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of waste, New Zealand Waste Strategy defines waste as “any material, solid, liquid
or gas that is unwanted and/or unvalued, and discarded or discharged by its owner”.
Disposal of waste to the biosphere has given way to thinking about, and trying to
implement an integrated waste management approach. In 1996, the United Nations
Environmental Programme (UNEP) defined integrated waste management as a
framework of reference for designing and implementing new waste management
systems and for analyzing and optimizing existing systems.

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 (York et al.
2004).  Solid waste management has evolved greatly since its early days and it now
considers an inter-related 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. A concise
definition of a system is  ‘‘ a set of interacting units or elements that form an integrated
which is intended to perform some function’’(Skyttner 1996). In a system approach,
the problems are multi-dimensional and multi-disciplinary and so the solutions must
reflect this complexity. The multidimensional aspect includes the economic sector. A
systems approach requires a long-term perspective, and analysis may need to extend
across geo-political borders (Sodeerbaum 1987). 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 would be based 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. 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. 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 Fig. 1. In this context, the European Union guidelines 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.

Fig. 1. Material flow in the municipal solid waste management system
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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: (1) the coverage of a collection system
applied, and (2) 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 material produced in those properties where separate
collection is available, and (b) the amount of the material in question produced in all
properties of the area. Participation rate is defined as the share of 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 is 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 waste management is necessary for
the development and implementation of a very long-term and reliable action. A report
on waste management prepared for the Government of India (1998) by a sub-committee
of the Supreme Court relates what it describes as a ‘pathetic situation’. The municipal
bodies in India have been unable to adjust to the rapid changes that have led to both
increased quantities and changes in the composition of the waste stream, leading to
an over-loading of the service. It is estimated that more than a quarter of the waste
generated is not collected (Pauchri and Batra 2001). 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. A report prepared by the World Bank (1994) advocated a move towards
privatization of the service, and this has been started in some cities, but involvement
of civil society organizations could provide alternative solutions. In many cities, non-
governmental and community-based organizations (NGOs and CBOs) have started
developing neighbourhood waste collection services as well as, initiating composting
and recycling activities. These moves are backed up by new municipal solid waste
management and handling rules (Ministry of Environment and Forests, GOI 2000).
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.

Refuse is no longer considered as ‘waste’, but rather something that must be recovered
or re-used as a potential resource (Korhonen et al. 2004). The work carried out over
the years in this regard includes analysis of waste generation determinants, waste
management facilities (Chang et al. 1996), waste treatment methods (Huhtala 1997),







The quantum 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 the Bangalore Mahanagar Palika (BMP). BMP is responsible for the
solid waste management planning and execution. Revenue wards are further divided
into 294 health wards for proper management of the sanitation functions. Out of
these, 112 health wards are managed by the BMP, while 182 wards have been assigned
to private agencies on contract basis.

City Generated (ton/day) Collected (ton/day) Collection (%)
Bangalore 1800 1225 68.05
Chennai 1819 1637 89.99
Mumbai 3200 3100 96.88
Ahmedabad 1200 1080 90.00
Kanpur 2142 1500 70.02
Pune 1000 700 70.00
Lucknow 600 500 83.33

Table 1. Quantum of waste generation and collection in major Indian cities

Source: Ramachandra (2006), Chanakya et al. (2007)

Table 2.  Composition of municipal solid waste at different stages in Bangalore

Components (%) Street bin, before 
rag picking

Street bin, after 
rag picking

Dump 
site

Bangalore 
overall

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

Source: Rajabapaiah (1998), Chanakya et al. (2006)

The current waste generation in Bangalore is 3613 tonnes per day (in 2005-06) and
the number 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 in Karnataka state, 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
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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 impact, 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., alongwith 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.  Focus of the
ISWM program includes the following:
 Assessment of present condition and organizational set up.
 Reduce, reuse and recycle solid waste to the greatest extent possible.
 Co-operate to the extent practicable in recycling programs conducted by the

civilian community (on installations that do not have recycling programs).
 Pursue the use of joint or regional solid waste management programs and facili-

ties with the government and non-government agencies.
 Financial support towards infrastructure and maintenance.
 Facilitating community participation in solid waste management activities

intellectual input – research on design, materials, concept.
 Privatize solid waste management facilities or contract for waste disposal serv-

ices, including recycling.
 Divert 40% of non-hazardous solid waste from incineration and landfills. By the

end of next five years, greater than 40% diversion rate for non-hazardous solid
waste, and integrated non-hazardous solid waste management programs that
demonstrate an economic benefit (when compared with only landfill and incin-
eration disposal).

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

 Overall monitoring and co-ordination.

An effort has been made to study and improve the solid waste management practice
of a small community comprising of the campus of the Indian Institute of Science
(IISc) whose waste generation resembles a typical urban community. The proposed
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strategies could be replicated in large communities and townships. Optimal solid waste
management strategies of many kinds of wastes have been proposed by incorporating
spatial analysis tools (Geographic Information System, GIS), constituting a framework
for efficient planning. Suggestions endeavouring source segregation, designing
collection systems, usage of organic wastes for production of biogas and fertilizer,
hazardous waste management, safe disposal options etc. have been evolved. ISWM
using spatial analysis tools is illustrated in Fig. 2.

Fig. 2. Integrated solid waste management using Geographic Information System (GIS),
Management Information System (MIS) and Global Positioning System (GPS)

Decentralized
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Fig. 3. Zones of IISc campus based on land use spatial spread of buildings

Fig. 4. Proportion of waste generated

Fig. 5. Waste collection points
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