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Abstract—The increasing complexity of international logistics and freight management has 

led to greater challenges in areas such as transparency, coordination, data accuracy, and 

operational efficiency. Traditional logistics systems remain largely centralized, fragmented, 

and prone to errors, fraud, and delays, particularly in international shipping. Blockchain 

technology, which is characterized by decentralization, immutability, and shared 

transparency, has emerged as a promising solution to these persistent problems. This study 

investigates the application of blockchain in logistics and freight management to improve 

traceability, operational efficiency, trust, and cost savings. A systematic literature review 

combined with a qualitative case study analysis was used to explore recent blockchain-based 

applications in logistics, as described in current academic and industry sources. The findings 

indicate that blockchain significantly enhances shipment transparency, simplifies 

documentation through smart contracts, reduces disputes, and lowers transaction and 

coordination costs. However, challenges such as scalability issues, integration with existing 

systems, unclear regulations, and data governance concerns still pose major barriers to its 

adoption. The study contributes to the growing body of knowledge by offering a theory-based 

conceptual model for blockchain-enabled logistics systems and providing practical and 

policy-oriented recommendations to support broader implementation. 

 

Index Terms—Blockchain technology; Logistics management; Freight operations; Supply 

chain transparency; Smart contracts; Distributed ledger technology. 

 

I. INTRODUCTION 

 

Logistics and freight management are essential for supporting global trade, industrial efficiency, 

and economic growth. This sector involves various interconnected parties such as shippers, 

carriers, port authorities, customs agencies, insurers, and freight forwarders. These stakeholders 

often use different and loosely connected information systems, which can lead to problems like 
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scattered data, lack of real-time visibility, reliance on manual records, and a lack of trust between 

participants (Aslam et al., 2024; Muñoz-Sánchez et al., 2025). 

Even with advancements in digital tools, many logistics processes continue to depend on paper-

based records and centralized databases. This reliance creates risks such as fraud, data tampering, 

delays in matching records, and inefficiencies, especially in international and multi-mode 

transportation networks (Transportation Research Part E, 2025). These issues are made worse by 

information gaps and complex regulations, which raise costs and reduce the reliability of systems. 

Blockchain technology has been introduced as a transformative solution that can help overcome 

these issues by allowing secure, decentralized, and unchangeable data sharing among logistics 

participants. Studies have shown that blockchain can enhance traceability, transparency, and 

coordination within supply chains (Sakeri et al., 2025; George, 2025). However, although there is 

increasing academic and industry interest in blockchain, current research is not fully integrated, 

with limited discussions on the practical effects, key ways blockchain works, and the obstacles to 

widespread use in logistics and freight. This study aims to address these gaps by thoroughly 

examining how blockchain can enhance logistics and freight management.  

 

Research Objectives  

i). To explore the different areas where blockchain can be applied in logistics and freight 

management.  

ii). To assess the operational advantages that come from using blockchain.  

iii). To highlight the difficulties that prevent its large-scale implementation.  

iv). To develop a conceptual framework for logistics systems that use blockchain technology.  

 

II. LITERATURE REVIEW 

 

2.1 Logistics and Freight Management Challenges   

Logistics management involves planning, executing, and controlling the movement of goods from 

their source to the point of use, while freight management involves transportation, documentation, 

tracking, and ensuring compliance with regulations. Recent research points out ongoing issues 

such as isolated information systems, limited real-time visibility, delays in paperwork, cargo theft, 

and disagreements regarding delivery terms (Aslam et al., 2024; Transportation Research Part E, 

2025). 

 

Many centralized logistics information systems struggle with compatibility and transparency, 

leading to repeated records, delays in reconciling data, and reduced accountability. These 

shortcomings raise operational costs, lower the reliability of services, and negatively impact 

customer satisfaction, especially in complex freight systems involving multiple parties (Muñoz-

Sánchez et al., 2025). 
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2.2 Blockchain Technology Fundamentals   

Blockchain is a type of distributed ledger technology that stores transactions in a secure, 

unchangeable format across a network of computers. Its key features—decentralization, openness, 

data immutability, and validation through consensus—make it especially useful in multi-party 

environments like logistics networks, where trust, reliable data, and coordination are essential 

(Zheng et al., 2023; George, 2025). 

 

Recent studies focused on logistics highlight that the value of blockchain goes beyond data 

security. It also enables the synchronization of information across different organizations almost 

in real time (Muñoz-Sánchez et al., 2025). 

 

2.3 Smart Contracts and Logistics Automation   

Smart contracts are automated programs that run on blockchain platforms and execute predefined 

terms automatically when certain conditions are met. In the field of logistics and freight, smart 

contracts can help with automatically releasing shipments, triggering customs procedures, 

processing insurance claims, and handling payments, thus reducing the need for manual tasks, 

administrative efforts, and human mistakes (Aslam et al., 2024; Sakeri et al., 2025). 

 

Empirical research shows that using smart contracts for automation significantly enhances 

transaction efficiency and helps reduce conflicts in freight operations (Transportation Research 

Part E, 2025). 

 

2.4 Research Gap   

Although previous studies recognize the potential of blockchain in supply chain management, 

there is a lack of comprehensive analysis that combines different areas where blockchain can be 

applied, the operational advantages it brings, and the challenges faced in its adoption in logistics 

and freight management. 

Additionally, many of these studies are conceptual or exploratory, with limited integration of 

recent empirical findings. This study addresses this gap by combining current academic research 

and real-world applications to establish a clear, performance-focused perspective. 

 

III. METHODOLOGY 

 

This study adopts a qualitative systematic review and case synthesis approach, which is widely 

accepted in Scopus-indexed logistics and information systems research. 

 

3.1 Data Collection 

The data used in this work was drawn from the following: 

i). Peer-reviewed journal articles indexed in Scopus 

ii). Conference proceedings and industry white papers (2016–2025) 
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iii). Blockchain logistics pilot project and implementation reports 

 

3.2 Data Analysis 

A thematic analysis technique was employed to identify recurring patterns related to: 

i). Blockchain application areas 

ii). Logistics performance improvements 

iii). Adoption challenges and constraints 

iv). Coding and categorization enabled cross-study synthesis and comparative interpretation of 

findings. 

 

IV. APPLICATIONS OF BLOCKCHAIN IN LOGISTICS AND FREIGHT MANAGEMENT 

 

4.1 Shipment Tracking and Traceability 

Blockchain facilitates comprehensive visibility by documenting every logistics event—loading, 

transit, customs clearance, and delivery—on an unalterable ledger. Recent research indicates that 

this level of traceability enhances accountability, diminishes information asymmetry, and 

improves decision-making throughout freight networks (Muñoz-Sánchez et al., 2025). 

 

4.2 Digital Documentation and Compliance 

Blockchain-driven platforms enable secure digital storage and regulated sharing of logistics 

documents such as bills of lading, invoices, and certificates of origin. This greatly minimizes 

paperwork, processing durations, and documentation inaccuracies, especially in international 

freight operations (Transportation Research Part E, 2025). 

 

4.3 Smart Contract–Based Freight Payments 

The automated execution of payments upon delivery confirmation enhances cash flow efficiency 

and mitigates disputes between shippers and carriers. Empirical studies in logistics reveal 

significant reductions in settlement delays and reconciliation expenses following the 

implementation of smart contracts (Aslam et al., 2024). 

 

4.4 Fraud and Risk Mitigation 

Unchangeable transaction records limit the potential for data manipulation, cargo theft claims, and 

insurance fraud, thereby reinforcing trust and risk management within logistics ecosystems (Sakeri 

et al., 2025). 

 

V. RESULTS AND FINDINGS 

 

Recent studies have synthesized evidence suggesting that the adoption of blockchain technology 

in logistics results in: 

i). Enhanced operational efficiency through a decrease in documentation processing time. 
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ii). Increased transparency and trust through the use of shared, tamper-proof records. 

iii). Reduced transaction and coordination costs stemming from diminished reliance on 

intermediaries. 

iv). Fewer disputes facilitated by verifiable and auditable shipment data. 

Together, these advantages lead to improved logistics performance and heightened customer 

satisfaction. 

 

VI. DISCUSSION 

 

6.1 Managerial Implications 

The adoption of blockchain technology empowers logistics managers to improve coordination, 

decision-making, and risk management. The availability of synchronized, real-time data aids in 

proactive planning, exception management, and performance tracking across freight networks. 

 

6.2 Adoption Challenges 

In spite of its advantages, the implementation of blockchain encounters various challenges, such 

as scalability and performance issues, compatibility with existing legacy systems, uncertainties 

regarding regulations and legal frameworks, as well as concerns related to data privacy and 

governance. Recent research highlights the necessity for hybrid blockchain architectures, industry-

wide standards, and supportive regulatory environments to mitigate these challenges (George, 

2025; Muñoz-Sánchez et al., 2025). 

 

VII. CONCEPTUAL FRAMEWORK FOR BLOCKCHAIN-ENABLED LOGISTICS 

 

This research proposes a conceptual framework that integrates blockchain infrastructure, smart 

contracts, IoT-enabled data sources, and governance mechanisms involving multiple stakeholders. 

The framework positions blockchain as a digital trust layer that connects various logistics 

participants while facilitating automation, transparency, and optimization of performance. 

 

VIII. CONCLUSION AND FUTURE RESEARCH 

 

This study illustrates that blockchain technology possesses considerable potential to revolutionize 

logistics and freight management by enhancing transparency, efficiency, and trust. Although 

recent implementations have yielded encouraging outcomes, the widespread adoption of this 

technology hinges on overcoming technical, regulatory, and organizational challenges. Future 

research should emphasize empirical assessments of performance, hybrid blockchain frameworks, 

and comparative studies across nations to enhance the validation of blockchain's influence on 

logistics systems. 
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