WASTE MANAGEMENT: A FRAMEWORK
FOR INTERVENTION

KAVERI KALA

DEPARTMENT OF MECHANICAL ENGINEERING

INDIAN INSTITUTE OF TECHNOLOGY DELHI

JULY 2023



© Indian Institute of Technology Delhi (11TD), New Delhi, 2023



WASTE MANAGEMENT: A FRAMEWORK
FOR INTERVENTION

by

KAVERI KALA

Department of Mechanical Engineering

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI

JULY 2023



In the loving memory of our beloved cats Motula and



Certificate

This is to certify that the thesis entitled “Waste Management: A Framework
for Intervention”, submitted by Miss Kaveri Kala to the Indian Institute of
Technology Delhi, for the award of the degree of Doctor of Philosophy, is a record
of the original, bonafide research work carried out by her under my supervision and
guidance. The thesis has reached the standards fulfilling the requirements of the

regulations related to the award of the degree.

The results contained in this thesis have not been submitted in part or in full to any
other university or institute for the award of any degree or diploma to the best of

our knowledge.

Prof. Nomesh B. Bolia
Department of Mechanical Engineering,

Indian Institute of Technology Delhi,
New Delhi - 110016, India.



Acknowledgements

Undertaking this PhD has been a life altering experience for me and it would not
have been possible to do without the guidance of my supervisor, Nomesh B. Bolia. I
express my deepest sense of respect and gratitude to him for his continuous support
and patience during my PhD study. I feel privileged to be one of his students. I
shall remain thankful to him forever for his endless support and cooperation during

my research work.

[ am grateful to the members of Student Review Committee (SRC) Prof. P.V.M.
Rao, Prof. Sangeeta Kohli and Prof. Sushil for their creative and valuable sugges-
tions during my research work. My special thanks to my sister Shivani Kala for
endless corrections and her contributions to my doctoral thesis. My deepest grati-
tude is towards my mother Mrs. Anita Kala for immense support and sacrifice while
taking care of me in all ways. I wish to acknowledge the support of my father Mr
K.P Kala for helping me to reach here. I am also thankful to my friends Shobhit,
Nachiketas, Sai Ganesh and Rishita for helping me out during my dissertation. I
would also like to thank my friends Rutha, Sumegha, Prerna and Nikita who kept
me sane during turbulent times. I am also thankful to my research colleagues Ab-
hishek, Maansi, Soham, Deepak, Gaurav and Rajat for their friendship. I would like

to thank my research seniors Lakshay and Hemant for their academic support.

I would also like to thank Mr. Rama Shankar and Mr. Prem Chand for providing
logistical support. I would further like to thank all the experts and organizations
for participating in our research. I am thankful to Ms. Rama Saxena who provided
all the facilities in the lab whenever needed. Last but not the least, I thank all my
well-wishers, friends and relatives who helped me directly or indirectly during my

research work.

(Kaveri Kala)



Abstract

Municipal Solid Waste Management (MSWM) is a complex system wherein a typical
waste management process, and intervention includes segregation, collection, pro-
cessing, and disposal. Moreover, waste management apparatus varies from region
to region; therefore, site-specific data and analysis are often required to determine
appropriate and region-relevant waste management strategies. The complexities of a
waste management system in India are even further complicated due to the involve-
ment of various participants in the decision-making process, such as the government,
local municipalities, the informal sector, institutional experts, and on occasions, the
general public. Citizens are one of the primary stakeholders and play an important
role in the value chain before the waste is collected. At the same time, municipalities
and the informal sector are equally important stakeholders, majorly responsible for

the collection and processing of the waste.

Evidently, the waste management system in India encompasses multiple socio-economic
and environmental facets. In a country as diverse as India, there is a need for het-
erogeneous, context-based, and evidence-driven policies that lead to efficient out-
comes. It is important the policies thus designed should also focus on identifying

the strengths of a country and leveraging them.

The currently practiced homogenous policy framework for waste management is
indeed not working in favor of India. This can be illustrated by the World Bank
data, according to which India generates the highest amount of waste worldwide,
more than even China. As much as 77 percent of this waste is simply dumped in the
open, with all its noxious fumes and toxins. And Delhi is one of the tops in the list
of Indian cities with maximum waste generation. Therefore, Delhi has been chosen

to demonstrate the need for contextual policies.

There is a clear need to limit the disturbing trend of waste generation and mitigate
the consequences. This can only happen if we break the old systems of waste man-
agement and build new ones through context-based policy-making, such that we: 1)
capture the perception of citizens belonging to different socio-economic categories
while simultaneously designing waste management policies contingent on the type
of residence, 2) devise ways to make both formal and informal system of waste man-

agement work in conjunction and 3) make currently existing waste collection system



more efficient. The work in the thesis caters to the three aspects (above mentioned)

around which waste management policies should be designed.

Accordingly, the framework and models are developed for Delhi to yield interest-
ing insights. This work suggests possible recommendations that can make waste
management more efficient and thus, may enable shifting of policy framework from

exclusivity to inclusivity.

Keywords: Municipal Solid Waste Management, Contextual Policy, Stakeholders

in Waste Management, Data-driven Approaches, Citizen Engagement
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