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Abstract

This study delves into the transformative potential of Artificial Intelligence (Al) in logistics, focusing on its capacity to usher in an
era of Intelligent Logistics. It examines the benefits, challenges, and drawbacks associated with Al's integration, portraying it as a
pivotal shift towards unprecedented efficiency, innovation, and strategic advantage. The study emphasizes that while Al can
significantly optimize operations, reduce costs, and enhance customer service, it also brings forth complex challenges such as legal
liability concerns, complex business ecosystems, and significant resource allocation, alongside notable drawbacks. For instance,
the existence of cybersecurity vulnerabilities, dependency on historical data, and the risk of workforce displacement.

Current literature tends to focus on specific implementations and their impacts rather than providing a general overview. Via a
Multivocal Literature Review composed of a Systematic Literature Review complemented by a review of grey literature, this
research addresses this gap by providing a nuanced view of how Al is reshaping logistics. By gathering and synthesizing diverse
insights from various implementations, this study offers a holistic analysis of Al's impact. Through this comprehensive and in-
depth analysis, the study aims to equip businesses with the necessary insights for informed decision-making regarding Al adoption
in logistics, ensuring a balanced and effective integration of technology to meet evolving industry standards and demands.
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1. Introduction

The logistics industry, crucial for global trade and economic growth, evolves alongside expanding economies,
reshaping competition, and integrating digital technologies [1]. Al adoption in logistics signifies a transformative shift
towards efficiency and innovation, necessitating effective management to navigate potential disruptions [2].

This study is motivated by the increasingly complex global supply chains, prompting a smarter approach to logistics
management with Al, as seen in companies like Unilever and Maersk [3]. Additionally, many companies lag in
leveraging Al due to a lack of understanding and preparedness, highlighting the need for comprehensive research on
Al's benefits, challenges, and drawbacks in logistics [4].

This study is dedicated to examining the impact of Al integration within the logistics sector, aiming to equip
decision-makers with a nuanced understanding that can inform strategic planning in this evolving environment. The
central research question posed is: How does Al incorporation impact the logistics field? This research strives to
provide a comprehensive assessment that could guide companies in making informed decisions regarding the adoption
of Al technologies to enhance their operational efficacy and reputation. During the initial review of existing literature,
it was noted that most studies tend to focus on specific implementations, often only discussing the benefits, challenges,
and drawbacks within those limited contexts. In response, this research will employ a Multivocal Literature Review
(MLR), incorporating both a Systematic Literature Review (SLR) and an analysis of grey literature. This approach
will allow for the consolidation of diverse insights from various implementations, fostering a holistic view of Al's
impact across the logistics industry. The findings will be meticulously analyzed and synthesized to produce a detailed,
consolidated report that comprehensively addresses the multifaceted effects of Al on logistics.

2. Methodological Approach

The methodology section incorporates a MLR, starting with SLR through the PRISMA guidelines, using the
keywords "Artificial Intelligence" and "Logistics" across databases such as IEEE Xplorer, Scopus, ACM Digital
Library, and Web of Science. The initial search yielded 183,894 studies, which were refined through multiple filters.
The first filter narrowed the selection to 12,847 studies by requiring both keywords in the title, abstract, or keywords
sections. A second filter reduced this number to 194 by requiring the keywords in the titles alone, and a third filter
further refined this to 138 studies from 2020 to 2023. After a manual review of titles, abstracts, and conclusions, 14
studies were selected.

In addition to the systematic literature review, the research included a review of grey literature to incorporate more
recent and practical insights, thereby supporting and validating the findings from the SLR. These sources were chosen
for their recognition by reputable entities and their suggestive titles. This review targeted articles published by
governmental organizations such as UNESCO, the European Parliament, and the European Commission, as well as
esteemed newspapers like Forbes and Financial Times, and industry-leading companies and consultancies including
DHL, Deloitte, McKinsey, IBM, and BCG. Contributions from top universities like Stanford and MIT were also
examined. This selection of grey literature was strategically aimed at supplementing the SLR with up-to-date details
and real-world applications from influential and authoritative sources. From this review, 17 sources were identified,
offering practical insights and real-world applications that enriched the research’s theoretical findings.

For future studies in the rapidly evolving fields of logistics and artificial intelligence, the application of the Design
Science Research (DSR) methodology is advisable. The iterative cycles of DSR are well-suited to adaptively
incorporate the continuous changes and emerging trends in both logistics and Al thus ensuring that research outcomes
remain relevant and practically applicable to the dynamic nature of these fields [5].

3. Intelligent Logistics: The Integration of Artificial Intelligence in the Logistics sector

Intelligent Logistics signifies a transformative integration of technologies in logistics operations, departing from
conventional methods [6]. This evolution embraces digitalization, networking, automation, intelligence, and flexible
management, termed as the "new logistics" [7]. Central to this concept is the application of intelligent technologies,
including Al IoT, and big data, to enhance analytical capabilities, decision-making processes, and overall execution
[9]. Al integration reduces human labor, enhancing operational efficiency and independence [7]. The potential
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incremental value of Al implementation in logistics is estimated at 89% [10]. Viewing logistics as part of the broader
supply chain, it encompasses planning, implementation, and control of goods’ flow and storage. Key components
include Purchase and Supply Chain management, Storage, and Distribution, which, although historically separate,
now operate interconnectedly to improve efficiency. This interconnection allows for cascading effects of changes,
emphasizing the need for a holistic management approach [8].

Therefore, intelligent logistics represents a fundamental reshaping of frameworks towards elevated intelligence,
efficiency, and adaptability.

3.1. Benefits

Al integration in Logistics offers several benefits, primarily Efficiency Enhancement and Cost Reduction, Customer
Service Improvement, Enhanced Decision Making and Data Management, and the Reduction of CO2 emissions.

Efficiency Enhancement and Cost Reduction: The integration of Al in logistics has led to a transformative shift,
revolutionizing traditional practices, and emphasizing efficiency through Al-driven solutions. Leveraging intelligent
computing, Al optimizes routes, and distribution modes, significantly reducing redundancies while enhancing
resource utilization [11, 12]. This technological integration has not only brought about substantial efficiency
enhancements and cost reductions but also facilitated swift, data-driven decisions. Businesses employ Al techniques
such as Machine Learning to refine processes, respond more agilely to demand, and optimize transportation
scheduling, thus aligning with sustainability goals [11, 13]. Simultaneously, the implementation of Al has reshaped
logistics by streamlining processes and optimizing resource utilization. Intelligent warehousing technologies,
including image recognition and unmanned warehouses, have remarkably reduced labor costs and increased
operational efficiency [9].

Customer Service Improvement: The logistics sector is experiencing a significant evolution in customer service
through the integration of Al technologies. Al-driven 24-hour customer service systems have drastically improved
responsiveness and accessibility, reducing wait times and enhancing overall satisfaction [1]. These systems swiftly
analyze inquiries, providing accurate information instantly, minimizing errors, and fostering better relationships with
customers. Furthermore, Al integration in logistics streamlines operations, leading to quicker deliveries, adaptable
route planning, and improved responsiveness to customer needs. Real-time data analysis and forecasting enable
efficient delivery approaches, ensuring timely and tailored service [14].

Enhance Decision Making and Data Management: Al has revolutionized logistics, reshaping data management
and decision-making processes. Through advanced data analytics and machine learning, companies employ insights
from vast datasets, optimizing operations and enhancing efficiency. Al's data analysis proficiency refines logistics
operations, enabling informed strategic decisions and precise resource allocation, driving industry competitiveness
[11, 12]. By leveraging Al-driven algorithms and data analytics, enterprises gain a comprehensive understanding of
their logistics processes. This understanding aids in predicting demand patterns, optimizing resource allocation, and
enabling swift responses to market dynamics. Al-powered predictive models mitigate risks by foreseeing potential
disruptions, ensuring smoother operations, and fortifying resilience in the face of challenges. The integration of Al
equips logistics entities to adapt swiftly and maintain a competitive edge in a dynamic global landscape [1].

Reduce CO2 Emissions: Al-driven optimization strategies have showcased potential decreases in empty running
mileages by up to 20%, translating into substantial carbon emission reductions. Additionally, Al's role in real-time
route and load optimization has demonstrated fuel consumption reductions of 15%. Integration with electric and
autonomous vehicles further enhances these benefits, with Al-managed platooning techniques showing energy
consumption reductions of up to 10%. Furthermore, Al-driven backhaul optimization can reduce empty running
mileages by 25%, resulting in considerable CO2 emissions reductions. In summary, the integration of Al in logistics
offers a promising avenue for mitigating environmental impact by efficiently managing resources and optimizing
operations, thereby contributing to a more sustainable future [15, 16].

3.2. Drawbacks

Despite its numerous advantages, the implementation of Al in logistics does pose certain drawbacks.
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Cybersecurity Vulnerabilities: As Al technology becomes integral to supply chain collaboration, the increased
sharing of critical and sensitive information elevates the potential for misuse. This connectivity provides opportunities
for cybersecurity breaches, where shared data may be exploited, posing significant threats to supply chain performance
and security. The deep interconnections among systems amplify vulnerability to cyber threats, underscoring the need
for companies to proactively address and mitigate these risks following Al implementation [17, 13].

Ethical Implications: Biases in training data, influenced by historical stereotypes and minority
underrepresentation, raise concerns in Al. These biases can unfairly prioritize certain suppliers or regions, creating
disparities in the supply chain. Implementing ethical safeguards is crucial as Al transforms our social frameworks,
preventing biases, human rights violations, and social divides. Concentrated Al development and the digital divide
complicate these challenges in logistics and beyond [18, 19].

Historical Data Dependency: Al, particularly machine learning models, heavily relies on historical data for
predicting future patterns. However, inadequate data infrastructure can lead to incomplete or inaccurate datasets,
undermining Al performance in logistics operations. Additionally, overreliance on past data may cause systems to
miss emerging trends or market shifts, exacerbating inefficiencies [11, 20, 13].

Robotics Limitations: In logistics, robots primarily handle auxiliary tasks in controlled warehouse environments,
lacking the capability to replace humans in complex outdoor settings. Tasks demanding judgment and specialized
skills remain human-driven. Technological limitations and regulatory hurdles impede the widespread adoption of
autonomous warehouses, limiting robots to peripheral roles and emphasizing the necessity for continued technological
advancements to broaden their applications [21, 9].

Uncertainty Human-AI Interaction: The ambiguity in human-Al interaction stems from the complexity of Al
systems, which are sophisticated and constantly evolving. This makes it difficult for humans to understand and predict
Al behaviors, posing challenges in effectively engaging with these systems within the logistics context [13].

Workforce Displacement: Automation impacts roles with repetitive tasks, potentially disrupting job structures
and necessitating retraining and investment. While some jobs may be replaced, new opportunities in AI management
could arise. Organizations must develop strategies to equip workers with skills that complement Al, ensuring a smooth
transition and effective collaboration between humans and technology [22, 18].

Vulnerability to underperformance: Al integration in supply chain and logistics management may pose
challenges to business performance due to the complexity of Al-related issues. Erroneous Al decision-making and
challenges in error identification and correction could adversely affect multiple business aspects. These challenges
risk reducing the efficiency and effectiveness of the entire business ecosystem [13].

3.3. Challenges

Legal Liability: Implementing Al in logistics raises significant legal concerns, particularly regarding potential
inaccuracies that could harm businesses. In some jurisdictions, Al systems are treated as entities, with owners liable
for any resulting harm. Balancing protection from harm with fostering innovation is a challenge. Instances like robots
receiving citizenship in countries like Saudi Arabia highlight the need for clear delineation of responsibility and
liability when Al decisions impact supply chain stakeholders [23, 13].

Data Management: Acquiring and managing large datasets for Al training is resource-intensive, especially for
smaller supply chain enterprises with limited data infrastructure. Data quality and diversity are critical for effective
Al applications, but gaps or inaccuracies can impair models or reinforce biases. Compliance with data privacy
regulations like GDPR adds complexity, exposing organizations to legal risks. Effective data management is essential
for scalability and usefulness of Al applications in managing logistics complexities [24, 18].

Significant Resource Allocation: Implementing an Al system requires substantial investments in licenses,
infrastructure, and ongoing maintenance. This includes periodic component replacements to maintain optimal
performance, leading to high energy consumption and staffing costs for personnel training. Data preparation for Al
model training also adds financial and time burdens. Addressing ethical and legal issues, like biases in algorithms,
demands additional resources to ensure fairness. Strategic planning is essential to avoid hidden opportunity costs from
Al projects that do not align with organizational goals [22, 25].

Technical Gap: The rapid expansion of Al in logistics reveals a critical skill gap, with many companies lacking
in-house technical expertise. As Al reshapes the job landscape by 2025, organizations must prepare for future roles
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while managing current operations. This gap poses a significant barrier to Al implementation in logistics, requiring
specific technical skills and continuous oversight for smooth operation. Urgent upskilling of the workforce is
necessary to successfully integrate Al and leverage its transformative potential in supply chain and logistics [26, 13].

Complex Business Ecosystems: Integrating Al into logistics involves rethinking business models and strategies
beyond merely adopting new technologies. The "Frankenstein effect" occurs when Al applications work in silos,
leading to uncoordinated operations within the supply chain and preventing Al's full potential from being realized.
Additionally, Al systems often struggle to understand complex business ecosystems and human decision nuances.
They also face difficulties in reconciling different business models due to vast data, which can hinder operational
overhauls. Furthermore, technocentrism prioritizes technology deployment over strategic alignment, risking Al's
underutilization. The scalability challenge, moving Al from pilot projects to full-scale operations, is also hindered by
the need for tailored solutions in complex supply chain environments [11, 18].

Errors Recognition: The complexity of Al techniques makes identifying and correcting errors in the supply chain
challenging. Al systems, which evolve and learn from vast data daily, increase the difficulty of promptly recognizing
and resolving errors, affecting error detection efficiency. Also, there's the issue of Al overreliance, where humans
might trust incorrect Al suggestions, potentially leading to compromised decisions [27, 13].

3.4. Implementations and Applications

This chapter contains examples and implementations of Al in the process of logistics. From Purchase and Supply
Chain, Storage, and Distribution, Al technologies are revolutionizing every step of the logistics process [4].

e Purchase and Supply Chain

Image Processing: Integrating image recognition technology enhances the efficiency and cost-effectiveness of
document management systems. SF Express, a leading logistics company, demonstrates this transformative potential
by employing machine image recognition in waybill processing, significantly reducing the need for manual labor,
improving accuracy rates to above 90% and minimizing errors while optimizing resource utilization [22, 9, 12].

Al-Powered Customer Care: Integrating Al-driven customer service, utilizing voice semantic analysis, call center
data, and chatbots, significantly improves real-time voice recognition and response generation. This intelligent system
provides personalized assistance around the clock in the customer's language, reducing response times and minimizing
the need for extensive customer service teams. As a result, logistics providers can offer more efficient and faster
customer service, enhancing the experience for both customers and the provider [22, 12].

Inventory Management Algorithms: Powered by Al revolutionize logistics by optimizing inventory levels and
minimizing stockouts. Through historical and real-time data analysis, Al anticipates demand patterns, ensuring product
availability and efficiency while reducing returns. It also enhances inventory visibility, automates restocking, and
generates predictive alerts, cutting operational costs. Furthermore, Al forecasts demand accurately, automates
purchasing, and drives optimization, providing a competitive advantage in the logistics sector [22, 4, 11].

e  Storage

Facial Access Control: Implementing facial recognition in warehouse access control offers heightened security,
eliminating the limitations of traditional access methods and providing robust surveillance for post-event
investigations, guaranteeing safety to all the inventory in the warehouse [9].

Warehouse Robotics: Al-driven robotics facilitate seamless goods handling, from accurate picking with intelligent
robots to streamlined loading and unloading processes. Innovations such as autonomous driving in unmanned trucks,
voice picking, and Augmented Reality visual picking elevate accuracy and speed. Automated Guided Vehicles
minimize human intervention, enhancing safety and efficiency in tasks like sorting and pallet movement. Pick-to-Light
and Put-to-Light systems reduce task time and errors using barcode scanners synced with digital displays. The adoption
of voice recognition software optimizes picking routes, as demonstrated by industry leaders like Amazon, highlighting
Al's potential in warehouse logistics for innovation and efficiency enhancement [22, 4, 9].
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e Distribution

Digital Mapping: Leveraging Geographic Information System GIS technology integrated with Al, this approach
provides high-precision positioning, precise address matching, and path planning. Such capabilities are pivotal for
informed logistics decision-making. Advanced mapping technologies facilitate accurate location tracking and resource
allocation, significantly enhancing the efficiency of logistics operations [9, 12].

Smart Roads: Advanced Road systems integrate sensors, solar panels, Al, and big data analytics for efficiency,
security, and eco-friendliness. Embedded technologies enable communication with autonomous vehicles and
interconnect every item through Al and [oT sensors for highly efficient transport [22, 28].

Dynamic Routing Technologies: Al excels in optimizing backhauls and finding the shortest path to destinations,
reducing empty return trips and fuel waste. Freight apps like Convoy and Uber enable efficient backhaul delivery,
while UPS's On-Road Integrated Optimization and Navigation (ORION) system dynamically routes vehicles, saving
up to 12 miles per driver per day. This significantly improves efficiency and reduces CO2 emissions [22, 29, 11].

Predictive Maintenance: Using machine learning, predictive maintenance strategies analyze historical and real-
time data to forecast vehicle upkeep, aiming to extend fleet life and reduce downtime. Al and ML integrate data from
IoT devices, GPS, and vehicle records to anticipate mechanical issues [22].

Unmanned Delivery Technologies: Unmanned Aerial Vehicles, Ground Vehicles, and warehouses, powered by
Al and robotics, revolutionize logistics, cutting costs and enhancing efficiency. These innovations use sensor data
fusion and advanced algorithms for precise route planning. Autonomously automated vehicles transport goods quickly
and efficiently, with semi-autonomous options like platooning increasing capacity and reducing costs. Regulations
often require a human driver in vehicles, but Rolls-Royce's autonomous ship, developed with Intel, navigates
waterways efficiently for faster delivery [22, 9, 12, 7].

4. Conclusion

Artificial intelligence stands at the forefront of a logistics revolution, offering profound efficiencies and sparking
innovation across global supply chains. As this technology reshapes the landscape, it challenges traditional models
with its transformative potential. While Al integration enhances operations and customer service, it also brings
complex challenges that require careful navigation, including ethical considerations and the need for substantial
resource allocation. Following this conclusion, Table 1, 2, 3, and 4, present detailed overviews of the application of
Al in logistics, each focusing on a different dimension. Table 1 displays the benefits, Table 2 highlights the drawbacks,
Table 3 identifies the challenges, and Table 4 illustrates the implementations. Each table includes the categories of
the found features, identified in the performed MLR. The categories, presented in each table, were not explicitly
identified in the literature but were displayed to aggregate similar features in order to facilitate a more organized and
insightful analysis. Future research must continue to evaluate these dynamics comprehensively to ensure Al's role in
logistics evolves in a sustainable and ethical manner, fostering both technological advancement and societal benefit.
Embracing this change will equip businesses to leverage Al effectively, driving forward industry standards and
operational excellence [1, 2, 11, 13, 22].

Benefits Features
Automate Routine Tasks
QOptimize Delivery Routes
Streamlining Processes
Optimize Resource Utilization
Automate Sorting and Picking
Optimize Complex Workflows
Enhance Decision Making Predictive Analytics
Data Management Improvement Analyze Vast Datasets
Higher Responsiveness to Customer Requirements
Provide Tailored 24/7 Customer Service
Distribution Path Algorithms
Al-driven Backhaul

Operational Efficiency Improvement

Enhanced Customer Satisfaction

Optimized Fuel Consumption

Table 1. MLR Benefits Insights.



Rodrigo Gongalves et al. / Procedia Computer Science 256 (2025) 665—672 671

Drawbacks Features
Job Losses
Loss of Human Teuch

Workforce Displacement/Transformation

Dependency on the Quality of Past Data

Historical Data D dency —
Insufficient Amount of Data

P

Cybersecurity Vulnerabilities Extensive System Interconnectivity

Uncertainty Human-Al Interaction

Complex and Evolving Al Systems

Table 2. MLR Drawbacks Insights.

Challenges Features
Overcoming Siloed Complex Systemns Architecture
Understanding Human Decision-making
Renewing Outdated Business Cultures | Address Cultural Nuances and Resistance to Change
Ensure Robust Data Management Processes
Data Management Acquiring Necessary Amount of Data
Eradicate Data Biases
Al Skills and Knowledge Shortfall  |Reduced Number of Al Experts

Significant Resource Allocation Significant Investment of Time, Money, and People

Legal Liability Accountability for Inaccurate Al-decisions

Detecting and Correcting Al Errors | Difficult to identify and correct mistakes

Complex Business Ecosystems

Table 3. MLR Challenges Insights.

Implementations Features

Forecast Demand and Inventory Management Algorithms
Purchase and Supply Chain |Image Processing

Al-Powered Customer Care
Warehouse Robotic Automation
Biometrics Access Control
Dynamic Routing Technologies
Vehicles Predictive Maintenance
Distribution Unmanned Delivery Technologies
Digital Mapping

Smart Roads

Storage

Table 4. MLR Implementations Insights.
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