AN ASSESSMENT OF THE TRAVEL BEHAVIOUR OF
ELECTRIC CAR USERS AND MARKET DEMAND
ANALYSIS FOR THE ALTERNATIVE FUEL CARS

ADSULE POONAM RAJARAM

Department of Civil and Environmental Engineering
Indian Institute of Technology Delhi
April 2026



© Indian Institute of Technology Delhi (I11TD), New Delhi, 2026


Biswajit
Highlight


AN ASSESSMENT OF THE TRAVEL BEHAVIOUR OF ELECTRIC
CAR USERS AND MARKET DEMAND ANALYSIS FOR THE
ALTERNATIVE FUEL CARS

by
ADSULE POONAM RAJARAM

Department of Civil and Environmental Engineering

Submitted

in fulfilment of the requirements of the degree of Doctor of Philosophy

to the

Indian Institute of Technology Delhi

April 2026



This thesis is dedicated
To

Mummy and Pappa



CERTIFICATE

This is to certify that the thesis entitled ‘AN ASSESSMENT OF THE TRAVEL
BEHAVIOUR OF ELECTRIC CAR USERS AND MARKET DEMAND ANALYSIS
FOR THE ALTERNATIVE FUEL CARS’ is being submitted by Ms. Adsule Poonam
Rajaram to the Indian Institute of Technology Delhi, for the award of the degree of Doctor of
Philosophy. This is a record of the research work and is entirely carried out under my
supervision and guidance. The research report presented in this thesis has not been submitted

for the award of any other degree or diploma.

Dr. M. Manoj

Associate Professor

Department of Civil and Environmental Engineering
Indian Institute of Technology Delhi

New Delhi — 110016

India



ACKNOWLEDGEMENTS

I am grateful to the numerous supporters and organisations who have contributed to my
research journey. First and foremost, I would like to express my heartfelt thanks to my
supervisor, Dr Manoj M., who has been a guiding force throughout this journey - from the
finalisation of my research topic to the submission of my final thesis. I am deeply grateful for
his guidance in enhancing my research writing and developing essential professional skills. He
extended his support throughout the survey and data collection processes and helped me gain
valuable teaching experience over the five years of my research by assigning me various
responsibilities, such as teaching assistantships and research proposal writing. He consistently
encouraged me to attend reputed conferences and workshops, which broadened my academic
perspective. Beyond professional guidance, Dr Manoj M. also trained me to face the highs and
lows of the research journey with resilience. His dedication to work, consistency, and
punctuality has been truly inspiring. I will always cherish his PhD stories, which motivated me
during challenging times, especially when dealing with research paper rejections. His
encouragement and positivity have left a lasting impact on me, and I will continue to strive for
excellence in my career, inspired by his example.

I acknowledge the guidance and support from my SRC members, Dr K. Ramachandra Rao, Dr
Kumar Neeraj Jha, and K. Ravi Kumar, for the valuable input during each semester project
presentation, comprehensive exam, synopsis, and thesis submission. I would like to express
my gratitude to Dr Geetam Tiwari, Dr K. Ramachandra Rao, Dr Nezamuddin, Dr A. K. Swami,
and Dr Pramesh Kumar for their input in the semester progress presentation. I also
acknowledge the Department of Civil Engineering, its faculty and staff, and the IIT Delhi
community for providing essential resources, facilities, and a friendly environment.

I am deeply grateful to Dr K. S. Gumaste, who helped me realise my aptitude for
transportation planning during my undergraduate studies. I would also like to express my
special thanks to Dr Raghuram Kadali, who recognised my research potential during my
postgraduate years. [ will always be grateful for Prof. Raghuram's constant support throughout
my career. Additionally, I am thankful to Dr Ashish Verma for offering me an internship
opportunity at [ISc Bangalore, which ultimately led me to decide to pursue a PhD.

I would like to express gratitude to my seniors, Dr Punyabeet Sarangi, Dr Anil Koushik, Dr
Chetan Doddamani, Dr Pranav Gairola and Dr Sourav Das, for their valuable guidance
throughout my PhD journey from the very beginning, for their support and encouragement. I

would like to express my appreciation to Vamsi, who has not only been a close friend but also
ii



a dedicated and responsible lab mate. His friendship and constant support always encouraged
me to stay cheerful.

I am grateful to my friends Amit and Raviraj for introducing me to the gym, meditation, and
exploring new places to refresh my mind. I am also grateful for the close bond I have with my
friends Yawar, Aman, and Abu. They always helped me in my difficult times and cheered me
up in the tough times. I would like to thank my friends Pushkar, Nishi, Priyanshu, Parveen,
Ravi and Akhila for their unwavering support throughout this journey. I am also thankful to
my juniors, Debjani, Yogi, Chandan and Saptarshi for keeping the lab environment cheerful.
Apart from the campus friends, I thank Akshay for supporting and helping me in tough times.
His gesture of bringing hometown food makes me feel at home. Also, I am grateful to my
master’s friend and senior, Dr Digambar Londhe, for helping me with thesis formatting.

I am grateful to my friends Amit and Raviraj for introducing me to the gym, meditation, and
for exploring new places that helped refresh my mind. I also cherish the close bond I share with
my friends Yawar, Aman, and Abu, who have always been there for me during difficult times,
offering support and encouragement. My heartfelt thanks go to my friends Pushkar, Nishi,
Priyanshu, Parveen, Ravi, and Akhila for their unwavering support throughout this journey. I
also appreciate my juniors, Debjani, Yogi, Chandan, and Saptarshi, for maintaining a cheerful
atmosphere in the lab. Beyond my campus friends, I thank Akshay for his constant support and
for bringing me hometown food, being with me in tough times, which made me feel closer to
home. Lastly, [ am deeply grateful to my master's friend and senior, Dr Digambar Londhe, for
his assistance with thesis formatting and being with me in tough times.

Last but certainly not least, I am incredibly blessed to have the most supportive parents,
Mummy and Pappa. Thank you, word is nothing compared to their role in my life. They have
been not only loving, kind, and caring parents but also wonderful teachers. My Mummy’s
efforts, from my school days to the present, are countless, and I am forever grateful for them.
I also thank my Papa for patiently enduring all my tantrums throughout my PhD journey. He
is my hero, and I have learned many valuable lessons from him. I am also blessed with a
younger brother who often plays the role of an elder one. He has always understood my
situation and supported me not only during my PhD journey but throughout my life. I am
equally fortunate to have my loving Tai, Kaka, Sonu, and the youngest, Vicky. Their presence
in my life is truly precious. I am fortunate to have the blessings of Ganapati Bappa and all my
furry friends.

Thank you, Ganapati Bappa.



Place: New Delhi Poonam Rajaram Adsule
Date: 13™ April 2020CEZ8304
Research Scholar

Indian Institute of Technology Delhi, India



SUMMARY

Over the past few decades, electric vehicles (EVs) have steadily gained significant market share
in cities worldwide. This growing interest is primarily driven by increasing concerns over
climate change, environmental degradation, and the rapid depletion of natural resources. EVs
are known to reduce emissions from road transportation, contribute to long-term cost savings,
and make them a sustainable transportation option. Therefore, the market demand for
alternative fuel vehicles has been a topic of scientific discourse. Despite their benefits, the
worldwide acceptance and use of EVs are limited due to insufficient charging infrastructure,
electric vehicle-related constraints, and human ‘barriers’ such as range anxiety. These
limitations may influence consumer preferences for alternative fuel vehicles and may alter
travel behaviour when using electric vehicles. Therefore, the travel behaviour of EV users and
demand modelling analysis for alternative fuel vehicles have become important subjects of
research and discussion. Therefore, this thesis focuses on the market demand analysis of
alternative fuel cars, followed by an examination of the travel behaviour of E-car users.

In recent years, consumers have had various options for selecting an alternative fuel car.
However, each alternative has pros and cons from the consumer’s point of view, which
ultimately impact their choices. Past studies on consumer preferences for alternative fuel
vehicles have primarily focused on selecting the best option, often overlooking the remaining
alternatives. Also, studies on consumer preferences for electric cars (E-cars) have overlooked
the heterogeneity that exists in the population, despite consumers having different preferences
under the same conditions. Building on the research gaps identified in past studies on consumer
preferences for alternative fuel vehicles, this thesis aims to explore consumers’ preferences for
alternative fuel cars, considering both their best and worst choices. It also examines the
heterogeneity in consumers’ preferences for E-cars. Further, despite the growing interest in the
travel behaviour of electric vehicle users, the route choice behaviour considering the charging
decision of E-car users has not been explored in detail. While travel behaviour impacts on
charging decisions have been explored in earlier studies, those studies have excluded the
possibility of shifting to conventional fuel vehicles by E-car users. In addition, the variation in
E-car preferences for trip chain types and trip purposes is also unexplored in the travel
behaviour literature. Hence, to understand the travel behaviour of E-car users, the thesis
examines route choice behaviour for long-distance trips, considering routes connecting Delhi

and Agra, India. The thesis also examines the travel and charging preferences of E-car users



who own a conventional-fuel vehicle. Further, it examines how E-car preferences differ
between simple and complex trip chains, as well as between work and non-work trips.

To achieve the study objectives, an intercept survey was conducted in Delhi, which included
stated preference choices, attitudinal statements, and users’ socio-demographic characteristics.
The data were collected from New Delhi, South East Delhi and South Delhi, where the density
of public charging stations and the frequency of charging incidents are high. The survey was
conducted at 20 randomly selected charging stations in the area. The target population includes
current E-car owners who have had a minimum of 5 months of experience driving and using
electric vehicles and owned at least one conventional-fuel-powered personal vehicle (car or
motorcycle), as well as conventional fuel car owners. The survey was carried out in 2023 and
implemented in two phases. Phase one addressed the study objectives concerning the market
demand analysis of alternative fuel vehicles, while phase two focused on examining the travel
behaviour of E-car users. In total, Phase 1 collected responses from 702 individuals, whereas
Phase 2 collected data from 526 individuals. The collected responses were analysed using
advanced discrete choice models, such as the Nested Logit Integrated Choice and Latent
Variable (NL-ICLV) model, the Latent Class Multinomial Logit (LC-MNL) model, and the
Best Worst Discrete Choice (BWDC) model, among others.

The consumer preference for alternative fuel cars was analysed using the BWDC model,
calculating different parameters for the best and worst choices. Additionally, the correlation
between the unobserved attributes for the best and worst choices was examined using a nested
structure. Whereas the consumer responses for E-car were used to estimate an LC-MNL model,
with class allocation identified based on individuals’ income, motorised two-wheeler
ownership, the number of cars owned in the past, and attitudinal factors. Additionally, the
willingness to pay for the attributes of an Electric Car was calculated. The route choice
behaviour of E-car users was analysed using the NL-ICLV model. The sensitivity analysis was
conducted for the route attributes. To assess individuals’ choices among ‘travel according to
the tour plan without charging the EV, ‘travel according to the tour plan with charging the EV,’
and ‘complete the tour by shifting to conventional-fuel vehicles,” an NL-ICLV model was
estimated. The variation between simple and complex trip chains, as well as between work and
non-work tours, was examined using a segmentation analysis.

From the market demand analysis of alternative fuel cars, the analysis does not find that
purchase cost affects decisions regarding battery electric car choices; however, individuals are

more likely to select plug-in hybrid electric cars and battery electric cars as the worst options
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when the running costs are high. Safety features, such as Advanced Driver-Assistance Systems
(ADAS), do not make a battery electric car an attractive choice, perhaps due to the confounding
factor of upfront cost, while improvements in vehicular noise make all cars a more attractive
option. In the investigation of consumer preferences for E-cars, the latent class multinomial
logit model identified two distinct classes of consumers: Rational consumers and Impulsive
consumers, who differ in terms of household income, vehicle ownership, and attitude towards
battery information. Rational consumers are found to be more sensitive to purchase price than
Impulsive consumers. In understanding the travel behaviour of E-car users, the study observed
that E-car users primarily select a route and then decide to charge at the first charging station
within that route. The route choice behaviour considering charging decision is mainly
influenced by route characteristics, users’ socio-demographic characteristics, and their attitude.
Users’ range anxious and trip planning attitude impact their route choices. E-car users are more
likely to prefer (National Highway 44) NH 44, regardless of the charging decision, compared
to the Yamuna Expressway. An increase in the total cost decreases the demand for both routes;
however, a charging decision affects the route demand. When higher-income E-car users want
to charge their car at the first charging station, they showed a preference for the Yamuna
Expressway. Furthermore, the study assesses the travel and charging behaviour of E-car users.
The study finds that increased tour distance leads to a preference for a conventional fuel vehicle
over an E-car. Besides, participation in a work tour and trip chain complexity positively affect
the choice of conventional fuel vehicles. A higher initial State of Charge (SoC) leads to
decreased preferences for completing a tour in an E-car with charging and shifting to
conventional fuel vehicles. Overall, the study finds that travel behaviour influences charging
choices and travel decisions. E-car users still value conventional-fuel vehicles in accomplishing
their travel needs if E-car attributes are unfavourable. The study also reveals that the effects of
E-car attributes and travel features of E-car decisions vary by the complexity of trip chains and
the purpose of tours. The effect of the remaining SoC on the choice of E-cars for a simple trip
chain is almost equal for the two SoC levels; however, the coefficient is three times the value
at the 40 percent level for the complex trip chain. The utility of an E-car for completing a non-
work tour increases with the remaining SoC levels. Older individuals are found to choose E-
cars for simple trip chains and for non-work tours. The study concludes that the effects of E-
car attributes, travel contexts, and individuals’ characteristics vary by the complexity and
purposes of trip chains. Overall, the thesis highlights implications for market and travel demand

analysis. Findings reveal deeper insights into consumer preferences by considering population
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heterogeneity, which aids policymakers and stakeholders in building sustainable transportation
systems. Understanding E-car users’ travel behaviour supports governments and researchers in
developing effective charging infrastructure.

Keywords: Electric cars, Consumer preferences, Travel behaviour, Stated preferences, India
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