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ABSTRACT

The rapid expansion of e-commerce and shifts in consumer preferences have significantly increased the need for effective last-mile
delivery solutions. This paper explores the obstacles that last-mile delivery service providers encounter while highlighting innovative
strategies to overcome them. The study identifies major challenges, including elevated costs, inefficient routing, sustainability
issues, and rising customer demands. It analyzes the role of emerging technologies such as automation, Al-powered logistics, and
alternative delivery methods like drones and autonomous vehicles. Furthermore, it discusses approaches for optimizing delivery
routes, improving workforce management, and ensuring scalability in diverse environments. This research offers practical
recommendations for boosting delivery efficiency, minimizing costs, and meeting customer expectations, thereby contributing to
advancements in logistics and delivery systems.
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INTRODUCTION

Last-mile delivery is the final and often most intricate phase of
the logistics process, where products are transported from a
distribution center to the customer's doorstep. This segment has
become increasingly important due to the surge in e-commerce
and the growing demand for quick, reliable, customizable
delivery options.

However, this stage poses significant challenges, such as high
operational costs, ineffective route planning, traffic-related
delays, and the need to cater to individualized customer needs.
Urban environments face additional hurdles, including
restricted parking, delivery time constraints, and the push for
sustainable practices, all of which emphasize the necessity of
innovative solutions in this space.

To tackle these issues, businesses adopt modern strategies like
Al-driven route optimization, autonomous vehicles, drone
deliveries, and decentralized logistics models such as micro-
fulfillment centers. These advancements are revolutionizing
last-mile delivery, improving efficiency, reducing costs, and
enhancing consumer satisfaction.

As a critical element in the supply chain, last-mile delivery
drives logistical innovations, inspiring further research to
optimize its efficiency and address its challenges.

Last Mile Delivery In India

Last-mile delivery in India has become a critical focus area due
to the rapid growth of e-commerce and the increasing demand
for efficient logistics solutions. This final stage of the supply
chain, where goods are delivered from a distribution hub to the

customer's doorstep, presents unique challenges in the Indian
context.

e E-commerce Boom: The Indian e-commerce market is
growing rapidly, projected to hit $200 billion by 2027,
driving the need for efficient last-mile delivery.

e  Urban-Rural Divide: Urban areas deal with traffic jams
and limited parking, while rural regions face
infrastructure challenges, affecting delivery times and
efficiency.

e (Cash on Delivery (COD): With 60% of online
transactions relying on COD, delivery operations become
more complex and riskier for service providers.

e High Costs: Last-mile delivery contributes to over 50%
of total logistics expenses, making cost optimization a
major focus for companies.

e  Varied Delivery Expectations: Urban customers expect
same-day or even two-hour deliveries, while rural areas
experience delays of 4-7 days.

e Technological Advancements: Companies are adopting
Al, machine learning, and route optimization tools, with
75% of leading Indian logistics firms already using these
technologies.

e Failed Deliveries: Around 15-20% of deliveries fail on
the first attempt, leading to inefficiencies and additional
costs.

Government supportive scheme to enhance Last mile
Delivery

The Indian government has been actively working to improve
last-mile delivery systems across the country, recognizing how
essential they are for connecting businesses to consumers.
Several initiatives and policies have been put in place to make
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this process smoother, more efficient, and accessible for
everyone.

One of the key steps has been the Digital India Initiative, which
promotes technology adoption like real-time tracking and
digital payment systems, making deliveries more reliable.
Similarly, the Startup India program encourages young
entrepreneurs to bring innovative ideas to the logistics
industry—think drones, autonomous vehicles, and smart route
planning!

In rural areas, the Pradhan Mantri Gram Sadak Yojana
(PMGSY) has been a game changer. It focuses on building
better roads, which are crucial for reaching remote villages and
ensuring smooth deliveries. On the environmental front, the
FAME India Scheme is pushing for the use of electric vehicles
in logistics to make deliveries greener and more sustainable.

The government has also introduced the National Logistics
Policy (NLP), which is all about reducing costs and boosting
efficiency in the delivery ecosystem. It’s designed to create a
unified logistics network, benefiting last-mile services directly.
Plus, there’s the E-Way Bill System, which has streamlined the
movement of goods between states, cutting delays and
improving timelines.

All of this shows how the government is taking real steps to
address the challenges in last-mile delivery, from reducing
costs to ensuring environmental sustainability and improving
connectivity. These efforts are laying the foundation for a more
robust and efficient logistics system in India.

REVIEW OF LITERATURE

Last-mile delivery, the final step in the supply chain where
products reach customers, is a hot topic in logistics because of
its importance and complexity. It's no secret that this stage takes
up a staggering 53% of total shipping costs, as noted by Gevaers
et al. (2011). Challenges like traffic congestion, delivery
failures, and limited infrastructure have turned this seemingly
simple task into a logistical puzzle. Experts like Boysen et al.
(2021) and Esser & Kurte (2020) discuss the constant trade-off
businesses face—balancing cost-cutting measures while
ensuring high-quality service. Automation tools like drones and
robotics bring exciting possibilities, but their practical
implementation is still under scrutiny due to feasibility
concerns in different regions.

ANALYSIS AND INTERPRETATION

The rise of e-commerce has fueled both technological
advancements and higher customer expectations. Tools like AI-
driven route optimization and platforms like Uber Eats are
revolutionizing delivery models, as highlighted by Goodchild
and Toy (2018). However, Lagorio et al. (2016) emphasize the
hurdles in widespread adoption, such as infrastructure
limitations, regulatory policies, and consumer acceptance. At
the same time, consumers increasingly demand faster
deliveries, with many preferring same-day or even same-hour
options. Meeting these demands pushes companies toward
innovative models like localized fulfillment centers, yet the
literature lacks insights into whether consumers are willing to
choose sustainable delivery methods over speed and
convenience.

Environmental sustainability is another crucial aspect that can't
be ignored. Diesel delivery vehicles, particularly in urban areas,
remain significant contributors to greenhouse gas emissions, as
pointed out by Allen et al. (2018). To tackle this, companies are
exploring eco-friendly alternatives like electric vehicles and
parcel lockers. However, while urban areas have been the focal
point of these studies, rural areas face unique sustainability
challenges that haven’t been thoroughly explored.
Additionally, there’s a notable absence of lifecycle analyses
comparing the environmental impacts of different delivery
systems. Addressing these gaps will pave the way for a more
balanced and sustainable approach to last-mile delivery,
ensuring that it becomes not just efficient and consumer-
friendly, but also environmentally responsible.

RESEARCH METHODOLOGY

"Discrete Event Simulation (DES) offers a powerful framework
for analyzing last-mile delivery systems by modeling the
movement of 250 packages through the entire process. It
captures the dynamic interactions among vehicles, drivers,
customers, and delivery locations. By defining entities, events,
and activities, and parameterizing the model with real-world
data, DES enables researchers to simulate diverse scenarios—
such as the integration of technologies like drones and electric
vehicles. This approach facilitates the evaluation of key
performance metrics, including delivery times, costs, and
environmental impact, ultimately providing data-driven
recommendations to enhance the efficiency and sustainability
of delivery operations."

Metric Diesel Vehicles | Electric Vehicles | Drones | Parcel Lockers
Mean Delivery Time (min) 50 45 35 25
Std. Deviation (min) 12 10 15 8
Cost Per Package (%) 60 50 80 40
Std. Deviation () 7 6 10 5
Carbon Emissions (kg CO2) 1.8 0.6 0.3 0.2
Std. Deviation (kg CO2) 0.4 0.2 0.1 0.05
Customer Satisfaction (%) 70 80 85 82
Std. Deviation (%) 6 5 7 4
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Key Observations

1. Time Efficiency: Drones and parcel lockers are the
fastest delivery methods, with mean delivery times of
35 and 25 minutes, respectively.

2. Cost Effectiveness: Parcel lockers are the most cost-
effective option, with a mean cost of 340 per package,
while drones are the most expensive at X80.

3. Environmental Impact: Electric vehicles and parcel
lockers are the most eco-friendly, with significantly
lower carbon emissions compared to diesel vehicles.

4. Customer Satisfaction: Drones lead in customer
satisfaction (85%), reflecting their speed and novelty,
but parcel lockers also perform well (82%).

Interpretation

Last-mile delivery in India faces unique challenges due to its
vast geography, urban congestion, and diverse consumer
expectations. Key issues include high delivery costs, delays
caused by traffic congestion, and inefficiencies in routing.
Security concerns like parcel theft and address inaccuracies
further complicate the process. Additionally, the lack of
infrastructure in rural areas and the environmental impact of
traditional delivery methods highlight the need for innovative
and sustainable solutions.

Table: Issues in Last-Mile Delivery

Issue Least Less Neutral Important Most Total
Important Important Important Number
Traffic Congestion 5 (2%) 15 (6%) 40 (16%) | 90 (36%) 100 (40%) 250
Delivery Time 10 (4%) 20 (8%) 50 (20%) | 80 (32%) 90 (36%) 250
Windows
Inadequate Delivery 8 (3.2%) 12 (4.8%) 30 (12%) | 100 (40%) 100 (40%) 250
Infrastructure
High Delivery Costs 7 (2.8%) 13 (5.2%) 25 (10%) | 90 (36%) 115 (46%) 250
Limited Delivery 6 (2.4%) 14 (5.6%) 35(14%) | 80 (32%) 115 (46%) 250
Tracking
Table: Table Showing that Respondents' Opinion on the effect of last mile Delivery
Issue Least Less Neutral More Most Effect Total
Effect Effect Effect Number
Traffic Congestion 0 (0.0%) 15 (6%) 50 (20%) | 90 (36%) 95 (38%) 250
Inadequate Delivery 5(2%) 20 (8%) 40 (16%) | 80 (32%) 105 (42%) 250
Infrastructure
High Delivery Costs 0 (0.0%) 10 (4%) 30 (12%) | 95 (38%) 115 (46%) 250
Limited Delivery Tracking 3(1.2%) 12 (4.8%) | 35(14%) | 90 (36%) 110 (44%) 250
Delivery Time Windows 2 (0.8%) 8(3.2%) | 25(10%) | 100 (40%) | 115 (46%) 250
Inefficient Response 5(2%) 10 (4%) 30 (12%) | 85 (34%) 120 (48%) 250
Mechanism
Interpretation
Both tables highlight key challenges in last-mile delivery, with FINDINGS

high delivery costs (46%) and limited delivery tracking (44%-
46%) being the most critical issues across both datasets,
emphasizing the need for cost-effective strategies and robust
tracking systems. Traffic congestion (36%-38%) and
inadequate infrastructure (42%) are significant barriers,
requiring route optimization and infrastructure improvements.
Additionally, inefficient response mechanisms (48%) and strict
delivery time windows (46%) underline the need for dynamic
scheduling and improved customer support. Addressing these
issues holistically can enhance efficiency and customer
satisfaction.
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The findings highlight critical challenges in last-mile delivery.
High delivery costs and limited tracking capabilities are the
most significant issues, impacting efficiency and customer
satisfaction. Traffic congestion and inadequate infrastructure
also present substantial barriers, emphasizing the need for
optimized routes and better facilities. Strict delivery time
windows and inefficient response mechanisms further
underscore the importance of dynamic scheduling and robust
customer support systems. Addressing these areas can
significantly improve overall operational performance.
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SUGGESTIONS e Implement advanced technologies, such as drones,

e Strengthen route optimization practices to minimize autonomous vehicles, and blockchain, to tackle tracking
delays caused by traffic congestion and enhance issues and optimize overall delivery systems.
delivery efficiency.
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