11 Jai Sri Gurudev Il "’»\

Sri Adichunchanagiri Shikshana Trust © '”"."f’f

SJB INSTITUTE OF TECHNOLOGY ﬁf

BGS Health & Education City, Dr. Vishnuvardhana Road
Kengeri, Bengaluru - 560 060.

National Seminar on 2 *
SWATCHH BHARATH DRIVE =

FOR SOLID WASTE MANAGEMENT

Proceedings of Technical Papers Compiled by 7
Dr.H.K. Ramaraju & Prof. Manjunatha. L

P

Lets Salute

THE SPIRIT OF CLEANLINESS.

According to Bapu “everyone must be his own scavenger.”
but if you can't than respect those who are doing this!
= Respect those Invisible hands which are making a clean India

hitps://swachhbharal. mygov.in

ENGINEERS DAY - 23rd September 2016

Organised by
WATER Department of Civil Engineering, SIBIT
(5 >  |ndian Water Works Association (IWWA), Bengaluru Centre_
N Institution of Public Health Engineers (IPHE), Karnataka Cent %

Supported by
Karnataka State Pollution Control Board (KSPCB)
Kudremukh Iron Ore Company Limited (KIOCL)




Proceedings of National Seminar on "Swatchh Bharath Drive for
Solid Waste Management". Jointly organized by Department
of Civil Engineering, SJBIT,IWWA and IPHE, 23rd September 2016

INTEGRATED MANAGEMENT OF MUNICIPAL SOLID
WASTE

Dr. Ramachandra T. V

Co-ordinator, Energy & Wetlands Research Group, Centre for Ecological Sciences (CES),
&
Associate Faculty, Centre for Sustainable Technologies (ASTRA),
Centre for infrastructure, Sustainable T ransportation and Urban Planning (CiSTUP)
Indian Institute of Science, Bangalore — 560 012, INDIA
Tel : 91-80-22933099 /22933503 (extn. 101,107)
Fax : 91-80-23601428/23600085/23600683[CES-TVR]
E-mail: cestvr@ces.iisc.ernet.in; energy@ces.iisc.ernet.in
http://ces.iisc.ernet.in/energy
https://www.researchgate.net/profile/T V Ramachandra/publication

ABSTRACT

Solid waste management is associated with the control of waste generation, from its storage
to disposal while satisfying the principles of public health and other environmental
considerations. However, rapid population growth coupled with the increased rate of
unplanned urbanization in Indian cities have led to the tremendous increase in the amounts of
solid waste (MSW). Mismanagement of solid waste leads to public health risks, adverse
environmental impacts and other socio-economic problems. The problems derived from solid
waste have a unique and complicated character; they are not only a potential source of
pollution, but they can be used as a secondary source of raw materials. Municipal solid waste
management (MSWM) is considered a serious environmental challenge confronting local
authorities and several city administrators have realized that the way they manage their solid
wastes does not satisfy the objectives of sustainable development. Therefore, there is a move
to shift from traditional solid waste management (SWM) options to more integrated solid
waste management approaches. The selection of priorities regarding the solid waste
management has direct economic and environmental impacts. This procedure concerns not
only the environmental policy but also technological, economic and purchasing policies.
However, the lack of adequate resources to implement the necessary changes is posing a
serious obstacle. Environmentally sound solid waste management involves

1. Segregation of waste at source (separate organic and inorganic - recyclable, reusable
fractions);

2. Door to door collection of waste with incentive based mechanism to enhance
segregation at source: This entails (i) deploying appropriate mobile collection vans
(for each locality) with an option to store segregated and unsegregated wastes, (ii)
incentive of Rs 1 per kg of segregated organic waste and payment directly to the
respective household account through bank transfer — Jan Dhan scheme with Aadhaar
linkage, (iii) dis-incentive to unsegregated waste — individuals who refue to segregate
needs to pay Rs 5 per kg of unsegregated waste. Revenue generation would
encourage many households to switch over to segregation. '

3. Collection trucks to have GPS (global positioning system) which would hel;
tracking and also in reducing malpractices associated with waste managems
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4. Transparency in the administration though online availability of spatial information
system, accessible to all including public.

5. FEradicating waste mismanagement lobby - nexus of contractors-consultants-
engineers. Successful elimination of the mismanagement lobby would help in solving
the waste problem in any city.

6. Setting up waste processing yards with decentralised treatment of organic fraction of
waste in each locality (stop using parks and recreation spaces for this purpose).

7. Encouraging youth to take up innovative waste treatment options (suitable to handle
Indian waste- rich in organic fractions)

8. Only inert materials shall go to landfill locations.

9. Implementation of SWM 2016, GoI and penalising the city administrator in-charge of
city waste for dereliction of duties in cases of mixed waste reaching the landfill site or
littering of waste’s in city open spaces.

INTRODUCTION:

Small communities in the primeval societies used to bury solid waste just outside their
settlement, discharge aqueous waste into the local waterbodies and release gaseous pollutants
into the atmosphere. The increase in community size, necessitated a more organised form of
waste management to minimize the environmental impacts as the quantity of pollutants
exceeded the system’s threshold. The stabilization of health issues at personal levels gave
impetus to the community health issues. The earliest records show that the city of Mahenjo-
Daro (Indus Valley) had organised solid waste management processes, Crete had trunk sewer
systems by 2000 BC and the burning of soft coal in kilns in 1285 BC was banned to mitigate
air pollution. Health and safety issues have been focus of waste management since early
years (Ramachandra, 2011). The general public is more concerned with the effects that waste
has on the environment while for the waste managers and planners the cost of collection,
processing and disposal gains importance with the growing problem. Thus different waste
management practices gained utmost importance as human activities exceeded the
assimilative capacity of the biosphere (Ramachandra, 2006). The Government of India
introduced statutory waste minimisation, treatment and environmentally sound management
to address the earth’s dwindling resources and the growing mountains of waste (The Solid
Waste Management Rule 2016, Government of India).

Over the last few decades, India is finding hardships in managing the wastes; this is due to
the changing life styles of people and their negligence, urbanization and the improper
planning of government in these activities. The physical and chemical composition of Indian
city refuse shows that 80% of it is compostable and ideal for biogas generation, moisture
content of 50-55% and carbon-nitrogen ratio of 25-40:1. The quantum of wastes being
generated in India is increasing due to increase in population and it is now nearly 300-480
g/day. All the major cities of India is generating about 3500 tonnes of wastes per day on an
average. The composition of the waste is 60-70% of it is organic matter and tlg recyclables
ranges from 9.56% to 17.18%. Plastics had a quantum jump from 0.69-3.69% v
increase in the past years which is hazardous for human environment ang

ISSN -0970-319 -2

GSDP: Course on “ Waste Management” 220



Proceedings of National Seminar on "Swatchh Bharath Drive for
Solid Waste Management". Jointly organized by Department
of Civil Engineering, SJBIT,IWWA and IPHE, 23rd September 2016

(Ramachandra and Shruthi, 2007). The waste disposal methods used in India is 90% of them
are dumped in low-lying areas outside city/town limits, which has no provision for treatment
and leachate collection which is a huge disadvantage to the environment and damages the
ecology severely by heavy metals entering underground water and- landfill gas entering
atmosphere etc. (Ramachandra and Shruthi, 2007; Shwetamala et al., 2014; Chanakya et al.,
2015). Recycling is highly organised in India compared to other developed nations. 40-80%
of plastics get recycled. However due to lack of government policies, incentives, subsidies,
regulations, standards, et.c, the technology and quality of manufactured goods are still far
behind its western counterparts. Nevertheless recycling has become a profit-making venture,
though informal in nature. Health impacts are severe in India in the recent years due to
negligence of municipal workers and absence of standards and norms for handling
municipalwastes. Respiratory ailments, gastro-intestinal ailments, skin lesions, eye problems are
found by a survey (Ramachandra et al., 2013). Environmental impacts include decrease in air
quality, water quality, psychological stress, cancer incidence for those living near incinerators
and land disposal facilities. Increases diseases due to mosquito breeding and due to chemical
reactions of these waste, mutations are also happening in the bacteria which are also resulting in
new kinds of diseases (Ramachandra et al., 2014). As human needs and activities overload the
assimilative capacity of the biosphere, the debate on the sustainable waste management has
become paramount. Advances in the environmental measurement techniques have shown that the
current demand on the earth’s resources is not sustainable and needs addressing immediately
(Ramachandra, 2011; Ramachandra and Saira, 2003). Solid waste management has evolved
greatly since its early days and it now considers an interrelated series of options aiming at waste
source reduction, recycling, treatment and final disposal.

A system analysis approach has become necessary while considering many options available
and a system model is desirable because of the interactions between many factors within a
waste management system. In a system approach the problems are multidimensional and
multidisciplinary -and so the solutions must reflect this complexity. The multidimensional
aspect includes the economic and environmental sectors. A systems approach requires a
long-term perspective, and analysis may need to extend across geo-political borders
(Ramachandra, 2006). Thus, systems analysis plays an important role for regionalization
assessment of integrated solid waste management systems, providing the decision makers
with breakthrough insights and risk-informed strategies.

Appropriate waste management policy should be on the principles of sustainable
development, according to which society’s refuse should not be regarded simply as
something to eliminate but rather as a potential resource. Solid waste management facilities
are crucial for environmental management and public health in urban regions. Due to the
waste management hierarchy, one of the greatest challenges that organizations face today is
to figure out how to diversify the treatment options, increase the reliability of infrastructure
systems, and leverage the redistribution of waste streams among incineration, compost,
recycling, and other facilities to their competitive advantage region wide. Techmques for
solving regional waste problems inevitably have a large number of possible solutie i s ‘due to
variable population densities, incomes, multiple (actual and potential) locations Fr waste
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management infrastructure, protected landscape areas and high value ecological sites. This
requires creation of an integrated waste management plan that makes full use of all available
technologies. This would entail an increase in material recycling and energy recovery, and
landfill disposal option only for inert materials and residues from recovery and recycling as
shown in Figure 1. In this context, SWM 2016 (Government of India) stipulate the reduction
of the present levels of waste generation and the increase in energy and material recovery,
which represent two of the most important future requirements for environmentally-sound
waste management practices. Landfill is generally recognized as the final destination of the
refuse that cannot be further segregated or recovered in any other way.
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Figure 1: Material flow in the municipal solid waste management system

Despite the development of strategic planning models, the descriptions of source separation
strategies of recyclables are usually insufficient to enable calculation of the amounts of
materials separately collected. The amount of a material separately collected in an area
depends on two factors: (i) the coverage of a collection system applied and (ii) the separation
activity of waste producers, consisting of participation rate and separation efficiency. The
coverage of a collection system is defined as the ratio of (a) the amount of a aterial produced
in those properties where separate collection is available and (b) the amoun
question produced in all properties of the area. Participation rate is definef

f the material in
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people providing sorted material to bins in those places where this option is available.
Separation efficiency is defined as the share of a material that is correctly separated by those
participating in separation. In several strategic planning models, all of these factors have been
ignored and the amounts of materials separated at the source are treated as input data. Solid
waste management 1s particularly difficult and costly today due to the increasing volumes of
waste and the need to control potential serious environmental and health effects of disposal.
National planning for solid wastemanagement is necessary for the development and
implementation of a very long-term and reliable action. The current situation, which gives rise
to the indiscriminate dumping of wastes, has a serious impact on air, land and water pollution
and causes a dramatic increase in health hazards in the urban environment. In many cities non-
governmental and community-based organisations (NGOs and CBOs) have started developing
neighbourhood waste collection services as well as initiating composting and recycling
activities. These moves are backed up by municipal solid waste management and handling
rules (The Ministry of Environment, Forests and Climate Change, GOI, 2016). Among other
requirements, this rule demand source segregation and waste recovery, the local authorities in
charge of municipal bodies have a statutory obligation to collect and dispose of household
waste. Efficient planning for municipal solid waste (MSW) management systems requires
accounting for the complete set of environmental effects and costs associated with the entire
life cycle of the waste. Life cycle assessment (LCA) helps to evaluate the environmental
burden associated with a product, process or activity and to consider opportunities that can
effect environmental improvements. The International Organisation for Standardisation (ISO),
a worldwide federation of national standards bodies, has standardised the framework on LCA.
The main barriers include lack of awareness of the importance of using the life cycle concept,
the quality of the data and a general lack of understanding of how to conduct the LCA
correctly and interpret the results. The study indicated that integrated waste management
would ultimately be the most efficient approach in terms of both economics and environment
benefits (Ramachandra 2006; Ramachandra and Shruthi, 2007).

INTEGRATED SOLID WASTE MANAGEMENT SYSTEM: Integrated solid waste
managemnt(ISWM) in its simplest sense incorporates the waste management hierarchy
(Tchobanoglouset al., 1993; Ramachandra 2006) by considering direct impacts (transportation,
collection, treatment and disposal of waste) and indirect impacts (use of waste materials and
energy outside the waste management system). It is a framework that can be built on to
optimize the existing systems, as well as to design and implement new waste management
systems. ISWM is also a process of change that gradually brings in the management of wastes
from all media (solid, liquid and gas). The collection of recyclable materials from households
can reduce the emission of greenhouse gases. The use of recycled materials in place of virgin
materials in production also leads to reduction in the demand for energy. IWSM also includes
the fundamental issue of governance. It stresses the need for local bodies to be more aware of
people’s concerns and for citizens to be more involved in civic affairs. This highlights the need
to develop a sound management structure, seek technical and institutional support, and
possibly work more closely with the private sector in reclaiming the full value ef the waste
resource in order to finance and support the collection schemes.
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Planning integrated solid waste management: Any city or town will be in need of an effective
solid waste management system to ensure better human health and safety.

The system needs to be safe for workers and safeguard public health by preventing the spread
of disease. In addition to these prerequisites, an effective solid waste manage must be
environmentally sustainable and economically feasible. It is quite difficult to minimise the
environmental impacts and the cost simultaneously. The balance that needs to be struck is to
reduce the overall environmental impacts of waste management 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 waste beginning from its generation to its disposal. The integrated approach must be based
on a logical hierarchy of actions.

SOLID WASTE MANAGEMENT SITUATION IN BANGALORE: Many corporation
wards inBangalore city are characterized by having a high degree of fermentable component in
municipal solid wastes (MSW) from residential areas. These wastes are typified with low
calorific value (800-1800 kCals/kg), high moisture content (50-80%, low net cal value), high
proportion of organic matter (>60%) and low recyclable content such as paper, plastics, metals
etc. The fermentable components of MSW are predominantly vegetable and fruit wastes that
can range between 65 and 90% (Rajabapaiah 1998, Ramachandra and Saira 2003;
Ramachandra 2006, 2011; Chanakyaet al. 2007, 2009). As and when the city begins source
segregation into fermentables, it is expected that a significant component of fermentable
fraction will be produced and needs to be picked up on a daily basis. Only 68% of wastes
generated is being collected by the agencies in Bangalore.

The quantum of waste generated in Bangalore city varies from 2300 to 3600 MT/day and the
composition of waste is given in Table 1. The quantity is likely to grow in the next few years
due to the increasing population and will present a formidable challenge to authorities unless
an integrated approach is taken. As the daily per capita organic fraction of MSW production
varies between 0.2-0.5kg (Ramachandra et al., 2013, 2014), depending upon lifestyles in the
cities (indicated by city population). Thus, due to the small size of the total fermentable MSW
generated at the household scale only composting and vermicomposting seem feasible at the
household level. Many commercial and non-commercial devices for household composting
and vermicomposting have been tried in Bangalore (Chanakyaet al. 2007; Ramachandra
2006). Area or community scale options indicated above have been more successful in
Bangalore and in various places in India. Area or zone wise collection has been shown to
simplify collection systems and it enables collection of waste of similar composition
(Sathishkumaret al. 2001). Leaf litter and garden Waste, vegetable and fruit waste, domestic
and kitchen waste, etc. thus are manually carted and treated at scales between 0.05-0.25
tpdscale. Composition of waste (Table 1) clearly shows the predominance of fermentable
materials at all locations in the process of generation to its reaching the “ mp site. In the
residential areas, parks and vegetable markets, the presence of a large fraé on of fruit and
vegetable waste (fermentable fraction, 70-90%) increases the moisture content of waste to
ISSN -0970-319 6
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about 70-80% (Shwetmala et al., 2014). When composting of such high moisture feedstock is
attempted by thestandard windrow method, there is excessive generation of leachates and its
fermentation results in malodours. High levels of such waste arise even in the business districts
where there 1s a concentration of fresh fruit juice vending shops in the area. Citrus fruit skins,
pineapple cores, sugarcane bagasse, other fruit waste, etc. are generated in large quantities in
certain pockets of the city. These form nearly 80% of the waste collected area (Sathishkumaret
al. 2001). It is, therefore, important that such waste materials are treated rapidly in
decentralized units and two options, namely, aerobic composting and biomethanation are
available.

Table 1: Composition of municipal solid waste at different stages

Street bin, Street bin,
. Bangalore

before rag after rag Dump site

picking picking overall
Components (%)
Fermentables 65 78 70 72
Paper 8 4 11.4 11
Miscellaneous 12 15 8.7 1.9
Glass 6 1 0.5 1.4
Polythene /plastics 6 1.9 9.1 6..2
Metals 3 0.1 0.3 1
Dust and sweepings NA NA NA 6..5

The steps, in order of priority, which must be taken for Bangalore are given below:

1) Minimise the production of waste or source reduction: Source reduction is a basic solution
to the garbage accumulation. Less waste means less of a waste problem. In many cases,
-source reduction can be done not necessarily by adopting a high technology but only by
inculcation of better personal habits in the people. A reduction in the amount of waste can
be achieved by change of consumption pattern and lifestyle, use of more recyclable
materials, practice of waste segregation at source and change of manufacturing designs
and packaging. Earlier studies indicate that nearly 20 percent reduction in waste generation
is possible through simple housekeeping measure that requires no or marginal investment.
Proper design and packaging of products with minimum volume of material and longer
useful life can reduce the waste considerably.

il) Maximise waste recycling and reuse: Though recycling of solid wastes is extensively
practised in Bangalore, the full official recognition of the need for promotion of recycling
is yet to come. It is only in recent years that the role of this sector has received some
attention. Municipal authorities should actively support recyclables at source schemes by
strengthening the informal sector, for example by the provision of sites for sorting of

" recyclables or perhaps by developing bonus schemes for the workers in the informal
sector. There are considerable benefits of increasing solid waste recycling and reuse.
Source separation and recycling of waste reduces the volume of the waste to Bé;disposed.

Promoting recycling as an alternative to the existing forms of waste dispoigl may be
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economically gainful. Authorities may seek competitive bids as the recycling may be a
profitable commercial operation generating a net income. Further, thousands of poor
people may support themselves and their families by directly or indirectly participating in
waste collection and recycling. Many organisations such as Clean Environs, Waste Wise
and Centre for Environmental Education in Bangalore help street children and other
unemployed people to collect waste from households and give them a right to sell it too.

iii) Encourage waste processing at decntralied levels: Organic waste in Bangalore
constitutes around 70 percent and is therefore amenable to composting and biogas
generation for energy. It is a form of source reduction or waste prevention as the
materials are completely diverted from the disposal facilities and require no
management or transportation. Diverting such materials from the waste stream frees up
dumping space for the material that cannot be composted. Currently composting is
provided for only two markets in Bangalore which should be extended to other markets,
hotels, restaurants, and households. Composting is quite viable if there is a market for
compost. Thus a better understanding of the process, benefits to the environment and
public education can promote the practice of composting at least in the cities where sites
and skilled manpower are available and markets can be developed. It is also essential to
provide basic training and education of workers in technical, health, and safety aspects.
City municipality should compost garden and park waste to reduce the quantum of waste
for final disposal. Many resident associations in Bangalore have set up their own
composting plants. Biogasification is an excellent option in handling the organic wastes.
Once the MSW is segregated into fermentable and non-fermentable fractions, even at a
>90% efficiency of sorting, MSW becomes amenable for biogas production.
Biogasification has several advantages like net energy output and low odour emissions
during treatment. Digested material, compost, with or without a post-composting stage,
is safe for disposal as manure. A study carried out. at Centre for Sustainable
Technologies (formerly ASTRA) at Indian Institute of Science revealed that plug flow
digesters are very good for biogasification of MSW as it is an excellent feedstock for
biogas production and has a v_efy high gas production (both gas production rate as well
as specific gas production) to warrant viable decentralized treatment by anaerobic
fermentation to biogas. It also requires very little pre-treatment.

1v) Promote safe disposal of wastes: Wastes are either burnt or dumped in open spaces and
these practices should be restricted as they are deleterious to health and the environment.
Landfilling occupies the lowest rung in the integrated waste management, though it is a
better option than dumping the waste in open spaces. It relies on containment rather than
treatment (for control) of wastes. The purpose of landfilling is to bury or alter the
chemical composition of the wastes so that they do not pose any threat to the
environment or public health. Landfills are not homogenous and are usually made up of
cells in which a discrete volume of waste is kept isolated from adjacent waste cells by a
suitable barrier. Commonly used barrier is a layer of natural soil (clay), w};mh restricts
downward or lateral escape of the waste constituents or leachate. Sanm;_
normally has a double liner to prevent leaching into the groundwater. Appropnate run-
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off controls, leachate collection and treatment, liners for protection of the groundwater
(from contaminated leachate), biogas recovery mechanism (landfill gas contains high
percentage of methane due to anaerobic decomposition of organic wastes), monitoring
wells, and appropriate final cover design constitute integral components of an
environmentally sound sanitary landfill. Proper and regular monitoring should be done
at Jandfill sites.

v)  Spatial Decision Support systems: GIS-GPS-MIS systems have proved to be efficient spatial
decision support systems (Figure 2) for revolutionizing the waste management systems in
Bangalore. A management information system (MIS) aids to manage large amount of spatial and
attribute data related to the wards and generate reports (daily, weekly etc) at various levels (city,
zone, range etc.) with details of the waste, types of vehicles etc. In Bangalore, trucks are the only
means of removing garbage and other waste materials from the city. These vehicles perform
multiple trips in a day and it is essential to monitor and track these trucks to improve efficiency.
In this regard, global positioning system (GPS) would be helpful and cost effective. It also helps
in optimising truck routes thereby increasing the efficiency of the transport mechanism. Analysis
of spatial data i.e. land use and land cover pattern, transport network, collection network etc.,
along with information related to quantity related to quantity and quality of wastes (through GIS:
Geographic Information System) enable the authorities involved in waste management to come
out with feasible options. These tools have been selected because 80% of information used by
the health official has spatial components (city, zone, range and health ward level). Training can
be imparted to its personnel in handling and updating the data.

The ISWM approach is designed to minimize the initial generation of waste materials
- through source reduction, then through reusing and recycling to further reduce the volume of
the material being sent to landfills or incineration compared to the conventional approach of
simply focusing on disposal of solid waste. Good municipal solid waste management
practices require collection of critical information which is not just for keeping the records up
to date but for taking corrective measures as well as proper planning for the future. There is
also a need for integration and assimilation of information from various levels of jurisdiction.
Thus, the strategic approaches for ISWM involve the integration of available data, guidelines
and framework and elimination of the constraints. The main objective here is to arrive at a
proper storage with least negative environmental impaét, efficient collection system,
engineered processing and disposal according to the constituents present in the waste stream.
Analysis of spatial data, i.e. land use and land cover pattern, transport network, collection
network etc., along with the information related to the quantity and quality of wastes
(through Geographic Information System) enables the authorities involved in the solid waste
management to come out with feasible options. To keep a city clean and maintain healthy
environment, the administration has to adopt this approach and set goals for installations to
reduce the amount of solid waste being generated, increase the solid waste diversion rate and
comply with the existing regulations.
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Figure 2: Integrated solid waste managément using Geographic Information System (GIS),
Management Information System (MIS) and Global Positioning System (GPS)

Focus of the ISWM program includes the following:

1.

Assessment of present condition and organizational set up
2. Reduce, reuse and recycle solid waste to the greatest extent possible.

3. Cooperate to the extent practicable in recycling programs conducted by the civilian

community (on installations that do not have recycling programs).
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4. Pursue the use of joint or regional solid waste management programs and facilities with
the government and non-government agencies.

5. Financial support towards infrastructure and maintenance

6. Facilitating community participation in solid waste management activities Intellectual
mput — research on design, materials, concept

7. Privatize solid waste management facilities or contract for waste disposal services,
including recycling.

8. Divert 60% of non-hazardous solid waste from incineration and landfills. Integrated
solid waste management programs can demonstrate an economic benefit (when
compared with only landfill and incineration disposal).

9. Complying with applicable regulations regarding solid waste management and
recycling.

10. Overall monitoring and coordination

CONCLUSION:

Rapid population growth coupled with the increased rate of unplanned urbanization in many
cities of the developing world, led to the tremendous increase in the amounts of municipal
sohid waste (MSW). Mismanagement of solid waste leads to public health risks, adverse
environmental impacts and other socio-economic problems. The problems derived from solid
waste have a unique and complicated character; they are not only a potential source of
pollution, but they can be used as a secondary source of raw materials. Municipal solid waste
management (MSWM) is considered a serious environmental challenge confronting local
authorities, especially in developing countries. Currently, several countries have realized that
the way they manage their solid wastes does not satisfy the objectives of sustainable
development. Therefore, there is a move to shift from traditional solid waste management
(SWM) options to more integrated solid waste management approaches. The selection of
priorities regarding the solid waste management has direct economic and environmental
impacts. This procedure concerns not only the environmental policy but also technological,
economic and purchasing policies. However, the lack of adequate resources to implement the
necessary changes is posing a serious obstacle. The application of planning tools such as
Geographic Information System and Geospatial modelling for integrated management of
municipal solid waste aided to conserve both natural and man-made resources while achieving
economic viability through sustainable options in management and averting ecological risks.

Developments in the waste management systems in Bangalore is slow paced nevertheless a
sincere one; however it needs upgradation in the areas of processing and disposal. Political and
financial hurdles and lack of cooperation by the public in general has created bottlenecks in
improving it’s efficiency. The potential of community participation, human
resourcedevelopment and legal mandates has to be realised and subsequent changes brought
about. Adoptions of latest spatial analytical technologies such as MIS-GPS-GIS system have to
be taken into consideration while developing a waste management system for Bangalore. The
study on IISc campus can be used as a model for the wards in Bangalore. However for any
waste management to be successful, the government should step up and take the- sequired
initiatives. Even though financial constraints are a part of the system, the governs 'kt can
make a formal and sincere commitment for an integrated SWM approach, fully recogn#hg the
advantages of the existing informal recycling network. Waste recycling can be promoted
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through consumer campaigns that will encourage citizens to co-operate in waste separation and
to purchase recycled products. Also, waste authorities should encourage composting and
biogas generation of wastes, which will reduce the volume of waste to be disposed of. Finally,
no SWM can be effective without proper monitoring of its disposal activities. Therefore its
effectiveness should be tested on a regular basis. Environmentally sound solid waste
management involves

1.
2.

10.

Enhance awareness among public about mishandling of waste;

Segregation of waste at source (separate organic and inorganic - recyclable, reusable
fractions);

Door to door collection of waste with incentive based mechanism to enhance
segregation at source: This entails (i) deploying appropriate mobile collection vans (for
each locality) with an option to store segregated and unsegregated wastes, (ii) incentive

of Rs 1 per kg of segregated organic waste and payment directly to the respective
household account through bank transfer — Jan Dhan scheme with Aadhaar linkage,

a. dis-incentive to unsegregated waste — individuals who refue to segregate needs
to pay Rs 5 per kg of unsegregated waste. Revenue generation would encourage
many households to switch over to segregation.

Collection trucks to have GPS (global positioning system) which would help in online
tracking and also in reducing malpractices associated with waste management.

Transparency in the administration though online availability of spatial information
system, accessible to all including public.

Eradicating waste mismanagement lobby - nexus of contractors-consultants-engineers.
Successful elimination of the mismanagement lobby would help in solving the waste
problem in any city.

Setting up waste processing yards with decentralised treatment of organic fraction of
waste in each locality (stop using parks and recreation spaces for this purpose).

Encouraging youth to take up innovative waste treatment options (suitable to handle
Indian waste- rich in organic fractions) .

Only inert materials shall go to landfill locations.

Implementation of SWM 2016, Gol at all levels and penalising the city administrator

(in-charge of city waste) for dereliction of duties in cases of mixed waste reaching the
landfill site or littering of waste’s in city open spaces.
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Abstract: Municipal solid wastes collected by the agencies dispose at
identified disposal sites about 60%, while the balance are disposed-off at
unauthorised disposal sites in an unacceptable manner, leading to the
environmental consequences including greenhouse gas (GHG) emissions.
Mitigation strategy necessitates understanding of composition of waste for its
management in an environmentally sound way. The study revealed that the per
capita waste generated is about 91.01 + 45.5 g/day and household per capita
waste generation was positively related with household size and income.
Organic fraction in municipal solid waste based on the sample household’s data
is about 74.09 + 34.94 g/person/day, which constitutes 82% with the strong
recovery potential and conversion to energy or compost range. The total
organic waste generated is about 231.01 Gg/year and due to mismanagement
consequent emissions are about 604.80 Gg/year. Integrated solid waste
management strategy is suggested to manage the organic fractions through
technology interventions, which helps in mitigating GHG emissions with
potential economic benefits.

Keywords: municipal solid waste; MSW; domestic sector; greater Bangalore;
socio-economic factors; greenhouse gas; GHG emissions; integrated solid
waste management; ISWM; India.
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1 Introduction

Solid wastes are any non-liquid wastes that arise from human and animal activities that
are normally solid, comprising organic and inorganic waste materials such as product
packaging, grass clippings, furniture, clothing, bottles, kitchen refuse, paper, appliances,
paint cans, batteries, etc. produced in a society, which do not generally carry any
economic benefits (Ramachandra, 2009, 2011; Getahun et al., 2012). Unplanned urban
development coupled with rapid population growth and changes in the standard of living
have led to the tremendous increase in the amounts of municipal solid waste (MSW)
leading to mismanagement, which include mix of dry and wet wastes (due to insufficient
segregation), dumping in drains and open spaces, disposal without treatment for energy
or resource recovery. Municipal solid waste management (MSWM) is associated with the
control of waste generation, its storage, collection, transfer and transport, processing and
disposal in a manner that is in accordance with the best principles of public health,
economics, engineering, conservation, aesthetics, public attitude and other environmental
considerations. MSWM is considered a serious environmental challenge confronting
local authorities (Ramachandra, 2011, 2012a) and current management approaches does
not satisfy the objectives of sustainable development throughout the world (Thanh et al.,
2011; Seo et al., 2004; Al-Khatib et al., 2010).

Major portion (70-75%) of MSW is organic (Ramachandra, 2009, 2011;
Sathishkumar et al., 2001; Ramachandra et al., 2012b; Sharholy et al., 2007) and
contribution of inorganic component is gradually changing and is likely to show further
changes in the future. However, solid waste management (SWM) still has gaps due to
lack of waste segregation at source level, treatment, re-use, recycling and appropriate
disposal. Dumping of waste in open areas, roadside is also one of the common practices
in developing countries. These approaches have led to public health risks, adverse
environmental impacts, haphazard landfilling leads to depreciate the water quality and
other socio-economic problems (Abushammala et al., 2009; Diaz et al.,, 1999;
Chattopadhyay et al., 2007; Nickolas and Ulloa, 2007). The organic fraction of waste
through treatment forms a secondary source of raw materials.

Treatment of organic fraction of waste alters its physical and chemical characteristics
for energy and resource recovery. The important processing techniques include either
composting (aerobic treatment) or biomethanation (anaerobic treatment). Composting
through aerobic treatment produces stable product-compost which is used as manure or as
soil conditioner. In metropolitan cities, compost plants are underutilised due to various
reasons, most important reasons are unsegregated waste and production of poor quality of
compost resulting in reduced demand from end users (Ramachandra, 2011).
Vermi-composting is also practiced at few places. Biomethanation through microbial
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action under anaerobic conditions produces methane rich biogas. It is feasible when
waste contains high moisture and high organic content. Uncontrolled and unscientific
disposal of all the categories of waste including organic waste leads to the environmental
problems such as contamination of land, water and soil environment due to leaching of
nutrients, etc.

SWM to be effective requires separation of waste at source level with the
implementation of 3Rs (reduce, reuse and recycling), treatment of organic fractions of
wastes at local levels and disposal at sanitary landfills (Ramachandra, 2011; Tadesse et
al., 2008). The indiscriminate dumping, inadequate treatment and poor recovery of
organic fractions in urban areas have caused adverse effects on the local ecology,
environment (such as air, water and land pollution) and human health (Sharholy et al.,
2005; Rathi, 2006; Ray et al., 2005; Kansal et al., 1998; Jha et al.,, 2003, Gupta
et al., 1998; Singh and Singh, 1998; Kansal, 2000). The sustained dumping of solid waste
without treatment has overloaded the assimilative capacity of the surrounding
environment, necessitates environment friendly treatment and management of solid
waste.

Appropriate waste management policy needs to be based on the principle of
sustainable development, which considers the society’s refuse as a potential resource.
SWM facilities are crucial for environmental management and public health in urban
regions. Techniques for solving regional waste problems inevitably have a large number
of possible solutions due to variable population densities, incomes, multiple (actual and
potential) locations for waste management infrastructure, protected landscape areas and
high value ecological sites. Due to this, MSW management have received a great deal of
attention as the country produces an estimated quantity of 50—600 million tonnes of urban
solid waste annually. Environmentally sound waste management depends on various
site-specific factors such as the characteristic of the waste, the efficiency of the waste
collection and processing systems required by different waste management practices,
availability of proximity of material for recovery from the waste stream, the emission
standards to which waste management facilities are designed and operated, the cost
effectiveness of the environmental obtained by different management practices and social
performance of the community.

Table 1 Quantity of MSW generation rate in Metro cities

SI. no. Name of city Waste quantity (TPD)
1 Greater Bangalore 1,800-3,600

2 Greater Mumbai 3,200

3 Ahmadabad 1,200

4 Kanpur 2,142

5 Lucknow 600

6 Chennai 1,819

7 Pune 1,000

Sources: Ramachandra (2009, 2011, 2016) and Chanakya et al. (2007)

The waste generation quantum depends mainly on the consumption patterns, seasons,
lifestyle and socio-economic factors. The per capita waste generation is expected to
increase annually by 1.33% (Pappu et al., 2007; Shekdar, 1999; Bhide and Shekdar,
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1998). Table 1 lists the quantity of waste generated in the metro cities of India, which
highlight that the waste quantity generation is high in Chennai, Greater Bangalore and
Greater Mumbai due to the standard of living and urbanisation. However, waste
generated is comparatively low in the Pune and Lucknow (Ramachandra, 2009;
Chanakya et al., 2007).

Quantification and assessment of characteristics of waste through door-to-door survey
during two seasons (dry season and wet season) in the Can Tho city the capital of the
Mekong Delta region (Thanh et al., 2010) show that an average household solid waste
(HSW) generation is about 285.28 g/person/day (including 283.10 during dry season and
287.46g/person/day). Statistical analysis reveal that household quantity waste is
positively correlated with the population density, urbanisation level and negatively
correlated with household size. Total greenhouse gas (GHG) baseline emission by the
HSW is estimated as 153.41 tons per day carbon dioxide equivalent, while compostable
and recyclable accounted 80.02% and 11.73% respectively.

Ramachandra and Varghese (2003) explored the possibilities of achieving sustainable
management of solid waste using Bangalore as a case study. The strategies include
community participation, human resource development, legal mandates and adopting
recent technologies like GIS-GPS and GIS System. Environmental audit of MSW
management for Bangalore city was done by Ramachandra and Bachamanda (2007) by
collecting the data from government agencies, field survey and interview with
stakeholders.

Mismanagement of municipal solid waste is a vital source of anthropogenic GHG
such as methane (CH,), biogenic carbon dioxide (CO,) and non-methane volatile organic
compounds (NMVOCs), etc. (Ramachandra, 2009; Ramachandra et al., 2015; Thanh
et al., 2010). Among these, Methane is considered as a potent

GHG having global warming potential (GWP) 25 times greater than that of carbon
dioxide and concentration of atmospheric methane is annually increasing at 1-2%
(Kumar et al., 2004a; IPCC, 1996). Emission of methane from landfill accounted 3-9%
of the anthropogenic source in the world (IPCC, 1996; Kumar et al., 2004b).

The organic components in the waste dumps and landfills generate about 60%
methane (CH;) and 40% CO, together with other trace gases during anaerobic
decomposition (Hegde et al., 2003; Jha et al., 2008). This would vary depending on the
waste composition, age, quantity, moisture content and ratio of hydrogen/oxygen
availability at the time of decomposition (Jha et al., 2008). Evaluation of the quantitative
and qualitative characteristics of MSW in Allahabad city (Sharholy et al., 2007) through
door-to-door survey show the average generation rate varies from 0.37kg/capita/day to
0.44kg/capita/day and the total quantity of MSW is about 500 ton/day.

Quantum of MSW has increased from 650 tonnes per day — tpd (1988) to 1,450 tpd
(2000) (Ramachandra et al., 2012) and 3,000-3,600 tpd (2016) due to the increase in
population with the expansion of spatial extent. The daily collection is estimated at
3,000 tpd with a per capita generation from 0.16 kg/d (1988) to 0.58 kg/d (2009). Table 2
and Table 3 list composition during different time period and physical composition at
different levels. Among which, residence (household waste) is the foremost contributor to
the total waste stream with a high proportion of biodegradable waste, i.e., 72%.Presently,
a quasi-centralised collection system is employed in Bangalore and the waste collection
system from households (HH) closely follows the MSW (handling and management)
MSW (H&M) rules 2000, employing door-to-door collection. In most of residential area
the provision of dustbin is removed to avoid the multiple handling of waste (Chanakya
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et al., 2010; TIDE, 2000).The city has been facing severe shortage of landfills to dump
garbage due to unplanned urbanisation. Bruhat Bangalore Mahanagara Palike (BBMP) is
responsible for management of solid waste.

Table 2 Composition of MSW generation in Bangalore

Composition (% by weight)

Components All over All over 1ISc, residential All over
Bangalore, 1988  Bangalore. 2000  area. 2001, 2015 Bangalore

Fermentable 65 72 72.5 60

Paper 8 11 18 12

Miscellaneous 12 1.9

Glass 6 1.4 4

Polythene/plastics 6 6.2 9.5 14

Metals 3 1 1

Dust and 6.5

sweepings

Sources: Rajabapaiah (1988), TIDE (2000), Sathishkumar et al. (2001),
Ramachandra (2016) and BMP

Table 3 Physical composition of MSW in Bangalore

Composition

Waste type ) Hotel and  Trade and Stree.t All

Domestic Markets . Slums  sweeping

eatery  commercial sources
and parks

Fermentable 71.5 90 76 15.6 29.9 90 72
Paper and 8.39 3 17 56.4 2.49 2 11.6
cardboard
Cloth, rubber, 1.39 0.33 3.95 0.54 0 1.01
PVC, leather
Glass 2.29 0.23 0.65 8.43 0 1.43
Polythene/plastics 6.94 7 2 16.6 1.72 3 6.23
Metals 0.29 0.26 0.38 0.23 0 0.23
Dust and 8.06 4 8.17 56.7 5 6.53
sweeping

Sources: TIDE (2000) and Ramachandra (2009, 2016)

During the early stages, a large part of the organic fraction of city wastes were sent to a
compost plant situated outside the city limits Karnataka Compost Development
Corporation (KCDC). In 1988, the city was producing 650 tpd, among this about 100 tpd
of market wastes were taken back for direct application on the land and another 150 tpd
was handled by KCDC. A large segment of decomposable was ‘open dumped’ along the
various arterial roads at outskirts of the city (Rajabapaiah, 1988). This trend of open
dumping had continued beyond 2000. Today as the wastes generated has increased
drastically; most wastes are being openly dumped at about 60 known dumping sites and
many unrecorded sites. Composting accounts for 3.14%, but with increase in urban solid
waste, the number of compost plants has not increased. Among these, more than 35 sites
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possess a mixture of domestic and industrial waste (Lakshmikantha, 2006). This
highlights that the existing solid waste treatment methods in the city are neither efficient
nor well-organised. Taking cognisance of the prevailing situation of waste
mismanagement, The Government of India introduced statutory waste minimisation,
treatment and environmentally sound management to address the earth’s dwindling
resources and the growing mountains of waste (MSWM, 2000; SWM, 2016).

Earlier studies concerning the MSW of Bangalore have mainly focused on various
aspects of solid waste such as composition, generation and disposal. This includes
various waste handling practices in Bangalore city (Sathishkumar et al., 2001), exploring
options for handling wastes at decentralised levels (Ramachandra and Varghese 2003;
Chanakya et al., 2009), comparative assessment of community bins and beneficial aspects
of door to door collection systems, etc. These efforts have not captured the various
factors that generate HSW, and its last stage of the life cycle. Further, the growing
concern of GHG emissions necessitated the quantification of waste and GHG emissions
with options to mitigate environmental implications. Estimation of the emission of
methane from MSW disposal sites in India by using default, modified triangular
methodology and by field investigation (Kumar et al., 2004b), show methane emission of
14206 Gg, 7.667 Gg and 1.776 Gg respectively. The GHG emission from MSW
management in Indian mega-cities, Chennai (Jha et al., 2008) based on IPPC tier I
(default emission factors and other parameters as per [PCC guidelines) and tier II (applies
country specific emission factors and other parameters) methods for estimating the CH4
emission for the year 2000 from Kodungaiyur (KDG) and Perungudi (PGD) landfill sites,
showCH4 emission of 8.1 Gg (for KDG with the waste of 314 Gg) and 9.8 Gg (for PGD
with the waste of 379 Gg) respectively. Emission fluxes were estimated by using Gas
chromatography (GC-SRI, USA, Model 8610C) flame ionisation detector and with the
knowledge of an area of landfills, CH, annual emissions of 0.12 Gg y’l, N,O emission of
1ty 'and 1.16 Ggy ' CO, emissions.

In this regard, objectives of the current study are to

1 determine the composition of waste and the rate of generation of HSW
SWM being practised at household level
assess GHG emissions from the HSW

AW

capture the role of various socio-economic factors that affect the generation,
composition and management of solid waste.

2 Materials and methods

2.1 The study area

Bangalore is the administrative, cultural, commercial, industrial and knowledge capital of
the state of Karnataka, India currently with a population of about 7 million and area of
741 sq. km. and lies between the latitude 12°39°00” to 13°13°00” N and longitude
77°22°00” to 77°52°00” E (Figure 1). It is situated at an altitude of 920 metres above the
sea level where as the winter temperature ranges from 12°C-25°C, while summer
temperature ranges from 18°C-38°C. Mean annual precipitation is 880 mm.
(Ramachandra and Kumar, 2010, 2008; Sudhira et al., 2007).
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Figure 1 Study area — greater Bangalore with the administrative wards (see online version
for colours)
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Bangalore city administrative jurisdiction was redefined in the year 2006 by merging the
existing area of Bangalore city (221 sq. km) spatial limits with eight neighbouring urban
local bodies (ULBs) and 111 Villages of Bangalore Urban District. The spatial extent of
Bangalore now is 741 sq.kms with 198 administrative wards consisting of diverse
economic and social back ground families (Ramachandra and Kumar, 2008, 2010;
Sudhira et al., 2007). Bangalore city population has increased enormously from 65, 37,
124 (in 2001) to 95, 88, 910 (in 2011), accounting for 46.68 % growth in a decade
(http://censuskarnataka.gov.in). Population density has increased from as 10,732 (in
2001) to 13,392 (in 2011) persons per sq. km. From 12st to 21st century the Bangalore
grew rapidly due to intensified urbanisation coupled with improper planning and become
one of the fastest growing cities in the world (Ramachandra et al., 2012).

2.2  Methods

Assessment of the spatial patterns in GHG emissions due to solid waste generated in the
municipality involved

1 Primary survey of sample household chosen randomly through the pre-tested and
validated structured questionnaire

2 Compilation of ward-wise waste generation and composition data from the
government agencies.

The survey at local levels (at ward levels — administrative units in a city to manage solid
waste) helps to identify the problems and aid in evolving appropriate strategies for
management of solid waste including the planning of household waste treatment options
and its infrastructure.
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3 Data collection

The structured questionnaire was designed to elicit information related to community
attitude towards waste management behaviours and socio-economic factors. The
questionnaire was pre-tested through a sample survey of about 60 households before
taking up large scale survey. Multistage, stratified random survey of urban residences
was conducted covering 1967 households during 2011-2012. These households represent
heterogeneous population belonging to different income, education, and social aspects.
Spatial distribution of 1967 households in eight zones (North, North East, East, South
East, South, South West, West and North West) covering 138 wards is shown in Figure 2.
The survey also considered parameters such as waste generation quantity, waste
collection, time, frequency, number of persons involved in waste collection, collection is
done, size of bin, distance of the bin from house, bin clearance time, transportation of
waste, landfill site, distance of transportation of waste and socio-economic parameters
such as income, household size, employment status, education level of the head of the
family 1916 households responded to the quantity of solid waste generation per day.

Figure 2 Spatial distribution of residential houses in the surveyed area (see online version
for colours)

kilometres

4 Analysis method

Simple statistical analysis was done to assess the relationship between solid waste
generation and socio-economic factors. Spatial distribution of houses and CO, equivalent
emission from the wards of Bangalore were generated using GIS software MapInfo 7.5.
In addition, the per capita generation rate was estimated using equation (1) and total
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quantity of waste is computed using equation (2) (Shwetmala et al., 2012; Ramachandra

etal., 2015).
Generation rate (gram/capita/day) )
= Quantity of household waste (gram/day)/Population
Total quantity of waste (gram/day) 2

= Generation rate (gram/capita/day) * ward population

Mismanagement of solid waste, which are rich in organic components emits GHG such
as CO,, Methane (CH4). The overall carbon footprint is calculated in terms of CO,
equivalent emissions. The GWPs for the relevant greenhouse gases used were: 1 (CO,),
23 (CHy), which are used to convert emission of different gases to carbon equivalents.
CO, equivalent emission from the solid waste is quantified through equation (3)
(Ramachandra et al., 2015).

CO, equivalent emission

3
=(W # EFco, )+ (W #*EFcy, *GWPcy, ) ©)

Where, W is organic waste (gram/day); EF is the emission factor (0.016 Gg/Gg of waste
for methane, which is equal to the EF obtained from MTM reported from landfills of
Delhi (Kumar et al., 2004b) and lower than the value reported from Chennai landfill site
(Jha et al., 2008) and 2.25 Gg/Gg of waste for carbon dioxide), GWPCH4 is GWP of 23
for CH4.

5 Results

5.1 Analysis of quantity of waste generation

Quantification (measured using weighing balance) of waste generated per household
based on the survey of 1967 households is about 772 kg per day. Table 4 lists the per
capita waste generation composition along with descriptive statistics. It reveals that the
per capita waste generated is about 91.01 + 45.5 g/day and organic fraction is
74.09 £ 34.94 g/person/day. Per capita waste generated is positively related with
household size and income. Table 5 provides the waste composition, which reveals that
organic fraction constitute the major share (81.96%) followed by paper (12.69%)

Zone wise analysis indicates the variability of waste generated in each zone given in
Table 6. The few notable factors which are responsible for the variations are change in
the food habits, affluence, income and change in lifestyle. The average organic waste
ranges from 66.24 + 36.77 g/person/day (South East) to 78.84 + 33.02g/person/day (East)
and inorganic waste contributes about 24.71 g/person/day (South, North West) to 31.13 +
34.19 g/person/day (East). The organic fraction (kitchen) was the largest component
which accounts 82% of the total, paper waste is 13% next to kitchen waste. Earlier
studies have reported (Chanakya et al., 2005) a relatively lower value, indicating the
increase of organic fraction from 72% (in 2005) to about 82%. Higher proportion of
organic fraction in MSW and open dumping in absence of appropriate treatment leads to
the release of GHG. This necessitates quantification of GHG and appropriate measures to
mitigate GHG emissions through the treatment of organic fractions in MSW. Studies
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done in the neighbouring developing countries, show 66% (Sujauddin et al., 2008) and
90% of Organic waste (Bandara et al., 2007). Figure 3 illustrates the spatial distribution
of per capita waste generation per day. It indicates that majority of households, i.e.,
926 households generates 50 to 100 g of waste. 497 households generates 100 to 150 g
followed by 214 households generates less than 50 g and 155 households generates 150
to 200 g. Table 7 compares city wise the physical composition of household waste, which
reveals that MSW in Bangalore has a higher share of organic fractions compared to other
cities. The most apt way to treat the waste rich in organic fractions is decentralised

T.V. Ramachandra et al.

systems of either bio-methanation or composting.

Figure 3  Spatial distribution of per capita waste generation of sample (see online version

for colours)

per capita total waste (gmiday)
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[0 150to 200 (155)
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B s50to100 (926)
B lessthan50  (214)
Table 4 Waste generation (g/capita/day)
Mean Skewness Std error
Organic 74.09 +£34.94 0.72 0.81
Paper 19.18+22.22 2.88 0.65
Metal 10.66 + 11.87 1.94 0.71
Glass 6.8 +5.01 0.69 0.39
Others 453+1.74 5.11 0.04
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Table 5 Percentage of composition of waste from surveyed area

Composition of waste Percentage of waste composition

Organic 81.96

Paper 12.69

Metal 1.67

Glass 0.65

Others 3.02

Table 6 Statistical analysis of waste generation (g/capita/day) across the zone

Zones Parameters ~ Mean — Minimum  Maximum SD Skewness Std error

East Organic 78.84 4.67 187.50 33.02 0.55 2.03
Inorganic 31.13 0.63 173.33 34.19 2.25 2.73

NE Organic 78.70 12.50 150.00 31.60 0.27 6.20
Inorganic 29.98 2.50 125.00 33.35 1.78 8.34

North Organic 71.76 6.67 250.00 35.33 0.87 2.07
Inorganic 24.82 1.00 186.67 29.07 2.63 2.09

NW Organic 69.14 10.00 200.00 32.51 0.87 2.09
Inorganic 24.71 0.83 200.00 30.88 2.76 2.40

SE Organic 66.24 12.00 166.67 36.77 0.73 5.61
Inorganic 29.70 2.00 166.67 39.85 2.28 7.67

South Organic 74.22 12.00 250.00 37.39 0.88 2.20
Inorganic 24.71 1.25 137.50 26.36 2.01 1.93

SW Organic 74.38 11.11 175.00 34.22 0.48 2.17
Inorganic 26.56 1.25 187.50 29.85 2.26 242

West Organic 75.74 4.17 22222 35.52 0.70 1.69
Inorganic 27.37 1.00 208.33 32.66 2.28 1.88

5.2 SWM at household level in greater Bangalore

The collection, transportation and disposal of MSW are significant aspects of waste
management. Waste collection [Figure 4(a)] is done either through door-to-door
collection systems (64.57%) or through community bins (35.43%). Wards in Bangalore
has both community bin and door to door collection system (ex., Bellandru, Varthur,
Yelahanka Satellite Town, Vidyaranyapura and Arekere). Households are served with

door-to-door collection system [Figure 4(b)] in majority of the wards (Sunkenahalli,

Kormangala, Malleshwaram). In Bangalore city, the waste collection is done by the
BBMP or outsourced agencies. Swachha Bangalore (or clean Bangalore) a novel
initiative was launched in 2003 by the city municipality to manage the waste effectively

through door to door collection, segregation at source, etc.
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Figure 4 Waste collection (see online version for colours)
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In majority of wards (64%) the waste is collected in the morning (6.00 am to 11.30 am )
and only in 21 households [Figure 5(a)] from surveyed area the waste is collected in the
evening mainly in the part of Yelahanka Satellite Town and Herohalli and in 0.36%
households [Figure 5(b)], waste is collected in the afternoon.
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Figure 5 Time of waste collection (see online version for colours)
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Table 7 Comparison of Household waste generation in different cities (as percentage)

City Organic  Paper Plastics Metal Glass Textile Wood  Others
Bangalore (India) 84 12 - 1 1 - - 2
Bejing (China) 69.3 10.3 9.8 0.8 0.6 1.3 2.7 -
Cape Haitian 65.5 9.0 9.2 2.6 5.8 - - 7.9
(Republic of
Haitian)
Chittagong 62 3 2 - 5 1 3 -
(Bangalesh)

Source: Qu et al. (2009), Philippe and Culot (2009) and Sujauddin et al.
(2008)
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Figure 6 Frequency of collection (see online version for colours)
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The frequency of collection of waste from door-to-door given in Figure 6a, which
highlights of daily waste collection in 46% wards (ex., Sampangiram Nagar at centre of
the city, Raja Rajeshwari, Malleshwaram, Rajajinagar, Jayanagar, Bellendur), while
weekly four times in 12% wards (ex. Varthur, Hagadur, Kadugodi, Singasandra), thrice a
week in 2% wards, twice a week in about 1% wards, once a week in 3% wards.
Remaining 1% of the population did not respond to the question [Figure 6(b)].

Number of persons involved in door to door collection of waste was also surveyed
and is represented in Figures 7(a) and 7(b) respectively. In most of the wards two persons
were involved in collecting the waste (39%) followed by one person (20% of the total
area). Figure §(a) illustrates that 35% area have the facility of community bin and 37
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households did not respond to the question [Figure 8(b)]. Municipalityis engaged in
waste collection from households to final dumping sites in most (90%) parts of the city.
In few areas, 8%private contractor and 2% NGO’s (Swabhimana, Swachha Bangalore,
Shuchi Mitras) are involved in waste collection.

Figure 7 Persons involved in door to door collection (see online version for colours)
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The analysis of distance of community bin from the households as represented in
Figures 9(a) and 9(b), show that the dustbin is within 100 metre in 23% of the surveyed
area, while in 11% area, bins is in the range of 100-500 metre away and ten household
did not respond to the question. Remaining houses are served with the door to door
collection system. Figure 10(a) and 10(b) reveals that bin size of 1 m® accounts 13.5%
whereas in 7% area has less than 1 m’ bin, and majority households (64%) have the
facility of door to door collection system of waste. Depending on the local culture,
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tradition and attitudes towards waste, the bins are allocated and there are two types of
storage bins; stationary bin and hauled bin.

Figure 8 Collection of waste (see online version for colours)
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Analyses of the source segregation given in Figures 11(a) and 11(b) respectively,
highlight that about 78.34% households do not segregate the waste before dumping into
dustbin because of lack of awareness and general attitude of public towards segregation
of solid waste, while 21.66% segregate the waste into organic and inorganic waste or dry
and wet waste in the south part of Bangalore (ex., Varthur, Dodda Nekundi, HBR layout,
Basavanagudi, etc.). Street bin is cleared of litter by the municipality in the locality show
that in majority of wards the bin is cleared weekly which accounts 45% while in other
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wards bin is cleared daily and 2/3 days once were 42% and 13% respectively
[Figures 12(a) and 12(b)].

Figure 9 Distance of the bin from house (in metre) (see online version for colours)
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Finally transportation of waste plays an important role in waste management of the city.
The transportation of waste and distance of transportation of waste are illustrated in
Figures 13(a), 13(b), 14(a) and 14(b) respectively. About 85% of households are not
aware about the final destination of transported waste (final dumping site) and only
205 households were aware about the transportation of waste. Among 205 households,
9% stated that the waste is transported between the range of 10-100 km where as 4%
stated less than 10 km and 1% stated that waste is transported greater than 100 km and
28 households did not respond to the question. Figures 15(a) and 15(b) reveal that of 71%
of the region has no provision of landfill site, while landfill exists only in 28% area
mainly in the north-east and west part of the outskirts in the Bangalore.
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Figure 10  Size of the bin (see online version for colours)
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5.3 Survey of socio-economic factors

A number of socio-economic parameters such as household size, income, employment
status and education status influence the quantum of solid waste generated. Table 8
shows the frequency, percentage and cumulative percentage of the socio-economic
factors of households. It indicates the average household size is 4.5 = 1.74 persons/hh.
Majority of the households have four (45.86%) persons, followed by five persons
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(19.2%), three persons (15%), six persons (13.9%), greater than six (5.4%), etc. The
education and employment status mainly influence the food habits, materials consumed
and waste generation. Graduates constitute 36.71% followed by high school educated
(24.66%). The average monthly income INR 35,563.63 + 77,851, which is similar to
earlier studies (Sankoh et al., 2012; Getahun et al., 2012; Dennison et al., 1996).

Table 8 Frequency, percentage and cumulative percentage of the socio-economic factors
Variables name Frequency % Cumulative %
1 Family size

2 20 1.02 1.02
3 286 14.54 15.56
4 902 45.86 61.41
5 378 19.22 80.63
6 146 7.42 88.05
More than 6 128 6.51 94.56
No response 107 5.44 100.00
2 Education status
Middle school or lower 134 6.81 6.81
High school 485 24.66 31.47
Technical school 278 14.13 45.60
Universities 722 36.71 82.31
Masters 269 13.68 95.98
PhD 79 4.02 100.00
3 Employment status
Government institution 460 23.39 23.39
School/hospital/research or design institute 83 4.22 27.61
Foreign corporation 113 5.74 33.35
Local company 235 11.95 45.30
State corporation 67 341 48.70
Business institute 391 19.88 68.58
Others 587 29.84 98.42
No response 31 1.58 100.00
4 Monthly income
<10,000 509 25.88 25.88
0000-50,000 1192 60.60 86.48
50,000-100,000 183 9.30 95.78
>100,000 83 4.22 100.00
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Figure 11  Segregation of waste (see online version for colours)
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Figure 12 Bin clearance (see online version for colours)
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5.4 Relationship between the quantity of HSW generated and socio-economic
factors

Family size is an important factor in the household waste generation and Figure 16(a)
reveals that the housechold size was positively related to the daily per capita waste
generation. As the family size increases, the total waste generation of household increases
and per capita waste generation decrease gradually similar to the earlier reports (Jones
et al. 2009; Hockett and Lober, 1995) indicating smaller household size produced more
per capita waste than the larger household size. Figure 16b indicate that family with an
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income >100,000 produces more per capita waste compared to the other families. The
relationship between family income and per capita waste quantity was found to be
significant, i.e., as the family income increases the consumption pattern and purchase
trend increases which in turn leads generation of more solid waste quantity, comparable
to the earlier reports (Sujauddin et al., 2008; Dennison et al., 1996) highlighting that
family income is positively related to the waste generation rate. The education levels of
the family were not found to be significantly [Figure 16(c)] related with per capita waste
generation. Families with the education level of masters produces more per capita waste
compared to the families with higher levels of education (persons with PhD). In this
study the employment status is not significantly relatedto the waste generation [Figure
16(d)]. The head of the family who are in the business produces more waste than the
families who are working in the other sectors. The total waste generation from the
household increases as the income increases is depicted in Figure 16(e). Table 9 lists the
descriptive statistics on the physical composition of household waste with different socio-
economic groups. This indicates that organic waste is the prominent component in the
solid waste composition in all the socio-economic groups. It is also evident that as the
income level increases the organic waste composition decreases with the increase in the
proportion of paper, metal, glass and others. The organic waste generated from household
varies from 80-82% in the surveyed area. Among them, the high income family group
(annual income > 1,000,000 INR) produces the lowest (80.31%) organic waste and low
income family group (< 100,000 INR) produces the highest organic waste (85.52%). The
organic waste generation was found to be increasing from high income family group to
low income family group. The opposite trend is observed for the paper, glass and others.

Table 9 Descriptive statistics of physical composition of household waste generated with
different socio-economic groups (as a percentage)

Annual income Organic Paper Metal Glass Others
<100,000 85.52 11.62 1.20 0.52 1.14
100,000-500,000 84.09 11.35 1.51 0.58 2.47
500,000-1,000,000 82.99 13.50 1.22 0.58 1.72
> 1,000,000 80.31 14.72 1.73 0.63 2.61

5.5 Carbon dioxide emissions from household waste

Mismanaged municipal solid waste is the significant contributor to the greenhouse gases
such as methane and carbon dioxide in the atmosphere. CO, equivalent emission from
organic waste generated at household is calculated by using the equation (3). According
to this study, the total organic waste generated from surveyed houses was
231.01 tons/year and total emission is about 604.80 tons/year. Table 10 lists zone wise
CO; equivalent emission (Gg/year) from solid waste generated in Bangalore. The Mean
ward wise CO, emission varies from 2.59 (North) to 3.23 Gg/year (South West). The
CO, equivalent emission from solid waste generated at household (kg/capita/day) is
depicted in Table 11. It reveals that the average CO, equivalent emission is low in South
East (0.17 kg/capita/day) and highest in East and North East zones (0.21 kg/capita/day).
Figure 17 reveals the per capita CO, equivalent emission from households in the
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surveyed area. 926 households emits 50-100 kg/person/year, 624 households emits less
than 50 kg/person/year, 247 households emits 100-150 kg/person/year and only
46 households emits more than 150 kg/person /year. Quantification of GHG emissions
from all the wards of Bangalore, reveal that the average ward-wise CO, equivalent
emission is 2.93 + 0.91 Gg/year. 47 wards emits in the range of 3 to 3.5Gg/year while
46 wards emits more than 3.5 Gg/year. Forty-five wards emit in the range of 2 to
2.5 Ggl/year, 39 wards 2.5 to 3 Gg/year and 18 wards emits in the range of 1.5 to
2 Gg/year. Remaining seven wards emits less than 1.5 Gg/year.

Figure 13  Transportation of waste (see online version for colours)
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Figure 14  Distance of the waste transportation (see online version for colours)
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Table 10  CO, equivalent emission from solid waste in Bangalore (Gg/year) across the zone

Zone Mean Min Max Sum SD
East 3.11 0.49 5.37 62.21 1.21
North East 2.89 1.66 4.70 57.87 0.80
North 2.59 0.60 5.58 54.41 1.01
North West 3.05 1.99 3.75 70.15 0.50
South East 2.72 0.59 6.25 32.62 1.47
South 2.62 1.01 4.69 83.93 0.80
South West 3.23 2.00 6.25 96.90 0.82
West 3.10 1.76 4.84 102.18 0.78
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Figure 15  Landfill site in the region (see online version for colours)
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Figure 16  Relationship of per capita waste generation with socio-economic factors,
(a) household size (b) 100,000, 4: >100,000 (c) educational level (d) occupation
(e) annual income (see online version for colours)
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Figure 17  Per capita CO, equivalent emission from HSW generated (see online version
for colours)

C02 emission per capita
[ Kol Year )

B morethan 150 (46)

kilometres O 400te1s0 (2473
B sotodoo (926)

B lesstrhans0 (6240

Table 11  CO, equivalent emission from solid waste generated at household (kg/capita/day)
across zone

Zone Mean Sum Minimum Maximum SD
East 0.21 54.49 0.01 0.49 0.09
North East 0.21 5.36 0.03 0.39 0.08
North 0.19 54.67 0.02 0.65 0.09
North West 0.18 43.81 0.03 0.52 0.09
South East 0.17 7.46 0.03 0.44 0.10
South 0.19 56.15 0.03 0.65 0.10
South West 0.19 48.30 0.03 0.46 0.09
West 0.20 87.25 0.01 0.58 0.09

5.6 Mitigation of GHG emissions

Scope for mitigation of GHG emission is through the recovery and conversion of organic
component (which constitute 82%) to energy or compost. Policy interventions for the
adoption of integrated solid waste management (ISWM) through the incorporation of the
waste management hierarchy considering direct impacts (transportation, collection,
treatment and disposal of waste) and indirect impacts (use of waste materials and energy
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outside the waste management system) would reduce the carbon footprint due to
mismanagement of waste (Ramachandra, 2011). ISWM framework optimises the existing
systems and implements new waste management systems. In addition to climate concern,
the recycling and energy recovery enriches the resource efficiency and reduce the
environmental impacts from GHG emission. The strategy includes:

e Door to door collection of waste with incentive based mechanism to enhance
segregation at source: This entails

1 Deploying appropriate mobile collection vans (for each locality) with an option
to store segregated and unsegregated wastes

2 Incentive of Rs 1 per kg of segregated organic waste and payment directly to the
respective household account through direct bank transfer

3 Disincentive to unsegregated waste individuals who refuse to segregate needs to
pay Rs 5 per kg of unsegregated waste. Revenue generation would encourage
many households to switch over to segregation.

e Segregation of waste at source. The biodegradable organic waste bring a dominant
component in MSW, treatment of organic fractions through appropriate technologies
helps in the resource recovery while addressing its negative impact on the
environment and potential economic benefits.

e A waste stream with a high biodegradable organic content can be processed to
produce high-quality compost which avoids land filling and enables the provision of
manure to enrich nutrients in the soil. The biodegradable fraction has the appropriate
moisture content for composting.

e Promotion of recycling or reuse of segregated material reduces the quantity of waste
and the burden on landfills, and provides raw materials for manufacturers.

e Improved storage containers for the storage of biodegradable / wet wastes.

e Setting up transfer stations taking in to account local situations to improve the
efficiency of waste collection, especially in narrow roads and slums,. This will
ensure the proper handling of wastes and the reduction of transportation costs.

e  Primary collection of waste stored in various locations on a daily basis through
active public participation

e Improved collection vehicle design to increase capacity and ergonomic efficiency.

e A helpline to tackle various issues such as road sweeping, open dump, open burning,
garbage collection, etc.

e  Garbage tax to be levied to the large and small generators for the disposal of wastes.

e  Adequate training to all the levels of staff engaged in SWM to handle respective
functional aspects (collection, generation, storage, segregation of waste, etc.).

e Adoption of technological solutions such as bio-gas recovery, composting, etc. for
affecting improved recovery and disposal of waste.

e  Collection trucks to have global positioning system (GPS) which would help in
online tracking and also in reducing malpractices associated with waste management.

GSDP: Course on “ Waste Management”

260



GHG emissions with the mismanagement of municipal solid waste 375

e Transparency in the administration though online availability of spatial information
system, accessible to all including public. Adoption of geographic information
system (GIS) with GPS would streamline collection of waste garbage and improves
efficiency.

e Constitution of citizen forum in each corporation ward involving local people,
NGO’s and concerned authorities to ensure close monitoring and supervision of
waste management practices regularly.

e Taking into account the bulk wastes to be handled every day, sanitary landfill sites
have to be set up to dispose of the rejects after composting and landfilling.

e Regular monitoring of sanitary landfill sites involving local people in the team along
with sanitary authorities.

e  Administrative restructuring of the urban local bodies to discharge more efficiently
specific responsibilities. This requires structural changes within the administration
aimed at decentralising authority and responsibilities. This also includes periodic
meetings among the staff and between the executives and elected wing of the
corporation.

e Encouraging the involvement of local NGO’s in working on various environmental
awareness programmes and areas related to waste management including educating
the public about the importance and necessity of better waste management.

6 Conclusions

GHG emissions in the municipal waste sector are quantified based on the sampling of
1967 households in Greater Bangalore chosen through multistage, stratified random
sampling. The outcome of the analysis showed the daily solid waste generation from
1967 residential households in surveyed area of Greater Bangalore was about 772.2 kg
and the per capita of 91.01 &+ 45.52 g/day. The analysis revealed that the organic fraction
(82%) constitute a major portion of household wastes. The total organic waste is
63292 + 0.210 kg/day with the per capita organic waste generation of
74 + 35 g/person/day. This emphasise the need for appropriate treatment option to
minimise GHG emissions.

Most of the households (64%) in the study area have the facility of door to door
collection of solid waste and about 78.34% of city population do not segregate the waste
at source (household level). The decision makers should bring awareness among citizens
and pourakarmikas (BMP staff) through capacity building workshops highlighting the
importance of segregation at source level and promotion of recycling and reuse methods.
This will reduce the quantity of waste and burden on landfills while ensuring the
sustainability of natural resources. Further the study has revealed the relationship
between waste generation and socio-economic factors. The family income and family
size are positively related and the education status is negatively related with per capita
waste generation at household level. The average carbon dioxide equivalent emission
from household is 307.50 + 205.51 kg/year and per capita emission is 66.33 +
36.61kg/year. Further research is necessary to evaluate the seasonal variation in solid
waste generation and composition as well as relationship between household waste
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generation and socio-economic factors at household level during different time period.
The implementation of functional elements (such as segregation at source, storage,
treatment of organic fractions, etc.) would aid in reducing GHG emissions.
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Abstract: The management of municipal solid waste has become an
acute problem due to enhanced economic activities and rapid urbanisation.
Increased attention has been given by the government in recent years to handle
this problem in a safe and hygienic manner. In this regard, Municipal Solid
Waste Management (MSWM) environmental audit has been carried out for
Bangalore city through the collection of secondary data from government
agencies, and interviews with stakeholders and field surveys. Field surveys
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1 Introduction

Solid waste generation is a continually growing problem at global, regional and local
levels. Solid wastes are those organic and inorganic waste materials produced by various
activities of the society, which have lost their value to the first user. Improper disposal
of solid wastes pollutes all the vital components of the living environment (i.e., air, land
and water) at local and global levels. Urban society rejects and generates solid material
regularly due to rapid increase in production and consumption. The problem is more
acute in developing nations than in developed nations, as their economic growth as well
as urbanisation is more rapid. This necessitates management of solid waste at generation,
storage, collection, transfer and transport, processing, and disposal stages in an
environmentally sound manner in accordance with the best principles of public health,
economics, engineering, conservation, aesthetics and environmental considerations.
Thus, solid waste management includes all administrative, financial, legal, planning, and
engineering functions (Ramachandra, 2006; Ramachandra and Varghese, 2003).

The environmentally sound management of solid wastes issue had received
the attention of international and national policy making bodies and citizens
(Subramanian, 2005). At the international level, the awareness regarding waste
began in 1992 with the Rio Conference, where efficient handling of waste was made
one of the priorities of Agenda 21 (http://www.un.org/esa/sustdev/agenda2l.htm).
The Johannesburg World Summit on Sustainable Development in 2002 focused on
initiatives to accelerate the shift to sustainable consumption and production, and the
reduction of resource degradation, pollution, and waste (http://www.un.org/esa/
sustdev/csd/aboutCsd.htm). Priority is being given to waste minimisation, recycle and
reuse, followed by the safe disposal of waste to minimise pollution.

The government of India has taken many initiatives and implemented new
technologies and methods by giving loans for setting up composting plants to encourage
proper management of solid waste since the 1960s (MoEF, 2005). The MSWM problem
was compounded with rapid urbanisation. Due to increased public awareness of MSWM,
a public litigation was filed in the Supreme Court, which resulted in the Municipal Solid
Wastes (Management and Handling) Rules, 2000. Government, for the first time, now
has included private organisations in providing this public service (DPCC, 2002).
New methods of storage, collection, transportation, processing and disposal are being
explored and implemented. It is necessary to evaluate the current process at this stage to
understand if the methods being implemented are suitable for the Indian scenario and to
identify the lacunae in the adopted methods. This requires an auditing of all functional
elements of MSWM, considering the environmental constraints. An environmental audit
of MSWM in Bangalore city was undertaken apart from evaluating the Indian MSWM
scenario to understand the shortcomings.
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Environmental auditing first began with the principle of ‘polluters pay’, to prevent
liabilities towards the government. The companies voluntarily carried out audits of their
operations and processes to prove that their products are environment friendly, with the
increasing awareness of the public about environmental protection. Waste audits are
undertaken for a variety of reasons, which is to

e ensure regulatory compliance

e compare actual practices to best practice guidelines

e develop baseline generation data

e identify waste minimisation opportunities

e establish sustainable development indicators or bench marks (Ashwood et al., 1996).
In general, there are three different approaches for conducting a solid waste audit, namely

e the back end approach, which measures the material generated by the entire facility,
i.e., no attempt is made to assess the manner in which the wastes and recyclables are
generated within the facility

e the activities approach, which tracks the waste and recyclables as they are generated
throughout the facility, by performing waste audits within each activity area, e.g., an
office, warehouse, or cafeteria

e the input/output approach, which tracks the material input and output associated with
each activity area (CCME, 1996; Dowie et al., 1998).

Environmental audit was introduced in India to minimise generation of wastes and
pollution. In this regard, a gazette notification was issued by the Ministry of Environment
and Forests on March 13th, 1992 and later amended on April 22nd, 1993. This applies to
an industry, operation or process requiring consent to operate under Section 25 of the
water (Prevention and Control of Pollution) Act, 1974 or under Section 21 of the Air
(Prevention and Control of Pollution) Act, 1981 (14 of 1981), or both, or authorisation
under the Environmental Protection Act, 1986 (29 of 1986) (Srivastava, 2003).
The notification requires that an Environmental Statement for the financial year ending
on 31st March be submitted to the concerned State Pollution Control Board, on or before
30th September of the same year.

The improvement of solid waste management is one of the greatest challenges faced
by the Indian Government. The Government and the local municipal authorities have
taken many initiatives towards the improvement of the current situation (The Expert
Committee, 2000). The private sector has been included in the management of the MSW
recently. To understand the level of success in the initiatives, it is necessary to carry out
an audit. An audit will identify and bring out the lacunae and the loopholes in the current
system with respect to the compliance with environmental regulations, occupational
health, resource management, pollution prevention systems and occupational health and
safety. This could be one of the best ways to increase awareness about the most suitable
approaches to MSWM, the issues likely to be faced and the alternative measures that can
be adopted, considering the local scenario.
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Developed countries have provided technical assistance in SWM to developing
countries focusing on SWM as a technical problem with the assumption that the solid
waste problem can be solved with mechanisation (Lardinios and van de Klundert, 1997).
The ‘blind technology transfer’ of machinery from developed countries to developing
countries and its subsequent failure has brought attention to the need for appropriate
technology (Beukering et al., 1999) to suit the conditions in developing countries
(type of waste, composition, treatment, etc.). Composition of the waste provides a
description of the constituents of the waste; this varies widely from place to place as is
evident from Table 1. The most striking difference that can be seen is the difference in
organic content which is much higher in the low income countries than the high income
countries, while the paper and plastic content is much higher in high income countries
than low income countries. This shows the difference in consumption pattern, cultural
and educational differences. In higher income countries disposable material, magazines
and packaged food are used in higher quantities; this results in the waste having higher
calorific value, lower specific density and lower moisture content. In the case of lower
income countries, the usage of fresh vegetables to packaged food is much higher and
mostly materials that are reusable are used. This results in a waste composition that has
high moisture content, high specific weight and low calorific value.

Table 1 Relative composition of household waste in low, medium and high-income countries

Low-income Medium-income High-income

Parameter countries countries countries
Contents physical Organic (putrecible), % 40-85 20-65 20-30
and chemical properties Paper, % 1-10 15-30 15-40
Plastics, % 1-5 2-6 2-10
Metal, % 1-5 1-5 3-13
Glass, % 1-10 1-10 4-10
Rubber, leather, etc., % 1-5 1-5 2-10
Other, % 15-60 15-50 2-10
Moisture content, % 40-80 40-60 5-20
Specific weight, kg/m’ 250-500 170-330 100-170

Calorific value, kcal’/kg ~ 800-1100 1000-1300 1500-2700

Source: INTOSAI working group on environmental auditing (2002)

2 Municipal Solid Waste Management (MSWM) audit

Auditing has become an increasingly popular tool to assess the environmental policies,
quality of implementation, compliance with national law and regulation, etc. Auditing has
also been widely used in India, especially in industries. The most popular audits that are
carried out in India are energy audits (TERI, 2002) followed by environmental
management systems audits of which a waste minimisation audit is an integral part
(Mannan, 2002). Audits on MSWM in India are however, very rare. In western countries
however, audits on urban waste management have increasingly been carried out with
respect to performance, compliance, risk, monitoring, existence of waste policy, quality
of implementation, etc. Most of the countries have established an auditing institution to
carry out the above given assessments.
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The Estonian Government had carried out an audit to assess the necessary conditions
for successful implementation of the waste policy. Reports and questionnaires were used
for the audit and it was observed that the management had serious shortcomings, such as
insufficient finance, in comparison to the goal, lack of organisation in the management
no national waste management plan and poor monitoring (Linnas, 2001). The Audit
Institution of Costa Rica had carried out an audit on SWM in two municipalities, with
multiple focus such as pollution prevention system, management system and site audit.
The audit was carried out by going through the reports, questionnaire interviews, and site
surveys. The various aspects that were looked included compliance with national law and
regulation, occupational health and safety, operational risk, pollution prevention and
resource management. The audit identified that the ministries were not integrated,
resulting in repetition of many working plans. The other findings were, insufficient public
awareness programmes, lack of new methodologies and technologies, insufficient
financial support and improper monitoring. The management and control of the dump
was investigated with regard to national health legislation and technical regulations.
Checklists and site surveys were used as tools for this audit. From this audit, it was
observed that there was no urban cleanliness plan charted out by the municipal authority,
serious violations of the legislations, no proper monitoring by the supervision agency and
delayed closure of the dump (INTOSALI, 2002).

This paper presents an audit of the MSWM in Bangalore city. This would help to
disseminate the innovative practices that have been adopted for managing municipal solid
waste. The study explores the role of various stakeholders in MSWM, the current
practices, the role of each entity, the shortcomings of the current practices and issues to
be addressed to improve the condition. Auditing of MSWM involved the following
objectives:

e toreview the existing MSWM practices

e to audit the MSWM practices, considering the case of Bangalore city.

3 Methods

The approach to the case study was mainly qualitative. Information was gathered using a
variety of methods to gain a better understanding of the situation, issues, perspectives and
priorities. Data collection methods included document/literature review, semi-structured
interviews, checklists and observation. Different types of audits were carried out to
achieve various objectives:

e Compliance audit. To check if the current waste management process is being
carried out as per the legislation.

e  Operational risk audit in combination with pollution prevention audit. To check the
frequency with which an environmental damage occurs and what the consequence
of it is. The measures that have been taken against these possible environmental
damages were verified.

e  Resource management audit. To check the optimal utilisation of water,
energy and material resources.

e Occupational risk audit. To verify the measures of occupational safety.
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4 A case study- environmental audit of MSWM in Bangalore city

The city of Bangalore (12.97°N and 77.56°E), the state capital of Karnataka is located on
the southern part of the Deccan Plateau at the border of two other South Indian states,
Tamil Nadu and Andhra Pradesh. At an elevation of 900 m, it is known for its mild,
salubrious climate. Since the 1980s, Bangalore has enjoyed the reputation of being one of
the fastest growing cities in Asia (Dittrich, 2004). The Bangalore metropolitan area
covers an area of 223 sq km, and is the fifth largest city in India. However, with a
burgeoning population and the increasing necessities of the Information Technology (IT)
sector, the local authorities are not able to provide the necessary services like solid waste
management, water supply, road maintenance, etc., to a satisfactory level. The authorities
however have taken initiatives and measures to achieve compliance with regulations and
reduce complaints from citizens, especially in the MSWM sector. The case study would
help to identify techniques suitable for the present scenario, the lacunae or the loopholes
in the adopted methods and the possible alternatives.

The Bangalore City Corporation (BCC), which has 100 wards within its municipal
jurisdiction, has a population of 4,292,223 accounting for 75.48% of the total population
of Bangalore Urban Agglomeration of which 2,240,956 are males and 2,051,267 are
females. The decadal growth rate of population for the decade 1991-2001 for Bangalore
City is as high as 61.36%. This high growth rate can be attributed not only to the
extension of the municipal limits of Bangalore City but also to the ever-increasing
population.

The amount of waste generated in Bangalore city varies from 1700 MT/day to
2300 MT/day and the composition of waste is given in Table 2. The Bangalore
Metropolitan Area is, on the whole, divided into 30 ranges and 100 Revenue wards under
the jurisdiction of Bangalore Mahanagara Palike (BMP). BMP is responsible for the
SWM policy, setting up targets and objectives. Revenue wards are further divided into
294 health wards for proper management of the sanitation functions. Out of these
294 health wards 112 are managed by BMP, while 182 wards have been assigned to
private agencies on contract basis.

Table 2 Physical characteristics of Bangalore MSW

Organic waste (%) 60
Dust (%) 5
Paper (%) 12
Plastic (%) 14
Glass (%)

Metal (%)

Bio Medical Waste (%)
Card Board (%)
Rubber (%)

Miscellaneous (%)

Source: BMP

— e e N
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A list of necessities was listed in a checklist with regard to the specific target and the
presence and absence of each was marked for MSWM auditing. Site survey was done in
seven representative sample wards (Shivajinagar, Malleswaram, Koramangala, Indian
Institute of Science campus (IISc), Hindustan Machine Tools colony (HMT), Airport
Road and Chikpet). A checklist was prepared prior to the visit to check the presence or
absence of techniques used, safety measures adopted, compliance with regulatory
measures, and the pollution prevention system adopted. Interviews with health
Inspectors, workers and lorry drivers were done at the ward level. Discussions with range
health officers, zonal health officers, the chief health officer and the special
commissioner helped in understanding the structure and management of the system,
which helped to understand the objectives, strategies, success, failure of strategies
and the issues faced while implementing strategies. The site surveys and ward level
interviews helped to verify the process and to identify the lacunae in each functional
element. Site visits to the Karnataka Compost Development Authority, Terra Firma
Biotechnologies, Betahalli dump yard, K.R. Puram dump yard and the quarry site in
Bomanhalli were done during the study to understand waste processing and disposal.
The current MSWM is explained in detail in Figure 1.

Figure 1 Current MSWM practice in Bangalore city
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4.1 Collection

The most common method of collection in Bangalore city is door-to-door collection,
followed by community bin collection. In 2003, the door-to-door collection method was
implemented in 60 health wards. As per the BMP, all wards in the city are supposed to
have door-to-door collection and all the community bins have been removed. However,
during the site survey, it was observed that many of the wards still have community bins
that are in a very dilapidated state. A large quantity of organic waste is generated from
12 commercial vegetable markets. This waste is collected using separate trucks every
morning and evening.

The waste collected in pushcarts from lanes is transferred to a truck at a meeting point
called a synchronisation point. The truck arrives at the designated point at a specified
time and place. The waste is transported to the disposal site by means of a large capacity
tipper truck, and in a few wards by a small capacity tipper truck or dumper placers.
The truck is covered with a mesh and a polythene sheet to prevent scattering. Currently,
Bangalore city has no transfer stations for intermediate storage of waste and intermediate
segregation of waste.

4.2 Processing of wastes

The Karnataka Compost Development Corporation (KCDC) was one of the
11 composting units set up in 1975, based on the technology suggested by WHO (2002).
Within a year, 10 of these units had to be closed, because the technology suggested by
WHO was unable to successfully handle unsegregated Indian waste for composting.
Also the usage of crushing and grinding machines caused problems while selling the
compost because the quality was poor due to the existence of glass splinters and other
non-biodegradable material. In the 1970s, KCDC processed 50-60 tons of mixed waste
per day. By 2002 the capacity was expanded to 150 tons/day. Currently the units process
250 tons/day of mixed waste, plus 50 tons/day of market waste, which is collected using
vehicles owned by KCDC.

4.3 Disposal

City waste is disposed off at Betahalli (Mavallipuram) dump yard situated 18 km north
west of Bangalore city. The waste is brought in by the municipal and contract lorries.
This waste is dumped in the yard in the form of a heap. There are three JCB’s
(Front End Loaders) in the dump yard for waste levelling. The waste is sprayed with
Effective Microorganisms (EM) solution, covered with a 10 cm layer of debris and
sprayed with water after levelling. The solution used for spraying is prepared by mixing
4 litres of EM solution with 8 kg of molasses or jaggery and 150 litres of water.
After mixing it is allowed to stand for 7-8 days, after which the pH reduces to 3.4.
The EM stock solution consists of actinomycetes, photosynthetic bacteria, and
yeast, Lactic acid bacteria (Lactobacillus sp., Streptococcus sp., Streptomyces sp.,
Rhodopseudomonas sp., Saccharomyces sp., Propionibacterium sp.), which speed up the
degradation process and reduce the volume, the flies and the odour. The observations
made on the site are:
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a large number of rag pickers collect recyclable waste from the landfill and pay a
small amount to have access to the waste

there is a recycling dealer in the dump yard who buys the recyclable material from
the rag pickers and there is one dealer on the way to the dump yard who buys the
recyclable waste from the lorry driver

the levelling of MSW after dumping is not carried out efficiently due to fewer
number of front-end loaders

the foul odour was strong and could be inhaled at long distances
large number of flies, birds and stray dogs

there is emission of methane gas from the dump yard, due to which the waste can be
easily set on fire

there is always a queue of at least 5-10 Lorries waiting to unload; this is due to the
lack of number of front-end loaders to level the MSW

this dump yard has no fencing, weigh bridge or no proper approach roads.

The stakeholders and their responsibilities.

The MSWM system and the relationship among the stakeholders are depicted in Figure 2.
Various stakeholders are

Ministry of Environment and Forests is responsible for all of the environmental
policies at the national level, including the management of waste. The Ministry has
an overview of all the activities of the MSWM sector and makes sure that it is
performed well.

Central Pollution Control Board keeps a check on all the activities that have potential
to pollute the environment, which includes the monitoring of the MSWM in the
country. It has divisions in each state that report to CPCB on the environmentally
hazardous activities in the state, the actions taken to check them and the
improvements made by the industries and public towards a cleaner environment
(CPCB, 1998).

Karnataka Pollution Control Board keeps a check on all the activities that have the
potential to pollute the environment, which includes the monitoring of the MSWM in
the state. It reviews the Environmental Impact Assessment carried out by the
agencies prior to the construction of a landfill site, installation of an incinerator or
any other processing plant. It carries out public participation meetings to make the
public aware of the proposed project and its benefits. Public participation is
especially important so that once the project is started there should not be any
agitation against the project.

Bangalore Mahanagara Palike is responsible for management policy, setting up the
targets and objectives. They are responsible for managing the solid waste in the city
and are answerable to the Karnataka State Pollution Control Board. They also have
the authority to privatise the solid waste management sector.
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e Organisational Structure of the Health Department. The hierarchy of the Health
Department in charge of SWM is a pyramidal structure headed by the Chief Health
Officer. For effective administration, the city has been divided into three zones
namely east, west and south. A Zonal Health Officer administers each zone. There
are two Deputy Health Officers to assist him. Each zone consists of ten ranges
headed by a Medical Officer of Health. Each Medical Officer of Health is assisted by
Senior, Junior Health Inspectors and Sanitary Daffedars. The field worker who is
employed in the sanitation work is known as Pourakarmika.

e NGO. Swabhimana, Waste wise, Swachha Bangalore, Shuchi Mitras, etc., are some
Non Governmental Organisations (NGOs) that support the MSWM. Their functions
are stated below:

e they carry out public grievance meetings to identify the problem spots and
convey these complaints to the authorities

e they collaborate with authorities to carry out door-to-door collection of
segregated waste

e they identify public volunteers to monitor the SWM in their respective areas

e few NGOs have also set up decentralised composting plants in residential areas
and for this they also carry out door-to-door collection and educate the public to
segregate the waste prior to disposal

e they carry out public meetings in schools, colleges, public places etc., to educate
the public about segregation of waste, non-littering, etc.

e Private formal sector. Currently, out of the 294 health wards in Bangalore city,
182 wards have been given out on a private contract. This includes the functions of
collection of waste, transfer of waste to trucks, transport of waste to the specified
dump yard. The dump yards that are currently being used are all owned by private
entities. They have the responsibility of disposing of the waste by alternative
layering of waste and soil, spraying it with EM solution and water. Processing of
wastes is done by:

e Karnataka Compost Development Corporation (KCDC), which is a
government-aided organisation. This carries out the function of composting
(windrow and vermicomposting)

e Terra Firma Biotechnologies, which is a private organisation that carries out
vermicomposting

e Ramky Consultants, which is a private consultancy proposing to set up a
sanitary landfill site in Bangalore

e Srinivas Gayathri Resource Recovery, which is a private consultancy proposing
to set up a waste to energy plant and a sanitary landfill site in Bangalore.
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e  Private informal sector. The informal sector in the city is very large and plays a very
vital role in the MSWM. It comprises the rag pickers who retrieve recyclable waste
from the community bins and landfills, the people who buy recyclable waste from
households usually called as ‘batli wallas’, the middlemen who buy waste from the
rag pickers and ‘batli wallas’ and sell it to either bigger dealers or to recycling
factories. Municipal workers like the pourakarmika collect waste from the
households and retrieve the recyclable waste; even the lorry workers retrieve the
recyclable waste before transferring the waste into the lorry. The waste retrieved by
them is sold to the informal sector.

e Donor agencies. Development corporation of Norway (DCN), Deutsch Gesellschaft
fur Technische Zusammenarbeit (GTZ) and World Health Organization (WHO) are a
few of the international organisations that have sponsored projects in Bangalore.
WHO has sponsored large scale composting plants all over India and DCN has
sponsored decentralised plants all over Bangalore.

e Service users comprise the entire public in the city, including the tourists visiting
the city.

Figure 2 Municipal Solid Waste Management (MSWM) system in India
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5 Results and discussion

The techniques and the shortcomings of the techniques adopted have been identified in
all sampled wards and Table 3 lists the Malleswaram ward. Door-to-door collection is
adopted in Malleswaram area, which has resulted in efficient collection of waste and
reduction of littering, foul odour and unaesthetic appearance of bins. However, in
commercial areas, due to the absence of community bins, sudden waste, generated at odd
hours, is disposed in the street. A few waste heaps can be found on the roadsides in
commercial areas. All the trucks that are used for transportation of waste have meshes
that prevent littering of waste, but 40% of the trucks have partial polythene cover and
20% have no polythene cover and this results in scattering of waste and foul odour during
transport. The recycling process is carried out by the informal sector that has resulted in
high efficiency of recovery of recyclable material. There is no other process carried out,
leading to the entire waste being disposed. There is a large quantity of organic waste that
is produced in this ward, including organic waste generated in a market. The waste is
disposed off in the Betahalli dump yard, causing foul odour, scattering, leachate
formation, and air pollution from burning and methane emission from decomposing
organic matter.

Table 3 MSWM in Malleswaram (Ward 7) (Malleswaram Population- 37760,
Area- 1.69263 sq km)

Function Shortcoming Suggestion

Storage

The waste is stored in - -
households and in shops

until it is collected by the

door to door collector

Collection

Door-to-Door method —  Seventy percent of drums are not  Painting of drums at regular

Adopted in the whole painted as per the regulations of  intervals to make it more
ward, for residential and green for biodegradable, white for convenient to workers
commercial areas recyclable and black for mixed

Segregation not carried out by Workers accept only segregated

worker nor householder, though ~ waste from households
separate bins are provided

The recyclable waste is  PET bottles and thin plastic bags
retrieved by the worker  are not retrieved. The soiled
and sells it separately to  recyclable material cannot be

the informal sector retrieved
Waste heaps found near Placement of large community bins
commercial areas in commercial areas (in commercial

area there is a possibility of sudden
generation of a large quantity of
waste that cannot be stored in the
shop till the next day)

Small litter bins should be provided
for the pedestrians in commercial
areas and bus stands
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Table 3 MSWM in Malleswaram (Ward 7) (Malleswaram Population- 37760,
Area- 1.69263 sq km) (continued)
Function Shortcoming Suggestion
Sweeping The dirt is pushed into the drains  The workers educated on the affects

Transfer and transport

The waste collected in
pushcarts from narrow
lanes and meet at a

is transferred from the
pushcart to the truck

which blocks the drains

Workers do not use the gloves and
footwear that are provided for
protection

of blocked drains and regular
inspection of drains

Mandatory usage of the protection
gear provided

The waste even if segregated by the A small capacity truck and a large

workers and stored in separate

capacity truck can be assigned for

drums, the waste gets mixed during the collection of dry and wet waste
synchronisation point at a transfer from pushcarts to lorry.
specified time. The waste This is because there is no facility

in the lorry for separate storage of
waste

The lorry worker retrieves PET bottles and thin plastic bags
recyclable material during are not retrieved. The soiled

transfer of waste from
push cart to lorry

BMP truck — 3 large
capacity tipper

Contract truck —1 large
capacity tipper

Trip truck — 1 large
capacity tipper

Process

recyclable material cannot be
retrieved

Mesh covering — 5 trucks,

No Polythene covering — 1, Partial
Polythene covering — 2 trucks,
Complete polythene covering — 2
trucks

There is leakage of wet waste from

truck during transportation

Foul odour emitted from the waste
during transportation

The waste is not segregated at an
intermediate level and is directly
transported to the disposal site

Long distance from ward to dump
site, hence only one trip a day is
made by each truck

Manual transfer of waste

No processing carried out prior
to disposal

respectively. A better option is to
have a partition in a single truck for
the collection of segregated waste

Only segregated waste should be
accepted to be filled into the lorry

Trucks completely covered with
polythene to prevent scattering of
waste and foul odour

Provision of proper enclosure
Regular inspections

Transfer stations to be provided
where waste can be further
segregated and higher efficiency for
transportation can be achieved by
increasing the number of trips made
by each truck

Mechanical loading collection
vehicles or proper equipment for
transfer of waste

Recycling of the recyclable material
retrieved from waste

Composting

High quantity of yard waste
generated in the ward and also high
quantity of organic waste generated
from the market and households
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Table 3 MSWM in Malleswaram (Ward 7) (Malleswaram Population- 37760,
Area- 1.69263 sq km) (continued)

Function Shortcoming Suggestion

Disposal

Dump yard in Betahalli ~ Foul odour, flies and bird menace Usage of higher quantity of EM
solution

Stray dog nuisance

Waste burnt emitting toxic fumes Waste burning should be prohibited
and causing air pollution and strict action should be taken if
still continued

Waste is dumped in heaps causing Usage of front end loaders for
scattering levelling and use soil cover

Soil contamination

The lorry workers and drivers are  Provision of masks and safety gear
exposed to diseases

Rag pickers retrieve the  High exposure to diseases Provision of masks and safety gear
recyclable material from
the landfill

Closure of dumpsite and
replacement with sanitary landfill

The ward-wise auditing of functional components of MSWM is given in Table 4.
In the sampled wards of Bangalore, the waste is stored in open or closed community bins.
Out of the community bins present, the average percentage of bins covered is 49%.
The collection of the waste is carried out by the community bin method and the
door-to-door method. It is essential to have community bins along with the door-to-door
collection in commercial areas to avoid littering. The percentage of area covered by
community bin in commercial areas is 17.5%. The door-to-door collection method has
been implemented in all areas of the city as it is a suitable method for collection from
residential areas and also suitable for collection of segregated waste. In Bangalore
door-to-door collection has been implemented in 94% of the residential arecas. However,
only 3% of the waste is segregated at source. There are currently no transfer stations in
Bangalore and all the waste is directly transported to the disposal site. This is very
expensive and the efficiency of the trucks is not utilised to the maximum. As per the
regulations, all trucks should have mesh and polythene covering. However, only 96% of
the trucks have mesh covering and 41.43% of the trucks have polythene covering.
The quantity of waste processed is very small. The informal sector in the city manages
the recycling sector, 18% of the total waste generated is recycled by this sector. The other
process method adopted in the city is composting. 3.14% of the waste is reduced through
composting. The final quantity of waste sent to the dump yard and quarry (open dump) is
60.71% and 21.14%, respectively. The compliance audit through checklist was attempted
and results listed in Table 5 indicate that the regulations being followed by the authorities
and private companies responsible for the MSWM. Functional unit wise compliance of
regulations are as given below:
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e  Storage. From the audit it was observed that the placement of bins has not been done
keeping in mind the population density and the quantity of waste generated. There is
a lack of community bins in a few of the commercial areas. Due to the high
generation of waste in commercial areas, the waste is not always stored on site,
but is disposed on the roadsides, causing unaesthetic appearances. Well-designed
community bins have to be placed in commercial areas, depending on the quantity
of waste generated. The maintenance of the present bins is poor and has resulted in
rusted bins having sharp edges. This can prove to be dangerous to the collection staff
and also to the users. The staff must be provided with well fitting gloves for safety.
Community bins should be provided with a partition for separate collection of waste
and proper colouring and labelling on the bins. To improve the separation of waste at
source and throughout the MSWM process, adequate staffing, supervision,
procedures, training, posters, verbal reminders, reporting, meetings and equipments
are required.

e Collection. Adopting the door-to-door collection method has proved to have many
advantages. The complaints from residents due to unaesthetic bins near their houses
have stopped, the number of stray dogs and stray cattle has reduced and the no bin
system has also improved the waste handling by people or residents. This method is
also better suited for collection of segregated waste. However, the door-to-door
collection method has its own considerations. In commercial areas, due to the higher
quantity of waste generation, the shopkeepers find it difficult to store the waste on
site and hence this waste ends up on the street. Though separate drums have been
provided for collection of segregated waste, neither the household nor the
pourakarmika carry out segregation. This is due to the poor awareness and the
general attitude of public and pourakarmikas. The number of awareness programmes
and training programmes carried out by the authorities need to be increased and
should be at a regular frequency. It has to be kept in mind that such practices
are not easy to instil and will take many months, or even years, to implement.

Here again, adequate staffing, supervision, procedures, training, posters, verbal
reminders, reporting, meetings and equipment are required to make it possible.
The participation of NGOs in such programmes can prove to be very helpful

to the authorities in making this a success. During door-to-door collection the
pourakarmika manually segregates the waste. It is very important that this is
carried out with proper protection. The staff should be provided with gloves,
footwear, apron, masks and goggles for safety, as they are constantly exposed to
waste every day.

o Transfer and transport. The innovative idea of synchronisation that has been
adopted by the municipality to transfer waste from pushcarts to trucks has proved to
be successful. This has reduced the spillage, no space is occupied for intermediate
storage and collection happens on time as the workers and trucks have to meet at a
specified time and location for the transfer. The transfer of small drums is also
much easier and safer than the transfer of waste from large community bins.

The trucks that are currently used do not have provision for separate collection of
waste. This results in the mixing of waste even if the waste is collected separately.
Trucks can either be provided with partition or two trucks can be provided — one
truck for the collection of organic and mixed waste and another truck for collection
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of recyclable waste. The truck for recyclable waste can have a frequency of once in
three days as the quantity of recyclable waste generated is less when compared to
organic waste. Transfer of waste is carried out manually so it is very important to
have proper safety gear like gloves, apron, masks and goggles during transfer.

The vehicles used for the transportation of waste should be in a good condition.
Most of the trucks have a mesh covering and about 50-60% also have polythene
covering. However, there is no proper enclosure provided to prevent the wet

waste from leaking on to the road. It is very essential that all trucks have mesh

and polythene covering with a proper enclosure to prevent scattering of waste,

foul odour and leakage while travelling on crowded roads.

e Treatment process. The only treatment option that is provided for Bangalore city is
composting. This is carried out only for 400 MT/day while the total amount of waste
generated is about 2300 MT/day. There have been proposals for setting up three
integrated waste management sites that have composting and sanitary landfills.

This action needs to be hastened to prevent the excessive damage being caused by
open dumping of large quantities of waste every day. Other treatment options also
should be considered like decentralised anaerobic digesters near markets. This will
not only produce biogas but also reduce the transportation cost of waste to landfill
sites. Waste to energy plants like production of refuse derived fuels and incineration
plants can be set up to use waste from commercial areas once the source segregation
process is set in place.

e Disposal. In the current MSWM system, the function that has been totally ignored is
that of final disposal of MSW. The current method of disposal adopted, as explained
earlier, is extremely hazardous to the environment and can cause irreversible damage
to the surrounding areas. Unauthorised open dumping of waste is also carried out
near crowded slum areas. This is extremely hazardous to the people living around
that area. The identification and closure of such dumps should be given the topmost
priority. The setting up of the proposed sanitary landfill sites with integrated
composting plants should be hastened.

Some important factors that need to be considered for the overall improvement of the
waste management system are:

e  Data management. To improve data management there should be commitment to
improving reliability of the data on waste from the staff and authorities. Greater
confidence in data will help in monitoring the efficiency of the collection,
transportation, process and disposal options. Geoinformatics would help in
monitoring the unauthorised activities, by monitoring the number of trucks and trips
made by trucks to the specified disposal site.

e  Training and education. Environmental education is a way of increasing
understanding of problems, cooperation among stakeholders, environmental
entrepreneurship and environmental performance. The training should be a regular
feature of MSWM, with hands on training on sorting and collection. After training
there should be follow up of the practices.
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e Health and safety programmes. It has been a common observation that in Bangalore,
maintenance staffs do not use the protection gear that is provided to them. Regular
health and safety programmes are required to educate the staff on the ill effects of
manual handling of waste, walking bare foot in dump yards and continuous exposure
to waste. Regular health check ups should be carried out to monitor the health of the
workers.

e [nvolvement of the community. Community involvement in waste management
monitoring programmes like that of Suchi Mitra should be encouraged and more
people should be involved in such activities. This increases the environmental
awareness of the participants and other people. This is one of the fastest and most
effective ways to make the public understand the importance of activities like
sorting.

e  Integration of waste pickers. NGOs should organise waste pickers, and,
instead of the waste pickers retrieving waste at the dump yard which is extremely
hazardous to their health, safer methods of retrieving waste from the source
by the waste pickers should be developed. Additionally, the waste pickers
should be paid to retrieve waste from process plants and dump yards, instead
of them paying to access the waste. Ways of improving the working conditions
of the waste pickers and providing safety gear for them should be
developed.

e  Planning. The waste management that is carried out currently comprises
more low cost measures in order to comply with regulation and avoid public
agitation and complaints. There is no environmental management planning
that is taken into consideration. Improper planning before setting up the sanitary
landfill sites has led to increased public agitation and legal complications that
have delayed the projects for a very long period. Although an informal approach
to problem solving may have worked reasonably well while the programme was
relatively small, a more systematic and proactive approach to management is
required when the complexity of the programme increases. This would help to
ensure that requirements are handled in a consistent and professional way
and problems are addressed promptly and effectively. This would also
ensure that the staff has clear objectives and goals while carrying out their
activities.

e  Monitoring. Monitoring during collection, transfer, process and disposal needs to
become an integral part of the waste management system. The municipal authority
not only has to monitor their own staff’s activities but also the activities carried out
by the private organisations. The State pollution control board has to carry out
regular inspections of the dump yards and stop open dumping as it causes serious air
and water pollution problems.
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e  Public participation. Currently the main hindrance to the implementation of the
sanitary landfill sites is due to lack of information dissemination to the public.
It is very essential that before any project is implemented, a public participation
meeting be held to make the public aware of the technology used in sanitary landfill

and the impacts.

Table 4 Ward wise Auditing of functional components of MSWM

)
5 § 3 3 ¥
S = & S X
I S N < -~
g = 3 < 9 %
T 2 5 L s £ S
23 S§ g3 & 5 2
Function  Technique 5 2 ¥ 5 T X O =
Storage ~ Community bin ~ Percentage of 30 - - 33 - - 84 49.00*%
covered bins
Collection Community bin ~ Percentage of area 40 0 0 - - — 30 17.5**
covered in
commercial areas
Door to door Percentage of area 100 100 100 60 100 100 100 94.29
covered in residential
areas
Percentageofwaste 0 0 20 5 0 0 O 3.57
segregated
Transfer Transfer station A A A A A A A A
Transport Truck Truck with mesh (%) 100 100 100 75 100 100 100 96.43
Truck with meshand 75 40 75 0 0 0 100 4143
polythene cover (%)
Process  Percentage of Informal 18 18 18 18 18 18 18 18.00
waste recycled
Formal
Percentage of 22 3.14
waste composted
Percentage of
waste for anaerobic
digestion
Percentage of
waste incinerated
Disposal  Sanitary landfill
Dump yard 85 85 85 85 85  60.71
Quarry 63 85 21.14

A: Absent.
*Only the areas having bins are taken into consideration.

**Only the commercial areas have been taken into consideration i.e., Shivajinagar,

Malleswaram, Koramangala and Chikpet.
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Table 5 Compliance audit of MSWM
Checklist for compliance Sample wards
S~ 3 Y
s § 3 Y =
£ 5 S S
S S I [N
s 2 S _ =
) ) 2 32 5 8 S £ =~
Function Regulation 5 = Q ‘g S 5
Storage
No littering on the streets? X X X ¥ 4 X X
No littering around bins? X na ma X X Vv X
Are the bins covered? X na m X X Vv X
Are the bins cleared every 24 hrs? N ona na N N A A
The storage facility is designed taking into accountthe = X na na Y v X X
quantity of waste generated in a given area and the
population density
Aesthetically acceptable X na m Vv X X X
Bins have easy to operate design X na na v X X X
Bins for biodegradable waste are painted green, for X N N X N NN
recyclable waste they are painted white and for other
waste they are painted black
No manual handling of waste X X X X X X X
Manual handling with proper precaution and safety N N N
Segregation
Organisation of awareness programmes to ensure v o4 X X ox W
community participation in waste segregation
Arranging meeting at quarterly intervals X X X X X X X
Arranging meetings at monthly intervals X X X X X X X
Arranging meetings once in every six months Vo4V X X X W
Collection
Door-to-door collection/ community bin/ block collectionV VoA N A
Segregation done at source X X X X X X X
Collection from slums and squatter area X v N N AN X
Collection from hotels/ restaurants/ office complexes vV V.V VvV V VvV V
Separate collection of waste from slaughter houses/ meat ¥ v v v v v v
and fish markets/ fruit and vegetable markets
No mixing of biomedical wastes and industrial wastes VoA X NN
with MSW
Usage of hand driven container carts for the collection SR VD G A
and transfer of waste to trucks or community bins
Horticulture, dairies and construction and demolition NN NN N NN

waste is collected separately
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Table 5 Compliance audit of MSWM (continued)

Checklist for compliance Sample wards
o~ S Y
s § 3 Y =
SE85-33% 8
Function Regulation § S s§ g = § §
g 5 S 8 5 85 < O
Collection
No burning of waste (garbage, dry leaves) NN AN AN A
No stray animals allowed to move around waste storage X X X X X X X
facilities
No stray animals allowed to move around other placesin X X X X X X X
city or town
Notification of the waste collection schedule and the X X X X X X X
likely method to be adopted for public benefit by
Municipal authority
Has the public been educated about the law stating thatit X X X X X X X
is the responsibility of the waste generator to avoid
littering and ensure delivery of wastes in accordance with
the collection and segregation system notified by the
Municipal authority
Transportation
Waste transportation vehicles are covered NN N X N NN
Waste during transportation not visible to public X X X X X X X
Waste not scattered during transportation X X X X X X X
Waste collected daily and before overflow of bin S A VA
Multiple handling of waste avoided NN AN AN A
Process Regulations KCDC Terra firma
Composting  Agreement between the private agency and the v N
municipal authority for supply of solid waste
Waste storage area should be covered, else it should \/
have an impermeable base with facility for collection
of leachate and surface water run-off into lined drains
leading to a leachate treatment and disposal facility
Precautions shall be taken to minimise nuisance of \ \
odour, flies, rodents, bird menace and fire hazard
During breakdown of plant the waste intake is v N
stopped and is diverted into a landfill
Segregation prior to process and constant removal of X X
rejects
Constant removal of rejects post processing N N
Recyclables routed through appropriate vendors S \/
Non-recyclables sent to well designed landfill sites \ \/
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Table 5 Compliance audit of MSWM (continued)

Process Regulations KCDC Terra firma
For windrow composting provided with impermeable na
base
Made of concrete or compacted clay, 50 cm thick, S na
having permeability coefficient less than
107 em/sec
The base shall be provided with 1-2% slope and \/ na

circled by lined drains for the collection of leachate
or surface run-off

Ambient air quality monitoring is regularly carried v X

out

Compost quality as per standards v N

Treated leachate complies to standards na na
Disposal Regulation Mandur  Mavallipura
Site selection (proposed sites)

The landfill site shall be large enough to last for 20— \/

25 years

The landfill site is away from habitation clusters v \/

The landfill site is away from forest areas v \/

The landfill site is away from waterbodies v \/

The landfill site is away from monuments v v

The landfill site is away from National Parks v \/

The landfill site is away from Wetlands v \/

The landfill site is away from places of important v \/

cultural, historical or religious interest

The landfill site is at least 20 km away from airport v X

including airbase

If not, necessary approval should be obtained na X

Waste processing facility shall be planned as an v \/

integral part of the landfill site

A buffer zone of no-development is maintained X X

around landfill site and incorporated in the Town
Planning Department’s land use plans

6 Conclusion

The audit has brought out the key issues that need immediate attention and minor lacunae
that pose major hindrances in the further process of the system. In the storage function,
only 49% of the present bins are covered. In collection, 17.5% of the commercial areas
have community bins and 94% of the residential areas have adopted the door-to-door
method. With these methods of collection, only 3% of waste segregation has been
achieved. There are no transfer stations present and out of the trucks present, only
41.43% have polythene covering. Recycling is carried out mainly by the informal sector
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achieving a high level of efficiency. 3.14% of waste reduction is achieved through
composting and 60.71% of the waste is disposed in dump yards and 21.14% is disposed
in open quarry sites.

Waste disposal needs immediate attention and strict monitoring. The setting up of
sanitary landfill sites has to speed-up and this needs to be given top priority. The number
of treatment process plants has to be increased to manage total quantity of waste
generated. Many new techniques have been implemented for storage, collection, transfer
and transportation. These techniques have brought about many positive changes and have
increased the efficiency of the MSWM system. However, segregation of waste at each
step is not being carried out. The segregation of waste during storage, collection and
transportation has to be set in place for the efficient running of the process plants.
Proper training and education needs to be provided to the workers and public awareness
programmes should be conducted regularly. The occupational and health and safety
measures taken by the authorities are not sufficient. Health and safety programmes have
to be conducted regularly to check the health condition of the workers in the various
areas of MSWM and they should be educated on the health hazards related to their work
and the importance of wearing the safety gear.
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