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ABSTRACT

Waste incineration has become an inevitable element of an integrated municipal solid waste
(MSW) management system. Sustainability of the technology is essential for the generation of
renewable energy, reducing greenhouse gas (GHG) emissions and in turn addressing climate
change issues, besides effective MSW management. Incinerability of the MSW is crucial to
ascertain the feasibility as well as the sustainability of waste incineration. Environmental,
energy recovery and economic criteria (3-E concept) are in turn, integral to estimating the

incinerability of MSW.

While the conventional assessment techniques only weigh in the energy recovery aspect, the
ensuing environmental impact is seldom accounted for. With the waste to energy (WIE)
industry witnessing a steady growth, especially in developing countries like China, India etc.
there is a pronounced need for a technique to quantify the incinerability of MSW. To resolve
this, a composite indicator for incinerability called incinerability index or i- Index is formulated
incorporating the 3-E concept. The opinions of more than 200 experts from academia, industry
and government and regulatory authorities are incorporated during the parameter selection,
their relative weightage determination using analytic hierarchy process (AHP) and the
development of rating curves for their normalisation. Through the eight input parameters which
encompass the various aspects of this multi-criteria concept, incinerability is quantified as a
unique number on a scale of 0-100 by weighted summation technique, 100 representing the

most incinerable scenario.

A graphical assessment tool called incinerability plot or i- Plot is also developed to define
various zones of incinerability, namely, non-incinerable zone, incinerable zone and
autogenously incinerable zone. i- Plot consists of two different plots, one based on the

normalised parameter values and the other based on the aggregated index value. i- Index of



less than nearly 45 may be assumed to be non-incinerable, while more than around 89,
autogenously incinerable through this method. Besides being a visual assessment tool, this plot
also defines certain permissible limits for incinerability using i- Index to simplify the decision-

making process.

The study also demonstrates the various applications of incinerability assessment using i-
Index, for instance, the fluctuations of incinerability temporally, seasonally, regionally or due
to informal recycling or organised material recovery operations etc. and its implications on the
planning of WtE facilities. An incinerability mapping for Indian sub-continent is also
developed, representing the incinerability of MSW generated in more than 100 different cities,
serving as a beneficial tool for policy-makers and other stakeholders, while planning WtE

facilities.

The research also aims to develop a quick estimation technique for the various characteristics
of the mixed MSW stream, including its incinerability. Conventionally, this computation is
carried out through the physical and chemical characteristics of individual component fractions
present in the MSW feed, reported by previous researchers. However, since this is from a five-
decade-old study, there is a need to reassess and develop a revised database of the
characteristics of individual MSW components, especially, for a developing country like India,
due to the poor source segregation and heterogeneity of the MSW, climatic conditions as well
as the differences in the raw materials and manufacturing processes. An extensive sampling
and characterisation study is thus performed across 5 different cities in Indian sub-continent to
analyse and establish the physical and chemical characteristics of individual MSW components
present in Indian MSW. A demonstration of the theoretical estimation of the various
characteristics of mixed MSW like proximate analysis, ultimate analysis, heat content, C/N

ratio, air requirement for incineration, potential flue gas release, ash generation etc. using the



derived revised database is also performed. This eliminates the need for laborious and costly

characterisation studies, for at least the preliminary feasibility studies.

This research not only proposes a novel decision-making method to estimate the incinerability
of MSW but also derives a revised physical and chemical characteristics database of individual
MSW components, to enable easy estimation of various properties of mixed MSW stream,
without tedious laboratory analyses. The study thus simplifies the feasibility studies and
facilitates the formulation of the integrated waste management strategies and regulatory

policies.

Keywords: Municipal solid waste, incineration, waste to energy, incinerability, environmental

indicators.
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