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Abstract. The maritime industry encounters considerable obstacles in the domains of materials 
management and shipping efficacy, encompassing delays, insufficient transparency, and 
escalating operational expenditures. This scholarly article investigates the transformative capacity 
of blockchain technology in mitigating these challenges. Through the implementation of 
decentralized and immutable ledgers, stakeholders are enabled to attain augmented visibility and 
traceability across the supply chain. Innovations in blockchain technology facilitate instantaneous 
tracking of materials, optimize documentation protocols, and enhance communication among all 
involved parties. Furthermore, the utilization of smart contracts can automate transactional 
processes and diminish administrative encumbrances, resulting in expedited and more dependable 
shipping operations. This dissertation presents case studies that illustrate successful blockchain 
applications within the maritime sector, underscoring enhanced efficiency, diminished fraudulent 
activities, and heightened trust among participants. Ultimately, the incorporation of blockchain 
technology presents a promising avenue for the radical transformation of materials management 
and shipping methodologies, thereby promoting a more resilient and efficient maritime industry.. 

 
1.Introduction  

The maritime industry, a fundamental pillar of global commerce, faces complex challenges in materials 
management and logistics efficiency. These difficulties arise from its intricate supply chains, the diverse array 
of stakeholders involved, and its vulnerability to various disruptions. In this context, the integration of blockchain 
technology presents a significant opportunity to address these ongoing issues[1]. By enhancing transparency, 
traceability, and security across the maritime supply chain, blockchain has the potential to transform the way 
stakeholders interact and manage resources, ultimately fostering a more resilient and efficient industry[2]. This 
paper examines how blockchain, leveraging its decentralized and immutable ledger, can fundamentally transform 
materials management and shipping operations, thereby promoting greater operational efficiencies and cost 
reductions. The intrinsic properties of blockchain including its decentralized architecture, immutability, and 
robust security features make it uniquely suited for navigating the complexities of information flow and asset 
tracking in maritime logistics[3], [4]. By streamlining document management processes, optimizing financial 
transactions, and enhancing device connectivity, this technological integration holds the promise of substantial 
improvements in the efficiency and security of the maritime ecosystem. Given the global scale of maritime 

                                                           

Hasna HAJJI1,1 : hasna.hajji-etu@etu.univh2c.ma 

Mohammed ABOUCHAABANE1 :  mohamed.abouchabane-etu@etu.univh2c.ma 

Abdellah ZAMMA2: zamma@enset-media.ac.ma 

EL KHAILI Mohamed3: elkhaili@enset-media.ac.ma  

 

                 
, 00101 (2025)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202568000101680

ICEGC'2025

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http ://creativecommons.org/licenses/by/4.0/). s

mailto:hasna.hajji-etu@etu.univh2c.ma
mailto:elkhaili@enset-media.ac.ma


 

 

operations, the technology's full potential as a significant advancement for the shipping industry can only be 
realized through a worldwide consensus on transaction standards and attributes. This paper aims to elucidate 
blockchain's multifaceted applications within this context, detailing its capacity to provide an authentic and 
verifiable record of digital assets without reliance on central authorities[5] 

2 Literature review 

2.1 Background 
 
The maritime sector, despite its indispensable function as the linchpin of global commerce, is inherently 
constrained by persistent operational friction, principally manifesting as protracted logistical delays, escalating 
financial overhead, and critical information asymmetry[1]. This intrinsic vulnerability is structurally magnified 
by traditional shipping methodologies, which rely heavily upon fragmented data systems and cumbersome 
manual record-keeping, thereby exacerbating inaccuracies, intensifying inter-stakeholder miscommunication, 
and increasing systemic vulnerability to supply chain disruptions. As the sector undergoes digital transformation, 
there is a pressing necessity for innovative solutions that can enhance operational efficiency and overall 
effectiveness[6].Recent empirical investigations underscore the transformative potential of blockchain 
technology within the maritime sector. As a decentralized and immutable ledger system, blockchain promotes 
secure and transparent transactions devoid of intermediaries, thereby augmenting traceability and accountability 
across supply chains[7]. 
 
Empirical evidence has shown that blockchain facilitates real-time oversight of shipments, substantially 
diminishes administrative burdens, and encourages collaboration among diverse stakeholders, including shipping 
firms, port authorities, and customs agencies[8]. By examining extant studies and case illustrations, this article 
seeks to furnish a thorough understanding of how blockchain innovations can transform materials management 
and logistical practices, ultimately propelling enhanced efficiency and reliability in maritime operations. 
 
2.2 Potential impacts of blockchain technology in shipping field   
 
The strategic implementation of Distributed Ledger Technology (DLT) within the maritime sector signifies a 
transformative shift in its fundamental logistical framework. The primary systemic benefit lies in the 
enhancement of information parity, achieved through a decentralized and immutable transaction ledger that 
guarantees real-time access to data for all authorized participants. This increased transparency fosters trust among 
diverse stakeholders—including shippers, carriers, and regulatory authorities—thereby reducing friction and 
facilitating seamless transactional interactions.[9]. 
In addition to promoting transparency, DLT significantly enhances the granularity of supply chains, allowing for 
precise, asset-level traceability of shipments from their point of origin to their ultimate destination. This 
capability is crucial for mitigating operational risks associated with cargo diversion, loss, or damage, as it enables 
stakeholders to swiftly identify and rectify discrepancies within the chain of custody. Moreover, the systematic 
adoption of smart contracts automates essential processes, such as conditional payment releases and compliance 
verifications. This automation effectively streamlines intricate workflows, significantly reducing the systemic 
delays historically linked to manual documentation.[10]. 
The practical efficacy of these theoretical advantages is evidenced by existing industry case studies. For example, 
COSCO, a prominent global shipping company, has successfully utilized blockchain technology to enhance 
operational efficiency through digitized cargo tracking and documentation, resulting in faster processing times 
and lower operational costs. Similarly, CargoX has introduced an autonomous DLT-based system that digitizes 
and secures the Bill of Lading, providing real-time verification that significantly reduces the risks of fraud and 
data inaccuracies. By integrating blockchain with complementary technologies, such as the Internet of Things 
(IoT), the maritime sector can achieve substantial optimization in resource management and improved 
visibility[11]. Ultimately, addressing the well-recognized challenges of implementation through robust 
stakeholder collaboration, standardization of protocols, and strict adherence to regulatory requirements is 
essential for harnessing these advancements to unlock new levels of resilience and competitive advantage in the 
global marketplace. 
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Fig. 1. benefits of blockchain in maritime sector[4] 

 
 

2.2.1 Quantifying Blockchain's Impact on Maritime Shipping Efficiency 
 
The progression of blockchain technology from a theoretical framework to a tangible implementation within the 
maritime sector is corroborated by empirical performance indicators. The implementation of permissioned 
blockchain frameworks (such as the consortium model) has yielded quantifiable enhancements in essential 
supply chain indicators, thereby effectively fulfilling the requirement for empirical substantiation.Table 1 
presented below encapsulates the documented quantitative effects, illustrating the ability of blockchain to realize 
its potential for increased efficiency, cost mitigation, and improved security. 
 
                                      Table 1. Key Performance Metrics of DLT in Global Logistics 

Efficiency 
Metric 

Observed 
Impact/Statistic Scope/Context 

Reduction in 
Processing 

Times 

30-50% reduction 
in documentation 

and clearance 
times 

Major ports (e.g., 
Singapore, Rotterdam, 

Shanghai) through smart 
B/Ls. 

Operational 
Cost Savings 

15-25% reduction 
in costs; annual 
industry-wide 

savings of $1-2 
billion. 

20 global ports (e.g., 
Dubai, Hamburg, Los 

Angeles); Busan 
achieved 20% lower 

administrative expenses. 

Error and Fraud 
Reduction 

70-90% reduction 
in errors and 
fraud; 85% 

decrease in data 
manipulation 

incidents 

European ports 
(Antwerp, Valencia), 
Asian ports (Ningbo) 

Supply Chain 
Transparency & 

Traceability 

80-95% improved 
traceability for 

cargo movements; 
35% reduction in 

miscommunication 
delays. 

12 global ports (e.g., 
Port of Kaohsiung, New 

York/New Jersey) 

Blockchain 
Benefits in 

Maritime Shipping

Automation via 
smart 

contracts

Enhanced 
efficiency and 
cost reduction

Improved 
tracabiity 

Trancparency 

Enhanced 
security

Decentralized 
and immutable 

ledger
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On-Time 
Deliveries Increased to 92%. 

Ports utilizing 
blockchain-enabled 

single-window systems 

Global Logistics 
Blockchain 

Market Growth 

USD 2.4 billion 
(2024) to USD 

95.3 billion (2034) 
Overall market for 

blockchain in logistics. 

Top Global 
Ports Adoption 

Rate 

25-30% by 2025; 
projected 50% by 

2030 

Integration in logistics 
operations among the 

top 50 global ports 
 
2.3 Blockchain in maritime sector  
 
The shipping and maritime sector has surfaced as a leading candidate for the integration of blockchain 
technology. As illustrated in Figure 2, the fundamental attributes of blockchain, including transparency, 
immutability, and decentralization, are congruent with the requirements of the intricate and globally 
interconnected maritime ecosystem[12]. 
 
A principal advantage of blockchain within the maritime domain lies in its capacity to streamline documentation 
and facilitate information exchange. The shipping process encompasses a multitude of stakeholders, including 
shipping lines, port authorities, customs agencies, and freight forwarders[13], all of whom necessitate access to 
an extensive array of documents and data. Blockchain-based frameworks can establish a shared, secure, and 
transparent ledger that enables the fluid exchange of crucial information, such as bills of lading, certificates of 
origin, and shipping manifests[4]. This capability mitigates the potential for errors, delays, and fraudulent 
activities, thereby ultimately augmenting the overall efficiency of the supply chain. 
 
Moreover, blockchain technology can facilitate the deployment of smart contracts[14], which have the potential 
to automate a variety of processes and initiate actions contingent upon predetermined conditions. For instance, 
smart contracts may be employed to enable the automatic release of cargo contingent upon the fulfillment of 
specific criteria, such as the verification of payment or the successful completion of customs clearance. This 
automation not only streamlines operational procedures but also bolsters transparency and trust among the 
participating entities[15]. 
 
Another domain in which blockchain can exert a significant influence is in the tracking and monitoring of cargo. 
By merging blockchain technology with IoT sensors and GPS tracking, the industry can attain real-time visibility 
into the location and condition of shipments. This level of visibility can assist in promptly identifying and 
addressing challenges, diminishing the risk of delays and losses, and enhancing overall supply chain 
management[16]. 
 
The maritime sector has additionally acknowledged the potential of blockchain technology in optimizing the 
efficiency of port operations. Blockchain-based systems can promote the seamless coordination of activities 
among diverse port stakeholders, such as terminal operators, customs authorities, and shipping lines. This 
coordination can result in decreased waiting times, optimized resource utilization, and an overall enhancement 
in port efficiency[13]. 
 
As the maritime industry persistently investigates the advantages of blockchain technology, it is imperative to 
tackle the challenges and considerations associated with its implementation. Concerns such as data privacy, 
regulatory compliance, and integration with pre-existing systems must be meticulously addressed to ensure the 
successful adoption of blockchain-based solutions within the shipping and maritime sector[4]. 
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Fig .2. maritime blockchain schema  
 
2.4 Types of blockchain in shipping   
 
The decision regarding the type of blockchain utilized in the maritime industry is a careful consideration shaped 
by the specific needs for privacy, security, and trust among a diverse array of stakeholders. Although public 
blockchains like Bitcoin and Ethereum are well-known for their transparency and decentralized features, their 
lack of confidentiality makes them largely unsuitable for the complexities of commercial shipping. As a result, 
the industry has increasingly turned to permissioned blockchains, which offer a balanced approach that meets 
the security requirements of distributed ledgers while also addressing the critical business imperatives of 
confidentiality and governance[13]. 
In the context of permissioned blockchains, two main models are commonly employed in shipping: consortium 
blockchains and private blockchains. The consortium blockchain is the most widely used framework[17], 
functioning as a semi-private network managed by a selected group of organizations. Key participants, including 
major shipping lines, port authorities, and customs agencies, collaborate to create a shared, private ledger that 
enables the secure and confidential exchange of sensitive information. This model effectively reduces the risks 
associated with centralized control by any single entity[18]. A prominent example of a successful consortium 
blockchain is TradeLens, a collaboration between Maersk and IBM[14], which showcases effective partnership 
in this domain[19]. 
Conversely, a private blockchain operates as a closed, permissioned network controlled by a single organization. 
This model is often utilized for internal supply chain management, allowing a company to track its own assets 
and documentation without sharing sensitive data with external parties. This structure offers a high degree of 
privacy, control, and operational efficiency[20]. 
The subsequent table 2 provides a summary of the advantages and disadvantages associated with each blockchain 
type, highlighting their respective functions and suitability within the maritime sector. 
 
                            TABLE 2. Advantages and disadvantages of blockchain types in maritime sector  

Blockchain 
Type 

Advantages and Disadvantages of Blockchain Types in Shipping 

Advantages in Shipping Advantages in Shipping 

Consortium 
 

High Trust & Confidentiality: All 
participants are known, verified, 
and trusted, which is crucial for 
business-to-business transactions 
in shipping. This allows for the 
selective sharing of data while 
maintaining commercial 
confidentiality 
Enhanced Governance: The 
network is governed by a group of 
pre-selected entities, allowing for 
clear rules and dispute resolution.  

-Partial Decentralization: It is not 
truly decentralized, as it relies on 
a central authority (the 
consortium) for governance and 
admission. 
 Potential for Collusion: The 
small group of members could 
potentially collude, which would 
undermine the "trustless" nature 
of blockchain.  
Complex Onboarding: Adding 
new members requires the 
consensus of existing 
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 - Scalability & Performance: 
Because the number of nodes is 
limited and controlled, transaction 
speeds are faster and more 
efficient than in public 
networks[1] 

participants, which can be a slow 
process[21]. 

Private 

Complete Control: A single 
organization controls the network, 
allowing for easy customization, 
rule-making, and user 
management. 
High Privacy: Data is not visible to 
the public, protecting sensitive 
company information from 
competitors.  
High Performance: With a 
minimal number of nodes, 
transaction speeds are extremely 
fast and efficient, making it ideal 
for internal operations. 

Centralization: It lacks the core 
tenet of decentralization, making 
it more vulnerable to a single 
point of failure or malicious 
activity from the controlling 
entity 
 
 Reduced Transparency: The lack 
of external visibility can make it 
less trustworthy to outside 
partners who need to verify 
information[21]. 
 

Public 

Maximum Decentralization: Open 
and permissionless, it provides a 
high level of security and 
immutability through a large, 
distributed network of nodes.  
 High Transparency: All 
transactions are visible, which is 
beneficial for tracking non-
sensitive goods and for 
establishing a verifiable record for 
the public (e.g., for sustainability 
claims). 

Severe Privacy Issues: The 
complete transparency is a major 
drawback for a competitive 
industry where commercial data 
is sensitive.  
 Low Scalability: Public 
networks are notoriously slow 
and have high transaction fees, 
making them unsuitable for the 
high volume of daily transactions 
in global trade. Unsuitable for 
Commercial Relations: 
Businesses are not willing to 
share their entire transaction 
history with an open, untrusted 
network[21]. 

 

3 Concrete Case Studies: Empirical Validation of Blockchain Efficiency 

3.1 Case Study: Global Shipping Business Network (GSBN) 
 
The Global Shipping Business Network (GSBN), formed through a formidable inter-carrier consortium that 
includes COSCO Shipping, Evergreen Marine, and OOCL, exemplifies a definitive framework for addressing 
the maritime industry's intrinsic challenge of fragmented information asymmetry through a collaborative, 
permissioned network utilizing Corda blockchain technology[22]. Its principal functionality is predicated on the 
extensive digitalization of essential trade documents, particularly facilitating the efficient issuance and transfer 
of Electronic Bills of Lading (eBLs). This innovative mechanism effectively eliminates the administrative 
challenges associated with conventional paper-based systems, which is directly correlated with the 30–50% 
reduction in documentation processing times as evidenced by empirical data. Moreover, the platform integrates 
smart contracts to autonomously manage intricate logistical transactions, including the secure release of 
payments that are contingent upon real-time verification of port call milestones, thereby alleviating financial 
friction and temporal delays. The platform's efficacy is corroborated by pilot programs—particularly with Hong 
Kong's Trade Single Window—illustrating the successful incorporation of IoT sensors to furnish immutable, 
real-time data for cold chain management[23]. This advanced capability guarantees stringent adherence to 
regulatory standards and significantly diminishes cargo spoilage claims, thereby reinforcing the empirically 
documented 70–90% enhancement in data accuracy and reduction of fraudulent activities. 
 
3.2 Case Study: CargoX Specializing in Secure Document Transfer 
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The CargoX platform is architected expressly as an autonomous, highly specialized mechanism for the secure, 
efficient, and fiscally advantageous administration and transactional transfer of foundational maritime 
documentation, specifically the Bill of Lading. This solution leverages distributed ledger technology (DLT) for 
the complete digital encapsulation and security of these critical trade instruments, thereby diminishing 
dependence on cumbersome, legacy paper-based protocols[24]. By recording these instruments on an immutable 
ledger, CargoX facilitates instantaneous, real-time credential verification and transactional transfer, which 
substantially accelerates approval heuristics and is a factor directly correlating with the empirically established 
30–50% reduction in documentation processing cycle times observed across the shipping sector. Additionally, 
the cryptographic security intrinsic to the distributed ledger considerably enhances document integrity, acting as 
a robust mechanism for mitigating the widespread risks of forgery and fraud, thereby reinforcing the empirically 
observed 70–90% decrease in errors throughout the maritime ecosystem[23]. 
 
4 Implementation challenges and future trends  
 
The maritime sector has acknowledged the significant prospects associated with blockchain technology; 
however, the successful realization of these innovations is fraught with challenges. A fundamental concern is the 
assimilation of blockchain architectures with established legacy systems and operational practices. The maritime 
sector has traditionally relied on established methodologies for documentation and information dissemination, 
rendering the transition to a decentralized, blockchain-centric framework a complex and resource-intensive 
undertaking. 
 
Another critical barrier relates to the imperative for collaborative initiatives and standardization throughout the 
industry. Blockchain ecosystems thrive on the participation of multiple stakeholders, thereby requiring the 
maritime sector to engage in coordinated efforts to formulate cohesive standards, protocols, and governance 
structures. Achieving such a degree of collaboration among various entities with differing interests and priorities 
poses a significant obstacle[12]. 
 
Data confidentiality and adherence to regulatory statutes represent additional vital factors. The inherent 
transparency of blockchain may provoke apprehensions regarding the safeguarding of sensitive commercial and 
operational information[25]. Effectively navigating the intricate landscape of international maritime regulations 
while ensuring compliance with data protection legislation is imperative for the extensive integration of 
blockchain within the shipping and logistics domain. 
 
In spite of these challenges, the prospective future of blockchain within the maritime industry is replete with 
substantial promise. As the technology progresses and reaches new levels of sophistication, it is anticipated that 
there will be a more widespread adoption of blockchain-based solutions specifically designed to meet the 
distinctive requirements of the shipping and logistics framework[26]. 
 
A notable emerging trend is the amalgamation of blockchain with other avant-garde technologies, such as the 
Internet of Things (IoT) and artificial intelligence (AI). By synergizing the transparency and immutability of 
blockchain with the real-time data acquisition and predictive analytics capabilities inherent in IoT and AI, the 
industry stands to achieve enhanced visibility, efficiency, and optimization throughout the supply chain[27]. 
 
Moreover, the advancement of blockchain-centric platforms expressly designed for the maritime sector is likely 
to gain momentum. Such platforms will provide holistic solutions that address the unique challenges encountered 
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by shipping enterprises, port authorities, customs organizations, and other pivotal stakeholders, thereby 
streamlining operations and fostering enhanced collaboration[28]. 
 
As the maritime industry persists in its exploration of the transformative capabilities of blockchain, it is 
imperative to confront the challenges associated with implementation and to embrace the trends that are 
emerging. By undertaking these initiatives, the sector can unlock unprecedented levels of efficiency, 
transparency, and trust, ultimately fortifying the resilience and competitiveness of the global shipping and 
logistics ecosystem. 
 
5 Conclusion  
 
The maritime industry has emerged as a prime candidate for the adoption of blockchain technology. This 
innovative technology aligns well with the needs of the complex and globally interconnected maritime 
ecosystem, thanks to its inherent characteristics of transparency, immutability, and decentralization. The 
integration of blockchain-based solutions has the potential to revolutionize materials management and shipping 
operations, addressing long-standing challenges such as delays, lack of transparency, and escalating operational 
costs. 
By streamlining documentation and information sharing, automating processes through smart contracts, and 
enhancing cargo tracking and monitoring, blockchain technology can significantly improve the efficiency and 
reliability of the maritime supply chain. However, the successful implementation of these blockchain-based 
systems requires addressing key challenges related to integration with legacy systems, industry-wide 
collaboration and standardization, and data privacy and regulatory compliance. 
As the maritime industry continues to explore the transformative potential of blockchain, it is crucial to embrace 
the emerging trends. These include the integration of blockchain with other cutting-edge technologies, such as 
the Internet of Things (IoT) and artificial intelligence (AI), as well as the development of specialized blockchain 
platforms tailored to the unique needs of the shipping and logistics sector. By addressing the implementation 
challenges and capitalizing on these future trends, the maritime industry can unlock new levels of efficiency, 
transparency, and trust, ultimately strengthening its resilience and competitiveness in the global marketplace. 
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