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Blockchain application in maritime supply chain: a systematic 

literature review and conceptual framework 

This research aims to establish the link between blockchain technology adoption 

in the maritime and shipping industry and its impact on maritime supply chain 

integration via a systematic review of both the academic and practice literature. In 

total 148 articles were identified and analysed. Blockchain applications identified 

from the literature are categorized into three domains: document management, 

transaction management, and cargo/vessel/terminal operations. An analysis of the 

benefits and challenges that influence the deployment of blockchain technology 

for maritime supply chain integration leads to the development of an integrated and 

extended Technology, Organization, and Environment (TOE) framework. This 

study is among the first to examine the current state of blockchain diffusion within 

the maritime supply chain, making a significant contribution to the field. The 

extended TOE framework offers guidance for future research and understanding 

of the relationship between blockchain adoption and maritime supply chain 

integration. It can be used to assist organizations in successfully adopting 

blockchain technology in their supply chain operations. 

Keywords: Blockchain; Distributed ledger technology, Maritime; shipping; 

supply chain integration; supply chain; TOE framework 

1.Introduction 

Increasing competition, reducing freight earnings and frequent supply chain disruptions 

such as the Covid-19 pandemic are some of the greatest challenges the maritime and 

shipping industry has faced in recent years. These challenges drive supply chain partners 

to seek new ways to improve operational efficiency and value creation. Supply Chain 

Integration (SCI) in the maritime and shipping sector has become a predominant strategy 

in response to changing customer needs. Information and Communication Technology 

(ICT) is one of the most important elements for strengthening SCI. Advances in ICT have 

enabled firms to facilitate smooth and timely information sharing across the supply chain 

and thus collaborate effectively with supply chain partners. Real-time (or near_real time) 



data related to supply chain activities shared within supply chain partners contributes to 

efficient supply chain management and has a positive effect on performance. 

In recent years, Blockchain Technology (BCT) has been identified as a potential 

solution to enable maritime SCI and improve efficiency in maritime logistics (Queiroz et 

al. 2019). Blockchain is a distributed ledger database for maintaining and tracking a 

permanent and immutable record of transaction data that has been executed, shared, 

replicated, maintained, and synchronised by participants in a decentralised network. 

According to Yaga et al. (2019, p. 12), blockchains can be defined as:  

“…..distributed digital ledgers of cryptographically signed transactions that are 

grouped into blocks. Each block is cryptographically linked to the previous one 

(making it tamper evident) after validation and undergoing a consensus decision. 

As new blocks are added, older blocks become more difficult to modify (creating 

tamper resistance). New blocks are replicated across copies of the ledger within the 

network, and any conflicts are resolved automatically using established rules.”   

The data in a blockchain is managed by the participating entities without the 

involvement of central authorities. BCT allows information to be safely stored, utilised, 

and shared in a distributed ledger based on peer-to-peer networks linked by cryptographic 

hashes (Scott et al. 2017). Access rights differ between permissionless (public) and 

permissioned (private) blockchain networks. A permissionless blockchain network is 

open to anyone who can both read the blockchain and issue transactions without 

permission from a central authority, which requires substantial resource for maintenance. 

In a private blockchain, network users must be authorised by a specific authority to 

publish blocks and that they are identifiable. Since each joined entity plays a role in 

maintaining the blockchain in a decentralised manner, the network does not require the 

expense or maintenance of resources as is the case with a public blockchain network. 



Given these characteristics, a permissioned blockchain is normally set up by business 

organisations. 

The complexities of maritime communication have a negative impact on 

transaction efficiency. For example, a single shipment transaction could involve 28 

distinct parties and around 200 different document exchanges, resulting in time delays, 

human error, and miscommunication. When shared via blockchain, encrypted data can be 

made accessible to every participant, addressing issues of trust, product traceability, 

process optimisation, and coordination and communication. 

One notable maritime SCI blockchain initiative is TradeLens, a secure data-

sharing and collaboration blockchain-based platform initially developed by Maersk and 

IBM (TradeLens 2022). This platform aims to integrate each party in the supply chain 

including traders, freight forwarders, inland transportation, ports and terminals, ocean 

carriers, customs and other government authorities – in order to provide secure end-to-

end services. TradeLens later became an independent and neutral platform. Another 

notable example is the Global Shipping Blockchain Network (GSBN) (GSBN 2022), set 

up by shipping carriers including COSCO and OOCL and global terminal operators 

including Hutchison Ports and PSA. 

Notwithstanding the diffusion of BCT applications, academic research into BCT 

applications in the maritime and shipping industry is still in its infancy. While a wide 

range of literature has been published examining the current state of BCT applications in 

the supply chain, there has been far less consideration in the maritime sphere. Conceptual 

and review analyses have been conducted providing a holistic overview of the application, 

challenges, and opportunities in a supply chain management (SCM) context (Dutta et al. 

2020). Several studies highlight the role of BCT in SCM as a key technology for 

integrating the supply chain and create value for different supply chain stakeholders  



(Queiroz et al. 2019). This paper focuses on the adoption of BCT in the maritime and 

shipping industry and its relationship to maritime SCI using a systematic literature review.  

The aim of this paper is to provide a synthesised view of BCT adoption in the 

maritime and shipping sectors, in the context of SCI by understanding and identifying 

key adoption factors using the Technological – Organisational – Environmental (TOE) 

framework. The TOE framework is an organisational-level theory used to identify and 

explain the three elements of a firm’s context, technological, organisational and 

environmental, which influence the adoption and implementation of innovative 

technologies (Baker 2012).  

This study differs from previous systematic literature reviews in two ways. First, 

the focus of this study is on BCT adoption and its integration in the maritime supply chain. 

Second, in contrast to previous studies, which covered either academic sources or industry 

sources, this study conducts an analysis based on both academic and industry sources. 

Thus, a more critical review was possible by consolidating not only theoretical academic 

considerations, but also practical evidence from industry.  

This paper addresses knowledge gaps with regard to the current application areas 

of BCT in the maritime and shipping sectors, identifies BCT adoption factors for maritime 

SCI including benefits and challenges and suggests a conceptual framework where 

adoption factors are classified in the context of technology, organisation and environment. 

The rest of paper is organised as follows. Section 2 provides the theoretical background 

to the systematic literature review whilst Section 3 presents the details of the 

methodological approach. Section 4 discusses the research findings, and in section 5 a 

conceptual framework is proposed linking BCT adoption and maritime SCI. Section 6 

concludes the paper, discussing the main contributions, limitations, and future research 

opportunities. 



2. Theoretical background 

2.1 Maritime Supply Chain Integration  

Supply chains have improved functionally both through internal integration to facilitate 

seamless flows through internal supply chains, and external integration to encompass 

suppliers and customers (Stevens and Johnson 2016). Internal integration involves the 

planning and control systems of a company to integrate supply and demand along a 

company’s own operations. External SCI refers to the extent to which the supply chain 

processes of a firm are integrated within the scope of upstream (customers) and 

downstream (suppliers) through focal companies (Flynn et al. 2010). Whilst early SCI 

focused on the linear relationships and flows between customers and suppliers, more 

recent developments emphasise a non-linear network approach to integration (Stevens 

and Johnson 2016).  

The maritime supply chain is effectively a logistics system integrating the 

individual functions of maritime transport. The concept of integration is at the centre of 

maritime logistics in the physical, economic/strategic or organisational aspects . Figure 1 

illustrates the flow of physical cargoes and information between maritime supply chain 

actors (Meersman et al. 2010). A shipper chooses a certain shipping company (a carrier) 

with or without mediation of freight forwarder or logistics service provider. A carrier opts 

for the port of call and the terminal operator to use either with or without the mediation 

of an agent. In addition, the owner of the goods may rely on a customs broker if the 

customs process is required. 

Liner shipping companies play a key role as they are often the most integrated in 

maritime logistics chains. In a competitive global economy shipping companies are 

required to provide integrated services to meet customers’ demands for door-to-door 

services. The role of shipping firms as carriers has changed from merely being cargo 



transporters to strategic distribution partners, providing important visibility and 

connectivity in the maritime supply chain (Yuen et al. 2019). Firms are making strategic 

efforts through inter-organisational relationships to achieve competitive advantage and 

improve performance. The nature and scope of shipping companies’ operations has 

become a critical element in supply chain service performance with their new broader 

roles such as supply chain integrators and information disseminators (Wagner and 

Frankel 2000). Ports are another important supply chain actor, given that they are 

regarded as vital nodes in maritime supply chains. Studies have confirmed that port make 

a positive impact on the effectiveness of the supply chain as a whole by reducing cost and 

cycle times as well as improving productivity and delivery quality (Woo et al. 2013). 

Digitalisation efforts observed in seaports globally is an important development in the 

maritime supply chain.  

 

 

Figure 1. The Maritime Supply Chain 

Source: Adapted from Meersman et al. (2010) 

2.2 Blockchain adoption and maritime SCI 

The maritime industry is undergoing a digital transformation to improve global trade 



processes, with various advanced ICT systems such as the Internet of Things, big data 

analytics, cloud computing, and autonomous ships being adopted. However, blockchain 

technology (BCT) is increasingly viewed as a key digitalisation tool for the maritime 

supply chain (Dutta et al. 2020). BCT utilizes a decentralized network to maintain and 

track transaction data, with blocks in the chain linked by cryptographic hashes and all 

nodes having an identical copy. Once verified and validated by the parties involved in the 

transaction, blocks become immutable, ensuring transparency, traceability, security, and 

trust over the network. Data on a decentralised system can be accessed, monitored, stored, 

and updated by multiple participants, resulting in disintermediation of intermediaries and 

full visibility of transactions for supply chain members. 

 

Figure 2. Blockchain Structure Overview 

Source: Yaga et al. (2019) 

 

BCT enhances trust among supply chain partners because of its consensus 

mechanism. The mechanism verifies that transactions are coded into blocks according to 

cryptographic rules and places blocks in time sequence in the chain. Trust is established 

based on consensus within the blockchain and achieved with the consent of all 

participants. BCT also improves traceability within supply chain networks. The 

blockchain network provide proof of the provenance and authenticity of products to every 



participant to the transactions in real-time. Given shared information, it not only enhances 

visibility of tracking information related to the movement of products transmitted from 

the IoT sensors, but also ensures the integrity of transaction information (Blossey et al. 

2019). These features have the potential to improve the performance of the maritime and 

shipping sectors.  

Tsiulin et al. (2020) suggests a conceptual framework of BCT implementation in 

shipping and port management. Here, reviewed projects are classified into three domains: 

document management, financial processes, and device connectivity. The main concept 

of the framework is applied and modified in order to classify the domain to which the 

BCT is applied. Document management is used to represent a domain involving 

documentation processes. Financial activity is expanded to transaction management 

which includes all types of contracts and transactions in the maritime supply chain. In 

addition, device connectivity is reoriented to cargo / vessel / terminal operation where 

connection between devices is required. Based on the modified conceptual framework, 

the application domains are classified: document management, transaction management, 

and cargo/vessel/terminal operation (Figure 3). Each application area does not operate in 

isolation, being linked to each other to enhance information sharing in the entire maritime 

supply chain, and thus improve integration. 

BCT has the potential to trigger the digitalisation of documentation used in 

maritime and shipping transport. The maritime industry has failed to fully digitalise 

document processes because of the differences between individual systems at each point 

of the supply chain and reliance on manual processes (Tsiulin et al. 2020). This delay in 

the transition to digitalisation has caused inefficiency in communication between 

stakeholders, hindering smooth information exchange, leading to wasted time and 

increased costs in the maritime transportation process. BCT enables digitalisation of 



documentation, improves real-time information exchange, and provides a unified 

approach in the context of document management. 

From the perspective of supply chain participants, a contract of shipment involves 

a wide range of parties in different transaction processes. The intervention of 

intermediaries and replicated administration processes complicates transactions and 

negatively affects trust between stakeholders (Li et al. 2018). BCT provides a platform to 

execute contracts in supply chain transactions. Smart contracts which are established on 

a decentralised blockchain network execute transaction protocols automatically with 

increased accuracy, security and trust with resulting transparency, traceability, and 

efficiency (Koirala et al. 2019).  Furthermore, BCT applies not only to the documentation 

and transactions, but also to the physical movement of cargo across the maritime supply 

chain. BCT plays a key role in connecting both the physical and information dimensions. 

It provides the functionality to store and distribute information generated from sensors 

and devices such as RFID on containers, on board vessels, and from terminal equipment 

(Ahmad et al. 2021). The data is linked to the smart contract contributing to maximising 

the efficiency of the supply chain and optimising the planning of cargo handling across 

the supply chain including the port terminal (Panayides and Song 2008). 

 



 

Figure 3. Blockchain domains in the maritime supply chain 

Source: Adapted from Tsiulin et al. (2020) 

 

2.3 Extended TOE framework 

Several notable theoretical models have been developed to investigate the factors 

influencing the adoption and implementation of innovative technologies from an 

individual user’s point of view, namely; Technology Acceptance Model, Task 

Technology Fit, Diffusion of Innovation, Unified Theories Acceptance and Use of 

Technology (Ullah et al. 2021). However the TOE framework is a theory that explores 

and explains the significant impact on the adoption of ICT innovations in organisations, 

providing a comprehensive approach at the firm-level (Oliveira et al. 2014). Using a 

multi-dimensional analysis, the framework assesses the essential factors that 

organisations should consider when adopting innovative technology. BCT is a core 

technology in communication and information sharing in the supply chain network. In 

other words, not only the internal organisational structure and technology, but also 



external connectivity and technology are important in facilitating BCT. This paper applies 

the TOE framework to consider internal and external characteristics of the organisation 

in adopting BCT. 

The TOE framework has been used in previous research to understand the 

determinants of the adoption of innovative technology in the context of SCI. Further, the 

effect of factors in the adoption of advance technologies such as RFID and IoT in the 

supply chain have been investigated using the TOE framework. The technological context 

includes the characteristics and availability of technologies that are already in use, as well 

as those of technological innovation (Baker 2012). The organisational view includes the 

organisational context incorporates the firms’ structure, the resources, and intra-firm 

communications. The environmental context refers to the considerations that affect an 

organisation’s business operation, such as markets, industries, and the regulatory 

environment. 

In this study, the environmental view is extended to cover two exogenous 

dimensions, environmental categories external to supply chain and organisational and 

inter-organisational factors. The adoption of BCT in the maritime supply chain aims for 

efficient data sharing between stakeholders. Given this fact, the relationship between 

organisations in blockchain-based information sharing is identified as a vital 

environmental factor in BCT application in the supply chain. Inter-organisational factors 

involve relation-specific issues across organisations and have been widely considered as 

a key element in information sharing in a supply chain context (Zeng et al. 2021).  

3. Methodology 

3.1 Systematic Literature Review 

A systematic literature review was used in order to collect and explore literature 



addressing the theme of BCT application in the maritime supply chain. BCT application 

research has been regarded as in the emergent stage in its evolution, especially in the 

maritime and shipping industries. Exploratory research conducted using an systematic 

literature review is appropriate when a social phenomenon is at a developmental stage 

(Petticrew and Roberts 2008). A systematic literature review is different from traditional 

narrative reviews, and is more replicable, scientific, and transparent, minimising bias 

through exhaustive literature searches. Systematic review is a scientific method designed 

to locate, appraise, and synthesise large bodies of information by investigating and 

exploring the frontiers of research for establishment of background knowledge (Petticrew 

and Roberts 2008). The method contributes to providing a more objective review than 

traditional reviews by reducing bias in selection and the inclusion of literature in 

answering a specific research question.  

Systematic literature reviews in SCM have increased rapidly and evolved to 

increase the rigour, transparency, and contribution by adopting guidelines from other 

disciplines (Durach et al. 2017). However, research on BCT is a relatively new field 

where the concept of the encryption network, namely bitcoin, was first established in 

2008. Furthermore, the SCM domain associated with BCT is still under development but 

rapidly advancing, especially in the maritime and shipping sectors, where papers 

published in journals are scarce. Here, an integrated review of the application of BCT in 

these sectors in the context of SCI has not been undertaken. There exist literature studies 

focusing on the BCT topic in SCM and providing fragmentary evidence. For instance, 

Dutta et al. (2020) applied a systematic literature review in order to highlight the 

opportunities, societal impacts, and challenges of using BCT in supply chain operations 

across several industries such as shipping, manufacturing, automotive, finance, 

agriculture and food.  Queiroz et al. (2019) attempted to explore the main BCT application 



in SCM integration context, and the disruptions and challenges in adopting BCT by 

following systematic review approach. Pournader et al. (2020) adopted a more methodical 

systematic literature review by using co-citation analysis (part of network analysis) to 

identify four main clusters namely technology, trust, trade and transparency/traceability. 

A review of BCT use cases arising from practice was also conducted. Given that 

academic literature tends to lag behind practical developments in ICT studies and rapid 

developments and experiments in industry, this undertaking was necessary, providing a 

more comprehensive review of the state of art BCT developments as well as academic 

thinking, sensemaking and theorisation of the phenomena. This approach was adopted by 

Wang et al. (2019), however while they considered BCT development in the supply chain 

generically, the focus here is specifically on the effect of BCT on SCI in the maritime and 

shipping sectors. 

This study adopts the systematic review guideline proposed by Denyer and 

Tranfield (2009) and Durach et al. (2017) in the field of management and SCM 

respectively. The review guideline involves five major stages: (1) defining and 

formulating the research question; (2) locating studies by determining the required 

characteristics of primary studies; (3) selecting and evaluating the pertinent literature; (4) 

analysing and synthesising the literature; (5) reporting and using results. 

3.2 Formulating the research questions 

The purpose of this study is to identify key factors affecting maritime SCI following the 

introduction of BCT using a systematic literature review. To this end, this paper explores 

the current state-of-art of BCT applications in the maritime and shipping sectors based on 

academic and practical evidence and identifies its benefits and challenges. Consequently, 

by synthesising the results, the research determines the major factors influencing 



maritime SCI in BCT adoption from the TOE perspective. The research questions are 

therefore formulated as follows:  

• What are the main current BCT applications in the maritime and shipping 

industry? 

• What are main benefits and challenges of BCT adoption in the maritime supply 

chain? 

• What are key factors of BCT adoption that support maritime supply chain 

integration? 

3.3 Research Strategy 

The systematic literature review process included three aspects: search terms, the 

databases used, and inclusion and exclusion criteria. Based on the defined research 

questions, the initial search strings included three key dimensions: “Blockchain”, 

“maritime shipping”, and “supply chain integration”. In order to identify appropriate 

search terms and reduce error, the iterative multi-step process for an effective keyword 

structure presented by Davarzani et al. (2016) was used (Figure 4). The keywords were 

determined as “Maritime” OR “shipping” OR “liner” OR “port”; “Blockchain” OR 

“block-chain” OR “distributed ledger”. Keywords related to supply chain were excluded 

from the search string because the search results contained irrelevant articles that were 

broader than the maritime and shipping sectors or covered only minor aspects. From the 

literature related to maritime shipping and blockchain, outcomes related to SCI were 

manually checked and selected for the systematic literature review. 

 



 

Figure 4. Multistage process to define keyword structure 

Source: Davarzani et al. (2016) 

 

The pilot search was conducted using the Scopus and Web of Science (WoS) 

databases. Scopus is the largest database containing abstract and citations of peer-

reviewed literature (Burnham 2006). All search outcomes resulting from the WoS search 

overlapped with those of Scopus, therefore this study used Scopus database solely for 

‘‘title, abstract, keywords’’ search.  

Despite the reliability of peer-reviewed publications with a managerial impact in 

the research field under examination, peer-reviewed publications were not considered as 

an inclusion criteria to ensure the quantity of materials considering that BCT research is 

in its infancy. Only papers published in full text in English were selected. Conference 

proceedings covering technological aspects were also included in order to understand 

how technological logic is related to the information sharing processes in SCI. The 

exclusion criteria encompassed conference reviews and book chapters which lack a 

rigorous peer review process (Lim et al. 2019).  

Information sources such as professional and practitioner journals or web 

resources can be used to identify recent developments or topical themes in the context of 

policy, legislation, and technological advances that the academic literature does not 

provide. BCT application in the maritime sector has been discussed since 2017 and it is 



still at an early stage where academic studies based on empirical data are generally 

insufficient to conduct a systematic literature review. In order to supplement the gap 

between academic and practitioner evidence, Lloyd’s List, which provides news and 

analysis across the global shipping industry, was used as a data source for practical 

evidence. Only blockchain was used as a search term since the result encompassed all 

relevant articles. Container, bulk, tankers and gas market were selected as the target field 

and sections included technology and innovation; ports and logistics; ship operation; 

safety; finance; regulation; environment. The inclusion and exclusion criteria are detailed 

in Table 1. 

Academic sources  

Inclusion criteria 
Access to full text 

A study which is mainly about blockchain application in maritime supply chain 

  

Exclusion criteria 

Conference reviews, book chapters 

Non-English 

A study which is marginally related to blockchain application in maritime supply 
chain 

Practical sources  

Market Container; bulk; tankers and gas 

Section 
Technology and innovation; ports and logistics; ship operation; safety; finance; 
regulation; environment 

Table 1. Inclusion and exclusion criteria 

Source: Authors 

 

3.4 Study selection and evaluation 

Using the combination of refined key terms, an initial search identified 171 articles. 

According to inclusion and exclusion criteria, non-accessibility to full text, conference 

reviews, book chapters, and non-English papers were filtered at this stage. The outcomes 

were refined based on the consideration of inclusion and exclusion criteria. Furthermore, 

the scope of the papers was filtered by reviewing the context of titles and abstract with 

the keywords to ensure relevance and quality. Abstracts gives a brief but broader 



summary of the publication that titles do not reflect. Articles in the primary search include 

keywords of blockchain application and maritime and shipping, however, articles 

covering irrelevant subjects such as retail, food, manufacturing were excluded. At this 

stage, 73 articles were selected for the review. 

Lloyd’s List was used to search for the latest blockchain developments in practice. 

It provides a well-established and sophisticated search engine by sectors and issues. 

Shipping information and newspapers covering maritime sector issues published by 

Lloyd's List have been used as a database for analysis in maritime studies. 170 articles 

were found in the search results in Lloyd's List and after assessment those related to BCT 

application in maritime supply chain were extracted where they reported the launch and 

development of blockchain programs, initiatives, projects, consortiums in the business 

fields of shipping liners, ports, forwarding, and software companies a total of 75 articles 

were identified. The complete filtering and selection procedure is illustrated in Figure 5. 

 

 

Figure 5. Process of systematic literature review 

Source: Authors 

 

4. Research findings and discussion 

This section provides a descriptive overview of information about articles from the 



Scopus search. Analysis and synthesis of important evidence in relation to BCT 

application in the maritime supply chain are represented in the following subsections. 

4.1 Descriptive analysis 

Number of publications. Papers in which Blockchain emerged in the maritime sector have 

seen rising in numbers since their first appearance in 2017. In total 73 papers were 

identified between 2017 and 2021, the number of publications has grown annually since 

2017, with 33 articles published in the 2021, highlighting the emerging and growing 

interests in the research field. In terms of type of publications, the majority of academic 

papers consist of journal articles (59%) while the remainder are conference papers (41%). 

In the same period, the largest number of practical articles relevant to the topic of BCT 

in liner shipping sector were published between 2018 and 2019. Most attention to the 

blockchain occurred in 2018 when various blockchain initiatives had been launched. 

Since then, as the BCT consortium was formed by major players in the industry, the 

development of small and medium sized projects has decreased, and the number of 

publications has decreased simultaneously. Broadly, industry discussion on blockchain 

started in 2016, then academic interest increased as organisations such as shipping 

companies and maritime authorities participated in the development of BCT. 

 Academic Practical Total Year Journal article Conference Total 
2016 0 0 0 1 1 

2017 0 1 1 9 10 

2018 1 2 3 24 27 

2019 10 3 13 17 30 

2020 16 7 23 13 36 

2021 16 17 33 11 44 

Total 43 30 73 75 148 

Table 2. Number of publications per year 



 

Figure 6. Number of publications per year 

Source: Authors 

 

Theoretical approach. The papers analysed in this study are grouped according to the 

theory-building types they follow. This study adopted a classification scheme used in the 

field of operations management research suggested by Wacker (1998) which 

differentiates between analytical and empirical approaches. The analytical approach 

includes deductive methods for theory building to logically derive conclusions through 

reasoning, whereas the empirical approach uses inductive methods to derive general 

principles using data from external organisations. Each approach is divided into three 

sub-categories; the analytical approach includes conceptual, mathematical and statistical 

methods while the empirical approach consists of experimental, statistical and case 

studies. 

Table 3 shows the distribution of studies of BCT applications in the maritime and 

shipping sectors classified according to Wacker’s framework (Wacker 1998). Two-third 

of studies employed an analytical approach, primarily using analytical conceptual 

methodologies. This pattern is different from studies in the container shipping field, 

including shipping operations, shipping management, and shipping economics, which 
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apply deductive approaches using statistical methods (Lau et al. 2013), while there are 

similarities with studies in the fields of port management and SCM , where analytical 

conceptual methodologies are the most popular research design adopted (Alexandridis et 

al. 2018). In terms of research methods, most studies conduct conceptual and review 

research which belongs to analytical analysis, aiming to illustrate developed concepts for 

new insights to existing problems. Contrary to analytical research, empirical approaches 

analysed external data such as case study, survey, interview and observation. Due to the 

immaturity of BCT applications in industry, the use of empirical methods is relatively 

less than analytical methods. A number of conference papers with a focus on technical 

design were identified, which helps in understanding the use of BCT. Although not all 

articles include theory, various theoretical lens’ have been employed in conducting 

research. In line with the result of the analysis in previous section, it has been observed 

that theories of technology adoption such as the Technology Acceptance Model or 

Technological-Organisational-environmental (TOE) framework are widely adopted 

considering the early stage of BCT development (Table 4). 

Theoretical building Number of 
papers 

Research methodological 
approach 

Number of 
papers 

Analytical 
Analytical conceptual 32 

Conceptual research 22 

Review 10 

Analytical mathematical 5 Math modelling  5 

Sub total 37  37 

Empirical 
Empirical case study 17 

Case study 13 

survey 3 

Observation 1 

Empirical statistical 5 Quantitative empirical 5 

Sub - total  22  22 

Other  14 Design science 14 

Total   73  73 

Table 3. Distribution of theoretical approach 

Source: Authors 

 

 



Theoretical Lens Contribution References No. of 
papers 

Dynamic capability 
theory 

Define and see the maritime supply 
chain as a dynamic hypercompetitive 
business environment 

Lambouriere and Corbin 
(2020) 

1 

TAM (Technology 
Acceptance Model) 

Assess the intension to use BCT from 
the perspective of perceived ease of 
use and usefulness of BCT 

 

Yang (2019); Tan and 
Sundarakani (2020)  

2 

BOCR model (Benefits, 
Opportunities, Costs, and 
Risk)  

Identify key BCT adoption factors as 
benefits, opportunities, costs, and 
risk. 
 

Ho and Hsu (2020)  1 

Game Theory Mathematical comparison by 
different situation of BCT adoption  

Pu and Lam (2021); Wang 
et al. (2021); Zhong et al. 
(2021) 

3 

TOE (Technology – 
Organisational – 
Environmental) 

Identify key BCT adoption factors in 
the context of Technological, 
organisational, environmental 

Orji et al. (2020) 1 

Total    8 

Table 4. Theoretical lens of papers 

Sources: Authors 

 

4.2 Blockchain in Maritime Supply Chain research and typical use Cases 

The research scope to which BCT is applied is split into various areas within the maritime 

supply chain and are detailed in Table 5. The majority of articles cover BCT adoption 

across the entire chain rather than focusing on certain supply chain players or sectors. For 

instance, Pu and Lam (2020). Lambourdiere and Corbin (2020), and Liu et al. (2021b), 

developed a conceptual framework to provide an holistic view of BCT application in the 

maritime sector, which encompasses major maritime supply chain stakeholders including 

ship operators, port, governance, freight forwarders, shippers, consignees, terminals, 

insurers, back office and tech management companies. Tsiulin et al. (2020b) and 

Bavassano et al. (2020) reviewed literature focusing on BCT applications in the maritime 

sector and identified important factors in the implementation of BCT. Li and Zhou (2020) 

investigated how BCT is applied in supply chains in the maritime and shipping sectors, 



considering the movement of cargo, document exchange, and contract execution among 

shipping liners, ports and forwarding companies. Jensen et al. (2019) explored the role, 

evolution, and adoption of TradeLens. Gaisdal et al. (2018) explored relevant areas from 

Implementing BCT in the maritime supply chain based on the main drivers and barriers 

of digital innovation identified. In contrast, Nguyen et al. (2020) identified the risks for 

BCT application and examined the causal relationships between them by level of risk 

through network analysis. Balci and Surucu-Balci (2021) identified barriers of BCT 

adoption in maritime industry and examined their relationship.  

Other papers identified the role of BCT in improving port logistics operations and 

terminal processes (Hensey et al. 2019; Liu and Wu 2020; Ahmad et al 2021; Liu et al. 

2021a; Sangeerth and Lakshmy 2021). Wang et al. (2021) examined the impact of BCT 

application in logistics capability related to logistics transparency and customs clearance 

efficiency. In addition, Tsiulin and Reinau (2021) determined and examined the scenario 

of what strategy port authorities would take for BCT application.  

Many articles focus on blockchain-based smart contracts applied to transaction 

and documentation used in the maritime supply chain, for instance, bills of lading and e-

invoicing are representative of such documentation (Todd 2019; Wunderlich and Saive 

2019; Narayanam et al. 2020). Peronja et al. (2020) compared how the freight rate would 

differ when a smart contract is applied to a bill of lading and executed by decentralised 

automation. Pranav et al. (2020) and Alkhoori et al. (2021) proposed a system design for 

blockchain based smart contracts in the shipment process. Irannezhad and Faroqi (2021) 

also proposed a conceptual platform which creates transactions through smart contracts 

enabled by integrated IoT and blockchain systems. The IoT system including the 

management of smart containers is applied using a blockchain-based solution (Xu et al. 



2018; Alkhoori et al. 2021). Pu and Lam (2021a) showed that BCT application have 

effects in emission reduction from digitalising shipping document. 

In the financial sector, Pečcarić et al. (2020) found an alternative method in 

executing reimbursement loan transactions used in maritime transport trades as a form of 

payment implemented by smart contracts and BCT. Philipp et al. (2019) identified the 

advantages of using blockchain smart contracting systems in the context of a charter-

party contracting process. Tan and Sundarakani (2020) evaluated the impact of BCT 

based smart contracts in improving the efficiency of freight consolidation processes. The 

method of calculating freight rates in the spot market through the conclusion of a contract 

using a smart contract also has an impact. Sampath et al. (2020) proposed a decision-

making technique in collaborative shipping marketplace for spot shipments for the 

participants of shippers and carriers using a decentralised blockchain. Zhong et al. (2021) 

examined decision making regarding freight rates in container shipping when container 

liners entered as the member nodes.  

BCT applications for vessel operation is a further research domain. Perera and 

Czachorowski (2019) discussed the logic of smart contracts using operational information 

from GPS signal from vessel. Petković and Vujović (2019) proposed a scheme for the use 

of a BCT system for improving the security of authentication in autonomous vessels. 

Vujičić et al. (2020) discussed the role of BCT platforms in monitoring grey water 

discharge in vessels to enhance sustainability. 

On the other hand, articles from Lloyd’s list present BCT application cases in the 

maritime industry. Table 5 illustrates the application cases by the type of organisations.  

In practice, since 2017, major shipping liners, as the main players in ocean transportation, 

have developed and launched individual blockchain-based platforms. In general, various 

blockchain platforms aim to digitise paperwork and connect relevant stakeholders across 



maritime supply chains on standardised platforms (Braakman 2020). The platforms 

improve efficiency by smoothing information sharing in real-time and streamlining 

processes while reducing costs, saving time, and improving transparency, visibility, and 

security. Representatively, TradeLens of Maersk (Baker 2020) and GSBN of the Ocean 

alliance (Shen 2021b,c) are continuously attracting members and striving to achieve 

maritime SCI through these platforms. In the dry bulk and tanker industry, a movement 

towards a blockchain platform by China Merchant energy shipping has also appeared 

(Shen 2021a). 

Port authorities are introducing BCT to promote efficient information sharing 

among various port users. Authorities at the Port of Antwerp (Tan 2017) and Rotterdam 

(Baker 2018a), and Abu Dhabi port unit Maqta gateway (Wee 2018a) introduced BCT to 

eliminate physical paperwork and enable real-time information sharing to improve 

operational safety and end-to-end integration in an open ecosystem. 

Financial organisations that implement financial transactions in the maritime 

supply chain are participating in blockchain solutions. Lloyd’s Register Foundation 

worked with Blockchain Labs for Open Collaboration, a digital solution provider, to 

launch Maritime Blockchain Labs in 2019 to explore ways to use BCT in a maritime 

ecosystem and to foster innovation and collaboration between blockchain users and 

shipping players (Clayton 2018). Commercial banking companies, BNP Paribas and 

HSBC collaborated to digitalise financial transaction in the maritime supply chain using 

BCT (Baker 2018a). In addition, software companies have been entering the market by 

developing blockchain platforms and providing solutions for maritime companies. These 

include Marine Transport International, ShipNext, 300 Cubits, EY and Guardtime, 

CARGOSMART, CargoX, Wave, Oracle and BunkerChain (Baker 2017,2018; Bakhsh 

2018; Shen 2018; Wee 2018; Baker 2018; Osler 2020; Wee 2021).



 Table 5. Blockchain application cases 

Source: authors, consolidated from Lloyd’s List articles 

Company types Lead company Name of project Main partners Participating 
members 

Year Role and aim 

Shipping liner 

MOL  NYK Kawasaki, and NTT Data 14 members 2017 Trade data sharing platform to streamline procedure and reduce costs 

Hyundai Merchant 
Marine 

 
Oracle, Samsung SDS, IBM Korea, 
Busan Port authority 

38 members 2017 Blockchain consortium for shipment booking and cargo delivery 

APL  Kuehne+Nagel, InBev, Accenture,   2018 Solution to eliminate shipping documents and save logistics costs 

Pacific International Lines  
PSA International and IBM 
Singapore 

 2018 
Blockchain-based electronic bill of lading to cut the traditional paper trail and 
streamline the process 

Maersk TradeLens IBM 300 members 2018 
Open and standardised platform for interaction through real-time access to 
shipping data and shipping document, including IoT and sensor data 

Ocean Alliance carriers 
GSBN (Cargo 
Release) 

Bank of China, DBS Bank, HSBC  2019 
Blockchain-based open platform to connect stakeholders and allow them to 
digitise and organise dangerous goods documentation 

China Merchants Energy 
Shipping 

Britc China Merchants group  2021 
Reliable platform for a shipping service platform, a documentation and contract 
system, as well as an information-sharing centre in dry bulker and tanker industry 

Port 

Authorities at the Port of 
Antwerp 

 T-mining, PortXL programme  2017 
Platform to optimise efficiency in the container handling logistics chain by 
eliminating physical paperwork 

ABU Dhabi Ports unit 
Maqta Gateway 

Sisal Maritime SC  2018 
Blockchain system providing seamless and secure link between stakeholders 
across the trade community with encrypted documentation 

Port of Rotterdam 
Authority 

 Samsung logistics and ABN Amro  2018 
Open, independent and global platform for paperless integration of physical, 
administrative and financial streams within international chain  

Software 
companies 

Marine Transport 
International 

 Solas VGM  2017 Programme leveraging the legal requirements  

ShipNext   300 cubits  2018 Selling digital token for secured and reliable transactions in cryptocurrencies 

300 Cubits  Westports, LPR  2018 
Deposit system using BCT and TEU token to address the problem of cargo ‘no-
shows’ and ‘rollovers’ 

EY and Guardtime INSURWAVE  4 members 2018 Digital platform for marine hull insurance 

CARGOSMART  Oracle  2018 Solution for supply chain parties to auto-fill repeated and verified information 

CargoX    2018 Blockchain-based electronic bill of lading 

Wave BL  Hapag-Lloyd, Zim, MSC  2020 Blockchain-based electronic bill of lading 

BunkerChain TrustTrade 
Singapore’s Infocomm Media 
Development Authority 

 2021 
Real time visibility and control of the physical bunkering process with full audit 
trail 

Insurance 
LLOYD’S Register 
Foundation  

MBL consortium 
Blockchain Labs for Open 
Collaboration (BLOC) 

8 members 2018 
Tracking the risks and challenges associated with the declaration and handling of 
dangerous goods 

Bank 
BNP Paribas and HSBC 
Singapore 

   2018 Digitised letter of credit transaction and digitalisation of trade finance 



4.3 Blockchain application domains and benefits 

As discussed above, BCT is being applied to different areas of the maritime supply chain 

and plays various roles. The blockchain domain can be divided into three major categories 

by functionality as mentioned in Section 2.2., document management, transaction 

management, and cargo/vessel/terminal operation. The functionalities and features of 

BCT in each domain identified from previous literature of BCT application in the 

maritime supply chain are detailed in Table 6 and discussed below. 

Document management  

The introduction of BCT to manage various types of information used in maritime supply 

chain processes brought significant changes in 1) document digitalisation, 2) real-time 

information exchange and accessibility, 3) data management and 4) document unification.  

1) Maritime organisations can minimise costs for paperwork through 

digitalisation and improve efficiency by shortening the processing time of documentation 

by reducing delay (Nærland et al. 2017; Gausdal et al. 2018; Jabber and Bjørn 2018; 

Jensen et al. 2019; Wunderlich and Saive 2019; Yang 2019l Li and Zhou 2020; Pečarić 

et al. 2020; Perkušić et al. 2020; Peronja et al. 2020; Pu and Lam 2020; Tsiulin and Reinau 

2021). 2) In addition, not only can the system achieve enhanced flexibility through 

smoother and seamless exchange of data related to documents, shipments and transaction 

(Lambourdiere and Corbin 2020; Pranav et al. 2020; Tsiulin et al. 2020b; Ahmad et al. 

2021; Bae 2021; Liu et al. 2021; Sangeerth and Lakshmy 2021), but also, instantly resolve 

disputes regarding shipments, invoices, purchases and returns through real-time access to 

information (Ho and Hsu 2020; Li and Zhou 2020; Narayanam et al. 2020). 

3) The permitted information shared across the entire supply chain in (near) real-

time includes ownership data, time stamping, location data, and other product‐specific 



data, and provides full visibility and transparency to all relevant parties providing end-to-

end data access (Jabber and Bjørn 2018; Allen et al. 2019; Perera and Czachorowski 2019; 

Yang 2019; Jović et al. 2020; Kaska and Tolga 2020; Lambourdiere and Corbin 2020; 

Liu and Wu 2020; Pu and Lam 2020; Wang et al. 2021). Data managed in a distributed 

ledger is immutable to database changes or damage, and is trackable and traceable, 

therefore, the chance of fraud and attack is reduced (Petković and Vujović 2019; Ho and 

Hsu 2020; Irannezhad 2020; Tan and Sundarakani 2020; Ahmad et al. 2021). 4) In a 

shared blockchain system for maritime supply chain transaction participants use and 

exchange standardised documents (Jović et al. 2019). The use of standardised documents 

improves transaction speed and efficiency by removing the problem of document 

duplication when document exchange among stakeholders (Pu and Lam 2020; Tsiulin et 

al. 2020a). 

Transaction management 

The conversion to smart contracts combined with the BCT solves the problems of 

complexity and inefficiency in the current transaction systems in the maritime supply 

chain. Blockchain factors affecting transaction management include 1) decentralisation 

of the supply chain, 2) consensus mechanism for transactions, 3) automated transactions, 

4) data management, and 5) platform standardisation.  

1) In a blockchain, the data is spread across all parties preventing monopoly of 

data. As a consequence, the role of a central authority or intermediary to keep all data is 

eliminated so that the transaction process is simplified (Gausdal et al. 2018; Petković and 

Vujović 2019; Philipp et al. 2019; Li and Zhou 2020; Papathanasiou et al. 2020; Pečarić 

et al. 2020; Perkušić et al. 2020; Pranav et al. 2020; Tan and Sundarakani 2020; Tsiulin 

et al. 2020a). Accordingly, the number of peer-to-peer communications is minimised and 



the speed of execution of trade contracts accelerated (Nasih et al. 2019; Pu and Lam 2020; 

Tsiulin et al. 2020). 

2) As the transaction proceeds with the consent of the participants, trust is 

established between participants within enhanced supply chain coordination 

(Lambourdiere and Corbin 2020; Peronja et al. 2020; Sampath et al. 2020; Sangeerth and 

Lakshmy 2021). 3) The algorithm combined with smart contract increases efficiency by 

automating certification. Tasks such as payment approval, transaction reporting, 

document passing, and freight rate calculation which are required for transactions, namely 

an invoice and Bill of Lading are simplified (Nærland et al. 2017; Jugović et al. 2019; 

Philipp et al. 2019; Segers et al. 2019; Pečarić et al. 2020; Tan and Sundarakani 2020; 

Irannezhad and Faroqi 2021; Zhong et al. 2021). 4) The encrypted transaction information 

stored in blockchain helps to decrease the occurrence of fraud and ensure security and 

privacy (Philipp et al. 2019; Liu and Wu 2020; Pu and Lam 2020). The ability for other 

parties to track history and conditions of transactions in real time can pose a great impact 

on visibility and traceability (Nærland et al. 2017). 5) These transactions are managed 

within a standardised platform contributing to easy data access and management (Jensen 

et al. 2019; Jović et al. 2019; Jugović et al. 2019; Yang 2019).  

Cargo, vessel, and terminal operation  

The main areas of application in this category include 1) cargo management, 2) terminal 

operation optimisation, 3) connectivity with IoT and 4) vessel data management.  

1) Shipping companies can facilitate the efficient planning of operations by 

tracking cargo in real time using BCT (Xu et al. 2018; Jugović et al. 2019; Yang 2019; 

Liu and Wu 2020; Narayanam et al. 2020; Papathanasiou et al. 2020; Peronja et al. 2020; 

Ahmad et al. 2021). The data including not only condition and location of cargo, but 

disappearance of shipments is open and accessible to all relevant parties during the entire 



delivery process. Parties verify the state of cargo at each point in the supply chain, which 

is then recorded on the blockchain. When cargo moves across the maritime supply chain, 

a smart contract automatically validates the authenticity ensuring safety and integrity of 

the items based on the consensus (Hasan et al. 2019; Pang et al. 2020; Pu and Lam 2020; 

Tan and Sundarakani 2020; Alkhoori et al. 2021; Munim et al. 2021; Zhong et al. 2021). 

2) Real time data about cargo also helps terminals to prepare optimal stowage 

planning by providing the exact time of arrival and location of cargo, which reduces the 

potential for congestion (Hansan et al. 2019; Henesey et al. 2019; Jović et al. 2019; Liu 

and Wu 2020; Ahmad et al. 2021; Tsiulin and Reinau 2021; Wang et al. 2021). The 

automated and optimised process results in both a reduction in labour costs and improved 

time management for organising cargo and improving the cycle time with decreased lead 

times and advanced container utilisation, also improving environmental sustainability 

(Vujičić et al. 2020). 

3) BCT is complementary with IoT devices such as RFID and GPS attached to 

containers, equipment in terminals, and vessels. Shipment tracking is enabled by use of 

sensors, monitoring or management, or data collection from IoT uses. The tracking data 

is stored and shared in the secure storage provided by the blockchain (Allen et al. 2019; 

Perera and Czachorowski 2019; Philipp et al. 2019; Pang et al. 2020; Tan and 

Sundarakani 2020; Tsiulin et al. 2020; Ahmad et al. 2021; Irannezhad and Faroqi 2021; 

Munim et al. 2021). 4) Vessel operational data which is shared and stored on a distributed 

consensus network can be used for autonomous ship control (Petković and Vujogić 2019).  



Blockchain domain Factors References 

Document 
management 

Document digitalisation 

Nærland et al. (2017); Gausdal et al. (2018); Jabbar and Bjørn (2018); Jensen et al. (2019); Jović et al. (2019); Wunderlich and Saive (2019); Yang (2019); Li and Zhou (2020); 
Pečarić et al. (2020); Perkušić et al. (2020); Peronja et al. (2020); Pu and Lam (2020,2021a); Tsiulin and Reinau (2021)  
MOL; Authorities at the Port of Antwerp; Hyundai Merchant Marine; Maersk (TradeLens); PIL; APL; LLOYD’S Register Foundation; CargoX; ABU Dhabi Ports unit Maqta Gateway 
(Sisal); Ocean Alliance carriers (GSBN); Port of Rotterdam Authority 

Real time information 

Lamdourdiere and Corbin (2020); Pranav et al. (2020); Tsiulin et al. (2020b); Ahmad et al. (2021); Bae (2021); Liu et al. (2021b); Sangeerth and Lakshmy (2021); Ho and Hsu 
(2020); Li and Zhous (2020); Narayanam et al (2020) 

MOL; Marine Transport International; LLOYD’S Register Foundation; ABU Dhabi Ports unit Maqta Gateway (Sisal); Ocean Alliance carriers(GSBN)  

Data management 

Jabbar and Bjørn (2018); Allen et al. (2019); Perera and Czachorowski (2019); Yang (2019); Jović et al. (2020); Kaska and Tolga (2020); Lambourdiere and Corbin (2020); Liu 
and Wu (2020); Pu and Lam (2020); Wang et al. (2020); Petković and Vujović (2019); Ho and Hsu (2020); Irannezhad (2020); Tan and Sundarakani (2020); Ahmad et al. (20201); 
Maerenković et al. (2021) 

Authorities at the Port of Antwerp; Marine Transport International; LLOYD’S Register Foundation; ABU Dhabi Ports unit Maqta Gateway (Sisal) 

Document unification 
Jović et al. (2019); Pu and Lam (2020); Tsiulin et al. (2020a)  
Maersk (TradeLens) 

Transaction 
management 

Decentralisation 

Gausdal et al. (2018); Petković and Vujović (2019); Philipp et al. (2019); Li and Zhou (2020); Papathanasiou et al. (2020); Pečarić et al. (2020); Perkušić et al. (2020); Pranav et 
al. (2020); Tan and Sundarakani (2020); Tsiulin et al. (2020a); Nasih et al. (2019); Pu and Lam (2020); Tsiulin et al. (2020b); Marenković et al. (2021)  

MOL; Maersk (TradeLens); CARGOSMART 

Consensus mechanism 

Nasih et al. (2019); Pedersen et al. (2019); Perkušić et al. (2020); Lambourdiere and Corbin (2020); Peronja et al. (2020); Sampath et al. (2020); Marenković et al. (2021); 
Sangeerth and Lakshmy (2021)  
PIL; CARGOSMART; Ocean Alliance carriers(GSBN) 

Automated transaction 

Nærland et al. (2017); Jugović (2019); Philipp et al. (2019); Segers et al. (2019); Pečarić et al. (2020); Tan and Sundarakani (2020); Irannezhad and Faroqi (2021); Zhong et al. 
(2021) 
Hyundai Merchant Marine; PIL 

Data management Philipp et al. (2019); Liu and Wu (2020); Pu and Lam (2020); Nærland et al. (2017) 
Marine Transport International; Hyundai Merchant Marine; EY and Guardtime (INSURWAVE); Ocean Alliance carriers(GSBN) 

Platform standardisation 

Jensen et al. (2019); Jović et al. (2019); Jugović et al. (2019); Yang (2019) 

Hyundai Merchant Marine; Maersk (TradeLens); EY and Guardtime (INSURWAVE); Ocean Alliance carriers(GSBN); Port of Rotterdam Authority; BNP Paribas and HSBC 
Singapore 

Cargo / vessel / 
terminal operation 

Cargo management 
Xu et al. (2018); Jugović et al. (2019); Yang (2019); Liu and Wu (2020); Narayanam et al. (2020); Papathanasiou et al. (2020); Peronja et al. (2020); Ahmad et al. (2021); Hasan 
et al. (2019); Pang et al. (2020); Pu and Lam (2020); Tan and Sundarakani (2020); Alkhoori et al. (2021); Merenković et al. (2021); Munim et al. (2021); Zhong et al. (2021) 

Hyundai Merchant Marine; Maersk (TradeLens); LLOYD’S Register Foundation; Ocean Alliance carriers(GSBN) 
Terminal operation 
optimisation 

Hansan et al. (2019); Henesey et al. (2019); Jović et al. (2019); Liu and Wu (2020); Ahmad et al. (2021); Tsiulin and Reinau (2021); Wang et al. (2021a); Vujičić et al. (2020)  
Authorities at the Port of Antwerp 

Connectivity with IoT 
Allen et al. (2019); Perera and Czachorowski (2019); Philipp et al. (2019); Pang et al. (2020); Tan and Sundarakani (2020); Tsiulin et al. (2020b); Ahmad et al. (2021); Irannezhad 
and Faroqi (2021); Munim et al. (2021)  

Vessel data management Petković and Vujović (2019) 

Table 6. Blockchain application domains and benefits factors 

Source: Authors 



4.4 Blockchain application challenges 

Although BCT can bring benefits and opportunities, there are challenges and barriers that 

need to be understood and prepared in order to ensure its successful adoption and 

implementation. The main issues identified are detailed in Table 7 and discussed below. 

Relationship among participants 

Adopting BCT means that an organisation participates in a blockchain-based platform 

with other parties, and the relationship between participants is an important factor in its 

introduction. Traditional stakeholders in the maritime sector are often reluctant to share 

proprietary data with competitors, so it is hard to get buy-ins from all relevant 

stakeholders (Perkušić et al. 2020; Tsiulin and Reinau 2021). In addition, consensus and 

trust between participants is required as to who will be the central registry that manages 

the process of validating and proving transactions on an integrated platform.  The threat 

of losing control over operational information means that establishing trust among all 

parties involved is complex (Tan and Sundarakani 2020). For example, no matter how 

open the TradeLens platform is, Maersk remains the dominant organisation, which means 

that other participants have to adopt any changes to the platform. Such monopoly issues 

will not be easy for a legal competition framework to adequately deal with (Munim et al. 

2021). This may be the reason why Tradelens later became an independent and neutral 

blockchain platform.   

Standardisation 

The ultimate goal of maritime organisations in adopting BCT is to achieve a shared 

platform, and standardisation of data is essential. However, this can cause confusion and 

errors because multiple documents must be updated by multiple parties in one transaction 



(Papathanasiou et al. 2020). For instance, one shipment or trade in ocean transport 

includes 20 or 30 different business parties and involves more than 30 documents being 

exchanged within different information systems and communication protocols operated 

by individual organisations. Setting a common industry standard from different 

businesses and attracting other stakeholders is thus a significant challenge in BCT 

adoption (Pečarić et al. 2020; Tan and Sundarakani 2020). 

Cost 

Cost is the most fundamental factor to consider in a company's strategy (Gausdal et al. 

2018). A wide range of incidental costs which relate to the initial BCT development and 

implementation as well as ongoing maintenance arise. There are also additional 

expenditures for manpower-training and switching to a new system (Zhou et al. 2020). In 

addition, firms need to account for the maintenance costs arising from high levels of 

energy consumption if they participate in a permissioned blockchain. Further 

investigation into whether the economic value created by a decentralised supply chain 

compared to the investment cost is beneficial is thus required (Irannezhad 2020). 

Regulation 

 The absence of solid and clear rules for information sharing or property rights to data are 

being addressed as challenges to BCT implementation (Irannezhad 2020; Pečarić et al. 

2020). The features of a decentralised ledger make it difficult for public institutions to 

control the industry (Todd 2019; Ho and Hsu 2020; Liu et al. 2021). Furthermore, 

information sharing across multiple countries using BCT raises the problem of which 

jurisdiction’s laws and regulations should be applied (Allen et al. 2019; Papathanasiou et 

al. 2020; Ahmad et al. 2021). 



Security 

In terms of an end-to-end supply chain facilitated in a BCT-based open platform, 

especially in permissionless blockchains, the possibility of leakage of user’s information 

remains when a private document is revealed to third parties (Tan and Sundarakani 2020; 

Munim et al. 2021). Maintaining a system that ensures network security and data 

protection is a significant factor to consider (Christidis and Devetsikiotis 2016l Pečarić et 

al. 2020; Liu et al. 2021). Abuses of the technology by an organisation/individual such as 

manipulating transactions and creating fake transactions also needs to be prevented (Ho 

and Hsu 2020). 

Infrastructure and technological issues 

Other challenges are related to the capacity of IT infrastructure and the complexity of the 

permissioned blockchain. As the blockchain transaction expands globally, the energy 

required to process data transmitted between parties for validation and confirm the 

validity is considerable. The IT infrastructure of the nodes participating in the verification 

process should be able to manage high energy intensity which expends a significant 

amount of processor power. Processors need to meet the expectations for speed under 

high load and storage space for nodes (Gausdal et al. 2018l Munim et al. 2021). 

Environmental concerns related to energy consumption, which results in a significant 

carbon footprint are also problems to be overcome (Irannezhad 2020; Liu et al. 2021; 

Munim et al. 2021). Given that most of blockchain initiatives use permissioned BCT, 

rather than permissionless BCT, their mining and consensus protocols tend to be different 

(for instance using Proof of Stake, rather than Proof of Work deployed by Bitcoin network) 

and are less energy intensive. There are active efforts in practice and academia in 

developing various BCT consensus mechanisms in order to improve performance whilst 

addressing environmental concerns. 



Industrial culture and skills 

The conservative nature of shipping industry is highlighted as another barrier to BCT 

adoption. Maritime businesses are reluctant to invest in the technology because of risk 

uncertainty and scepticism about sharing information through a technology with 

competitors (Gausdal et al. 2018; Jensen et al. 2019). Stakeholders’ hesitation and 

resistance to change until other stakeholders participate in the blockchain platform 

represent challenges to innovation within the shipping industry (Tan and Sundarakani 

2020). In addition, the lack of experts and the burden of new recruitment and self-training 

also act as major factors in decision making (Irannezhad 2020; Papathanasiou et al. 2020; 

Zhou et al. 2020). Low consumer acceptance will negatively affect stakeholders’ 

willingness to move to new systems (Ho and Hsu 2020). Only a small number of 

practitioners expect BCT to become the most significant driver of change in the shipping 

industry. 

 

 

 

 

 

 

 

 

 

 

 



Blockchain application challenges References 

Relationship among participants Perkušić et al. (2020); Tsiulin and Reinau (2021); Tan and Sandarakani (2020); Balci and Surucu-Balci (2021); Munim et al. (2021) 

Standardisation 
Irannezhad (2020); Liu et al. (2021b); Munim et al. (2021); Papathanasiou et al. (2020); Pečarić et al. (2020); Tan and Sundarakani 
(2020)  

Cost Gausdal et al. (2018); Zhou et al. (2020); Irannezhad (2020)  

Regulation 
Irannezhad (2020); Pečarić et al. (2020); Todd (2019); Ho and Hsu (2020); Liu et al. (2021b); Allen et al. (2019); Papathanasiou et al. 
(2021); Balci and Surucu-Balci (2021) 

Security 
Tan and Sundarakani (2020); Munim et al. (2021); Christidis and Devetsikiotis (2016); Pečarić et al. (2020); Liu et al. (2021b); Ho and 
Hsu (2020) 

Infrastructure and technological 
issues 

Gausdal et al. (2018); Munim et al. (2021); Irannezhad (2020); Liu et al. (2021b); Munim et al. (2021)  

Industrial culture and skills 
Gausdal et al. (2018); Jensen et al. (2019); Tan and Sundarakani (2020); Irannezhad (2020); Papathanasiou et al. (2020); Zhou et al. 
(2020); Ho and Hsu (2020); Balci and Surucu-Balci (2021) 

Table 7. Blockchain application challenges factors 

Source: Authors 



5. Discussion and development of theoretical model 

The preceding section of this paper focused on defining the areas where Blockchain 

Technology (BCT) is beneficially applied in Maritime supply chains, as well as the 

challenges encountered during the adoption of BCT in Maritime supply chains. Through 

this exploration, it was established that BCT facilitates the integration of Maritime supply 

chains by improving the sharing of information among maritime stakeholders in a more 

secure, transparent, and efficient manner. 

In this section, we integrate the key factors identified from both the benefits and 

challenges of BCT adoption in maritime supply chain and grouped into TOE categories. 

Given that the BCT adoption in maritime supply chain is highly related the integration of 

the supply chain, an additional dimension, i.e. inter-organisational context is added, 

which considers relationships between stakeholders. Factors included in each context 

were identified through a benefits and challenges analysis (Tables 8). Factors belonging 

to each context were constructed by matching the characteristics of benefits and 

challenges identified in this study to determinants presented in previous literature. The 

following subsections provide detailed descriptions of each element. An integrated 

framework is proposed subsequently. 

Extended TOE Subcategory Elements defined 
Benefits / 
Challenges 

Application areas 

Technological 

Expected 
benefits 

Improved Efficiency Benefit 

Document digitalisation; decentralisation; 
consensus mechanism; cargo management; 
terminal optimisation; 

Traceability and trackability Benefit Data management; cargo management; 
Simplification Benefit Decentralisation; automated transaction; 

Real-time access and 
sharing 

Benefit 

Real-time information; data management; 
connectivity with IoT; vessel data 
management; 

Visibility and transparency Benefit 
Data management; cargo management; 
platform standardisation 

Cost 
Cost reduction Benefit 

Document digitalisation; terminal operation 
optimisation;  

Increased expenditure Challenge Cost; 
Security and 
privacy 

Immutability Benefit Data management; cargo management; 
Information Leakage Challenge Security; 

Compatibility With other technology Benefit Connectivity with IoT; 
Complexity Technical complexity Challenge Complexity; 



Organisational 

Organisation’s 
readiness 

Readiniess N N 

Organisation’s 
size and type 

Size N N 

Type N N 

Environmental 

Regulation Regulatory issues Challenge Regulation;  
Market 
circumstance 

Market circumstance Challenge Industrial culture and skills;  

Environment Sustainability Benefit 
Document digitalisation; terminal operation 
optimisation; vessel data management; 

Energy consumption Challenge Infrastructure and technological issues; 

Inter-
Organisational 

Trust Trust enhancement Benefit Consensus mechanism;  
Week trust Challenges Relationship among participants; 

Standardisation Standarised platform Benefit Platform standardisation; 
Monopoly Monopoly Challenge Relationship among participants; 

Table 8. Benefits and challenges factors of BCT, and TOE factors 

Source: Authors 

 

5.1 Technological context 

Expected benefits – Expected benefits refers to factors which result in improved 

performance of maritime supply chain entities by using BCT. The determinants of 

expected benefits are similar with relative advantages, perceived usefulness, performance 

expectancy in the user adoption context (Gökalp et al. 2020). The digitalised document 

and automated transaction processes improve the efficiency of the maritime supply chain 

by reducing delay and saving cost. Simplified transactions in the decentralised system 

accelerate the speed of the process by minimising point-to-point communication without 

the use of intermediaries. In addition, the optimal operation of cargo handling, vessel 

movement, and terminal operations is enabled by tracking the location and condition of 

containers in real-time. Visibility and transparency are another core benefits of BCT 

adoption in information sharing. Enhanced visibility and transparency of information 

which is shared to all participants of the blockchain system enables for entities to respond 

in real-time regarding data they are related.  

Cost – Economic aspects play a key role in determining the implementation of BCT (Jović 

et al. 2020).  Saving cost for labour, paperwork, and human errors by reducing the 



inefficiency of paper-based processes, eliminating administrative costs, and optimising 

the process through real-time shared information will drive the decision to adopt BCT. 

On the other hand, expenditure for enhancing recruitment and training, investment in 

developing new skills, and switching cost from existing system significantly and 

negatively affect the willingness to adopt BCT. 

Security and privacy – Security is one of the most relevant considerations for BCT 

adoption, both in terms of benefits and challenges (Clohessy et al. 2020; Ho and Hsu 

2020). Encrypted and immutable data managed in a distributed ledger reduces the 

occurrence of fraud and attack, ensuring security and privacy. However, the possibility 

of the leakage of private information remains a risk given the openness of a shared ledger. 

Compatibility – Compatibility is defined as the ease of integration of BCT on relevant 

platforms and existing technologies such as IoT and ERP (Orji et al. 2020). Organisations 

are more likely to adopt BCT if they determine that the technology is compatible with 

their IT infrastructure. BCT makes a positive contribution to improving the efficiency 

and optimisation of maritime supply chains if integrated with IoT technologies that are 

already utilised in containers, vessels, and terminal operations. 

Complexity – Complexity is the degree to which an organisation finds it difficult to 

understand and use BCT technology (Malik et al. 2021). BCT is a complex technology 

which tends to operate across multiple countries and continents. Therefore, legal 

compliance to meet the requirement of various laws is challenging. Despite this 

complexity of the technology, lack of expertise in BCT application in the maritime supply 

chain is also a significant problem. 

5.2 Organisational contexts 

Organisations' readiness – Organisational readiness is a consideration that reflects an 

organisation's capacity to adopt innovative technologies and resources to facilitate the 



technology including human, financial and IT infrastructure resources (Clohessy et al. 

2020). Current internet speed and data storage can be insufficient to satisfy fundamental 

requirements to maintain the blockchain network, which requires relatively high costs 

and energy. Human resources for securing and training skilled manpower and financial 

resources for substantial investment are also factors when an organisation decide BCT 

adoption. 

Organisations' size and types – organisation's size impacts IT innovation adoption (Lee 

and Xia 2006). According to the industrial use case analysis as discussed in Section 4.2, 

it is found that major companies with a large volume of vessels and market share are 

leading blockchain platforms which tends to attract more participants. Furthermore, the 

strategy to develop and apply BCT is different depending on the business type namely 

shipping liners, port authorities, freight forwarders and other sectors. 

5.3 Environmental contexts 

Regulation – This determinant refers to policy and regulations committed by governments 

and public authorities, which affects innovation diffusion (Zhu et al. 2006). BCT usage 

is related to transaction and information, therefore, an absence of a regulatory 

environment protecting users' properties may discourage adoption, while government 

support may speed up the adoption process. In addition, the existence of a standard 

regulatory framework that will unify the individual laws that are currently applied for 

each organisation, country, and continent is a major consideration. 

Market circumstances – Organisations reevaluate how they adopt and use technology in 

response to market dynamics (Clohessy et al. 2020). The conservative nature of business 

parties in the maritime supply chain is a factor that negatively affects the introduction of 

new technologies to the market. Consumers' perception of BCT is an important factor in 



determining whether companies will participate or not. In addition, special market 

conditions, such as the pandemic, also influence the adoption of BCT. 

Environment – Saving energy and reducing waste are factors to consider in realising green 

energy. The fully digitised documentation in the maritime supply chain contributes to 

environmental protection by reducing waste from paper use. Optimised operation of 

hardware and equipment on vessels and terminals through the use of BCT also helps to 

strengthen the sustainability of the maritime and shipping sectors. However, carbon 

emission due to high energy consumption from BCT processors is an issue that needs to 

be addressed. 

5.4 Inter-Organisational contexts 

Trust – The definition of this factor is that the willingness of a party depends on another 

party taking a particular action based on its expectations (Gökalp et al. 2020). The BCT’s 

features of visibility and transparency contribute to the improvement in the level of trust 

among maritime supply chain parties. The consensus mechanism in the distributed system 

ensures trust by reducing uncertainty about counterparties and improves cooperation 

through the maritime supply chain network. Organisations, however, are still not entirely 

confident in giving competitors a competitive advantage by providing essential 

information and proprietary data. 

Standardisation – Market standards emerged as a significant consideration from an 

interorganisational perspective in BCT adoption (Clohessy et al. 2020). By managing 

transactions using a unified document on a standardised platform, stakeholders expect to 

strengthen SCI and improve efficiency. Nevertheless, for the many business parties of 

maritime supply chain that are still operating individual IT systems and communication 

protocols, the common industry standard of BCT platform can be a motive to participate 



in cooperation with other stakeholders, whereas the immature stage of standard 

development has a negative effect on the introduction of BCT. 

Monopoly – Large and leading organisation in information systems and technology 

influence other organisations' adoption choice (Zeng et al. 2021). As BCT grows as a 

central technology of the maritime supply chain network, the power of a handful of 

entities who validate and prove transactions can become a threat to participants. The 

adoption decisions made by small and medium size enterprises following the technology 

are influenced by leading companies’ policy regarding information control. 

 

Figure 7. Extended TOE framework 

Source: Authors 

 

6. Conclusion and future direction 

The growing importance of BCT as an emerging driver to SCI was the motivation to 

conduct this research. Previous literature has discussed research in the context of logistics 

and supply chains by both developing conceptual models or frameworks, and conducting 



empirical research to examine the relationship between BCT adoption and the impact on 

performance as well as associated risks. Nevertheless, only a few papers have attempted 

to identify application areas and features of BCT in the maritime sphere. This gap in the 

literature hinders the development of theoretical understanding for BCT adoption in 

maritime Supply Chains. To address this gap, a systematic literature review was 

conducted in this study to establish an extended TOE framework. The framework 

provides a holistic view on the integration of maritime supply chains through the adoption 

of BCT, consolidating both academic perspective and practical developments in the 

industry. The main findings of this study as the answers to the research questions are 

summarised as follows.  

What are the main current BCT applications in the maritime and shipping industry? Via 

a systematic literature review of both academic and practical literature, this study 

identified a number of application areas which can broadly be categorised into three areas: 

1) document management, 2) transaction management, and 3) cargo, vessel and terminal 

operation. Particularly, BCT has been introduced by various maritime organisations in 

the form of platforms as an integrator for different participants in the supply chain. 

What are main benefits and challenges of BCT adoption in the maritime supply chain? 

Through an analysis of the current status of BCT application, this review identified the 

benefits and challenges associated with its adoption, as detailed in Sections 4.3 and 4.4. 

BCT, as an emerging technology, offers significant advantages in the areas of data storage, 

management, and sharing. Its benefits are particularly salient in the context of the 

maritime supply chain, which is characterized by a multitude of participants and complex 

trade relationships. However, the adoption of BCT is impeded by various barriers, 

including political, environmental, relational, and technological factors that pose 

challenges to its widespread adoption in the market. 



What are key factors of BCT adoption that support maritime SCI? The results of the 

systematic literature review enabled the identification, analysis, and categorization of the 

factors that impact BCT adoption in the maritime supply chain. These factors were 

grouped into a list of constructs, which revealed that the technology's primary 

considerations centered around the integration of the maritime supply chain, particularly 

in terms of enhancing connectivity and communication among key stakeholders. These 

constructs then form the extended TOE framework. 

Therefore, through exploring the answers to the three research questions and the 

development of the extended TOE framework, our study provides valuable insights to 

both academia and practitioners. First, the findings contribute to expanding knowledge of 

BCT by articulating the state-of-art for BCT application and developments in the 

maritime supply chain. Whilst many studies explore the use of BCT in supply chains in 

general, this study focuses specifically on the maritime sector – an under investigated 

area. This review analysis also differs from many literature studies  in that the review is 

conducted from both theoretical and practical perspectives by consolidating academic and 

practical sources.  

The academic aspect provides a detailed exposition of BCT's technical 

characteristics and its potential applications, while the practical review explores the actual 

deployment and adoption of BCT by companies and industries. By integrating these two 

perspectives, an extended Technology-Organization-Environment (TOE) theoretical 

framework was developed that provides a comprehensive overview of the latest BCT 

deployments in maritime supply chains. The proposed TOE framework has important 

implications for future blockchain-related research as it offers a theoretical background 

that can guide empirical investigations. Further research could adopt large-scale surveys 



or multiple case studies to test and validate the framework, thereby advancing our 

understanding of BCT adoption in the maritime supply chain. 

This study has important implications for practitioners in the maritime industry 

who are currently grappling with the decision to adopt and apply blockchain technology 

in the face of rapid digital transformation. The key factors identified in the proposed 

extended TOE framework have significant managerial and policy implications for supply 

chain stakeholders in the industry. The framework can aid managers in prioritizing the 

benefits and challenges of BCT adoption as a platform, which can help guide decision-

making regarding BCT adoption. Furthermore, knowledge of the benefits and challenges 

associated with BCT application can enhance the likelihood of successful adoption by 

practitioners. Thus, this work is of significant value to maritime organizations as they 

navigate the complexities of BCT adoption and strive to remain competitive in a rapidly 

evolving digital landscape. 

Finally, our research is not without limitations. Despite the systematic literature 

review process, it is possible that some articles may have been missed during the selection 

process. Furthermore, due to the rapid pace of developments in the application of BCT in 

maritime supply chains, there may be innovative use cases and practices that were not 

captured by this review. As such, further research and exploration are warranted to stay 

current with the latest advancements in the field of BCT adoption in maritime supply 

chains.  

There are many exciting avenues for future research in the field of BCT adoption 

in maritime supply chains. For instance, there is a need to examine the impact of BCT on 

the broader ecosystem of maritime logistics and supply chain management, including its 

potential to disrupt traditional business models and create new opportunities for 

innovation and growth. It is also worthwhile to use modelling approaches to quantify the 



impact of blockchain on maritime supply chain performance such as lead time, cost and 

inventory levels. This can help decision-makers understand the financial implications of 

BCT adoption and make informed decisions about whether and how to implement BCT 

solutions. Finally exploring the integrative use of blockchain with other digital 

technologies in maritime supply chains can be an exciting avenue for future research. As 

the maritime industry continues to embrace digitalization, there is a growing need to 

integrate different technologies to achieve greater efficiencies and improve supply chain 

performance. 
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Appendix 1 

Reviewed articles 

Authors Year Journal Type of paper 
Theoretical building Research method Type1 Type2 

Kristoffer Nærland, Christoph Müller-Bloch, Roman 
Beck, Søren Palmund 

2017 
ICIS 2017: Transforming Society with Digital 
Innovation 

conference N N technological 

Anne H. Gausdal, Karen V. Czachorowski, Marina Z. 
Solesvik 

2018 Sustainability journal paper empirical empirical case study case study 

Karim Jabbar, Pernille Bjørn 2018 
Proceedings of the 2018 ACM Conference on 
Supporting Groupwork 

conference empirical empirical case study observation 

Lei Xu, Lin Chen, Zhimin Gao, Yanling Chang, 
Eleftherios Iakovou, Weidong Shi 2018 

2018 IEEE International Symposium on Technologies 
for Homeland Security, HST 2018 

conference N N technological 

Robert Philipp, Gunnar Prause, Laima Gerlitz 2019 Transport and Telecommunication journal paper empirical empirical case study case study 

Thomas Jensen, Jonas Hedman, Stefan Henningsson 2019 MIS Quarterly Executive journal paper empirical empirical case study case study 

Segers, Lennard, Ubacht, Jolien, Rukanova, Boriana, 
Rukanova, Boriana 

2019 ACM International Conference Proceeding Series conference empirical empirical case study case study 

Asger B. Pedersen, Marten Risius, Roman Beck  2019 MIS Quarterly Executive journal paper analytical analytical conceptual conceptual research 

Miro Petković, Vice Mihanović, Igor Vujović 2019 Journal of Applied Engineering Science journal paper analytical analytical conceptual conceptual research 

Paul Todd 2019 
International Journal of Law and Information 
Technology 

journal paper analytical analytical conceptual conceptual research 

Darcy W.E. Allen, Chris Berg, Sinclair Davidson, 
Mikayla Novak, Jason Potts 

2019 Asia and the Pacific Policy Studies journal paper analytical analytical conceptual conceptual research 

Alen Jugović, Juraj Bukša, Alex Dragoslavić, David 
Sopta 

2019 Scientific Journal of Maritime Research journal paper analytical analytical conceptual conceptual research 

Marija Jović, Marko Filipović, Edvard Tijan, Mladen 
Jardas 

2019 Scientific Journal of Maritime Research journal paper analytical analytical conceptual review 

Lokukaluge P. Perera, Karen Czachorowski 2019 OCEANS 2019 - MARSEILLE conference N N technological 
Haya Hasan, Esra AlHadhrami, Alia AlDhaheri, Khaled 
Salah, Raja Jayaraman 

2019 Computers & Industrial Engineering journal paper N N technological 

Lawrence Henesey, Yulia Lizneva, Mahwish Anwar  2019 

21st International Conference on Harbor, Maritime 
and Multimodal Logistics Modeling and Simulation, 
HMS 2019 

conference N N 
technological 
(simulation) 

Chung-Shan Yang 2019 Transportation Research Part E journal paper empirical empirical statistical survey 

Tien-Chun Ho, Chien-Lung Hsu 2020 Journal of Marine Science and Technology journal paper empirical empirical statistical quantitative empirical 
Eric Lambourdiere, Elsa Corbin 2020 Worldwide Hospitality and Tourism Themes journal paper analytical analytical conceptual conceptual research 



Angeliki Papathanasiou, Rosanna Cole, Philip Murray 2020 European Management Journal journal paper empirical empirical case study case study 

Cuicui Liu, Shaoying Wu 2020 Journal of Physics: Conference Series conference empirical empirical case study case study 

Yusheng Zhou, Ying Shan Soh, Hui Shan Loh, Kum Fai 
Yuen 

2020 Marine Policy journal paper empirical empirical case study case study 

Stefan Wunderlich, David Saive 2020 International congress on blockchain and applications conference analytical analytical conceptual conceptual research 

Mario Pečarić, Ivan Peronja, Mislav Mostarac 2020 Scientific Journal of Maritime Research journal paper analytical analytical conceptual conceptual research 

Shuyi Pu, Jasmine Siu Lee Lam 2020 Maritime Policy & Management journal paper analytical analytical conceptual conceptual research 

Safia NASIH, Sara AREZKI, Taoufiq GADI 2020 ACM International Conference Proceeding Series conference analytical analytical conceptual conceptual research 

Ivan Peronja, Kristijan Lenac, Roko Glavinović 2020 Scientific Journal of Maritime Research journal paper analytical analytical conceptual conceptual research 

Sergey Tsiulin, Kristian Hegner Reinau, Nikolay 
Goryaev 

2020 2020 Global Smart Industry Conference (GloSIC) conference analytical analytical conceptual conceptual research 

P Pranav, Ah Saikiran, MM Mukul, B Ravishankar, Vn 
Shailaja  2020 

Proceedings of the International Conference on 
Mainstreaming Block Chain Implementation (ICOMBI) 
2020 

conference analytical analytical conceptual conceptual research 

Srdjan Vujiˇci´c, Nermin Hasanspahi´c, Maro Car, Leo 
Campara 

2020 Journal of Marine Science and Engineering journal paper analytical analytical conceptual conceptual research 

Perkušić, M., Jozipović, Š., Piplica, D. 2020 Transactions on Maritime Science journal paper analytical analytical conceptual conceptual research 

Ling Li, Honggeng Zhou 2020 Information Systems and e-Business Management journal paper analytical analytical conceptual review 

Sergey Tsiulin, Kristian Hegner Reinau, Olli-Pekka 
Hilmola, Nikolay Goryaev, Ahmed Karam 

2020 Review of International Business and Strategy journal paper analytical analytical conceptual review 

Marija Jovi´c, Edvard Tijan, Dražen Žgalji´c, Saša 
Aksentijevi´c 

2020 Sustainability journal paper analytical analytical conceptual review 

Elnaz Irannezhad 2020 Transportation Research Procedia journal paper analytical analytical conceptual review 

Giorgio Bavassano, Claudio Ferrari, Alessio Tei 2020 Research in Transportation Business & Management journal paper empirical empirical case study survey 

Yue Pang, Danshi Wang, Dongdong Wang, Luyao 
Guan, Chunyu Zhang, and Min Zhang 

2020 2020 IEEE World Congress on Services (SERVICES) conference N N technological 

Krishnasuri Narayanam, Seep Goel, Abhishek Singh, 
Yedendra Shrinivasan 

2020 
2020 IEEE International Conference on Blockchain 
(Blockchain) conference N N technological 

Wee Kwan Albert Tan, Balan Sundarakani 2020 Journal of Global Operations and Strategic Sourcing journal paper empirical empirical case study case study 

Ifeyinwa Juliet Orji, Simonov Kusi-Sarpong, Shuangfa 
Huang, Diego Vazquez-Brust 

2020 Transportation Research Part E journal paper empirical empirical statistical  quantitative empirical 

Huiling Zhong, Fa Zhang, Yimiao Gu 2021 Transportation Research Part E journal paper analytical analytical mathematical  math modeling 

Junjin Wang, Jiaguo Liu, Fan Wang, Xiaohang Yue 2021 Transportation Research Part B journal paper analytical analytical mathematical  math modeling 

Shuyi Pu, Jasmine Siu Lee Lam 2021 
International Conference on Industrial Engineering 
and Engineering management (IEEM) conference analytical analytical mathematical  math modeling 

G¨okcay Balci, Ebru Surucu-Balci 2021 Transportation Research Part E journal paper empirical empirical case study case study 

Oliver Weisshuhn, Christian Greiner and Allan 
Ramdhony 

2021 
Proceedings of the 18th International Conference on 
e-Business, ICE-B 2021 

conference empirical empirical case study case study 

Hvolby, H.-H., Steger-Jensen, K., Bech, Svensson, C., 
Neagoe, M. 2021 Procedia Computer Science conference empirical empirical case study case study 

Sergey Tsiulin, Kristian Hegner Reinau 2021 Transportation Research Procedia journal paper empirical empirical case study case study 



Suprateek Sarker, Stefan Henningsson, Thomas 
Jensen & Jonas Hedman 

2021 Journal of Management Information Systems journal paper empirical empirical case study case study 

Claudia A. Duran, Manuel Cargas, Christian 
Fernández-Campusano, And Alejandro Navarrete 

2021 IEEE Access 9 conference analytical analytical conceptual conceptual research 

Hecai Han, Zhengjiang Liu, Xinjian Wang and Songyan 
Li 2021 journal of physics: conference series conference analytical analytical conceptual conceptual research 

Hankun Shi and Xuelin Wang 2021 journal of physics: conference series conference analytical analytical conceptual conceptual research 

Shaokun Liu 2021 
IOP Conference Series: Earth and Environmental 
Science 

conference analytical analytical conceptual conceptual research 

Elnaz Irannezhad, Hamed Faroqi 2021 Maritime Policy & Management journal paper analytical analytical conceptual conceptual research 

Sven Marenković, Edvard Tijan, Saša Aksentijević 2021 
44th International Convention on Information, 
Communication and Electronic Technology (MIPRO) conference analytical analytical conceptual Conceptual research 

Nitin K. Tyagi, Mukta Goyal 2021 Concurrency Computation journal paper analytical analytical conceptual conceptual research 

Jiaguo LIU, Huimin ZHANG, Huida ZHAO 2021 journal of systems science and information journal paper analytical analytical mathematical  math modeling 

Shuyi Pu, Jasmine Siu Lee Lam 2021 Transportation Research Part D journal paper analytical analytical mathematical  meth modeling 

Melis Kaska, A. Cagri Tolga 2021 
International Conference on Intelligent and Fuzzy 
Systems 

conference empirical empirical statistical quantitative empirical 

Hee-sung Bae 2021 Sustainability journal paper  empirical empirical statistical quantitative empirical 

Nebojsa Radonic, Mikkel Boding Kildetoft 2021 
Forty-First International Conference on Information 
Systems, India 2020 

conference empirical empirical case study quantitative empirical 

Raja Wasim Ahmad, Haya Hasan, Raja Jayaraman, 
Khaled Salah, Mohammed Omar 

2021 Research in Transportation Business & Management journal paper analytical analytical conceptual review 

Jiaguo Liu, Huimin Zhang & Lu Zhen 2021 International Journal of Production Research journal paper analytical analytical conceptual review 

Dimah H. Alahmadi, Fatmah Abdulrahman Baothman, 
Mona M. Alrajhi, Fatimah S. Alshahrani, and Hawazin 
Z. Albalawi 

2021 Journal of Intelligent Systems journal paper analytical analytical conceptual review 

Ziaul Haque Munim, Okan Duru, Enna Hirata 2021 Journal of Marine Science and Engineering journal paper analytical analytical conceptual review 

Son Nguyen, Peggy Shu-Ling Chen and Yuquan Du 2021 
International Journal of Physical Distribution & 
Logistics Management 

journal paper analytical analytical conceptual review 

Nexhat Kapidani, Sanja Bauk, and Innocent E. A. 
Davidson 

2021 journal of marine science and engineering journal paper empirical empirical case study survey  

Sangeerth, P.S and Lakshmy, K.V 2021 
Proceedings of the Sixth International Conference on 
Inventive Computation Technologies 

conference N N technological 

Omar Alkhoori, Abduraouf Hassan, Omar Almansoori, 
Mazin Debe, Khaled Salah, Raja Jayaraman, Junaid 
Arshad, Muhammad Habib Ur Rehman 

2021 IEEE Access conference N N technological 

Chunming Tang, Yuyu Ma, Xiang Yu 2021 E3S Web of Conferences conference N N technological 
Mandrea Tesei, Domenico Lattuca, Alexander Tardo, 
Luca Di Mauro, Paolo Pagano, Marco Luise, Paulo C. 
Bartolomeu, Joaquim Ferreia 

2021 IEEE Open Journal of Vehicular Technology conference N N technological 

Kameshwaran Sampath, Sai Koti Reddy Danda, Ken 
Kumar 

2021 
2020 IEEE International Conference on Blockchain 
(Blockchain) conference N N technological 



Qing Hu, H, and Qing, Wenshuo Han, H, and Wenshuo, 
Hao Zhang, Z, and Hao 

2021 
4th International Conference on Data Science and 
Information Technology 

conference N N technological 

Warlley Paulo Freire, Wilson S. Melo Jr, Vinicius D. do 
Nascimento, Alan Oliveira de S´a 

2021 

International Workshop on Metrology for the Sea; 
Learning to Measure Sea Health Parameters 
(MetroSea) 

conference N N 
technological 
(simulation) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 2 

Reviewed articles from Lloyd’s List 

Editor Date Title Link 

Katherine Espina 13.07.2016 PSA unboxed https://lloydslist.maritimeintelligence.informa.com/LL022853/PSA-unboxed 

Wei Zhe Tan 28.07.2017 Antwerp to use blockchain technology in container handling operations 
https://lloydslist.maritimeintelligence.informa.com/LL108882/Antwerp-to-use-
blockchain-technology-in-container-handling-operations 

Georgie Furness-Smith 28.08.2017 MOL, NYK and K Line to develop trade data sharing platform using blockchain 
https://lloydslist.maritimeintelligence.informa.com/LL111092/MOL-NYK-and-K-
Line-to-develop-trade-data-sharing-platform-using-blockchain 

James Baker 30.08.2017 MTI trials blockchain for VGM processing 
https://lloydslist.maritimeintelligence.informa.com/LL111139/MTI-trials-
blockchain-for-VGM-processing 

James Baker 31.08.2017 Consolidation is driving digitalisation 
https://lloydslist.maritimeintelligence.informa.com/LL111175/Consolidation-is-
driving-digitalisation 

Tae-Jun Kang 07.09.2017 HMM completes pilot blockchain voyage with reefer-laden boxship 
https://lloydslist.maritimeintelligence.informa.com/LL111275/HMM-completes-
pilot-blockchain-voyage-with-reefer-laden-boxship 

Alan Bullion 28.09.2017 How blockchain could deliver safer global food supplies 
https://lloydslist.maritimeintelligence.informa.com/LL111445/How-blockchain-
could-deliver-safer-global-food-supplies 

Tae-Jun Kang 06.11.2017 SM Line completes first pilot voyage using blockchain technology 
https://lloydslist.maritimeintelligence.informa.com/LL112213/SM-Line-
completes-first-pilot-voyage-using-blockchain-technology 

Wei Zhe Tan 20.11.2017 Zim pilots electronic bills of lading on China to Canada voyage 
https://lloydslist.maritimeintelligence.informa.com/LL1120105/Zim-pilots-
electronic-bills-of-lading-on-China-to-Canada-voyage 

Tae-Jun Kang 13.12.2017 MOL joins IBM for blockchain cross-border trade operations test https://lloydslist.maritimeintelligence.informa.com/LL1120490/MOL-joins-IBM-
for-blockchain-cross-border-trade-operations-test 

James Baker 16.01.2018 Blockchain comes of age in shipping 
https://lloydslist.maritimeintelligence.informa.com/LL1120865/Blockchain-
comes-of-age-in-shipping 

ANALYSIS 31.01.2018 Will 2018 be the year of shipping Initial Coin Offerings? 
https://lloydslist.maritimeintelligence.informa.com/LL1121079/Will-2018-be-the-
year-of-shipping-Initial-Coin-Offerings 

Will Waters and Mike 
King 

01.02.2018 Container shipping's first dedicated crypto currency launched 
https://lloydslist.maritimeintelligence.informa.com/LL1121112/Container-
shippings-first-dedicated-crypto-currency-launched 

Wei Zhe Tan 02.02.2018 New box demand to buoy container manufacturing sector, says Teo 
https://lloydslist.maritimeintelligence.informa.com/LL1121054/New-box-
demand-to-buoy-container-manufacturing-sector-says-Teo 

Wei Zhe Tan 22.02.2018 PIL, PSA and IBM complete blockchain trial https://lloydslist.maritimeintelligence.informa.com/LL1121520/PIL-PSA-and-IBM-
complete-blockchain-trial 

Tae-Jun Kang 23.02.2018 Korea's shipping blockchain consortium gets more members 
https://lloydslist.maritimeintelligence.informa.com/LL1121523/Koreas-shipping-
blockchain-consortium-gets-more-members 

Cichen Shen 15.03.2018 APL and K+N join the blockchain bandwagon 
https://lloydslist.maritimeintelligence.informa.com/LL1121842/APL-and-KN-join-
the-blockchain-bandwagon 

Wei Zhe Tan 19.03.2018 Tech firm concludes pilot blockchain shipment 
https://lloydslist.maritimeintelligence.informa.com/LL1121885/Tech-firm-
concludes-pilot-blockchain-shipment 

https://lloydslist.maritimeintelligence.informa.com/LL022853/PSA-unboxed
https://lloydslist.maritimeintelligence.informa.com/LL108882/Antwerp-to-use-blockchain-technology-in-container-handling-operations
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https://lloydslist.maritimeintelligence.informa.com/LL111275/HMM-completes-pilot-blockchain-voyage-with-reefer-laden-boxship
https://lloydslist.maritimeintelligence.informa.com/LL111445/How-blockchain-could-deliver-safer-global-food-supplies
https://lloydslist.maritimeintelligence.informa.com/LL111445/How-blockchain-could-deliver-safer-global-food-supplies
https://lloydslist.maritimeintelligence.informa.com/LL112213/SM-Line-completes-first-pilot-voyage-using-blockchain-technology
https://lloydslist.maritimeintelligence.informa.com/LL112213/SM-Line-completes-first-pilot-voyage-using-blockchain-technology
https://lloydslist.maritimeintelligence.informa.com/LL1120105/Zim-pilots-electronic-bills-of-lading-on-China-to-Canada-voyage
https://lloydslist.maritimeintelligence.informa.com/LL1120105/Zim-pilots-electronic-bills-of-lading-on-China-to-Canada-voyage
https://lloydslist.maritimeintelligence.informa.com/LL1120490/MOL-joins-IBM-for-blockchain-cross-border-trade-operations-test
https://lloydslist.maritimeintelligence.informa.com/LL1120490/MOL-joins-IBM-for-blockchain-cross-border-trade-operations-test
https://lloydslist.maritimeintelligence.informa.com/LL1120865/Blockchain-comes-of-age-in-shipping
https://lloydslist.maritimeintelligence.informa.com/LL1120865/Blockchain-comes-of-age-in-shipping
https://lloydslist.maritimeintelligence.informa.com/LL1121079/Will-2018-be-the-year-of-shipping-Initial-Coin-Offerings
https://lloydslist.maritimeintelligence.informa.com/LL1121079/Will-2018-be-the-year-of-shipping-Initial-Coin-Offerings
https://lloydslist.maritimeintelligence.informa.com/LL1121112/Container-shippings-first-dedicated-crypto-currency-launched
https://lloydslist.maritimeintelligence.informa.com/LL1121112/Container-shippings-first-dedicated-crypto-currency-launched
https://lloydslist.maritimeintelligence.informa.com/LL1121054/New-box-demand-to-buoy-container-manufacturing-sector-says-Teo
https://lloydslist.maritimeintelligence.informa.com/LL1121054/New-box-demand-to-buoy-container-manufacturing-sector-says-Teo
https://lloydslist.maritimeintelligence.informa.com/LL1121520/PIL-PSA-and-IBM-complete-blockchain-trial
https://lloydslist.maritimeintelligence.informa.com/LL1121520/PIL-PSA-and-IBM-complete-blockchain-trial
https://lloydslist.maritimeintelligence.informa.com/LL1121523/Koreas-shipping-blockchain-consortium-gets-more-members
https://lloydslist.maritimeintelligence.informa.com/LL1121523/Koreas-shipping-blockchain-consortium-gets-more-members
https://lloydslist.maritimeintelligence.informa.com/LL1121842/APL-and-KN-join-the-blockchain-bandwagon
https://lloydslist.maritimeintelligence.informa.com/LL1121842/APL-and-KN-join-the-blockchain-bandwagon
https://lloydslist.maritimeintelligence.informa.com/LL1121885/Tech-firm-concludes-pilot-blockchain-shipment
https://lloydslist.maritimeintelligence.informa.com/LL1121885/Tech-firm-concludes-pilot-blockchain-shipment


Richard Clayton 22.03.2018 Lloyd’s Register Foundation to fund maritime blockchain project 
https://lloydslist.maritimeintelligence.informa.com/LL1121941/Lloyds-Register-
Foundation-to-fund-maritime-blockchain-project 

Cichen Shen 25.04.2018 SMW: Hype around blockchain fails to impress 
https://lloydslist.maritimeintelligence.informa.com/LL1122351/SMW-Hype-
around-blockchain-fails-to-impress 

cichen Shen 25.04.2018 SMW: ONE sets out its digitalisation priorities  
https://lloydslist.maritimeintelligence.informa.com/LL1122344/SMW-ONE-sets-
out-its-digitalisation-priorities 

James Baker 18.05.2018 An INTTRA for blockchain? 
https://lloydslist.maritimeintelligence.informa.com/LL1122657/An-INTTRA-for-
blockchain 

Trevor Heaver 10.07.2018 Managing maritime logistics in the cyber age 
https://lloydslist.maritimeintelligence.informa.com/LL1123316/Managing-
maritime-logistics-in-the-cyber-age 

Nidaa Bakhsh 10.07.2018 Blockchain-based marine insurance platform tries to recruit users 
https://lloydslist.maritimeintelligence.informa.com/LL1123030/Blockchain-
based-marine-insurance-platform-tries-to-recruit-users 

James Baker 17.07.2018 Shipowners see emissions technology as driver of change over next five years 
https://lloydslist.maritimeintelligence.informa.com/LL1123429/Shipowners-see-
emissions-technology-as-driver-of-change-over-next-five-years 

Cichen Shen 19.07.2018 CargoSmart joins the list of blockchain middlemen 
https://lloydslist.maritimeintelligence.informa.com/LL1123469/CargoSmart-joins-
the-list-of-blockchain-middlemen 

James Baker 09.08.2018 Maersk and IBM launch blockchain product https://lloydslist.maritimeintelligence.informa.com/LL1123805/Maersk-and-IBM-
launch-blockchain-product 

James Baker 10.08.2018 A party for one ain’t no fun 
https://lloydslist.maritimeintelligence.informa.com/LL1123812/A-party-for-one-
aint-no-fun 

Vincent Wee 04.10.2018 PIL and IBM to develop electronic bill of lading 
https://lloydslist.maritimeintelligence.informa.com/LL1124476/PIL-and-IBM-to-
develop-electronic-bill-of-lading 

Vincent Wee 22.10.2018 Abu Dhabi Ports partners MSC for blockchain pilot project 
https://lloydslist.maritimeintelligence.informa.com/LL1124685/Abu-Dhabi-Ports-
partners-MSC-for-blockchain-pilot-project 

James Baker 06.11.2018 New kids on the blockchain 
https://lloydslist.maritimeintelligence.informa.com/LL1124962/New-kids-on-the-
blockchain 

James Baker 06.11.2018 Leading carriers launch new blockchain platform 
https://lloydslist.maritimeintelligence.informa.com/LL1124961/Leading-carriers-
launch-new-blockchain-platform 

James Baker 09.11.2018 Blockchain trials turn to finance 
https://lloydslist.maritimeintelligence.informa.com/LL1125006/Blockchain-trials-
turn-to-finance 

Cichen Shen 17.01.2019 Qingdao Port joins blockchain consortium GSBN 
https://lloydslist.maritimeintelligence.informa.com/LL1125897/Qingdao-Port-
joins-blockchain-consortium-GSBN 

Hwee Hwee Tan 31.01.2019 PIL pilots non-negotiable e-BL on lunar new year shipment 
https://lloydslist.maritimeintelligence.informa.com/LL1126101/PIL-pilots-non-
negotiable-e-BL-on-lunar-new-year-shipment 

James Baker 07.02.2019 Blockchain needs standards for full adoption 
https://lloydslist.maritimeintelligence.informa.com/LL1126171/Blockchain-
needs-standards-for-full-adoption 

James Baker 20.02.2019 Ports sector failing to take cyber security seriously 
https://lloydslist.maritimeintelligence.informa.com/LL1126353/Ports-sector-
failing-to-take-cyber-security-seriously 

James Baker 17.04.2019 Zim joins Maersk's blockchain platform 
https://lloydslist.maritimeintelligence.informa.com/LL1127110/Zim-joins-
Maersks-blockchain-platform 

Vincent Wee 29.04.2019 Ports must be part of global digital network 
https://lloydslist.maritimeintelligence.informa.com/LL1127247/Ports-must-be-
part-of-global-digital-network 

https://lloydslist.maritimeintelligence.informa.com/LL1121941/Lloyds-Register-Foundation-to-fund-maritime-blockchain-project
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https://lloydslist.maritimeintelligence.informa.com/LL1127247/Ports-must-be-part-of-global-digital-network


James Baker 28.05.2019 CMA CGM and MSC to join TradeLens 
https://lloydslist.maritimeintelligence.informa.com/LL1127655/CMA-CGM-and-
MSC-to-join-TradeLens 

James Baker 25.06.2019 Pilot project seeks to prevent misdeclared cargoes with blockchain 
https://lloydslist.maritimeintelligence.informa.com/LL1128047/Pilot-project-
seeks-to-prevent-misdeclared-cargoes-with-blockchain 

Vincent Wee 12.07.2019 CargoSmart’s GSBN settles on service agreements with industry leaders 
https://lloydslist.maritimeintelligence.informa.com/LL1128369/CargoSmarts-
GSBN-settles-on-service-agreements-with-industry-leaders 

Cichen Shen 15.07.2019 Cosco Shipping may join digital standardisation group 
https://lloydslist.maritimeintelligence.informa.com/LL1128380/Cosco-Shipping-
may-join-digital-standardisation-group 

Cichen Shen 27.09.2019 The Interview: Xu Lirong 
https://lloydslist.maritimeintelligence.informa.com/LL1129331/The-Interview-Xu-
Lirong 

James Baker 30.09.2019 Blockchain pioneer suspends operations 
https://lloydslist.maritimeintelligence.informa.com/LL1129358/Blockchain-
pioneer-suspends-operations 

James Baker 07.10.2019 Digital service providers begin to gain traction 
https://lloydslist.maritimeintelligence.informa.com/LL1129443/Digital-service-
providers-begin-to-gain-traction 

Vincent Wee 06.11.2019 Hong Kong pushes forward with blockchain project for trade finance 
https://lloydslist.maritimeintelligence.informa.com/LL1129854/Hong-Kong-
pushes-forward-with-blockchain-project-for-trade-finance 

James Baker 03.12.2019 Supply chain braces for next industrial revolution 
https://lloydslist.maritimeintelligence.informa.com/LL1130235/Supply-chain-
braces-for-next-industrial-revolution 

David Osler 27.01.2020 New eBill of Lading promises greater security 
https://lloydslist.maritimeintelligence.informa.com/LL1130789/New-eBill-of-
Lading-promises-greater-security 

Inderpreet Walia 27.02.2020 Progress made in digital shipping platform network 
https://lloydslist.maritimeintelligence.informa.com/LL1131297/Progress-made-
in-digital-shipping-platform-network 

Cichen Shen 17.04.2020 Cosco, SIPG and Tesla in blockchain test 
https://lloydslist.maritimeintelligence.informa.com/LL1131853/Cosco-SIPG-and-
Tesla-in-blockchain-test 

James Baker 16.05.2020 Roadmap leads way to digital bills of lading 
https://lloydslist.maritimeintelligence.informa.com/LL1132399/Roadmap-leads-
way-to-digital-bills-of-lading 

David Osler 28.05.2020 DP World seeks to integrate all terminals with TradeLens 
https://lloydslist.maritimeintelligence.informa.com/LL1132494/DP-World-seeks-
to-integrate-all-terminals-with-TradeLens 

Cichen Shen 07.07.2020 Cosco agrees blockchain technology deal with Alibaba 
https://lloydslist.maritimeintelligence.informa.com/LL1132953/Cosco-agrees-
blockchain-technology-deal-with-Alibaba 

David Osler 01.09.2020 Time is right for electronic bills of lading 
https://lloydslist.maritimeintelligence.informa.com/LL1133734/Time-is-right-for-
electronic-bills-of-lading 

August Braakman 05.10.2020 Is digital leviathan a risk to fair competition in shipping? 
https://lloydslist.maritimeintelligence.informa.com/LL1134139/Is-digital-
leviathan-a-risk-to-fair-competition-in-shipping 

Richard Clayton 09.10.2020 Digitalisation: Do the numbers stack up? 
https://lloydslist.maritimeintelligence.informa.com/LL1134212/Digitalisation-Do-
the-numbers-stack-up 

James Baker 15.10.2020 Carriers complete TradeLens integration 
https://lloydslist.maritimeintelligence.informa.com/LL1134279/Carriers-
complete-TradeLens-integration 

Vincent Wee 11.11.2020 ICTSI joins Maersk’s TradeLens platform 
https://lloydslist.maritimeintelligence.informa.com/LL1134631/ICTSI-joins-
Maersks-TradeLens-platform 

August Braakman 05.01.2021 Will carriers control shipping's digitalisation? 
https://lloydslist.maritimeintelligence.informa.com/LL1135288/Will-carriers-
control-shippings-digitalisation 
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