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Abstract — This paper examines the influence of
Artificial Intelligence (AI) on optimizing last-mile
delivery models, focusing on the integration of Al into
fulfillment services. Last-mile delivery, often considered
the most complex and costly segment of the supply chain,
has seen significant improvements with the advent of Al
technologies. From route optimization to real-time
tracking, Al-powered solutions are revolutionizing how
companies manage deliveries to customers' doorsteps.
This paper explores key Al applications, such as
predictive analytics, machine learning, autonomous
vehicles, and robotics, to determine their impact on
efficiency, cost reduction, and customer satisfaction.
Furthermore, it highlights the challenges and
opportunities associated with implementing Al in lastmile
delivery operations.
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Introduction

In recent years, the evolution of e-commerce has led to a
dramatic increase in demand for efficient last-mile delivery
solutions. The last mile refers to the final stage of the delivery
process where goods are transported from a distribution
center to the end customer. This segment has historically been

the most expensive and time-consuming part of the supply

Intelligence (AI) technologies, there has been a significant
transformation in how last-mile deliveries are executed. Al is
optimizing route planning, improving delivery time accuracy,
reducing operational costs, and enhancing the customer
experience. This paper investigates how Al is reshaping last-
mile delivery models, especially in fulfillment services, by

integrating intelligent systems into logistics operations.

Supply Chain by Components
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The importance of Al in last-mile delivery is underscored
by the growing consumer demand for faster, more
affordable, and more reliable delivery services. The
logistical challenges inherent in navigating urban

landscapes, dealing with traffic congestion, and handling
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unpredictable demand have made it essential for
companies to adopt Al-driven strategies to maintain
competitiveness. Through the integration of Al,
companies can automate processes, predict demand
surges, optimize routing, and provide personalized
services to customers. This paper aims to explore these
facets of AI’s role in the last-mile delivery sector and
assess the effectiveness of Al-enhanced fulfillment

services in modern logistics.

Breaking Down Last Mile Delivery Costs

Labor Fuel Delivery Reverse LastMile  Miscellaneous
Costs Costs Equipment Logistics Delivery Costs
Costs Costs Software Costs

Literature Review

The last mile delivery process has been a focal point for
researchers and businesses alike due to its complexity and
cost. A significant body of literature has been dedicated to
analyzing the various factors that contribute to inefficiency in
this segment of the supply chain. As ecommerce has boomed,
logistics and fulfillment companies have been under
increasing pressure to streamline operations while
maintaining high service standards. Various studies have
examined how Al can address the challenges of last-mile

delivery.

According to a study by Gritta et al. (2017), Al can reduce
last-mile delivery costs by optimizing delivery routes through
predictive analytics and machine learning algorithms. Al can
analyze vast amounts of data, including weather, traffic
conditions, and order history, to make realtime decisions
about delivery routes, thereby improving the efficiency of the
entire process. Similarly, Chien et al. (2020) argue that Al
enhances route planning by dynamically adjusting routes in
real-time, a critical capability when facing traffic disruptions

or unexpected customer requests.

Al’s impact is also significant in the area of autonomous
vehicles. A study by Cohen et al. (2018) explored the use of
drones and autonomous delivery vehicles in last-mile
delivery and found that Al-powered autonomous systems
could dramatically reduce human error, increase delivery
speed, and improve cost efficiency. Moreover, autonomous
vehicles and drones enable companies to bypass traffic
congestion and deliver goods in a more timely and efficient

manncer.

Li et al. (2021) discuss how Al-driven demand forecasting
plays a vital role in optimizing inventory management,
ensuring that fulfillment centers are adequately stocked to
meet delivery requirements. Al tools can predict fluctuations
in demand, allowing fulfillment centers to adapt their
inventory levels accordingly, reducing delays and preventing

stockouts.

However, the integration of Al into last-mile delivery also
presents challenges. Zhang et al. (2019) highlight the cost and
complexity of implementing Al technology into legacy
systems, particularly in small to medium-sized enterprises.
Additionally, ethical concerns, such as privacy issues and the
displacement of workers, have been raised in literature.

Nguyen et al. (2020) argue that while Al holds immense

@2024 Published by ResaGate Global. This is an open access article
distributed under the terms of the Creative Commons License [ CC BY NC 4.0 ] and is available on www.jgst.org

22



Vol.3 | Issue-3 | Issue Jul-Sep 2026 | ISSN: 3048-6351

Journal of Quantum Science and Technology (JQST)

Online International, Refereed, Peer-Reviewed & Indexed Journal

potential for operational optimization, companies must
address these ethical concerns to gain consumer trust and

ensure compliance with regulatory standards.

Methodology

This study adopts a qualitative research methodology to
examine the impact of Al on last-mile delivery models. The
research involved a combination of case studies, expert
interviews, and secondary data analysis from industry reports.
The primary aim was to identify the key Al applications in the
last-mile delivery sector and assess their effectiveness in

optimizing fulfillment services. Data Collection

1. Case Studies: The research reviewed several case
studies from leading companies such as Amazon,
UPS, and DHL, who have successfully integrated Al
technologies into their last-mile delivery models.
These companies were selected based on their
advanced use of Al in logistics and their global

presence in the industry.

2. Expert Interviews: Interviews were conducted
with professionals in logistics and supply chain
management, including managers, engineers, and Al
specialists. These experts provided insights into how
Al is applied in practice and the challenges faced

during implementation.

3. Secondary Data: A comprechensive rteview of
industry reports, academic journals, and white
papers was performed to gather quantitative and
qualitative data on the impact of Al technologies in
the logistics industry. Reports from firms such as

McKinsey & Company, PwC, and Accenture

provided valuable statistical insights into the

operational benefits of Al adoption.

Analysis

Data collected from the case studies and expert interviews
were analyzed using thematic analysis. Key themes that
emerged from the research included AI’s role in improving
operational efficiency, reducing costs, enhancing customer
experience, and addressing challenges in urban delivery
logistics. The findings were then categorized and analyzed to

assess the overall impact of Al on last-mile delivery models.
Results

The findings of this study suggest that Al has had a
transformative effect on last-mile delivery models, with

significant improvements in several areas:

1. Route Optimization: Al-powered algorithms are
proving to be highly effective in optimizing delivery
routes. By analyzing real-time traffic data, weather
conditions, and historical delivery patterns,
companies are able to minimize delivery time and
reduce fuel consumption. For instance, Amazon’s
route optimization system, powered by Al, has
enabled the company to improve delivery speeds by

up to 20%.

2. Autonomous  Vehicles and
Drones: The

integration of autonomous vehicles and drones in
last-mile delivery has significantly reduced delivery
times. Al-powered systems allow for dynamic route
planning, enabling these vehicles to avoid traffic
congestion and optimize paths. For example, UPS

has conducted successful trials of autonomous
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delivery vehicles, reducing delivery costs and

increasing efficiency.

3. Customer Satisfaction: Al has also played a key
role in enhancing customer satisfaction. Al systems
allow for real-time tracking and predictive delivery
times, giving customers greater visibility and
control over their orders. Al-driven customer
support chatbots are improving the response time
and accuracy of inquiries, further enhancing the

overall customer experience.

4. Cost Reduction: Al has led to a reduction in
operational costs, primarily through route
optimization, predictive maintenance of delivery
vehicles, and labor automation. By decreasing
reliance on human labor and optimizing the use of
resources, Al has enabled companies to reduce costs

and offer competitive pricing.

5. Demand Forecasting: Al has improved demand
forecasting,  helping  companies anticipate
fluctuations in order volume and adjust their
operations accordingly. This leads to better
inventory management and reduces stockouts or
overstocking, which can cause delays or increased

costs.

Conclusion

The integration of Artificial Intelligence in last-mile delivery
models represents a significant leap forward in the logistics
industry. Through predictive analytics, route optimization,
and the use of autonomous vehicles, Al is driving operational
efficiency, reducing costs, and improving customer

satisfaction. However, the imlplementation of Al also comes
@2024 Publi

with its own set of challenges, including high initial
investment costs, privacy concerns, and the need for skilled

labor.

Despite these challenges, the long-term benefits of Al in
optimizing last-mile delivery models outweigh the hurdles.
As Al technology continues to evolve, its potential to reshape
the logistics landscape remains immense. The adoption of Al-
driven fulfillment services is expected to increase
significantly in the coming years, with more companies
leveraging Al to enhance delivery operations and meet

growing consumer demand for faster, more reliable services.

Further research is needed to explore the ethical implications
of Al in last-mile delivery and its impact on the workforce.
Additionally, the scalability of Al solutions for small and
mediumsized enterprises remains a crucial area for future
investigation. As Al continues to evolve, its role in
transforming last-mile delivery will remain a focal point for

innovation in the logistics industry.
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