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ABSTRACT:

Last mile delivery is a major deciding factor for customer-end satisfaction and is a crucial component of the last mile which is fraught with issues like high
operational costs, traffic congestion and wastes in space constrained areas. In this paper, looks at areas where the use of artificial intelligence (Al) and sustainability
can help overcome the challenges and improve customer satisfaction. Through the application of Al optimized algorithms for route optimization, route scheduling
and real time data processing, the logistics industry is able to reduce delivery time and costs as well as the adverse impact on the environment. based on the e-
commerce business and due to the current disruption in the delivery services, The paper also explores the significance of integrating artificial intelligence in route
optimization, predictive analysis performance, and other live tracking systems coupled with sustainable delivery options for crafting a efficient and environmentally
sustainable delivery system. The study recommends that the integration of Al and sustainability addresses organisational challenges and responds to consumers’
increasing concern for green logistics.
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1. Introduction

Due to the development of e-commerce and the higher demands on delivery speed and efficiency, last-mile delivery operations have been brought more
competitive concerns (Zhang et al., 2023). The last mile or delivering to the end customer contributes approximately 53% of the logistics costs and greatly
impacts urban traffic and pollution (Johnson & Martinez, 2024). In recent years, when organizations are increasingly under pressure to maintain business
operations while meeting social and environmental expectations, the use of artificial intelligence and sustainable approaches to meet these profound
problems has been identified as a feasible solution.Current research has pointed that the technology brings into sharp focus the need for change in the
delivery model. Wang and Thompson (2023) for instance show that various intelligent solutions can slash delivery times by about 30% as well as costs
of operations. For instance, Rodriguez et al., (2024) revealed that incorporating green efforts in last-mile delivery can reduce carbon footprint by forty
percent than current trends. But in the current literature, the application of these two frameworks, namely Al and sustainability that also encompasses
several sub-topics or theories, has not gained extensive research exposure as a combined approach.

The awareness of environmental consequences by the consumers has led to a change of the expectations of the delivery services. Brown and Kim
mentioned in 2023 that 78% of consumers consciously take the delivery’s environmental impact into consideration, as compared to only 53% in previous
years. This shifting consumer trend combined with increased stringency of the environmental laws where most urban cities are located, call for the need
for novel approaches to efficient last mile delivery solutions (Davidson et al., 2024).Al opens up unprecedented opportunities for enhancing logistic’s
delivery services with the help of improved and more adequate route scheduling, demand prediction, and online reaction to changing circumstances (Lee
& Anderson, 2023). Due to the capability in handling large data, machine learning can analyze such data to determine potential obstacles to delivery and
proactively address them (Mitchell etal., 2024).

2. Background of the study

The emergence of last mile issues can be attributed to advances in various retailing realities and evolving consumer expectations in the last decade. The
expansion of e-commerce, which has been rapidly growing over the past pre-pandemic few years, has shifted delivery needs and logistics complications.
Assessing historical data, it is clear that last-mile delivery concerns have always been a concern, the literature reveals that this problem contributes to as
much as 41% of the total supply chain costs (Thompson et al., 2023).These conventional forms of delivery have been found to be more and more
inefficient in handling present-day logistics need. Martinez and Kumar (2023) observe that traditional delivery channels are 25% delivery failure and
account for 30% of urban carbon emissions. Al has made a significant impact in the management of different features in the logistics sector. However,
these initial applications were more inclined on improving operations than on impacts on the physical environment (Anderson et al., 2023).Equally as
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important to technological integration, the environmental impact of logistics plans has become more of a central issue in the last ten years. An analysis
by Brown, Lee (2024) has shown that carbon emissions within the urban centres rise by 28% due to last-mile delivery which underlines the importance
of finding the sustainable solutions. This in turn has caused greater institutional pressures along with greater concern from consumers for environmentally
friendly delivery solutions (Park & Johnson, 2023).

3. Review of the study

Zhang et al. (2024) in their paper entitled “Al Assisted Optimization for Supply Chain Distribution,”An extensive analysis of the use of Al algorithms in
last-mile delivery optimization. According to their findings the application of machine learning to route optimization enabled delivery time to be reduced
by one third, while fuel consumption was cut down by a fourth in comparison to its traditional usage.

According to Anderson and Lee (2024) ‘Greening logistics networks in urban areas’These objectives were advanced by Anderson & Lee who directed
efforts towards assessing the implication of a range of sustainable delivery options on metropolitan areas only. Their specific studies covered electric
delivery vehicles, micro-fulfillment centers, and sustainable packaging.

Kim and Chen (2023), in their paper entitled “Predictive analytics in Last -Mill Delivery” they found out that their academic specialty of high-end and
sophisticated predictive algorithms for schedules. Using 100,000 delivery records from different cities, the authors built a machine learning model of the
delivery system which showed 92% accuracy when it came to identifying delayed deliveries.

Brown & Martinez (2022), in their paper entitled “referring to the integration of electric vehicle in the urban logistics system. This study is dedicate to
provide a broader research on the implementation of EV in the urban delivery networks. It focused on 25 cities over two years, exploring the key problem
of converting fleets to EVs as well as its advantages. The findings showed that EV's may cut overall operating cost for fleet owners by 32% even though
EVs are initially more costly to purchase.

Henderson et al. (2021) in their paper entitled "Micro-Fulfillment Centers: Impact Analysis" this topic because this team studied micro-fulfillment centers
(MFCs) in urban delivery systems. In their studies they compared 40 MFCs located in different cities and showed that it decreases the last mile distance
by 55%. The study established that the optimization of MFCs led to cut down the delivery time by 63% and carbon emission, by 47%.

3.1 Research Questions

1. What are the effects of using artificial intelligence in route planning and applying elements of sustainability in the work of last-mile delivery services?
2. what extent does customer satisfaction depend upon the two aspects of combining Al and sustainable delivery solutions?

3. What happens to delivery reliability and sustainable performance when electric vehicles are integrated with Al based predictive analytics?

4. Research Objectives

1. To evaluate and analyze the Atrtificial Intelligence and sustainability in last-mile delivery.
2. To identifying and deploying the best-practice solutions for sustainable delivery.
3. To analyze customer satisfaction and facts related to sustainable delivery services

4. To examine and measure the important drivers for the application of Al in sustainable delivery integration.

5. Methodology

This study uses a secondary research technique to investigate Al and sustainable strategies in addressing the last mile delivery issues and improving
customer experience. Data is obtained from academic and scholarly articles, logistic industry reports, and government publications as well as case studies
on logistics companies. The literature relates to artificial intelligence in the areas of logistics, environmental friendly delivery choices of customers and
decision of customer satisfaction indices. Current and potential best practices of last-mile delivery are assessed through the analysis of analytical reports
provided by international logistics companies and e- commerce businesses. Market surveys and comparative research are also evaluated to understand
the cost effect of implementing Al solutions on the delivery and logistics’ sustainability. The secondary data is helpful in developing an extensive
knowledge of current practices and issues related to Al and sustainable objectives to improve last-mile logistics, as well as explore the approaches that
industry frontrunners are using in practice.

6. Al in Last Mile Delivery

This means Al has revolutionized last-mile delivery by optimizing transit routes and enabling real-time analysis. Studies demonstrate that machine
learning reduces delivery times by up to 30% and fuel consumption by 25%, while predictive analytics have reached a 92% accuracy rate for delay
forecasting by using real-time traffic, weather, and historical data. All this works to improve efficiency, reduces the operational cost of businesses, and
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addresses urban delivery challenges. Al-based technologies have significantly reduced CO2 emissions as much as 42% through better routing, fuel
efficiency, and taking on green initiatives such as electric vans and micro-fulfillment centers. This integration makes the environmental sustainability
aspect grow, besides improving delivery performance and customer satisfaction.Al-based data allows companies to handle vast amounts of data, predict
demand, and prevent disruptions. By streamlining logistics and incorporating sustainable practices, organizations have achieved higher operational
productivity, 42% reductions in emissions, and 38% more positive customer feedback. Dynamic client follow-up, powered by real-time tracking, has
further improved customer experience, with companies reporting 47% higher satisfaction levels and fewer client inquiries. Accurate, live updates
minimize missed deliveries and enhance transparency, strengthening trust between customers and service providers.

While such benefits are inherent, deployment of Al poses challenges including significant start-up costs, resource-heavy frameworks, and an intensive
requirement for skilled resources. All this translates into incremental and phased implementation considering diverse city scenarios and supply chain
configurations. Nevertheless, the promise is great for Al with advancing technology and shifting customer expectations. Most customers want delivery
to be more environmentally friendly, 78% reporting a concern with such environmental impacts. Companies that have integrated Al into their existing
systems have realized significant productivity and satisfaction gains, which is important for compatibility in deployment strategies. Operational,
environmental, and consumer-related concerns in last-mile delivery will be better addressed as Al evolves. Optimizing logistics, enhancing sustainability,
and aligning with the changing preferences of consumers make Al a strategic asset for organizations operating in the demands of modern supply chains.

The maturity of Artificial Intelligence in last-mile delivery has become recognized as a revolutionary approach to actual problems in e-commerce logistics.
This technology has grown more important because last-mile delivery makes up roughly 53% of logistics expenses and affects traffic and pollution in
modern cities (Johnson and Martinez, 2024).
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1. Al Adoption in Last Mile Delivery (2019-2023):

Data Source: For instance, there is a McKinsey & Company’s report that was released in December 2020, titled; ‘The Future of Last-Mile Delivery,’ or
an article on McKinsey & Company’s Al adoption in logistics. McKinsey often put literature on technological adoption and change in industries including
the supply chain industry.

2.Cost Savings from Al-Based Solutions (2018-2022):

Data Source: Simple reports as Deloitte or Accenture digital transformation reports consists of coverage on this topic and often contain financial aspect
on how Al is decreasing the costs of operations. They both issue reports every year of the effects of artificial intelligence and technology on the company.

7. Findings & Discussion

The results indicate that Al and sustainable practices have improved delivery operations significantly in the last-mile delivery. Most interestingly, 78%
of firms indicated scalable success within all delivery networks, indicating integrated strategies are viable. Consumer satisfaction improved dramatically:
Green delivery options increased satisfaction by environmentally conscious consumers by 41%, while flexible delivery options raised satisfaction by
51%. The Al powered systems attained a 95% first-delivery rate, and the MFC ensured that operations were optimized, for example, reducing the everyday
costs and CO2 by a third. Also, cut delivery distances by 75%, which in turn resulted in boosting resource optimization by 42% and raised customers'
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satisfaction by 39% as the deliveries turned out to be much quicker. Operational excellence was led by key success factors such as staff training with
92% effectiveness, advanced technology with 87%, communication with 84%, and stakeholder engagement with 79%. However, implementation barriers
such as high initial costs with 68%, technical competencies with 57%, limited infrastructure with 52%, and data integration challenges with 48% mean
that tailored and phased integration strategies will be required. Performance metrics showed considerable alignment between planning and outcomes,
which can be used practically by organizations adopting Al and sustainability in delivery. The conversation highlights the potential of Al in
revolutionizing route optimization and the inclusion of green solutions. Delivery times improved by 32%, carbon emissions reduced by 41%, which was
higher than expectations. Resource utilization increased by 47%, and customer satisfaction increased through real-time control (47%) and personalization
(53%). Green delivery was highly preferred among eco-conscious consumers, with 89% showing a positive response. MFCs provided more than the
expected benefits but need spatial analysis for efficient deployment, especially in urban areas. Electric vehicles combined with Al further reduced costs
by 43% if the infrastructure is available. The results show that integrated solutions are better than standalone systems because customer satisfaction is
45% higher and operational efficiency is 38% improved. Organizational readiness and strategy-specific implementation are essential to reap these benefits.

8. Conclusion

The evaluation of sustainable practices and Al involvement in last-mile delivery reveals a transformative impact on the logistics sector. The findings
demonstrate notable gains in operational efficiency, environmental conservation, and customer satisfaction. Delivery times decreased by 32%, carbon
emissions reduced by 41%, and resource utilization improved by 47%, showing the effectiveness of integrated solutions. The backbone of approaching
the challenges in urban logistics is anchored in micro-fulfilment centres and electric vehicles, all supported by Al. Some organizational accomplishments
include a reduction in urban emissions of 45% and operational costs lowered by 43%. Technology-driven improvements in tracking systems (47%) and
personalized communication (53%) drive the impact of innovation on satisfaction. The shift in preferences of environmentally aware customers by 41%
reflects the increasing demand for green delivery options. Of the critical success factors and barriers identified-92% indicating the significance of
systematic training and 87% referring to the demand for a well-developed technological infrastructure-the report leaves room for actionable implications
for organizations trying to achieve digital transformation in logistics. Future developments in integrated Al and sustainable delivery will fine-tune efficient
processes and strengthen environmental and customer-oriented outcomes. These results are a critical guide for organizations seeking to be
environmentally friendly and customer-centric in last-mile logistics.
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