid/Alkali treatment of ligno-cellulosics removes lignin &
other inhibitory materials and renders the biopolymers accessible to enzymatic
degradation and Ethanol production. Thisis, however, an extra cost factor.

Bacterial strains have been developed in recent years which yield high
substrate conversion efficiencies and Ethanol tolerance. Some of these bacteria
also have the ability to ferment both cellulose and hemi-cellulose leading to
complete utilisation of cellulosic bio-mass. Such production of Ethanol has a
great potential and is one of the best eco-friendly technologies for energy recovery
from fibrous wastes. Ethanol can be used as a fuel, a fuel additive, or as a
chemical feed stock.

16.6 PYROLYSS

Pyrolysis involves an irreversible chemical change brought about by the
action of heat in an atmosphere devoid of oxygen. Synonymous terms are thermal
decomposition, destructive distillation and carbonisation. In partia combustion,
oxygen is present in insufficient quantities to cause complete combustion (i.e.,
less than SOR). Normal combustion, as in conventional incineration requires the
presence of sufficient amount of oxygen which will ensure complete oxidation of
organic matter. Using cellulose (C° H™ O°) to represent organic matter, the
reaction is

C6 HlO 05 + 602 —> 6C02 + 5H2 O + heat (H2 O: Watel’)
(CH,+20, CO, + 2H, O + heat)
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To ensure complete combustion and to remove the heat produced during
the reaction, excess air is supplied during incineration which leads to air pollution
problems.

In the case of partial combustion, the reaction would be

2CH,+ 0O, —> 2CO + 4H, (CO: Carbon Monoxide
H, : Hydrogen)

CO+H, —> HCHO (formaldehyde)

CO + 2H, — > CH; OH (methanol)

Thus even the simplest of hydrocarbons will yield a variety of products
under conditions of partial combustion. As the complexity of fuel increases the
variety of possible products aso increases. Pyrolysis, unlike incineration is an
endothermic reaction and heat must be applied to the waste to distill off volatile
components.

When the waste is predominantly cellulose under slow heating at a
moderate temperature, the destruction of bonds is selective (the weakest breaking
first) and the products are primarily a non-combustible gas and a non-reactive
char. On the other hand, when the waste is rapidly heated to a high temperature,
complete destruction of the molecule is likely to take place. Under intermediate
conditions, the system would yield more liquid of complex chemical composition.
Normally these two processes are referred to as low temperature and high
temperature pyrolysis respectively. Pyrolysis is carried out at temperature
between 500 and 1000°C to produce three component streams.

) Gas : It is a mixture of combustible gases such as hydrogen,
carbon monoxide, methane, carbon dioxide and some
hydrocarbons.

1)) Liquid : It contains tar, pitch, light oil and low boiling
organic chemicals like acetic acid, acetone, methanol,
etc.

i)  Char : It consists of elemental carbon along with the inert

materialsin the waste feed.

The char, liquids and gas have a large cdorific value. This cdorific value
should be utilised by combustion. Part of the heat obtained by combustion of
either char or gas is often used as process heat for the endothermic pyrolysis
reaction. It has been observed that even after supplying the heat necessary for

316



pyrolysis, certain amount of excess heat still remains which can be commercially
exploited. Though a number of laboratory & pilot investigations have been
made, only a few have led to full scale plants. Details of such plants are given in
Chapter 15.

16.6.1 Plasma Arc Technology/Plasma Pyrolysis Vitrification (PPV)

This is an emerging technology for energy/resources recovery from organic
wastes. The system basically uses a Plasma Reactor which houses one or more
Plasma Arc Torches which generate, by application of high voltage between two
electrodes, a high voltage discharge and consequently an extremely high
temperature environment (between 5000-14,000°) approximating the temperature
of the Sun. This hot plasma zone dissociates the molecules in any organic
material into the individual elemental atoms while all the inorganic materials are
simultaneously melted into a molten lava.

The waste materia is directly loaded into vacuum in a holding tank, pre-
heated and fed to a furnace where the volatile matter is gasified and fed directly
into the plasma arc generator where it is pre-heated electricaly and then passed
through the plasma arc dissociating it into elemental stages. The gas output after
scrubbing comprise mainly of CO and H,. The liquefied produce is mainly
methanol .

The entire process is claimed to safely treat any type of hazardous or non-
hazardous materials. It has the advantage that the oxides of Nitrogen (Nox) and
oxides of Sulphur (Sox) gaseous emissions do not occur in normal operation due
to the lack of oxygen in the system.

Some United States companies offering PPV technology are Quantum Tech
LLC and Global Plasma Systems, who are reported to be setting up some
demonstration units based on this technology in Malaysia and Singapore.

16.7 REFUSE DERIVED FUEL

The process of conversion of garbage into fuel pellets involves primarily
drying, separation of combustibles from garbage, size reduction and pelletisation
after mixing with binder and/or additives as required.

The MSW collected for disposal is tested for its moisture content and when
the moisture content is more than 35- 40%, it requires drying to produce fuel
pellets with reasonable heating values. The reduction in moisture can be
done artificially or by natural sun drying. Sun drying is preferred when adequate
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land is readily available. However, during periods of heavy rainfal, aternate
arrangements for drying will have to be made. The moisture level of waste is
brought down to around 35-40% by uniformly spreading it on an open, paved area
and alowing it to sun dry. The duration of sun drying varies from 1 to 2 days
depending upon the garbage quality. In the process of spreading the garbage,
manual inspection is carried out to remove large debris, tree cuttings, tyres etc.,
which are harmful to the downstream process equipment.

The sun dried garbage is then uniformly fed into a rotary drying system i.e.
Hot Air Generation burning oversize garbage or other fuel to further bring down
the moisture level to about 10-12%. It is reported as well as proved that 10-12%
moisture content is desirable to be maintained in the garbage for densifying into
fuel pellets.

After drying is over, the garbage is passed through a screening equipment
to separate sand/grit (below 8mm), heavier combustibles & ferrous materials
which are abrasive in nature and may cause harm to process equipment. This fine
fraction having organic matter in it is aready proved to be useful as garden
manure.

The dried and screened garbage is then passed through an Air-Classifier
(Density Separator) in which the light combustibles and dense fractions (e.g.
stones, glass etc.) are separated over an air barrier. At the same time, the garbage
IS passed over a magnetic separation unit to remove magnetic materials. The light
combustibles are ground to 10/15mm particle size. The binder and/or additives
are mixed with ground garbage in mixer/conditioner before pelletising. The
pellets coming out of pelletiser are cooled and stored in the pellet storage yard for
despatch. The pellets so produced can be used in industrial boilers and thermal
power plants as fuel. A typical process flow diagram of a RDF plant is shown in
Fig.16.1.

Studies were carried out in India on a plant to process 150 tonnes per day
(t.p.d.) Municipa Solid Waste (MSW) to 80 t.p.d. pellets. The plant was funded
by Department of Science & Technology (DST) and was set up in Mumbai in
1991. It was operated for sometime as a pilot plant but was closed down for
various reasons. Based on this technology, a 350 t.p.d. plant to produce 100 t.p.d.
pellets has been instdled at Hyderabad through private sector participation.
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16.8 HYDROPULPING

Due to high paper content in the waste from developed countries, a method
has been developed to hydropulp the waste and recover paper fibre from refuse.
The method is being used in a full scale plant of 150 tpd capacity operating at
Franklin, Ohio, USA (Fig.16.2). The method is suitable for processing of paper
waste. However, no such plant has yet been installed in India.

16.9 SLURRY CARB PROCESS

This process has been developed in USA by M/s Enertech Environmental
Inc., USA to convert municipal solid waste into “Energy Fuel” (E-fuel) which is
suitable for combustion in industrial and utility coa boilers. It is used in
conjunction with a wet resources recovery process to separate out the recyclables.
The waste durry is then subjected to high pressure and temperature and undergoes
thermal decomposition/carbonisation to “E-fuel”. The received waste is first
shredded and then placed in an industrial pulper. The heavier, more dense
inorganic material sinks to the bottom of the water-filled pulper where it is easily
removed. The organic fraction which remains, is subjected to violent pulping
action which further reduces its particle size. The pulped organic waste is then
subjected to a combination of temperature and pressure causing the waste to
“carbonise’ (aprocesswhich issimilar to the natural formation of coal).

The process is claimed to lead to virtually 100% chlorine extraction, no
dust or no net green house gases, no dioxin, furan and any heavy metas like
mercury. The ash by product is claimed to be non-hazardous and can be used as
base material for roads. The capital and recurring costs are claimed to be 20-50%
less and the revenue as much as 40% more than in case of comparable
Incinerators.

16.10 TREATMENT FOR RECOVERY OF USEFUL PRODUCTS

Solid waste is a heterogenous mixture which contains various ingredients,
some of which have a large resale/reuse potential. Solid waste in developed
countries contains glass and ferrous as well as nonferrous metals in large
proportion. The energy required and the pollution caused to obtain a product from
virgin material is more than that required for obtaining it from secondary sources
as from MSW. Hence research efforts have been concentrated in this area. In India
much of the useful constituents seldom reach the waste stream, though in
industrial and commercia areas and in high income group areas such conditions
may be encountered. Before any reusable components can be removed from
MSW, size reduction isnecessary to make it suitable for handling. It can then be
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subjected to either incineration or pyrolysis followed by separation of usable
constituents from the processed waste or to a detailed physical separation process.

Residue after incineration is smaller in volume, relatively pollution free and
innocuous. However, it alters the form of many constituents which cannot be
easily reused. Glass tends to melt to an intractable lump. Most of the plastics burn
away and some of them like Poly Vinyl Chloride (PVC) while burning release
halides resulting in chemical reactions that impair metal recovery. Metals may
melt, get oxidised or converted to halide compounds and get lost in the gaseous
effluents. Thus the recovered metals from incinerator residue will not be of very
good quality. During pyrolysis, on the other hand, oxidation of metal components
does not occur. The final poduct is in the form of a friable char which unlike
incinerator residue does not require crushing to release val ues.

Shredded raw MSW can aso be regarded as a multivalue ore and treated by
mineral engineering methods into products which can serve as a potentially useful
material. A number of organisations have come forward with flow sheets for
recovery of various ingredients like  glass, metals, etc. such as the one by U.S.
Bureau of Mines (Fig. 16.3). In this process, the material isinitially subjected to
coarse shredding in a machine which breaks plastic and paper bags and boxes
without damaging metal object. Glass is broken into pieces but not in fines. The
material then passes under a magnetic separator where it is subjected to a vertical
air classifier when the heavy objects fall through the vertical air stream while the
lighter objects (paper, plastics, etc.) are carried away to a cyclone separator. The
heavier particles are passed through a trommel screen of 57 mm (2.25") size. The
fines are subjected to elutriation by water which helps separate glass from organic
waste containing soil and glass. Oversize is processed by an optical color sorter
into white and colored glass and oversize from the trommel is subjected to further
shredding to 25-75 mm (1-3") followed by secondary air classification and water
elutriation. Light material (paper and plastics) from the secondary cyclone is
separated by the use of high tension electro-dynamic technique when paper is
drawn to the electrode while plastic sticks to the drum and gets separated. The
heavies from the secondary water elutriator mainly comprise of organic wastes
and metalic aluminium. A similar flow-sheet has been developed by Warren
Springs Laboratory, United Kingdom.
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16.11 SUMMARY

Various processes have been developed and used in the developed
countries. These are suitable for specific types of waste and a comparison is

provided in Table 16.2.
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Table 16.2 — Summary of basic principles for adoption of emerging

technologies
S. Method Basic principle | Suitability for Stage of
No Waste development
1. | Vermicomposting | Decomposition Organic waste | Developed
through  microbes | with low | and adopted
such as fungi, | organic & | extensively
actinomycetes, moisture
protozoa in the gut | content
of earthworms
2. | Biogas from | Anaerobic Organic matter | Developed &
MSW decomposition of widely used
organic matter in  developed
countries
3. | Conversion of | Bacterial Cellulosic Lab-scale in
solid waste to| conversion waste India well as
protein in developed
countries*
4. | Alcohol Anaerobic Cellulosic Lab-scale
fermentation decomposition waste
5. | Pyrolysis Destructive Cellulosic Used in
(including plasma| distillation waste Developed
arc technology) Countries
6. | Refuse  derived | Separation High Cellulosic | Used in
fuel waste Developed
Countries
7. | Hydropulping Hydropulping Paper waste Used in
Developed
Countries
8. | Slurry carb | Slurry  formation | Paper waste Used in
process followed by Developed
carbonisation Countries
9. | Recovery of | Separation Low ashwaste | Used in
useful products Developed
Countries

* Commercial viability yet to be established.
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CHAPTER 17
LANDFILLS

17.1 INTRODUCTION
17.1.1 Definition

The term ‘landfill’ is used herein to describe a unit operation for final
disposal of ‘Municipal Solid Waste' on land, designed and constructed with the
objective of minimum impact to the environment by incorporating eight essential
components described in Section 17.3. This term encompasses other terms such as
‘secured landfill’ and ‘engineered landfills which are also sometimes applied to
municipal solid waste (MSW) disposal units.

The term ‘landfill’ can be treated as synonymous to ‘sanitary landfill’ of
Municipal Solid Waste, only if the latter is designed on the principle of waste
containment and is characterised by the presence of aliner and leachate collection
system to prevent ground water contamination. The term ‘sanitary’ landfill has
been extensively used in the past to describe MSW disposal units constructed on
the basis of ‘dump and cover but with no protection against ground water

pollution. Such landfills do not fall under the term ‘municipa solid waste
landfills' as used in this chapter.

17.1.2 Landfilling of Municipal Solid Waste

@ Landfilling will be done for the following types of waste:

() Comingled waste (mixed waste) not found suitable for waste
processing;

(ii)  Pre-processing and post-processing rejects from waste processing
sites;

(ilf)  Non-hazardous waste not being processed or recycled.

(b)  Landfilling will usually not be done for the following waste streams in the
municipal solid waste:

() Biowaste/garden waste;
(it)  Dry recyclables.
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Landfilling of hazardous waste stream in the municipal waste will be done
at a hazardous waste landfill site; such a site will be identified by the State
Government and is likely to be operated by industries of a district/state. If
such a landfill is not available, municipa authorities will dispose the
hazardous waste in a special hazardous waste cell in the MSW landfill as
shown in Fig. 17.1. Such a cell will be designed as per Ministry of
Environment and Forests (MoEF) guidelines for hazardous waste disposal .

Landfilling of construction and demolition waste will be done in a separate
landfill where the waste can be stored and mined for future use in
earthwork or road projects. If such a landfill site is not available, the waste
will be stored in a specid cell a a MSW landfill from where it can be
mined for future use. Construction and demolition waste can be used as a
daily cover aa MSW landfills, however only minimum thickness of cover
should be provided as indicated in section 17.8.4.5. All excess construction
waste should be stored in the separate landfill cell.

All existing and old landfills will be inspected and boreholes will be
drilled for (i) recovery of leachate samples from the base of the landfill,
(ii) recovery of subsoil samples beneath the base of the landfill for
evaluation of permeability and soil properties and (iii) recovery of waste
samples for waste characterisation. A minimum of 3 boreholes will be
drilled with atleast one borehole for each acre of landfill area. The quality
of leachate samples will be compared with (a) the ground water quality in
existing borewells 2 km away from the landfill and (b) the Central Pollution
Control Board (CPCB) norms for limits of contaminants in leachate. If the
leachate quality and the permeability of the subsoil strata is observed to be
satisfactory, the existing landfill can continue to operate with bi-annua
monitoring of leachate quality in the drilled boreholes.

If the leachate quality is observed to be of poor quality with respect to the
local ground water quality or with respect to the CPCB norms, steps will be
taken to close the existing landfill site and remedial measures adopted. All
future landfilling will be undertaken in properly designed and constructed
new landfills.

New landfills will be established as per the norms given in this chapter for
siting (section 17.4), site investigations (section 17.5), design (sections 17.6
and 17.7), construction and operation (section 17.8) and closure (section
17.9).
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(h)  The estimated annual cost for setting up and operating new landfills as per
norms given in this chapter is estimated to lie between Rs. 200 to 300 per
tonne of waste generated (at 1998 prices, excluding land acquisition cost).
Provisons may be made by the municipal authorities for allocating
adequate financial resources for establishing new landfills.

17.2 ENVIRONMENTAL IMPACT AND ITSMINIMISATION

The impact of dumping municipal solid waste on land without any
containment is shown in Fig. 17.2. One notes from this figure that such dumps
cause the following problems:

(&  Groundwater contamination through leachate
(b)  Surface water contamination through runoff
(c)  Air contamination due to gases, litter, dust, bad odour

(d)  Other problems due to rodents, pests, fire, bird menace, slope failure,
erosion etc.

Landfills minimise the harmful impact of solid waste on the environment
by the following mechanisms (Fig. 17.3): (a) isolation of waste through
containment; (b) elimination of polluting pathways; (c) controlled collection and
treatment of products of physical, chemical and biological changes within a waste
dump — both liquids and gases; and (d) environmental monitoring till the waste
becomes stable.

Landfill design philosophy in the early 1990's tended towards total
containment or isolation of waste. It is now recognised that this is unattainable and
that it is more appropriate to design for controlled release rather than attempt
indefinite isolation because al containment systems will eventually allow passage
of water beyond the design period. The basic philosophy of al modern landfills
revolves around the concept that waste which will not become stable or inert with
timewill be treated as ‘ stored’ and not ‘ disposed’.

17.3 ESSENTIAL COMPONENTS

The seven essential components of aMSW landfill (Figs. 17.4) are:

(@ A liner system at the base and sides of the landfill which prevents migration
of leachate or gas to the surrounding soil.
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(b) A leachate collection and control facility which collects and extracts
leachate from within and from the base of the landfill and then treats the
leachate.

(c) A gas collection and control facility (optional for small landfills) which
collects and extracts gas from within and from the top of the landfill and
then treatsit or usesit for energy recovery.

(d A finad cover system at the top of the landfill which enhances surface
drainage, preventsinfiltrating water and supports surface vegetation.

(e) A surface water drainage system which collects and removes all surface
runoff from the landfill site.

(f)  An environmental monitoring system which periodically collects and
analyses air, surface water, soil-gas and ground water samples around the
landfill site.

(@9 A closure and post-closure plan which lists the steps that must be taken to
close and secure a landfill site once the filling operation has been
completed and the activities for long-term monitoring, operation and
mai ntenance of the completed landfill.

17.4 STE SELECTION

Selection of a landfill site usually comprises of the following steps, when a
large number (eg. 4 to 8) landfill sites are available: (i) setting up of a locational
criteria; (i) identification of search area; (iii) drawing up a list of potential sites;
(iv) data collection; (v) selection of few best-ranked sites; (vi) environmental
impact assessment and (vii) final site selection and land acquisition.

However, in municipalities where availability of land is limited, the
selection process may be confined to only one or two sites and may involve the
following steps: (i) Setting up of locational criteria; (ii) Data collection; (iii)
Environmental impact assessment and (vi) Final site selection.

17.4.1 Locational Criteria

A locational criteria may be specified by a regulaory agency (e.g. Pollution
Control Board). In the absence of regulatory requirements, the following criteria
are suggested. If it is absolutely essential to site a landfill within a restricted
zone(s) then appropriate design measures are to be adopted and permission from
the regulatory agency should be sought:



@

(b)

(c)

(d)

(€)

()

)

(h)

(i)

Lake or Pond: No landfill should be constructed within 200 m of any lake
or pond. Because of concerns regarding runoff of waste water contact, a
surface water monitoring program should be established if alandfill is sited
less than 200m from alake or pond.

River: No landfill should be constructed within 100 m of a navigable river
or stream. The distance may be reduced in some instances for non
meandering rivers but a minimum of 30 m should be maintained in all
cases.

Flood Plain: No landfill should be constructed within a 100 year flood
plain. A landfill may be built within the flood plains of secondary streams if
an embankment is built along the stream side to avoid flooding of the area.
However, landfills must not be built within the flood plains of major rivers
unless properly designed protection embankments are constructed around
the landfills.

Highway: No landfill should be constructed within 200 m of the right of
way of any state or national highway. This restriction is mainly for
aesthetic reasons. A landfill may be built within the restricted distance, but
no closer than 50 m, if trees and berms are used to screen the landfill site.

Habitation: A landfill site should be at least 500 m from a notified
habitated area. A zone of 500 m around a landfill boundary should be
declared a No-Development Buffer Zone after the landfill location is
finalised.

Public parks: No landfill should be constructed within 300 m of a public
park. A landfill may be constructed within the restricted distance if some
kind of screening is used with a high fence around the landfill and a secured
gate.

Critical Habitat Area: No landfill should be constructed within critical
habitat areas. A critical habitat area is defined as the area in which one or
more endangered species live. It is sometimes difficult to define a critical
habitat area. If there is any doubt then the regulatory agency should be
contacted.

Wetlands: No landfill should be constructed within wetlands. It is often
difficult to define a wetland area. Maps may be avalable for some
wetlands, but in many cases such maps are absent or are incorrect. If there
is any doubt, then the regulatory agency should be contacted.

Ground Water Table: A landfill should not be constructed in areas
where water table is less than 2m below ground surface. Specia design
measures be adopted, if this cannot be adhered to.
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()] Airports: No landfill should be constructed within the limits prescribed by
regulatory agencies (MOEF/ CPCB/ Aviation Authorities) from time to
time.

(k)  Water Supply Well: No landfill should be constructed within 500 m of
any water supply well. It is strongly suggested that this locational
restriction be abided by at least for down gradient wells. Permission from
the regulatory agency may be needed if a landfill is to be sited within the
restricted area.

() Coastal Regulation Zone: A landfill should not be sited in a coastal
regulation zone.

(m) Unstable Zone : A landfill should not be located in potentially unstable
zones such as landslide prone areas, fault zone etc.

(n) Buffer Zone : A landfill should have a buffer zone around it, up to a
distance prescribed by regulatory agencies.

(o)  Other criteriamay be decided by the planners.
17.4.2 Search Area

To identify the potential sites for a landfill a ‘search area has to be
delineated. The search area is usually governed by the economics of waste
transportation. It is usualy limited by the boundaries of the municipality.
Typicaly search areas are delineated on a map using a ‘search radius’ of 5 to 10
km, keeping the waste generating unit as the centre. Alternatively, the search area
may be identified by adopting a range of 5 km al around the built-up city
boundary. One should start with asmall search areaand enlargeit, if needed.

17.4.3 Development of a List of Potential Sites

After demarcating the search area, as well as after studying the various
restrictions listed in the locational critieria, areas having potential for site
development should be identified. A road map may be used to show the potential
sites that satisfy the locational criteria. Preliminary data collection should be
undertaken with an aim of narrowing thelist of sitesto afew best-ranked sites.

In areas where land availability is scarce, degraded sites such as abandoned
guarry sites or old waste dump sites can be considered. Special design measures
are required for such sites.

To estimate the area required for a landfill, the landfill capacity may be
computed as indicated in Section 17.6.2 and Annexure 17.1 and the area required
for the operative life of the landfill should be evaluated.
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17.4.4 Data Collection

Several maps and other information need to be studied to collect data
within the search radius. Some are discussed below.

(a) Topographic Maps: The topography of the area indicates low and high areas,
natural surface water drainage pattern, streams, and rivers. A topographic map
will help find sites that are not on natural surface water drains or flood plains.
Topographical maps may be procured from Survey of India.

(b) Soil Maps: These maps, primarily meant for agricultural use, will show the
types of soil near the surface. They are of limited use as they do not show
types of soil a few metre below the surface. They can be procured from Indian
Agricultural Research Institute (IARI).

(c) Land Use Plans: These plans are useful in delineating areas with definite
zoning restrictions. There may be restrictions on the use of agricultural land or
on the use of forest land for landfill purposes. These maps are used to delineate
possible sites that are sufficiently away from localities and to satisfy zoning
criteria within the search area. Such maps are available with the Town
Planning authority or the Municipality.

(d) Transportation Maps: These maps, which indicate roads and railways and
locations of airports, are used to determine the transportation needs in
developing asite.

(e) Water Use Plans: Such maps are usually not readily available. However, once
potential areas are delineated, the water use in those areas must be
investigated. A plan indicating the following items should be developed:
private and public tubewells indicating the capacity of each well, mgor and
minor drinking water supply line(s), water intake wells located on surface
water bodies, and open wells.

(f) Flood Plain Maps: These maps are used to delineate areas that are within a
100 year flood plain. Landfill siting must be avoided within the flood plains of
major rivers.

(g) Geologic Maps: These maps will indicate geologic features and bedrock
levels. A genera idea about soil type can be developed from a geologic map.
Such maps can be procured from Geologica Survey of India. They may be
used to identify predominantly sandy or clayey areas.

(h) Aerial Photographs/Satellite Imagery: Aerial photographs or satellite
imageries may not exist for the entire search area. However such information
may prove to be extremely helpful. Surface features such as small lakes,
intermittent stream beds, and current land use, which may not have been
identified in earlier map searches, can be easly identified using aerial
photographs.
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(i) Ground Water Maps: Ground water contour maps are available in various
regions, which indicate the depth to ground water below the land surface as
well as regional ground water flow patterns. Such maps should be collected
from Ground Water Boards or Minor Irrigation Tubewell Corporations.

() Rainfall Data: The monthly rainfall data for the region should be collected
from the Indian Meteorological Department.

(k) Wind Map: The predominant wind direction and velocities should be
collected from the Indian Meteorological Department.

(I) Seismic Data: The seismic activity of a region is an important input in the
design of landfills Seismic coefficients are earmarked for various seismic
zones and these can be obtained from the relevant BIS code or from the Indian
Meteorological Department.

17.4.5 Site Walk-Over and Establishment of Ground Truths

A site reconnaissance will be conducted by a site walk-over as a part of the
preliminary data collection. All features observed in various maps will be
confirmed. Additional information pertaining to the following will be ascertained
from nearby inhabitants. (a) flooding during monsoons; (b) soil Type; (c) depth to
G.W. Table (as observed in open wells or tube wells); (d) quality of groundwater
and (e) Depth to bedrock.

17.4.6 Preliminary Bor eholes and Geophysical I nvestigation

At each site, as a part of preliminary data collection, one to two boreholes
will be drilled and samples collected at every 1.5m interval to a depth of 20m
below the ground surface. The following information will be obtained: (i) soil type
and stratification; (ii) permeability of each strata; (iii) strength and compressibility
parameters (optional); (iv) ground water level and quality and (v) depth to
bedrock.

In addition to preliminary boreholes, geophysical investigations (electrical
resistivity/ seismic refraction/others) may be undertaken to assess the quality of
bedrock at different sites.

17.4.7 Assessment of Public Reaction

The public/nearby residents should be informed of the possibility of siting
of a landfill in a nearby even as soon as a list of potential sites is developed. A
preliminary assessment of public opinion regarding all the sites in the list is
essential .



A site may be technically and economically feasible yet may be opposed
heavily by the public. The “not in my back yard” (NIMBY) sentiment is high
initially. However, with proper discussion it can be overcome in some cases. Early
assessment regarding how strong the NIMBY sentiment is, can significantly
reduce the time and money spent on planning for a landfill site which may not
materialise. In many instances residents around a proposed site cooperate if the
landfill site owner’s representative listens to concerns of the area residents and
considers those concerns in designing and monitoring a site. Noise, dust, odour,
increases in traffic volume, and reduction in property value concern the area
residents more than the fear of groundwater contamination.

Public reaction is less hostile if landfilling is done in an area already
degraded by earlier municipal waste dumps or other activities such as quarrying,
ash disposal etc.

17.4.8 Selection of Few Best-Ranked Sites

From amongst a large number of sites, the selection of a final site will
emerge from atwo-stage approach.

(@  Selection of a few best-ranked sites (usually 2 sites, sometimes 3) on the
basis of pathway and receptor related attributes.

(b)  Selection of final site on the basins of environmental impact assessment,
social acceptance and cost of disposal.

For the selection of a few best ranked sites, the Ranking System based on
Site Sensitivity Index developed by Ministry of Environment and Forests (M OEF)
in 1991is recommended. Only the following attributes should be considered in
such a study as indicated: (a) population within 1 km; (b) distance to drinking
water well/tubewell; (c) use of sites by residents; (d) distance to nearest offsite
building; (e) presence of airport; (f) presence of roads; (g) current land use; (h)
distance to critical habitat nearby; (i) distance to nearest surface water; (j) depth to
ground water; (k) soil permeability; (I) depth to bedrock; (m) susceptibility to
flooding; (n) susceptibility to water erosion; (0) slope Stability of final landform;
(p) air pollution potential and (g) susceptibility to seismic activity.

On the basis of the ranking, scores received by various sites, one or two
sites (sometimes up to 3) may be chosen for environmental impact assessment and
final selection.



17.4.9 Environmental Impact Assessment (EIA)

Wherever feasible, environmental impact assessment will be conducted for
two alternate sites (in exceptional circumstances up to 3 sites) The impact of the
landfill on the following will be quantified: (a) Ground water quality; (b) Surface
water quality; (c) Air quality — gases, dugt, litter; (d) Aesthetics — visual, vermin,
flies; (e) Noise; (f) Land use ateration; (g) Traffic alteration; (h) Drainage
ateration; (i) Soil erosion; (j) Ecological impacts and (k) Others.

A comparison of both alternatives amongst themselves as well as with the
null alternative (that is what would happen if the project was not carried out)
should be made and suitability of the sites summarised.

EIA aspects are covered in Chapter 22.
17.4.10 Final Site Selection

The final selection of the site from amongst the best-ranked alternatives
should be done by comparing:

(@  theenvironmental impact;
(b)  socia acceptance; and
(c)  transportation and landfilling costs.

Transportation costs may be compared on the basis of average hauling
distance from the centre of the waste generating unit (city or part thereof).
Landfilling costs are difficult to compute at the preliminary stage but may be
compared on the basis of the shape of the completed landfill and material costs for
liner system, leachate collection system, daily covers and final cover system.

A landfill site with low environmental impact, high social acceptance and
low costs is the most desirable. If conflicting results appear for (a), (b) and (c),
environmental i mpact minimisation should normally be given top priority.

17.5 STEINVESTIGATION AND SSTE CHARACTERISATION

The data collected during site selection is not sufficient for landfill design.
To be able to undertake detailed design of a landfill at a selected site, it is essential
to characterise the landfill site and evaluate the parameters required for design. It
IS necessary that all data listed under section 17.4.4 on ‘Data Collection’ is
collected for site characterisation. If some data has not been collected, the same
should be obtained before site investigations are undertaken for site
characterisation.



A proper site investigation programme comprises of subsoil investigation,

ground  water/hydrogeological

investigation,  hydrological  investigation,

topographical investigation, geological investigation, environmental investigation,
traffic investigation and leachate investigation.

Table 17.1 indicates the types of investigations to be carried out for site
characterisation including suggested minimum requirements of such
investigations. The output expected from each investigation islisted below.

TABLE 17.1: SUGGESTED INVESTIGATIONSFOR SITE
CHARACTERISATION

Type of
I nvestigation

Suggested Scope of Work

Subsoil/Geotechnical
Investigation

@

(b)

(©)

For Landifill design

(i) Two boreholes per hectare of land;
minimum 3 boreholes; upto 10m below base of
landfill; recording soil strata, ground water level,
bedrock level

(i) Onetotwo in situ permeability tests per
hectare of land

(iii) Performance of SPT tests and collection of
undisturbed samples from boreholes

(iv) Laboratory tests on undisturbed samples -
permeability, strength, compressibility, and
classification tests.

For borrow area of liner material and cover
material

() Two test pits or shalow boreholes per
hectare of borrow area; minimum five pits

(i)  Laboratory tests - classification, Proctor
compaction, permeability and strength tests

For approach road to landfill.
() Asper IRC codes
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Type of

Suggested Scope of Work

I nvestigation
Ground water/ (a) One ground water well (per acquifer) for every
Hydrogeol ogical hectare of land; minimum four wells- one
Investigations upgradient, three down-gradient
(b) Observations of g.w. level fluctuations and ground
water flow
(c) Collection of groundwater samples (monthly/bi-
monthly) for g.w. quality testing for 1 year prior to
landfill construction.
Topographica Surveying of landfill area and preparation of a
Investigation topographical map with 0.3m contour interval.
Hydrological (@ Collection of detailed topographical maps of
Investigation surrounding area from Survey of India

(b) Collection of hydrometeorological data from India
Meteorogical Department

(c) Performance of flood routing analysisfor onein
100 year flood

(d) Collection of surface water samples
(monthly/bimonthly) for water quality testing one
year prior to landfill construction

Geological & Seismic
Investigations

(a) Geophysical survey - seismic refraction or
microgravity for bedrock profiling

(b) Joint mapping of exposed rock outcrop/quarry
face.

(c) Collection of seismic data

Environmental

(@) Coallection of samples on monthly/bimonthly

Investigation basis surface water samples ground veter samples, and
air samples
(b) Transportation to certified testing laboratory and
testing for regulatory parameters
(c) Vegetation/ecology mapping survey
Traffic (a) Collection of data on existing traffic - daily traffic
Investigation volume and pesk hour traffic volume - for six

months
(b) Road condition survey for existing road with
suggestions for strengthening/widening.
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Type of

Suggested Scope of Work

I nvestigation
Waste & Leachate () Waste characterisation of fresh waste collected
Investigation from bins

(b) Waste characterization of old waste collected from
different depths in existing waste dumps or
sanitary landfills.

(c) Collection and laboratory testing of at least 6
samples of leachate from just beneath existing
waste dumps or sanitary landfills.

(d) Estimate of leachate quality from laboratory
testing.

17.5.1 Subsaoil Investigation

The suggested minimum recommended investigations is listed in Table
17.1. A detailed investigation plan may be drawn up in consultation with a

geotechnical engineer.

The output from such an investigation should yield the following:

(@  Stratification of subsoil — type of soil and depth
(b)  Depth to ground water table and bedrock (if located within 10m of base of

landfill)

(c)  Permeability of various strata beneath the landfil
(d)  Strength and compressibility properties of subsoil

(e) Extent of availability of liner material, drainage material, top soil, and
protective soil in adjacent borrow areas

(f) Subsoil properties along approach road.

17.5.2 Ground Water/Hydr ogeological | nvestigation

The suggested minimum investigation is listed in Table 17.1. A detailed
investigation plan may be drawn up in consultation with a ground water
specialist/water resources engineer or a hydrogeologist. The output from such an
investigation should yield the following:

(@  Depth to groundwater table and its seasonal variations

(b)  Ground water flow direction




(c) Basdine ground water quality parameters — all drinking water quality
parameters

17.5.3 Topographical Investigation

Construction of a landfill involves a large quantity of earthwork. It is
essential to have an accurate topographical map of the landfill site to compute
earthwork quantities precisely. A map of 0.3m contour interval is considered
desirable.

17.5.4 Hydrological I nvestigation

The objective of a hydrological investigation is to estimate the quantity of
surface runoff that may be generated within the landfill to enable appropriate
design of drainage facilities. If additional run off from areas externa to the landfill
is likely to enter the landfill, this quantity should also be estimated to design
interception ditches and diversion channels. Such an investigation should yield
estimates of peak flows. If seasona rivers or streams run close to the site,
hydrological investigation should indicate the possibility of flooding of the site
under onein 100 year flood flows.

Surface water samples for water quality analysis may be collected from
during hydrological studies.

17.5.5 Geological I nvestigation and Seismic I nvestigation

Geological investigations should delineate the bedrock profile beneath the
landfill base, if not confirmed by subsoil investigations. Geophysical surveys may
be designed in consultation with a geologist.

In hilly areas or in quarried rocks, geologica investigations should indicate
the quality of surficial rock, depth to sound rock and the possibility of
interconnected aquifers beneath the landfill base in the rock mass.

Detailed seismic data may be obtained as a part of geological investigations
(if required).

17.5.6 Environmental I nvestigation

The following baseline parameters must be established for a one year
period prior to construction of alandfill:



@ Ground Water Quality: Minimum of 3 samples from each aquifer
anaysed in monthly basis for drinking water qual ity parameters.

(b)  Surface Water Quality: Minimum of 3 samples from a stream/storm water
drain analysed on a monthly basis and for parameters relevant for waste-
water drains.

() Landfill Gas: Sampling and analysis for methane, hydrogen sulphide and
other gases on amonthly basis.

(d)  Dust: PM 10 (Particle size less than 10 Microns) monitoring on a monthly
basis, specificaly at noon, during hot, dry, windy days.

()  Odour: Monthly analysis at the site and at 200m intervals from the landfill
boundary to the nearest inhabited zone.

(f Noise: Peak noise anaysis at the site and nearby inhabited zone on a
monthly basis.

(g0 Vegetative Cover: Vegetative mapping on a seasona basis.
17.5.7 Traffic Investigation

Traffic investigations must be conducted to identify peak traffic volume as
well as the quality of existing roads near the landfill. The influence of increased
heavy vehicle traffic due to landfilling should be analysed with a view to widening
the existing road.

17.5.8 Waste Char acterisation

Waste characterisation is normally conducted as a pat of waste
management studies or environmental impact assessment studies. Waste from all
sources must be tested for the following properties. (a) composition; (b) physical
properties; (c) chemical properties; (d) biological properties;, (e) thermal
properties; (f) toxic properties and (g) geotechincal properties.

17.5.9 L eachate I nvestigation
Leachate quality can be assessed from both laboratory studies and field
studies. Laboratory leachate tests may be performed. In addition, (if feasible),

leachate samples should be analysed from existing waste dumps or landfills near
the new site. Thiswill help in aleachate treatment strategy.
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17.6 LANDFILL PLANNING AND DESIGN
17.6.1 Design Life

A landfill design life will comprise of an ‘active’ period and an ‘closure
and post-closure’ period. The ‘active’ period may typically range from 10 to25
years depending on the availability of land area. The ‘closure and post-closure’
period for which a landfill will be monitored and maintained will be 25 years after
the *active period’ is completed.

17.6.2 Waste Volume and L andfill Capacity

The volume of waste to be placed in a landfill will be computed for the
‘active’ period of the landfill taking into account (@) the current generation of
water per annum and (b) the anticipated increase in rate of waste generation on the
basis of past records or population growth rate.

The required landfill capacity is significantly greater than the waste volume
it accommodates. The actual capacity of the landfill will depend upon the volume
occupied by the liner system and the cover materia (daily, intermediate and final
cover) as well as the compacted density of the waste. In addition, the amount of
settlement a waste will undergo due to overburden stress and due to bio-
degradation should also be taken into account.

The density of waste varies on account of large variations in waste
composition, degree of compaction and state of decomposition. Densities may
range as low as 0.40 t/cu.m. to 1.25 t/cu.m. For planning purposes, a density of
0.85 t/cum. may be adopted for biodegradable wastes with higher values
(typically 1.1 t/cu.m.) for inert waste.

Settlement of the completed waste mass beneath the final cover will
inevitably occur as a result of the consolidation of waste within a landfill site.
Initial settlement occurs predominantly because of the physical rearrangements of
the waste material after it is first placed in the landfill. Later settlement mainly
results from biodegradation of the waste, which in turn leads to further physical
settlement. Accurate prediction of settlement is difficult because time-related
settlement data are not readily rarely available. Initia settlement values of between
12 and 17% have been reported for household waste sites in the UK with long
term (30 year) values of approximately 20%. A typical allowance of 10% can be
made when usable landfill capacity is computed (less than 5% for incinerated/inert
waste).
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Annexure 17.1 gives the methodology for computing the landfill capacity,
landfill area and landfill height.

The total landfill area should be approximately 15% more than the area
required for landfilling to accommodate all infrastructure and support facilities as
well asto alow the formation of a green belt around the landfill.

There is no standard method for classifying landfills by their capacity.
However the following nomenclature is often observed in literature:

Small size landfill : lessthan 5 hectare area
Medium size landfill : 510 20 hectare area
Large size landfill : greater than 20 hectare area.

Landfill heights are reported to vary from less than 5 m to well above 30 m.
17.6.3 Landfill Layout

A landfill site will comprise of the area in which the waste will be filled as
well as additional area for support facilities. Within the area to be filled, work may
proceed in phases with only a part of the area under active operation. A typica site
layout is shown in Fig. 17.5. The following facilities must be located in the layout:
(a) access roads; (b) equipment shelters; (c) weighing scales; (d) office space; (e)
location of waste inspection and transfer station (if used); (f) temporary waste
storage and/or disposal sites for special wastes; (g) areas to be used for waste
processing (e.g. shredding); (h) demarcation of the landfill areas and areas for
stockpiling cover material and liner material; (i) drainage facilities; (j) location of
landfill gas management facilities; (k) location of leachate treatment facilities; and
() location of monitoring wells.

It is recommended that for each landfill site, a layout be designed
incorporating all the above mentioned facilities (see Section 17.6.17 on Site
Infrastructure for details). The layout will be governed by the shape of the landfill
areain plan.

17.6.4 Landfill Section

Landfills may have different types of sections depending on the topography
of the area. The landfills may take the following forms. (a) above ground landfills
(area landfills); (b) below ground landfill (trench landfills); (c) slope landfills; (d)
valey landfills (canyon landfills); and (e) a combination of the above. Fig. 17.6
showstypical landfill sections.









Above Ground Landfill (Area Landfill): The area landfill [Figs. 17.6(a)] is used
when the terrain is unsuitable for the excavation of trenches in which to place the
solid waste. High-groundwater conditions necessitate the use of areatype
landfills. Site preparation includes the installation of a liner and leachate control
system. Cover material must be hauled in by truck or earthmoving equipment from
adjacent land or from borrow-pit areas.

Below Ground Landfill (Trench Landfill): The trench method of landfilling
[Fig. 17.6(b)] is ideally suited to areas where an adequate depth of cover materia
is available at the site and where the water table is not near the surface. Typically,
solid wastes are placed in trenches excavated in the soil. The soil excavated from
the site is used for daily and final cover. The excavated trenches are lined with
|low-permeability liners to limit the movement of both landfill gases and leachate.
Trenches vary from 100 to 300 m in length, 1 to 3 m in depth, and 5to 15 min
width with side slopes of 2:1.

Slope Landfill: In hilly regions it is usually not possible to find flat ground for
landfilling. Slope landfills and valley landfills have to be adopted. In a Slope
landfill [Fig. 17.6(c)], waste is placed aong the sides of existing hill Slope.
Control of inflowing water from hillside slopesis a critical factor in design of such
landfills.

Valley Landfill: Depressions, low-lying areas, valleys, canyons, ravines, dry
borrow pits etc. have been used for landfills. The techniques to place and compact
solid wastes in such landfills [Fig. 17.6(d)] vary with the geometry of the site, the
characteristics of the available cover material, the hydrology and geology of the
site, the type of leachate and gas control facilities to be used, and the access to the
site. Control of surface drainage is often a critical factor in the development of
canyon/depression sites.

It is recommended that the landfill section be arrived at keeping in view the
topography, depth to water table and availability of daily cover material.

17.6.5 Phased Operation

Before the main design of a landfill can be undertaken it is important to
develop the operating methodology. A landfill is operated in phases because it
allows the progressive use of the landfill area, such that at any given time a part of
the site may have a final cover, a part being actively filled, a part being prepared to
receive waste, and a part undisturbed;
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The term ‘phase’ describes a sub-area of the landfill. A ‘phase’ consists of
cells, lifts, daily cover, intermediate cover, liner and leachate collection facility,
gas control facility and final cover over the sub-area.

Each phase is typically designed for a period of 12 months. Phases are
generadly filled from the base to the final/intermediate cover and capped within
this period leaving a temporary unrestored sloping face. Fig. 17.7 shows a
simplified sequence of phased operation.

It is recommended that a ‘phase plan’ may be drawn as soon as the landfill
layout and section are finalised. It must be ensured that each phase reaches the
fina cover level at the end of its construction period and that is capped before the
onset of monsoons. For very deep or high landfills, successive phases should move
from base to the top (rather than horizontally) to ensure early capping and less
exposed plan area of ‘active’ landfills (Fig. 17.8).

The term cell is used to describe the volume of material placed in a landfill
during one operating period, usually one day (see Fig. 17.9). A cell includes the
solid waste deposited and the daily cover material surrounding it. Daily cover
usually consists of 15 to 30 cm of native soil that is applied to the working faces of
the landfill at the end of each operating period. The purposes of daily cover are to
control the blowing of waste materials, to prevent rate, flies and other disease
vectors from entering or exiting the landfill; and to control the entry of water into
the landfill during operation.

A lift is a complete layer of cells over the active area of the landfill (Fig.
17.9). Typically, each landfill phase is comprised of a series of lifts. Intermediate
covers are placed at the end of each phase; these are thicker than daily covers,
typically 45 cm or more and remain exposed till the next phase is placed over it. A
bench (or terrace) is commonly used where the height of the landfill will exceed 5
m. The final lift includes the cover layer. The fina cover layer is applied to the
entire landfill surface of the phase after all landfilling operations are complete.
The final cover usualy consists of multiple layers designed to enhance surface
drainage, intercept percolating water and support surface vegetation.

17.6.6 Estimation of L eachate Quality and Quantity

Leachate is generated on account of the infiltration of water into bndfills and its
percolation through waste as well as by the squeezing of the waste due to sdf weight.
Thus, leachate can be defined as a liquid that is produced when water or another liquid
comes in contact with solid waste. Leachate is a contaminated liquid that contans a
number of dissolved and suspended materias.
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17.6.6.1 L eachate Quality

The important factors which influence leachate quality include waste
composition, elapsed time, temperature, moisture and avalable oxygen. In
general, leachate quality of the same waste type may be different in landfills
located in different climatic regions. Landfill operational practices also influence
leachate quality.

Table 17.2 indicates the typical data on characteristics of |eachate reported
by Bagchi (1994), Tchobanoglous et a. (1993) and Oweis and Khera (1990). Data
on leachate quality has not been published in India. However, studies conducted
by Indian Institute of Technology, Delhi, NEERI, Nagpur, and some State
Pollution Control Boards have shown ground water contamination potential
beneath sanitary landfills.

TABLE 17.2: TYPICAL CONSTITUENTSOF LEACHATE FROM MSW LANDFILLS

Constituent Range (mgl/l)
Type Parameter Minimum Maximum

Physical pH 3.7 8.9
Turbidity 30JTU 500JTU
Conductivity 480 mho/cm 72500 mho/cm

Inorganic Totd Suspended Solids 2 170900
Tota Dissolved Solids 725 55000
Chloride 2 11375
Sulphate 0 1850
Hardness 300 225000
Alkainity 0 20350
Tota Kjeldahl Nitrogen 2 3320
Sodium 2 6010
Potassium 0 3200
Cdcium 3 3000
Magnesium 4 1500
Lead 0 17.2
Copper 0 9.0
Arsenic 0 70.2
Mercury 0 3.0
Cyanide 0 6.0

Organic COD 50 99000
TOC 0 45000
Acetone 170 11000
Benzene 2 410




Toluene 2 1600
Chloroform 2 1300
Ddta 0 5
1,2 dichloroethane 0 11000
Methyl ethyl ketone 110 28000
Naphthalene 4 19
Phenol 10 28800
Vinyl Chloride 0 100
Biologica BOD 0 195000
Tota Coliform bacteria 0 100
Fecd Coliform bacteria 0 10

(Source : Table compiled from data reported by Bagchi (1994), Tchobanoglous et. al. (1993) and
Oweisand Khera (1990). Range of constituents observed from different landfills)

Assessment of leachate quality at an early stage may be undertaken to: (a)
to identify whether the waste is hazardous, (b) to choose a landfill design, (c) to
design or gain access to a leachate treatment plant, and (d) to develop a list of
chemicals for the groundwater monitoring program. To assess the leachate quality
of a waste, the normal practice is to perform laboratory leachate tests [Toxicity
Characteristics Leaching Procedure (TCLP tests)] as well as to determine the
quality of actual landfill leachate, if available. Difficulty arises when field data are
not available for a particular waste type. Laboratory leachate tests on MSW do not
yield very accurate results because of heterogeneity of the waste as well as
difficulty in ssimulating of time-dependent field conditions. L eachate samples from
old landfill sites near the design site may give some indication regarding leachate
guality; however thistoo will depend on the age of the landfill.

For the design of MSW landfills having significant biodegradable material
as well as mixed waste, leachate quality has been universaly observed to be
harmful to ground water quality. Hence al landfills will be designed with a liner
system at the base as discussed in the Section 17.7 on Liner System.

A landfill may not be provided a liner if and only if the following
conditions can be satisfied:

@ if the waste is predominantly construction material type inert waste without
any undesirable mixed components (such as paints, varnish, polish etc.) and
if laboratory tests (such as TCLP tests) conclusively prove that the leachate
from such waste is within permissible limits; and

(b) if the waste has some biodegradable material, it must be proven through
both laboratory studies on fresh waste and field studies (in old dumps) that
the leachate from such waste will not impact the ground water in al the
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phases of the landfill and has not impacted the ground water or the subsoil
so far in old dumps. Such a case may occur at sites where the base soil may
be clay of permeability less than 10" cm/sec for at least 5 m depth below
the base and where water table is at least 20 m below the base. A leachate
collection facility would have to be provided in all such cases.

17.6.6.2 L eachate Quantity

The quantity of leachate generated in a landfill is strongly dependent on the
quantity of infiltrating water. This, in turn, is dependent on weather and
operational practices. The amount of rain falling on a landfill to a large extent
controls the leachate quality generated. Precipitation depends on geographical
location.

Significant quantity of leachate is produced from the ‘active’ phases of a
landfill under operation during the monsoon season. The leachate quantity from
those portions of a landfill which have received a final cover is minimal. Fig.
17.10 shows the components of a water-balance approach for estimating leachate
guantity for (a) actual condition and (b) simplified condition.

Generation Rate in ‘Active Area’: The leachate generation during the
operational phase from an active area of a landfill may be estimated in a simplified
manner as follows:

L eachate volume = (volume of precipitation) + (volume of pore squeeze liquid) —
(volume lost through evaporation) — (volume of water
absorbed by the waste).

Generation Rate After Closure: After the construction of the final cover, only
that water which can infiltrate through the final cover percolates through the waste
and generates leachate. The maor quantity of precipitation will be converted to
surface runoff and the quantity of leachate generation can be estimated as follows:

Leachate volume = (volume of precipitation) — (volume of surface runoff) —
(volume lost through evapotranspiration) — (volume of water
absorbed by waste and intermediate soil covers).

For landfills which do not receive run-on from outside areas, a very
approximate estimate of leachate generation can be obtained by assuming it to be
25 to 50 per cent of the precipitation from the active landfill area and as 10 to 15
percent of the precipitation from covered areas. This is a thumb rule and can only
be used for preliminary design.
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For detailed design, computer smulated models [eg. Hydraulic Evaluation
of Landfill Performance (HELP)] have to be used for estimation of leachate
guantity generation. It is recommended that for design of all magjor landfills, such
studies be conducted to estimate the quantity of leachate.

17.6.7 Liner System

Leachate control within a landfill involves the following steps: (@)
prevention of migration of leachate from landfill sides and landfill base to the
subsoil by a suitable liner system; and (b) drainage of leachate collected at the
base of a landfill to the sides of the landfill and removal of the leachate from
within the landfill.

Liner systems comprise of a combination of leachate drainage and
collection layer(s) and barrier layer(s) (Fig. 17.11). A competent liner system
should have low permeability, should be robust and durable and should be
resistant to chemical attack, puncture and rupture. A liner system may comprise of
a combination of barrier materials such as natural clays, amended soils and
flexible geomembranes. Three types of liner systems (Fig. 17.12) are usually
adopted and these are described hereafter:

(&  Single Liner System: Such a system comprises of a single primary barrier
overlan by a leachate collection system with an appropriate
separation/protection layer. A system of this type is used for a low
vulnerability landfill.

(b)  Single Composite Liner System: A composite liner comprises of two
barriers, made of different materials, placed in intimate contact with each
other to provide a beneficial combined effect of both the barriers. Usually a
flexible ge