
LOCS-CEV
Large-scale Optimisation for Charging Scheduling of

a Commercial Electric Vehicle fleet
Vijeth Udupa

AI generated image





LOCS-CEV
Large-scale Optimisation for Charging Scheduling

of a Commercial Electric Vehicle fleet

by

Vijeth Udupa

MSc Thesis
in partial fulfilment of the requirements for the degree of

Master of Science
in Mechanical Engineering

at the Department of Maritime and Transport Technology, Faculty of Mechanical Engineering,
Delft University of Technology,

to be defended publicly on Thursday August 28, 2025 at 11:30 AM.

Student number: 5916240
MSc Track: Multi-Machine Engineering
Report Number: 2025.MME.9093
Project duration: January 20, 2025 – August 28, 2025
Thesis Committee: Dr. Bilge Atasoy Chair and Supervisor, TU Delft

Dr. Mingye Luan Supervisor, TU Delft
Dr. Mark Duinkerken External Committee Member , TU Delft
Dr. Amin Sharifi Kolarijani External Committee Member, TU Delft
Dr. Róbinson Medina Company Supervisor, TNO
Ir. Alenka Beckers Company Supervisor, TNO

An electronic version of this thesis is available at http://repository.tudelft.nl/.

http://repository.tudelft.nl/




Preface
This thesis marks the completion of my journey as a Master’s student in Mechanical Engineering at Delft
University of Technology. The past two years have been nothing short of a roller coaster ride, filled with
highs and lows. Looking back, I take great pride in having navigated these challenges and emerging
stronger and as a better version of myself.

I would like to express my sincere gratitude to all those who have been instrumental in the completion of
this thesis. First and foremost, I am deeply thankful to my supervisor and chair, Dr. Bilge Atasoy, and my
second supervisor, Dr. Mingye Luan, whose regular meetings were always insightful and enriching. I am
also immensely grateful to Dr. Róbinson Medina and Ir. Alenka Beckers from TNO for their invaluable
feedback, which consistently challenged me to go beyond my limits and refine my research goals. Each
discussion with them was both intense and enlightening, providing clarity and motivation. I also extend
my thanks to the entire Powertrains department for including me in engaging lunchtime discussions and
team events.

My heartfelt gratitude goes to my family and friends. I am forever indebted to my parents and brother
for their unwavering belief in me and their unconditional support, which have made this achievement
possible. I am also grateful to Mr. Suresh Bhat for his financial support, and to Surbhi Parashar, whose
constant encouragement ensured that I gave my best at every stage of my Master’s journey. I would
also like to thank my cousins, who were always just a phone call away whenever I needed someone to
talk to. Lastly, I am deeply thankful to my close friends, each of whom has contributed in some way over
the past two years. Words cannot fully capture how much everyone in my circle has done to help me
grow, and I will remain forever grateful.

As my time in Delft comes to an end, I am deeply grateful for the opportunity to study at this esteemed
university in such a beautiful country. I cherish the friendships I have made and the valuable life lessons
I have learned along the way. Now, as I embark on the next phase of my life, I sincerely thank you for
taking the time to read my thesis. I hope you find it both informative and enjoyable, and that it contributes
to your knowledge in some way.

Vijeth Udupa
Delft, August 2025

iii





Abstract
The rapid adoption of Commercial Electric Vehicles (CEVs), such as electric trucks and buses, is driven
by advancements in battery technology, supportive government policies, and increasing environmental
awareness. This growth imposes substantial demand on power grids, necessitating efficient charging
strategies to ensure cost-effective fleet operations, grid stability, and environmental sustainability. This
thesis addresses the challenge of scalable charging scheduling for a heterogeneous fleet of CEVs at
depots with heterogeneous chargers, where the number of chargers is less than the number of vehi-
cles. The optimisation objectives include minimising electricity cost, minimising battery degradation,
and maximising robustness to variations in arrival and departure times. A Mixed Integer Non Linear
Programming (MINLP)-based centralised framework was used as a baseline, and a Multi-Agent Sys-
tems (MAS)-based hybrid framework was proposed, in which vehicle, charge request, charger, and
depot agents coordinate via direct communication and a shared blackboard. The hybrid method gen-
erates charging schedules through four sequential steps, combining centralised decision-making by the
depot agent with distributed data processing by other agents. Case studies with fleets of 10, 25, 50,
and 100 vehicles showed that the hybrid method produces feasible solutions with minimal deviations in
objective values, reduces computation time by up to 99%, and exhibits approximately linear scalability
with fleet size across all objectives. Its flexibility also allows experimentation with agent rules and ob-
jective function definitions to evaluate their impact on performance. The results demonstrate that the
proposed MAS-based hybrid framework enables scalable and adaptable charging scheduling under grid
constraints.
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Summary
The shift to Commercial Electric Vehicles (CEVs) such as electric trucks and buses is acknowledged
worldwide as a critical step towards sustainable transport and mobility. The acceleration in the global
adoption of CEVs is driven by several interrelated factors such as advancements in battery technology,
policies rolled out by various governments worldwide and rising environmental awareness among busi-
nesses. This acceleration results in an immense surge in power demand for charging these vehicles.
Thus, the power grid has to take up this additional load on top of the existing demands. In order to
ensure cost-effective CEV fleet management, grid stability, and environmental sustainability, efficient
charging scheduling strategies must be developed.

This Master’s Thesis aims to address the problem of developing a scalable charging scheduling optimi-
sation framework for a heterogeneous fleet of CEVs charging at a depot with heterogeneous chargers
while preventing grid overload. The heterogeneous fleet consists of vehicles with different battery ca-
pacities, whereas the heterogeneous chargers have different power outputs. This research focuses on
the scenarios where the number of chargers at the depot is less than the number of vehicles in the fleet.
As a result, the chargers must be utilised efficiently to minimise vehicle waiting times. Each vehicle has
one or more charge requests, which include the vehicle’s Expected Time of Arrival (ETA) at the depot,
Expected Time of Departure (ETD) from the depot, and the energy needed for its next trip. The optimi-
sation objectives for this research include minimising electricity costs, minimising battery degradation,
and maximising robustness to variations in arrival or departure times.

A literature review identified two main classes of optimisation frameworks: centralised methods, which
provide globally optimal solutions but are computationally intensive, and decentralised methods, which
offer better scalability through distributed data processing but face complex coordination challenges
due to decentralised decision-making. While centralised methods dominate existing CEV studies, de-
centralised approaches are gaining attention for large-scale applications.

With the help of a detailed problem description, a Mixed Integer Non Linear Programming (MINLP)-
based centralised framework was developed as a baseline, alongside a Multi-Agent Systems (MAS)-
based hybrid framework was proposed. The hybrid method defines an agent for every vehicle, charge
request, charger and depot. Direct communication happens between the vehicle agents and their charge
request agents, whereas the depot agent, charge request agents and the charger agents communicate
via a shared blackboard. The hybrid method generates a charging schedule through four sequential
steps, with centralised decision-making by the depot agent supported by distributed data processing
from the other agents. Every agent ensures that its local constraints are always satisfied while sharing
information with other agents. Based on the information available on the blackboard, the depot agent
assigns chargers to charge requests while ensuring that all assignments adhere to the grid constraints.

The developed frameworks were verified for correctness using a synthetic use case and additional ver-
ification tests. A case study with fleet sizes of 10, 25, 50, and 100 vehicles was then conducted to
evaluate performance in terms of computation time and objective values. For a 10-vehicle fleet, the
hybrid method produced feasible solutions with minimal deviations in objective values and a 99% reduc-
tion in computation time compared to the centralised method, highlighting the advantage of distributed
data processing employed by the hybrid approach. Additionally, the hybrid method’s flexibility enabled
experimentation with different agent rules and objective function definitions to study their impact on per-
formance. Compared with TNO’s Genetic Algorithm (GA)-based Charge Planning Tool (CPT), the hybrid
method achieved 1.5%, 2.2%, and 2.9% lower electricity costs for fleets of 10, 25, and 50 vehicles, re-
spectively, with cost savings increasing with fleet size. In terms of scalability, computation time for the
hybrid method increased linearly with fleet size when minimising battery degradation, but followed an
exponential trend for electricity cost minimisation and robustness maximisation.

It was observed that the hybrid method was unable to produce a feasible solution within 24 hours for the
100-vehicle case, mainly due to sequential implementation and redundant counter-proposals generation.
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To address this, improvements such as parallel execution, reducing redundancy in counter-proposals,
and introducing additional agent rules were discussed. A new coordination approach between agents
was implemented, significantly reducing computation time and establishing an approximately linear rela-
tionship between computation time and fleet size across all objectives. Consequently, the hybrid method
was able to generate schedules for the 100-vehicle fleet for all objectives, achieving a 5.2% reduction
in electricity cost compared to TNO’s CPT.

In conclusion, the results demonstrate that the proposed MAS-based hybrid framework effectively ad-
dresses the main research question by enabling scalable charging scheduling that accounts for hetero-
geneity and grid constraints. For future research, incorporating realistic charging profiles and battery
degradation models to evaluate the hybrid method’s performance is recommended. Additionally, with
the availability of operational data, agents could be trained to adapt their behaviour based on historical
patterns, enabling data-driven decision-making. Therefore, a promising direction is to investigate the
performance of a Multi-Agent Reinforcement Learning (MARL)-based optimisation framework.
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