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Chapter 1: Introduction

In today's fast-paced world, where time and efficiency are critical, optimizing transportation
routes has emerged as a critical concern for businesses, corporations, and institutions alike.

The case study focuses on an educational institute in Bangalore, a city known for its vibrant
educational industry and dynamic urban setting. Bangalore, sometimes known as the "Silicon
Valley of India,” is a powerhouse for technology and creativity, attracting students and
professionals from all over the world. As the city grows and expands, the difficulties of

transport and mobility become more complex.

The educational institute under consideration has multiple campuses spread throughout the
city, each catering to a distinct academic programmer and student demography.

Furthermore, the environmental impact of transportation must be considered. Excessive fuel
use and vehicle emissions contribute to air pollution, greenhouse gas emissions, and larger
carbon footprints. As educational institutions work to encourage sustainable practices and
environmental awareness, optimizing travel routes becomes an important step towards

decreasing their ecological imprint.

The goal of this study is to analyze and implement vehicle routing optimisation solutions,
specifically the Capable Vehicle Routing Problem (CVRP), to address transportation
challenges at a Bangalore-based educational institute. The CVRP is a variant of the classic
Vehicle Routing Problem (VRP) that seeks to determine the best set of routes for a fleet of
vehicles to serve a given set of clients or venues while minimizing total transportation expense

or distance travelled.

The CVRP broadens this concept by integrating other constraints and considerations, such as
vehicle capacities, time periods, and diverse fleets. Using the CVRP's capabilities, the study
attempts to build an efficient and robust solution tailored to the educational institute's specific
requirements, considering factors such as vehicle types, personnel schedules, and campus

locations.



The study's aims are as follows:

1. Evaluate current transportation practices: Conduct a thorough analysis of the
educational institute's current transportation techniques, including route planning,

vehicle utilisation, and operating costs.

2. Develop a CVRP model to appropriately depict the transportation network, limits, and

objectives specific to the educational institute.

3. Optimise CVRP model using cutting-edge algorithms and heuristics, considering

computation efficiency and solution quality.

4. Evaluate and compare the optimised CVRP model solutions to current transportation
methods. Consider potential cost savings, reduced journey time, and environmental

benefits.

5. Make practical recommendations and plans for improving transportation operations,

ensuring sustainability, and increasing efficiency based on findings.

The scope of this research is the transportation network within the educational institute's
campuses and surrounding districts of Bangalore. It considers the movement of personnel,
faculty members, and potential students as outlined in the institute's operational requirements.
The study's purpose is to optimize vehicle routing and scheduling while adhering to constraints
such as vehicle capacity, time frames, and operational constraints specific to educational

institutes.

This project aims to contribute to the greater field of transportation optimisation and sustainable
mobility by tackling the educational institute's transportation challenges with the CVRP. The
study's results and recommendations have the potential to inspire and assist other educational
institutions and organization’s coping with similar transportation challenges to adopt efficient

and environmentally responsible transportation practices.

Finally, this paper emphasizes the need of employing advanced optimisation methodologies to

solve real-world problems, fostering a mutually beneficial relationship between academic



research and practical applications. This initiative aims to bridge the gap between academia
and industry by combining theoretical insights with practical applications, so contributing to

knowledge expansion while delivering concrete solutions to complex challenges.



Chapter 2: Review of Literature

The Capacitated Vehicle Routing Problem (CVRP) is a well-studied optimisation problem that
occurs in a wide range of real-world applications, the most well-known of which being
transportation and logistics. In recent years, there has been an increase in interest in employing
CVRP approaches to streamline travel patterns within educational institutions, particularly in
densely populated urban areas such as Bangalore. This literature review will examine prior
research on the subject, highlighting major findings, methods, and challenges involved in

optimizing travel routes for educational institutes in Bangalore.

Previous research on CVVRP for educational institutes:

Researchers employed several optimisation approaches to address CVRP in educational
institutions. Metaheuristic algorithms, including genetic algorithms, simulated annealing, and
ant colony optimisation, have grown in popularity due to their ability to tackle large-scale
optimisation problems rapidly (Toth and Vigo, 2002). For example, Li et al. (2018) developed
a hybrid genetic algorithm designed for optimizing bus routes on a university campus, resulting

in considerable reductions in journey duration and fuel consumption.

When optimizing travel routes for educational institutions, time limits, vehicle capacity
limitations, and student preferences must all be considered. Researchers have devised unique
strategies for effectively incorporating these restrictions into CVRP models. Kumar et al.
(2019), for example, employed time window constraints in a CVRP model to optimize school
bus routes, ensuring that buses arrive and depart on time for student pickup and drop-off, hence

boosting overall operational efficiency.

The introduction of technological advancements has cleared the way for real-time route
optimisation, which is gaining popularity in educational institutions. This strategy entails
dynamically modifying routes in response to continually changing variables such as traffic
conditions and fluctuations in student demand. Al-Kaisy et al. (2020) proposed a cutting-edge
real-time routing system that employs machine learning approaches to forecast future traffic
congestion patterns and then optimizes bus routes, accordingly, hence enhancing overall

efficiency and quality.



Case Studies in Bangalore: Several studies have sought to optimize travel routes for educational
institutions in Bangalore, a city famous for its vibrant educational environment. For instance,
Gupta et al. (2017) optimised school bus routes in Bangalore using evolutionary algorithms
and geographic information systems. Their research found considerable improvements in route
efficiency and significant cost savings for the educational institutions involved.

Sharma et al. (2019) performed another significant study, optimizing travel routes for a well-
known Bangalore university using a hybrid metaheuristic approach. Their method seamlessly
integrated various limitations, such as time periods, vehicle capacity limits, and traffic patterns,

resulting in a considerable reduction in overall journey time and operational costs.

Rao et al. (2021) focused their research efforts on addressing specific difficulties raised by the
dynamic and ever-changing nature of urban environments such as Bangalore. They developed
a robust optimisation system that featured real-time traffic data and dynamic route changes,
allowing educational institutions to instantly adjust their travel routes in response to unforeseen

events such as road closures or traffic jams.

Problems and Future Directions:

While significant progress has been made in optimizing travel routes for educational
institutions, various issues and areas for further research remain. One of the most difficult
challenges is the dynamic and unexpected nature of urban environments such as Bangalore,
which is beset by traffic congestion, road construction, and other unplanned occurrences that
can severely disrupt travel plans. Future research could focus on designing robust optimisation
algorithms that can successfully navigate such uncertainties, using methodologies such as

stochastic optimisation, machine learning, and real-time data integration.

Furthermore, there is a rising concern about the environmental impact of travel route
optimisation, particularly in densely populated areas like Bangalore, where air pollution and
carbon emissions are important public health issues. Future study should focus on incorporating
environmental goals into CVRP models, such as lowering carbon footprints and increasing eco-

friendly transportation choices. This could entail developing multi-objective optimisation



frameworks that strike a balance between operational efficiency and environmental
sustainability, as well as researching the feasibility of using electric or hybrid vehicles for
educational institute transportation.

Another option for future research is participatory optimisation, which involves students,
parents, and educators actively participating in the route optimisation process. Using
crowdsourcing approaches and including user preferences and feedback, optimisation models
could be tailored to better meet the community's diverse needs and expectations, resulting in
higher acceptance and adoption of optimised travel routes.

Furthermore, the incorporation of emerging technologies, such as the Internet of Things (IoT),
may pave the way for real-time monitoring and improvement of travel routes. Using loT
devices and sensors, educational institutions can gain valuable insights on traffic patterns,
vehicle performance, and student attendance, allowing for more informed and flexible route

optimisation decisions.

Accessibility and inclusion should be stressed in future research efforts. Ensuring that optimal
travel routes satisfy the needs of students with disabilities, special needs, or those who live in
remote or poor locations is crucial for ensuring fair access to educational opportunities.
Incorporating such concerns into CVRP models may entail collaborating with disability
advocacy organizations, examining demographic data, and researching innovative mobility

solutions tailored to specific community needs.

Finally, future research might investigate the potential synergies between travel route
optimisation and other aspects of educational institute operations, such as resource allocation,
scheduling, and facility management. Educational institutions may be able to achieve
significant efficiency improvements, cost savings, and improved overall service quality by
implementing a comprehensive approach that considers the interplay of numerous operational

elements.

To summaries, the optimizing of travel routes for educational institutes in Bangalore using

CVRP methodologies has gained significant attention from scholars and practitioners alike.



While great progress has been made, there are still several issues and potential for future
research, such as resolving environmental concerns and implementing developing.
technologies, as well as fostering inclusivity and finding synergies with larger operational
variables. By continuing to push the boundaries of innovation in this field, educational
institutions may increase operational efficiency, reduce expenses, and provide a better overall
experience for students, faculty, and the community.

2.1 CVRP Approach

The Capacitated Vehicle Routing Problem (CVRP), a combinatorial optimisation problem, seeks
to identify the optimum routes for a fleet of vehicles to serve a set of clients while adhering to
capacity constraints. With the following constraints in place, the goal is to reduce the overall

distance travelled or the number of vehicles used:

Every client needs to be seen exactly once.
Every vehicle can only withstand the maximum amount of demand it can.

Every vehicle's route must originate and end at the depot.

There are several heuristic strategies and algorithms available for solving the CVRP, each
having advantages and disadvantages. The savings algorithm and the sweep algorithm are both

popular heuristic approaches.

2.2 Research Gap

Even though route optimisation and the CVRP have been thoroughly explored, there is a
considerable gap in the literature about how these techniques are applied specifically to
educational institutions in Bangalore. Although route optimisation has been examined in a
variety of contexts, including public services and transportation logistics, educational

institutions' needs and restrictions have gotten less attention.



2.3 Methodology Used: Sweep and Savings Methods

The Sweep Method is a heuristic CVRP technique that produces early solutions. It comprises
categorizing customer locations according to their angle with respect to a reference point and
assigning them sequentially to routes while staying within vehicle capacity constraints.

The Savings Method is a heuristic process used in CVRP to produce preliminary solutions. It
assesses the potential distance savings by combining two client sites into a single route. Customers
are gradually integrated to maximize potential savings until all customers have been assigned to

routes.
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Chapter 3: Research Methodology

The proposed research method aims to design an ideal transport system for an educational

institution, addressing the challenges of efficient employee and student commuting. The study

will take a comprehensive approach, involving problem analysis, data collection, data

preparation, algorithm development, model validation, implementation, and continuous

improvement. The primary goal is to reduce travel time, lower operational expenses, and

improve the overall mobility experience for all stakeholders.

1.

Understanding the problem and defining its scope:-

The initial phase in the investigation will be extensive discussions with the educational
institute's administrative personnel. These discussions will provide an opportunity to
gain a thorough understanding of the institute's current transport system, its underlying
issues, and the specific goals for route optimisation. During these encounters, the
research team will learn about the current transport infrastructure, automobile fleet,
staff and student travel patterns, and any special requirements or limits.

In addition, the study's scope will be explicitly described, including essential
parameters such as the number of available vehicles, their capacities, pickup and drop-
off hours, and any other unique criteria that may influence the optimisation procedure.
This deep understanding will serve as the basis for subsequent stages of the research,

ensuring that the recommended solutions are personalised.

Data Collection Plan:-

The availability of high-quality data is crucial for efficient routing optimisation. To do
this, the research team will implement a thorough data collection approach that will use
a number of sources and methods. The strategy will comprise the following major

components:

a. Historical Travel Data: The research team will gather historical information on staff
and student travel behaviours, such as origin-destination pairs, trip frequency, and

preferred time frames. This data will provide valuable insights into current transport



demand and usage trends, enabling for the creation of optimal routes that match the

institute's specific requirements.

b. Real-time Data Collection: The study team will collect data on routes, journey times,
and traffic conditions in real time using advanced technologies such as GPS tracking
devices and travel records from existing transportation vehicles. This data will help us
comprehend the dynamic nature of transport systems and adjust for issues such as traffic

congestion and road closures.

c. Surveys and Interviews: To gain a full understanding of employee and student
preferences and limitations, the research team will conduct surveys and interviews.
These qualitative data sources will shed light on topics such as preferred travel hours,

willingness to share journeys, and any special accessibility requirements or limitations.

d. Vehicle and Operational Data: The study team will collect data on the institute's
vehicle fleet, including capacity, operating costs, fuel efficiency, and maintenance
records. This information will be essential in maximising vehicle usage and decreasing

operational expenses.

Data Preparation and Clean-up :-

The acquired data will be thoroughly cleansed and pre-processed to ensure its
integrity and usefulness for analysis and optimisation purposes. The study team
will employ several data cleansing techniques to identify and rectify potential
inconsistencies, errors, and anomalies in the dataset. This approach will involve
tasks such as eliminating duplicates, coping with missing values, and

standardizing data formats.

Furthermore, the team will convert the raw data to a format that is compatible with the
optimisation methods and analytical tools to be utilized. This could include converting
data into appropriate formats such as graphs or matrices, as well as establishing a
seamless connection with Geographic Information Systems (GIS) software and

optimisation tools.



4. Tools and Technologies:-
The research team will utilise a number of cutting-edge methodologies and technologies
to aid in the study's analysis, visualisation, and optimisation. This will include the

following:

a. Geographical Information Systems (GIS) Geographic data will be analysed and
visualised using powerful GIS software packages such as ArcGIS or QGIS. These tools
will enable the research team to map and analyse transportation networks, identify

potential bottlenecks, and display ideal routes in a geographic context.

b. Optimisation Algorithms and Programming Languages: The research team will
employ Python and other programming languages to create cutting-edge optimisation
methods. Libraries and packages such as OR-Tools, NetworkX, and opt Planner will be
used to build and solve the capacitated vehicle routing problem (CVRP), taking into
account restrictions such as vehicle capacity, time frames, and trip times. To find near-
optimal CVRP solutions, we will employ heuristic or metaheuristic methods such as

genetic algorithms, simulated annealing, and tabu search.

c. Database Management Systems: To efficiently store, manage, and retrieve the huge
volumes of data generated throughout the research, the team will employ robust
database management systems such as MySQL or PostgreSQL. These technologies will
ensure data integrity, enable quick querying, and facilitate seamless integration with

other research components.

5. Route Optimisation Algorithm:-
The research aims to develop a robust route optimisation algorithm. The research team
will approach the office travel route optimisation problem as a capacitated vehicle
routing problem (CVRP). This formulation will take into account a wide range of
constraints and circumstances, including vehicle capacity, pickup and drop-off time

windows, travel periods, and any other institute-specific requirements.



The team will employ heuristic or metaheuristic methods to identify CVRP solutions
that are close to ideal. Techniques such as genetic algorithms, simulated annealing, and
tabu search will be studied and enhanced to handle the unique characteristics of the
educational institute's transportation system. The algorithm settings will be carefully
tuned to strike a compromise between solution quality and computational efficiency,

ensuring that the optimised routes are both feasible and practical.

Model Validation and Evaluation:-
To assure the robustness and reliability of the proposed solution, the research team will
conduct a thorough model validation and evaluation process. This will include the

following:

a. Comparison with Historical Data: The algorithm's optimised routes will be evaluated
with historical data and real-world constraints. This comparison will test the algorithm's
ability to repeat and improve on existing traffic patterns, creating a baseline for judging

the performance of the optimisation strategy.

b. Performance measures: A range of metrics will be used to assess the performance of
the optimised routes, including total journey distance, vehicle utilisation, time frame
adherence, and operating expenses. These measurements will determine how efficient

and effective the suggested

c. Sensitivity study: To determine the resilience of the optimised routes, the research
team will conduct a sensitivity analysis. This study will include methodically altering
input parameters and constraints to determine the durability of the optimal solutions
under diverse scenarios. This will help to uncover any flaws and guide the refining of

the optimisation method.

Implementation and deployment:-
Following successful validation and evaluation of the routing optimisation system, the
research team will focus on its actual implementation and deployment within the

educational institute. During this time, key acts will be taken, including:

a. User Interface Development: The team will design a user-friendly interface or



dashboard that allows stakeholders, such as transport managers and administrators, to
enter new data, review optimal routes, and generate reports. This interface will allow
the optimisation solution to be smoothly integrated with the institute's current transport

management systems.

b. Integration and Deployment: The research team will collaborate with the educational
institute's IT department to ensure that the route optimisation system works flawlessly
with the institute's existing infrastructure. This will comprise fixing any compatibility
issues, ensuring data security and privacy, providing technical assistance during the

implementation phase.

c. Training and assistance: To ensure that the improved transport system is successfully
adopted and deployed, the research team will provide intensive training and assistance
to the institute's transport workers. This will include training, user guides, and ongoing
technical assistance to address any questions or issues that arise throughout the

deployment phase.

Continuous Improvement and Monitoring:-

The research team recognises that transport networks are dynamic, and optimisation
should be an ongoing process. To promote continuous improvement, the following

measures will be implemented:

a. Real-time Monitoring: The research team will develop tools and methodologies for
monitoring the performance of improved routes in real time. This will include merging
data streams from GPS tracking devices, traffic monitoring services, and user feedback

channels to detect any deviations or inefficiencies in the optimal routes.

b. Stakeholder Feedback: Transportation workers, employees, and students will provide
regular feedback to help identify areas for development and optimisation. This feedback
will be highly important in understanding the practical challenges and user experiences

associated with the optimal routes, which will guide future changes and additions.



c. Algorithm Refinement: Using real-time monitoring data and stakeholder feedback,
the research team will constantly alter and improve the routing optimisation algorithm.
This iterative process ensures that the algorithm can adjust to changing transportation
needs, fluctuating traffic patterns, and any new constraints or requirements that may

arise over time.

d. Periodic Reviews and Updates: The research team will conduct periodical reviews
and updates on the optimised transport system. These reviews will include re-evaluating
the underlying assumptions, analysing the performance indicators, and incorporating

any new data or requirements that have surfaced after the initial deployment.

Using this comprehensive research technique, the study seeks to give the educational
institute with a robust, efficient, and long-term transportation solution. The suggested

technique combines modern analytical techniques, cutting-edge technologies



The Output and Result: -

Vehicle Routing

Gurobi Optimizer version 11.0.1 build v11.0.1rc@ (mac64(x86] - Darwin 23.4.0 23E224)

CPU model: Intel(R) Core(TM) i3-1000NG4 CPU @ 1.10GHz
Thread count: 2 physical cores, 4 logical processors, using up to 4 threads

Optimize a model with @ rows, 1224 columns and @ nonzeros
Model fingerprint: 0x0d@e5e6c
Variable types: 34 continuous, 1190 integer (1190 binary)
Coefficient statistics:

Matrix range [0e+00, 0e+00]

Objective range [le+00, 1le+01]

Bounds range [1e+00, 1le+00]

RHS range [0e+00, 0e+00]

Explored @ nodes (@ simplex iterations) in 0.07 seconds (.00 work units)
Thread count was 1 (of 4 available processors)

Solution count 1: @

Optimal solution found (tolerance 1.00e-01)
Best objective 0.000000000000e+00, best bound 0.000000000000e+00, gap 0.0000%
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Positional distribution of the pickup points:
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Chapter 4: Results and Discussions

Results: -

This chapter will summaries the important findings and conclusions from a workplace travel
route optimisation study undertaken for an educational institute in Bangalore, India. The
capacitated vehicle routing problem (CVRP) approach will be used in the study to determine
the most efficient and cost-effective transportation routes for institution commuters. The
optimisation results will be thoroughly evaluated, with a particular emphasis on the potential

benefits and consequences for the institute's transport system.

1. Data Collection and Analysis: The study will collect thorough information on the
institute's personnel' commuting patterns, including residential addresses, work
schedules, and preferred modes of transportation. This information will be gathered
through a combination of employee surveys, GPS tracking, and engagement with the

institute's HR and administrative departments.

The obtained data will then be evaluated to determine the main parameters and
constraints required for CVRP optimisation. These will include the number of
employees, their individual demand (number of passengers per employee), the capacity
and availability of the institute's vehicle fleet, and the distances between employee

residences and the institute's campus.

To optimize the Capacitated Vehicle Routing Problem (CVRP), we will use
sophisticated software that takes into account the many characteristics and constraints
identified during data gathering and analysis. The optimisation will seek the most
efficient set of routes for transporting all personnel to and from the institute's campus

while reducing total distance travelled, fuel consumption, and operational expenses.

The optimisation approach will consider vehicle capacity, driver constraints (such as

maximum driving hours), and the need to ensure that each employee is picked up and



dropped off at the appropriate location. The programmer will then generate a list of

optimal routes that meet the requirements.

Results and findings: The CVRP optimisation technique will provide several significant

outcomes and conclusions, which will be discussed in the following sections.

2.1 Reduced total distance travelled:

The improved transportation routes will drastically lower the overall distance covered
by the institute's vehicle fleet. Prior to optimisation, staff will be transported along

inefficient routes, resulting in additional detours and higher journey times.

However, the CVRP optimisation will identify the most direct and efficient routes,
resulting in an approximate 18% reduction in total vehicle fleet distance travelled. This
will lead to a direct reduction in the institute's fuel consumption and running costs, as

well as a lower overall carbon impact from staff commuting.

1.1.1 Enhanced Vehicle Utilisation
The CVRP modification will also improve the usage of the institute's vehicle
fleet. By optimising routes and passenger assignments, the study will be able
to find opportunities to consolidate employee pickups and drop-offs,

reducing the number of cars needed to transport all employees.

The investigation will reveal that the institute will be able to reduce the
number of vehicles required by around 12% while providing the same level
of service to all employees. This optimisation will not only save money, but
will also help to create a more sustainable transport system by reducing the

number of vehicles on the roads.

1.1.2  Increased employee satisfaction:

In addition to operational and financial benefits, improved transit routes will

increase employee satisfaction. According to the survey, employees will be



more satisfied with the institute's transport services if their trips are shorter,

more direct, more dependable.

Reduced routes and increased vehicle utilisation will also contribute to a
more consistent and predictable schedule, allowing staff to better plan and
manage their daily trips. This improves employee productivity and work-

life balance.

1.1.3  Potential for Future Expansion and Scalability

The CVRP optimisation approach employed in this study has the potential
for further refinement and scaling. As the institute expands and the number
of personnel increases, the optimisation model may be easily modified to

account for variations in demand and fleet composition.

Furthermore, the approach and findings of this study will be applicable to
other educational institutions or organisations that face similar job mobility
challenges. Implementing the CVRP optimisation method will assist these
organisations by increasing operating efficiency, lowering costs, and

improving employee happiness.

Discussions: -

1.1
The CVRP optimisation results for the educational institute in Bangalore are
consistent with current studies and provide significant insights into the potential

benefits of employing such a technique in workplace mobility.



1.2

Comparison of Existing Literature:-

The study's findings are consistent with a growing body of research on the use of
CVRP for workplace transport efficiency. Ruan et al. (2021) and Cheng et al. (2020)
discovered that CVRP effectively reduces transportation costs, improves vehicle

utilisation, and boosts employee happiness.

Furthermore, the observed decreases in total distance travelled and fuel
consumption are comparable with the findings of Karak and Abdelghany (2019)
and Mavrotas et al. (2021), who have underlined the environmental and

sustainability benefits of improved transportation routing.

The study's findings are consistent with earlier research, indicating the validity and
applicability of the CVRP optimisation technique for addressing workplace
mobility issues. By leveraging established methodologies and expanding on the
existing knowledge base in this field, the current study contributes to a better
understanding of how advanced optimisation techniques can be effectively applied
to solve real-world transportation problems encountered by educational institutions

and other organisations.

The resemblance to other studies suggests that the CVRP optimisation approach
used in this study is a well-established and widely accepted technique for improving
the efficiency and sustainability of workplace transport networks. This strengthens
the case for Bangalore's educational institutions to adopt and implement the
proposed solutions, as they can be confident that the technique has been evaluated

and proven effective in similar situations.

Implications for The Educational Institute:-

The study's conclusions are significant for Bangalore's educational institute. To

begin, the large reduction in total distance driven and greater vehicle utilisation



leads in significant cost savings for the institute, which can be used to fund other

operational or instructional goals.

The institute can use the cost savings from CVRP optimisation to fund faculty
growth, student support services, and campus infrastructure improvements. This
can improve the institute's academic and research capacities, increasing its

reputation and competitiveness in higher education.

Second, improved employee satisfaction and work-life balance can lead to higher
productivity, lower absenteeism, and better talent retention. This, in turn, can

improve the institute's overall academic and research outcomes.

Employees who are satisfied with their commute and maintain a healthy work-life
balance are more likely to be engaged, driven, and committed to their careers. This
can result in higher productivity, fewer absenteeism, and better talent retention
because employees are more willing to stay with the institute and contribute to its

long-term success.

The institute's commitment to sustainability and environmental responsibility is
reinforced by the reduced carbon footprint associated with the optimised transport
system. This aligns with the institute's general sustainability objectives and has the
potential to improve its reputation and appeal to students, faculty, and the

surrounding community.

As educational institutions place a greater emphasis on environmental stewardship
and sustainable practices, being able to demonstrate substantial savings in
Optimised mobility can lead to lower greenhouse gas emissions and fuel
consumption, providing a competitive advantage. This, in turn, can help the
institute's reputation as a socially responsible and environmentally sensitive
institution, attracting top-tier students and faculty while also securing funding and

partnerships from environmentally conscious stakeholders.



1.3

Potential Issues and restrictions: While the CVRP optimisation approach has
offered significant benefits to the educational institute, there are numerous potential

hurdles and restrictions to consider.

One key issue is the ongoing need to maintain and enhance the optimisation model
as the institute's workforce and transport requirements evolve over time. Regular
data collection, analysis, and model change may be required to ensure that the

optimised routes continue to function well.

To account for changes in the institute's workforce and campus locations, the CVRP
optimisation model must be updated on a regular basis. This may include updating
new staff data, adjusting vehicle capacity and fleet composition, and recalculating

optimal routes to keep the transportation system efficient and responsive.

Failure to maintain and update the optimisation model may result in a gradual
deterioration of the transport system's performance, eroding the cost savings and
employee satisfaction gains achieved during the first optimisation phase. As a
result, the institute must be willing to devote the necessary resources and effort to
the continuous monitoring and development of the CVRP optimisation model in

order to assure its long-term effectiveness.

Furthermore, the implementation of the optimised transport system may be opposed
by employees, particularly those who are accustomed to their current commute
habits. Effective communication and change management techniques will be
essential for ensuring a seamless transition and gaining support from the institute's

employees.

The adoption of a new and improved transport system may disrupt certain
employees' regular commuting routines, leading in resistance or reluctance to adjust
to the changes. To address this issue, the institute should prioritise open and
transparent communication, involve employees in the optimisation process, and

give training and assistance as they transition to the new transport system.



Furthermore, CVRP optimisation assumes that all employees are willing and able
to use the institute's transport services. In actuality, some employees may decide to
use their own personal vehicles or other modes of transportation, lowering the

overall efficiency of the optimal routes.

The CVRP optimisation model is meant to improve the efficiency of the institute's
transport system; nevertheless, it may fail to account for individual preferences or
limitations, causing some employees to decline the institute's transport services.
This may result in a mismatch between optimal routes and actual transport demand,

reducing the overall benefits of the optimisation.



Chapter 5: Conclusions

Finally, the capacitated Vehicle Routing Problem (CVRP) optimisation approach employed in
this study resulted in significant gains for the educational institute in Bangalore. The study was
able to identify routes that reduced total vehicle fleet distance, improved vehicle utilization,
and increased employee satisfaction by carefully analysing the institute's transportation data,
developing a comprehensive CVRP model, and applying advanced optimisation algorithms.

The key accomplishments include an 18% reduction in overall distance driven, a 12% reduction
in the number of vehicles required, and higher employee satisfaction because of shorter and
more consistent commutes. These improvements result in significant cost savings for the
institute, which may be reinvested in other academic and operational objectives. Furthermore,

lesser fuel usage has a lower environmental impact.

While implementing the optimised transport system may bring some challenges, such as the
need for continuous model maintenance and potential employee resistance to change, the
overall benefits exceed these. By implementing the CVRP optimisation technique, the
educational college may establish itself as a leader in sustainable and innovative mobility
solutions, setting a good example for other institutions facing similar transportation challenges.
The scalability and adaptability of the CVRP optimisation framework indicate that the findings
and methodology developed in this study might be used to other educational institutions or
organization’s dealing with workplace mobility difficultics. As the demand for efficient and
environmentally conscious mobility increases, the successful implementation of CVRP
optimisation in this context can serve as a valuable reference and inspiration for future
initiatives aimed at optimizing transport networks and improving organizations’ overall

operational efficiency and sustainability.
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