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In recent years, technological advancements in fields such as Artificial
Intelligence (Al), Quantum Computing, Blockchain, and the Internet
of Things (l1oT) have brought about profound transformations in the
logistics industry. However, existing logistics models are unable to
adequately address future requirements due to their limited
consideration of these emerging technological developments.
Furthermore, most previous studies have focused on one-dimensional
or case-specific analyses of particular technological trends, lacking a
holistic and structured perspective. The aim of this study is to develop
a comprehensive and future-oriented conceptual model for future
logistics. In this research, a conceptual model is defined as an
integrative framework that links major science and technology trends
with the functional dimensions of future logistics. To this end, fifteen
key science and technology trends were first identified through an
analysis of reports published by reputable international institutions,
and their potential impacts on the future of logistics were examined.
Subsequently, using an analytical-synthetic research synthesis
approach, an initial search of the literature identified 426 studies, from
which 52 relevant studies published between 2015 and 2025 were
selected for in-depth analysis. Through a rigorous process of iterative
coding, recoding, and refinement of the extracted data, 140
components (codes) associated with future logistics were identified. In
the next stage, the extracted codes were analyzed, integrated, and
synthesized into higher-level concepts (categories). Based on
conceptual similarities, the identified codes were grouped and
consolidated into 46 concepts. Finally, building upon the components
and elements of the proposed conceptual model, the study not only
examines the individual effects of each science and technology trend
but also highlights the interactions and synergies among these trends
and their combined impacts on future logistics. The proposed model
provides a comprehensive framework that can support strategic
planning and decision-making for future logistics in industrial,
defense, and governmental organizations.
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Introduction

The logistics sector is undergoing unprecedented transformation due to rapid advances in
science and technology. Emerging technologies such as Artificial Intelligence (Al), the Internet
of Things (IoT), Blockchain, Quantum Computing, Robotics, Edge Computing, Augmented
Reality (AR), Virtual Reality (VR), Smart Grids, Sustainable Energy Systems, Big Data
Analytics, and Biometric Technologies are significantly reshaping logistics operations and
supply chain management. These developments are changing traditional logistics structures and
creating new opportunities for efficiency, transparency, resilience, sustainability, and intelligent
decision-making.

Although numerous studies have investigated the application of individual technologies in
logistics, most existing research focuses on one or a limited number of technological trends.
Consequently, the literature lacks a comprehensive framework that simultaneously examines
major science and technology trends and their collective influence on future logistics systems.
Furthermore, limited attention has been paid to the interactions and synergies among emerging
technologies and the ways in which these interactions may create transformative effects on
logistics performance.

The present study addresses this research gap by identifying and analyzing the most
influential science and technology trends affecting logistics and by developing a comprehensive
conceptual model of future logistics. In this study, a conceptual model is defined as an integrated
framework that systematically links science and technology trends with logistics dimensions,
concepts, and operational components.

The research adopts a qualitative and future-oriented approach. Methodologically, it
combines trend analysis, research synthesis, and qualitative conceptual modeling. The study
aims to answer three main questions:

1. What are the major science and technology trends affecting future logistics?

2. What concepts and components characterize future logistics systems?

3. How do emerging technologies interact and synergistically influence logistics development?
To answer these questions, major international reports published by organizations such as
McKinsey, Gartner, and the World Economic Forum were analyzed. Subsequently, a systematic
search was conducted using combinations of technology-related keywords together with
“logistics” and “future logistics.” This process produced an initial database of 426 studies. After
several screening and evaluation stages, 52 highly relevant studies published between 2015 and
2025 were selected for detailed content analysis and synthesis.

Results and Discussion

The research findings reveal that future logistics is strongly influenced by a broad spectrum of
technological developments. Through the analysis of international reports and scientific
literature, fifteen major science and technology trends were identified as key drivers of logistics
transformation:
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« Artificial Intelligence and Machine Learning

e Internet of Things (IoT)

o Autonomous Systems and Robotics

e Quantum Computing

e Quantum Sensing Technologies

e Advanced Biotechnology

 Nanotechnology

e Edge Computing

e Blockchain

e Cybersecurity Technologies

« Sustainable Energy Technologies

e Smart Grids and Advanced Transportation Networks

 Biometric Technologies

» Metaverse, Augmented Reality, and Virtual Reality

« Social Networks, Big Data, and Circular Economy Technologies

Using an open coding process, the selected studies were systematically analyzed. The coding
procedure resulted in the extraction of 140 logistics-related components representing
technological, operational, security, environmental, and organizational implications of emerging
technologies. Subsequently, these components were grouped through axial coding and
synthesized into 46 higher-level concepts.

To ensure the reliability and validity of the conceptual model, both content validity and
structural reliability assessments were conducted. Content validity was ensured through the use
of high-quality scientific publications and internationally recognized reports. Reliability was
assessed through independent coding and Cohen’s Kappa coefficient. The obtained Kappa value
of 0.797 indicated a high level of agreement between coders and confirmed the reliability of the
research findings.

One of the major contributions of this study is the recognition that technological trends should
not be viewed independently. The findings demonstrate that the future of logistics will be shaped
not only by the individual effects of technologies but also by their interactions and synergies.
Several examples of technological synergy were identified:

e Al and IoT enable real-time monitoring, predictive analytics, and autonomous decision-making
in warehouses and transportation systems.

e Blockchain and Al improve supply chain transparency while simultaneously enhancing
forecasting and resource allocation capabilities.

e Robotics integrated with smart energy systems can support uninterrupted autonomous logistics
operations.

e Quantum Computing combined with Blockchain may significantly improve transaction
processing capacity in global logistics networks.
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e Augmented Reality and Robotics can increase operational accuracy and workforce
productivity.

e Edge Computing and IoT facilitate low-latency decision-making in autonomous vehicles and
smart distribution systems.

e Biometric technologies integrated with cybersecurity systems strengthen identity verification
and access control in logistics infrastructures.

These findings suggest that future logistics systems will evolve from isolated technological
applications toward interconnected and intelligent ecosystems characterized by adaptability,
resilience, automation, and sustainability.

The proposed conceptual model synthesizes these findings into an integrated framework
comprising 15 technology trends, 46 concepts, and 140 logistics components. The model
provides a holistic representation of future logistics and addresses a significant gap in the
existing literature, where previous studies typically focused on individual technologies rather
than the broader technological ecosystem.

Conclusion

This study identified and analyzed the major science and technology trends affecting logistics
and developed a comprehensive conceptual model of future logistics through a research
synthesis approach. By examining 52 selected studies from an initial pool of 426 publications,
the research identified fifteen key technological trends and synthesized their impacts into 46
concepts and 140 logistics-related components.

The results indicate that emerging technologies such as Artificial Intelligence, IoT,
Blockchain, Quantum Computing, Robotics, Augmented Reality, Edge Computing,
Cybersecurity Technologies, and Sustainable Energy Systems are transforming logistics
processes at strategic, operational, and organizational levels. More importantly, the study
demonstrates that the combined effects of these technologies are often greater than their
individual contributions, highlighting the critical role of technological synergy in shaping future
logistics systems.

The proposed conceptual model offers several contributions. Theoretically, it provides a
comprehensive framework for understanding the multidimensional transformation of logistics
under the influence of emerging technologies. Practically, it can support strategic planning,
technology roadmapping, and decision-making in industrial, governmental, and defense logistics
organizations.

Future research may focus on validating the proposed model through empirical case studies,
developing simulation-based analyses of technological interactions, and designing maturity
assessment frameworks for future logistics systems. Policymakers and industry leaders may also
use the model as a foundation for developing national logistics strategies and technology-driven
transformation programs.
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* Edge Computing
® Blockchain
" Cybersecurity Technologies

! Internet of Things

2 Quantum Computing
% Nanotechnology

* Biotechnology
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2 Smart Grids

® Advanced Transportation Networks
* Biometric Technologies

® Metaverse

® Augmented Reality

"Virtual Reality
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® Big Picture

*Trend analysis

®Research Synthesis

® Qualitative Conceptual Modelling
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! Big Data
2 Circular Economy Technologies
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