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ABSTRACT

India is witnessing the rise of municipal solid waste (MSW) incineration (MSWI1) plants
wherein MSW is burnt, and energy is recovered as a by-product. Incineration process is
accompanied by generation of solid residues, namely, bottom ash (200-300 kg/ton of
MSW) and fly ash (10-50 kg/ton of MSW). Disposal and reuse of the incineration residues
is regulated in most of the developed nations to minimize their impact on the environment.
MSWI fly ash (MIFA) has mostly been deemed hazardous whereas MSW!I bottom ash
(MIBA\) is classified non-hazardous and holds a potential for bulk reuse in civil engineering
applications. Previous studies have revealed the variability in characteristics of MSWI ash
attributable to differences in composition of MSW, pre-processing of waste, operating
conditions of the incinerator etc. The composition of MSW in India being significantly
different from higher-income nations like European countries, Singapore, Japan etc.
necessitate detailed characterization of Indian MSWI1 ash prior to determining its fate.
Present study is the first and fundamental for laying a scientific foundation for
disposal and reuse of MSWI ash in the country. At present, MIBA and MIFA are co-
disposed in MSW landfills, open dumpsites, or mining pits with no prior assessment of its
contamination potential to the sub-surface environment. Due to dearth of scientific studies
on MSWI ash in India and absence of national legislations to regulate its reuse, recycling
of MSWI ash in field applications remains uncharted and requires exhaustive investigation.
While India is facing shortage of sand and has regulated its mining due to the consequential

environmental impact, recycling of MIBA as its substitute would substantially contribute
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towards sustainable development by reducing the onus on natural resources and
plummeting the space requirement for its disposal.

MSWI ash was sampled from the three incineration plants operational in
Delhi over a period of one and half years in different seasons, i.e., monsoons, winters,
summers. MIBA was processed to obtain soil-sized fraction (passing 4.75 mm) for
laboratory testing while MIFA was characterized as-received. Unprocessed-unscreened
Delhi MIBA (or UDBA) was characterized for physical properties such as visual
composition, grain size distribution and moisture content. Soil-sized fraction of Delhi
MIBA (SDBA) was studied in conjunction with coal bottom ash, Badarpur sand and
Yamuna sand for physicochemical and geotechnical characteristics whereas Delhi MIFA
(or DFA) was studied in conjunction with Delhi silt and coal fly ash for physicochemical
characteristics. A detailed comparison of the assessed characteristics with global
experimental data was undertaken to trace the peculiarities of Indian MSWI ash in
comparison to the MSWI ash from higher-income nations. Leaching studies which are
deemed mandatory for assessing the fate of MSWI ash were undertaken to determine their
options for disposal and reuse. Furthermore, the study addressed the need to investigate the
right set of contaminants for the leaching studies. Lastly, treatment studies were undertaken
on SDBA to facilitate its reuse in bound and unbound applications.

Soil-sized fraction of Delhi MIBA (or SDBA), though a lookalike of silty sand
with analogous mechanical behaviour, is not as innocuous as it may appear. The
concentration of total soluble solids and most of the trace metal(loid)s in SDBA is highly
elevated in comparison to the conventionally used granular materials. Apart from soluble

salts and trace metal(loid)s, presence of organics and percentage fines (passing 0.075 mm)
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were found concerning for variety of reuse alternatives. Leaching studies revealed that
reuse of SDBA is adjudged feasible only in a restricted manner in applications like fill
material for embankments, road construction, floor structures of industrial or storage
building, foundations, levelling of terrain and embankments, development and
rehabilitation of landfills, and restoration of degraded areas from mining activities. In
absence of reuse of SDBA, it can safely be disposed in MSW landfills.

The study also delineated 3-step wet-screening treatment for SDBA to attenuate
leaching of contaminants and meet most of the international regulatory criteria for reuse.
The method of treatment devised in the present study is simple, sustainable, economical,
and practically feasible in comparison to washing treatment methods proposed earlier with
regard to choice of washing agent, quantity of washing agent and duration of the treatment.
The study further developed M25 concrete mix using SDBA as a replacement of fine
aggregates which satisfy the requirements of compressive strength and leaching criteria for
bound reuse.

DFA, though a lookalike of silt, has distinctive physiochemical characteristics in
comparison to Delhi silt or coal fly ash. DFA carries substantial load of soluble salts and
toxic heavy metal(loid)s causing it to be classified as extremely hazardous. Reuse of DFA
in bound or unbound applications is strictly prohibited. DFA should necessarily be
disposed in hazardous waste landfills after pre-treatment. Co-disposal of bottom ash and
fly ash is not recommended as mixing of the two residues would transfer contaminants
from highly contaminated fly ash to less contaminated bottom ash and hence, deter any

future utility of bottom ash.



The comprehensive compilation of previous studies revealed wide variation in
the characteristics of MIBA as well as MIFA. However, the physicochemical and
geotechnical characteristics of SDBA as well as physicochemical characteristics of DFA
assessed in the present study were observed to fit within the domain of the global
experimental data reported from higher-income nations. The work further demonstrates
that despite wide variation in MSW composition and MSWI ash characteristics globally,
MSWI1 ash mostly meets the similar fate.

The study put forth a list of contaminants of concern (or CoCs) for MSWI ash
which are consistently found to exceed various regulatory criteria across the countries. The
study recommends mandatory inclusion of these CoCs in the future investigations as
exclusion of any of the CoCs may present a fragmented picture of leaching from MSWI
ash and further result in non-consideration of the same CoCs in the treatment studies
undertaken thereafter.

With new MSWI plants emerging worldwide, the study is relevant for
policymakers, MSWI plant operators, and researchers to manage MSW!| residues and cope

with the associated problems more effectively.
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