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Blockchain is a novel and disruptive technology that has the potential to 

transform the current international business and trade processes that rely on 

traditional intermediaries. It is a distributed ledger that verifies and records 

transactions using a peer-to-peer network over time in a sequence of blocks, 

secured by cryptographic functions that are complex, immutable and tamper-

proof. International maritime trade, which is the main mode of global 

transportation, expects to change its business model by adopting blockchain, 

which enables a decentralized architecture of international transactions without 

intermediaries and facilitates paperless trade. Moreover, blockchain aims to 

address the problems and inefficiencies that plague maritime trade. However, 

there are key factors that influence the adoption of blockchain in maritime trade 

that need to be investigated in order to successfully implement this technology 

in the future. This study examined the impact of blockchain technology on 

maritime trade and identified the factors affecting its acceptance in Iranian 

maritime trade using the research background, literature review and interviews 

with experts who were PMO managers. These factors were validated by the 

Delphi method and then categorized and prioritized using the theoretical 

framework of technology, organization, environment (TOE) and analytical 

hierarchy process. The results indicated that “blockchain benefits” in the 

“technology” dimension, “human resource capability” in the “organization” 

dimension and “government support and policy” in the “environment” 

dimension were ranked first. These findings could assist the stakeholders in 

Iran’s maritime trade, such as ports, customs, government agencies, and 

transportation logistics companies, in developing strategies for the successful 

adoption and advancement of blockchain and enhancing their organizational 

competitiveness. 
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1. Introduction 

Technological innovations have always been a driving 

force for the development of the world economy and 

trade. For instance, the steam engine, electricity, and 

the Internet have transformed the production and 

distribution of goods and services across the globe. 

However, one aspect of global trade that has remained 

largely unchanged is the use of paper documents for 

transactions and business interactions, especially in 

maritime trade. Maritime trade involves multiple actors 

and processes that require a high level of coordination 

and trust, which are often hampered by the 

inefficiencies and delays of paper-based 

documentation. Moreover, new challenges such as the 

COVID-19 pandemic have exposed the vulnerability of 
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the current system and the need for more resilient and 

agile solutions. Blockchain technology is a promising 

innovation that can address these issues by enabling 

digitalization, transparency, and security of maritime 

trade transactions. Blockchain technology has various 

capabilities that can modernize international trade, but 

it also faces some barriers to its adoption and 

implementation in the maritime sector. This paper aims 

to explore the potential benefits and challenges of 

blockchain technology for maritime trade and provide 

some recommendations for its future development. 

The digitalization of economic activities is accelerating 

rapidly, with digital trade accounting for 22.5% of the 

world’s GDP in 2015 and projected to reach 25.5% in 

2022 [1]. According to a report by the World Economic 

Forum, removing barriers to digital trade could 

increase GDP by 5% and world trade by 15% [2]. 

However, there are still many obstacles that hinder the 

efficiency and effectiveness of global maritime trade 

and logistics, such as: port and customs management, 

ship turnaround time, document processing time, 

paperwork complexity, import and export procedures, 

document transparency, and software, technology, and 

infrastructure issues. A study by IBM and Maersk 

revealed that a shipment of roses and avocados from 

Kenya to Rotterdam involved more than 30 

organizations, more than 100 individuals, more than 

200 interactions, and a stack of paper documents with 

a diameter of 25cm [3]. The shipment took 34 days to 

arrive at its destination, out of which 10 days were 

spent on document processing. Furthermore, one of the 

key documents was lost and later found among a pile 

of papers. The cost of paper documents and processing 

accounted for approximately 15% of the total shipping 

cost, which was $2000. By fully digitizing the maritime 

supply chain, the world's largest shipping companies 

can save about $ 38 billion a year [4]. Maritime trade 

involves a large amount of paperwork and 

documentation, such as sales agreements, bill of lading, 

charter parties, customs clearance documents, 

credentials, etc. These documents have to go through 

multiple process chains for signing and approval. This 

makes the whole process prone to human error, fraud 

and unintended delays [5]. Moreover, other challenges 

such as security issues, lack of transparency, document 

forgery, data inconsistency among various domestic 

and international organizations and cyber-attacks have 

affected the global maritime trade and logistics and 

hindered the maritime trade from utilizing its full 

potential. According to the Iranian Ports and Maritime 

Organization in February 2021, 80% of the 4,900 ports 

around the world still rely on outdated and manual 

processes to manage maritime services. A new survey 

of more than 400 supply chain organizations from 64 

different countries reveals that 69% of them do not 

have full transparency in their supply chain, 65% of 

them have experienced a major problem at least once 

and 41% of them still need a lot of paper documents 

and Excel Spreadsheet to track supply chain issues [6]. 

Modern maritime supply chains are complex and 

consist of diverse and multi-layered elements that 

compete individually in different locations to serve 

customers [7,8]. Statistics from the World Trade 

Organization indicate that 80% of the world trade 

volume and more than 70% of the world trade in terms 

of value are done through maritime transport in the 

world’s ports. Also, the volume of international exports 

in 2019 in terms of value was approximately $19 

trillion and the share of maritime transport was $14 

trillion. According to the UNCTAD, 11 billion tons of 

goods were transported by sea in 2019, which is 

expected to increase by more than 3.5% annually in 

2024 to 14 billion tons. Likewise, transportation and 

logistics costs will increase by the same amount, and 

consequently the problems of the maritime trade supply 

chain will become more evident. Therefore, blockchain 

technology is gradually entering the international 

maritime and logistics trade to enable digitization, 

which would facilitate faster tracking of goods, 

increased transparency, and reduced cost and time of 

customs clearance and ships turnover time. 

 

2.Theoretical Foundations  
Blockchain technology emerged in the cryptographic 

community in 2008 and was attributed to a person or 

group named Satoshi Nakamoto, whose identity 

remains unknown. It was first implemented in 2009 as 

the underlying cryptographic infrastructure of Bitcoin. 

Blockchain and Bitcoin are often conflated, but they 

are essentially distinct concepts. Blockchain is a 

technology that enables the Bitcoin platform and 

functions as a virtual Bitcoin infrastructure, while 

Bitcoin is a cryptocurrency. This confusion may have 

delayed the recognition of blockchain’s potential 

applications beyond cryptocurrencies. The 2008 

recession facilitated the operation, growth and 

development of cryptocurrencies, especially Bitcoin 

[9], as people lost trust in governments and the 

monetary and banking system and sought an alternative 

to a centralized and regulated financial system. In his 

white paper, Satoshi Nakamoto presented Bitcoin as a 

new model of privacy, using encryption rather than 

banks to verify transactions [10]. A blockchain is a 

record of transactions or a decentralized and distributed 

ledger, which means that it is not controlled by any 

single person, group or entity, unlike the conventional 

financial system that dominates the world. Blockchain 

is also distributed simultaneously, meaning that all 

events are shared among all participants and secured by 

complex mathematical cryptography. Blockchain is 

managed by computers or servers called “nodes” on a 

peer-to-peer network and operates without the need for 

intermediaries to validate transactions, such as banks. 
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The data entered into the blockchain are shared among 

all participants and validated by anyone with the 

necessary permissions, which is done through the 

consensus protocol. Once the data are validated, they 

are stored in blocks that are later linked together in 

chronological order by cryptographic techniques. In 

blockchain, each person has a complete copy of the 

blockchain data, and updates are shared with all 

participants at the same time. Therefore, blockchain 

participants all have access to the same information at 

any time. In simpler terms, a blockchain is a trusted 

shared ledger or a “trust machine”, which allows 

people who do not have special trust in each other to 

interact without trusted intermediaries such as banks. 

Because data are shared among many nodes in the 

blockchain network, it is almost impossible to forge 

transactions. 

 

2.1 Blockchain features 

2.1.1 Smart contracts 

Blockchain technology offers a remarkable feature for 

international trade, namely smart contracts. The 

concept of smart contracts was first introduced in the 

field of blockchain technology in 2015 by ethereum. 

The term smart contracts may be misleading, as it does 

not involve any artificial intelligence components [11]. 

Smart contracts are essentially conventional contracts 

that are coded in computer language. They are executed 

automatically without the need for an intermediary 

once the preconditions for a contract are fulfilled. They 

rely on the computer logic of “if and then”. For 

instance, if the goods are loaded at port X, then the 

money is transferred. Unlike ordinary paper contracts, 

they can incorporate various parameters and variables 

that are recorded as input. Such information feeds that 

are recorded in smart contracts are called oracles. 

Oracles can be variables such as temperature, financial 

payments, price fluctuations, and so on. For example, 

in an insurance contract, a thermal sensor in a 

refrigerated container can act as an oracle, so that if the 

temperature rises above a certain level, insurance 

payments will be triggered automatically. This is why 

smart contracts often work well with the Internet of 

Things. Oracles are blockchain’s interface with the 

external world. 

 

2.1.2 Immutability 

Blockchain ensures the immutability of the information 

recorded in its blocks by using sophisticated 

cryptographic authentication algorithms. Blockchain 

employs hashing algorithms to create immutability. 

Cryptographic hashing functions have a property called 

“avalanche effect”, which means that the slightest 

change in input will have a very large impact on the 

hash. A chain of blocks also implies that any alteration 

in a block will change the hash stored in the previous 

blocks, resulting in a modification of the entire 

blockchain, which is virtually impossible. 

 

2.1.3 Risk reduction 

Blockchains can have a significant role in mitigating 

risks in the maritime supply chain. For instance, they 

can facilitate faster and more efficient business 

relationships and reduce transaction costs and risks. 

Also, blockchain eliminates the previous problems of 

transactions such as double spending, because only one 

transaction can be linked to the previous and next 

block. 

 

2.1.4 Security 

Blockchain enables every interaction, such as updates 

and shares, to be done with high speed and security. 

Using a hashing system and a distributed database can 

protect against hacking attacks. It is very difficult for 

hackers to penetrate the blockchain because altering a 

transaction will change the hash, and this is not 

consistent with the previously stored hashes. 

 

2.1.5 Decentralization 

Distributed databases like blockchain are actually a 

sharing platform without intermediaries. In a 

blockchain-based system in maritime trade where 

protocols such as smart contracts are executed 

automatically, there is no need for intermediaries such 

as freight forwarders, customs brokers and insurance 

companies. Because this system is decentralized, 

customers only interact with an integrated system, 

which is a great advantage. 

 

2.1.6 Timestamping 

Timestamping enables blockchain to record the time 

for all transactions. When a node verifies a transaction, 

it also checks the time with the time of the previous 

transactions, so there is no problem with double 

spending. Moreover, the timestamp, like a link, 

connects the blocks together. The timestamp sorts the 

stored data in a chronological order, which ultimately 

creates a chain of transactions. 

 

2.2 Toward a paperless trade 

International maritime trade involves multiple actors 

and operators and relies heavily on paper-based 

processes. In the field of maritime trade, numerous 

documents have to be processed, which can be 

categorized into four sections: 
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Figure 1. Schematic view of fragmented port community system and peer-to-peer system 

 

1.Documents related to commercial transactions, such 

as sales contracts, commercial invoices, and product 

details 

2.Documents related to financing, such as letter of 

credit, etc 

3.Shipping documents, such as bill of lading 

4.Documents related to border activities, such as 

certificate of origin, conformity certificate, import and 

export licenses, customs clearance letters and customs 

inspections These paper-intensive processes not only 

increase management and coordination costs, but also 

expose them to risks such as human error, forgery, and 

loss. 

 

2.3 Blockchain in maritime trade 

Maritime trade is currently a highly fragmented 

network in which different actors and groups 

collaborate for a single shipment (Figure 1). In such a 

fragmented business, interactions and transactions 

between institutions and operators can take various 

forms. Although the EDI system has been used in ports 

in recent years, transactions are still not generally 

digitalized, and companies and organizations still 

prefer to use traditional methods of doing business in 

maritime trade. It is well known that the use of 

traditional methods in shipping and maritime trade 

leads to high costs and inefficiencies. At present, most 

of the transactions and interactions in maritime trade 

are done traditionally and manually by phone and email 

and not through the EDI system. Each operator and 

organization in maritime trade has its own management 

system and platform, and inter-organizational 

interaction is usually not integrated in their systems. 

Lack of transparency is another major challenge of the 

maritime supply chain, and when cargo moves between 

organizations, no one can trace it. Also, the absence of 

a reliable intermediary often leads to price conflicts and 

inconsistencies. In fact, the World Economic Forum 

has estimated that fraudulent activities increase the cost 

of doing business by up to 10%. Another major 

problem with maritime trade inefficiencies is the 

inconsistency of data and information and the lack of 

transparency, which leads to problems such as 

repeatedly carrying empty containers, human errors, 

changing schedules, and increasing fines. With the 

adoption and integration of blockchain, all the steps 

and information sharing will be done very quickly and 

sometimes automatically, and all institutions have the 

ability to participate in it. For example, shipment 

information can be stored on a blockchain instead of on 

paper documents. This information will be available on 

an instantaneous basis at no additional cost, and 

institutions that were previously out of the cycle, such 

as banks and insurance companies, can be added to the 

cycle to speed up the process. Since 2017, the use of 

blockchain in maritime trade has been gradually 

increasing. These applications are usually divided into 

four categories: 

1. Electronic bill of lading 

2. Shipping operations 

3. Ship financing 

4. Ship insurance 

 

2.3.1 Electronic bill of lading 

The physical delivery of the bill of lading and its 

lengthy and time-consuming processing often cause 

delays [12]. Although many attempts have been made 

to create an electronic bill of lading, such bill of lading 
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faces challenges such as fraud and confidentiality [13], 

which rely on a central system. Blockchain can greatly 

reduce these risks through peer-to-peer communication 

without any central intermediaries, and it can also 

enhance the confidentiality through solving complex 

mathematical cryptography and allowing only 

authorized people to decrypt it. In this way, the owner 

of the goods can digitally sign his electronic bill of 

lading and add the public key of the next owner in the 

blockchain transactions, which saves a considerable 

amount of time. Also, the ownership history can be 

preserved. 

 

2.3.2 Shipping operation 

Shipping operation processes are currently very 

outdated. A single transaction can involve numerous 

documents, such as sales agreements, bill of lading, 

charter parties, customs clearance documents, and 

letters of credit. Traditionally, maritime trade has 

depended heavily on the physical transmission of paper 

documents and the whole process can be vulnerable to 

human errors, frauds and unwanted delays. Blockchain 

can address this in several ways. First, blockchain can 

make the whole process paperless so that document 

information is immutable. Participants can use public 

and private keys to communicate with each other, 

transfer documents, and make payments and 

transactions. Second, the blockchain provides complete 

transparency in the trade and information on the 

blockchain can be viewed by participants. Third, by 

adopting smart contracts, standard shipping contracts 

can be replaced digitally on the blockchain, and the 

parties will have the freedom to negotiate financially 

directly on the blockchain. Numerous studies to date 

have emphasized the importance of information 

sharing to increase supply chain integrity and overall 

efficiency. If information is shared effectively in 

maritime trade, shipping costs could be reduced by 

$300 per container [14]. Sharing the capacity of 

containers also can save 6 billion per year and produce 

4.5 million tons less carbon dioxide per year. One of 

the main logistical challenges in maritime trade is to 

monitor the quality of goods and their physical tracking 

to the destination [15,16]. At present, information 

systems are not able to provide instant information to 

goods during transport operations [17] . This leaves 

room for frauds that can cause a lot of financial loss for 

companies. Blockchain can improve the tracking 

problem by providing movement information for goods 

that are up-to-date and tamper-proof. This information 

will be available from the origin to the destination of 

the goods. Each product is assigned a unique ID and is 

scanned at each stage of shipping. This scanned data is 

stored in a blockchain through a chain of transactions 

and will be accessible to anyone. In addition, other 

information such as product temperature and container 

emptiness information can also be added. 

2.3.3 Ship finance 

Banks have traditionally been the main source of credit 

for maritime trade from ancient times to the present day 

[18]. International payments and transfers currently 

cost about 5 to 20 percent of the original money as 

transaction costs [19] and may take several days to 

reach the destination. This can be done very easily, 

quickly and securely through cryptocurrencies. The 

cost of transactions through blockchain and 

cryptocurrencies can be extremely small and can be 

done almost instantly [19]. Therefore, blockchain 

payment is faster, more economical and more secure 

than the SWIFT centralized banking system [20]. 

 

2.3.4 Ship insurance 

Effective information sharing is extremely crucial in 

ships insurance. The process of insurance through 

blockchain will be much easier than before. This is 

because the information is verified and integrated, and 

the insurance applicant's information can be easily 

tracked [21]. In addition, automatic setting and 

enforcement of premiums can also be done with 

blockchain [22]. The insurance litigation process is 

usually complex due to the large number of individuals, 

entities, participants, and third parties, and the 

transparency of the information needed to process 

claims is currently inadequate [21]. With blockchain it 

will be transparent, and smart contracts can speed up 

the review process, approve requests, and shorten 

dispute resolution times [22]. 

 

2.4 Identifying adoption factors 

A framework is needed to examine the factors 

influencing blockchain adoption in maritime trade. 

TOE framework was presented by Tornatzky and 

Fleischer in 1990, which examines the factors to the 

adoption of any technology and analyzes them from 

three perspectives: technological, organizational and 

environmental [23]. Factors influencing blockchain 

adoption in Iran’s maritime trade were gathered from 

reviewing a collection of available articles and 

reviewing the literature and interviewing experts. 

 

2.4.1 Technological factors 

The availability of blockchain-specific tools such as 

smart contracts and the Internet of Things is an 

important feature of blockchain technology that plays a 

key role in its acceptance in maritime trade. One of the 

main factors in accepting any technology is the 

technology-related complexities. These complexities 

make it difficult for users to understand and work with 

blockchain. Complexity actually requires special 

talent, ability and expertise in relation to working with 

blockchain. Ease and convenience of working with 

technology has always been one of the basic factors of 

acceptance of any technology in the past. Another 

factor is the size and volume of the blockchain, which 
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is constantly getting bigger and more voluminous. At 

present, we see a lot of transactions in the current 

blockchain that can reduce the quality and efficiency of 

the blockchain [24]. Infrastructure facilities are another 

important factor in adopting blockchain in maritime 

trade, which means the ability to support and adapt the 

current technology for accepting blockchain [25]. 

Compatibility is another major factor in the field of 

technology, which can be described as the ease of 

integrating blockchain in relevant platforms in 

maritime trade [26]. The benefits of blockchain is 

another important factor, which is the amount of value 

that blockchain can add to maritime trade [27]. Finally, 

security and confidentiality is another essential factor 

in the field of technology, which means that the shared 

information is sufficiently secure and confidential and 

cannot be changed during the integration process. 

Another factor in this area is the immaturity of 

technology. For example, the problem of blockchain 

scalability and the size of the blockchain database in 

the long run [28]. 

 

2.4.2 Organizational factors 

The organizational domain includes all the factors and 

items that are related to the basic internal issues of an 

organization. For example, the availability of training 

facilities is an important factor in this regard, which 

means the existence of appropriate training facilities 

for employees of organizations to adopt blockchain 

[29]. Another important factor in this field is the 

existence of top management, which is the ability of 

high-level and top managers to provide guidance and 

resources related to blockchain acceptance, 

continuously and consistently. Company size, which 

means number of employees and output size, is the next 

important factor in accepting blockchain in maritime 

trade [30] because large companies can more easily 

access the resources needed to change strategy than 

smaller companies. In addition, smaller companies are 

often reluctant to conduct new business operations and 

provide training to their employees due to the existence 

of multiple risks [31]. Organizational culture, which 

includes the pattern of behavior and performance of 

organizational employees in maritime trade, is another 

important factor for accepting blockchain [26]. It 

influences how companies respond to external 

pressures and their strategic business decisions [32]. 

Another important issue in the field of organizational 

factors is the existence of investment costs, which is the 

availability of sufficient financial resources needed to 

implement and develop and accept blockchain-related 

tools in maritime trade [2]. The ability of human 

resources is also another essential factor in this area. 

This means that maritime business professionals are 

sufficiently trained and knowledgeable in the field of 

working with blockchain [33,34]. Another factor is the 

reluctance to accept new and innovative systems. 

Disruptive technologies such as blockchain, requires 

the replacement of the legacy systems, this issue can 

cause reluctance and hesitation in organizations to 

accept technology [35]. 

 

2.4.3 Environmental factors 

Environmental factors include factors related to areas 

of regulation, industry characteristics, market 

competition, and the relationship between companies, 

which include government policies, competitive 

pressure, organizational trust and market turmoil. 

Competitive pressure is an important factor related to 

the external maritime trade environment and means the 

relentless efforts of maritime logistics companies to 

prove their worth to their shareholders and investors 

[35]. Government support and policies is another 

important factor in this area, including the ability of 

government agencies to provide the necessary 

assistance and enact new rules and regulations to 

advance the acceptance of blockchain in maritime trade 

[36]. Inter-organizational trust is another important 

factor that can be defined as: the acceptance and 

approval of blockchain technology by the external 

maritime trade environment, in addition, shareholder 

pressure is another important and key factor in this area 

that can be considered as constant expectations of 

shareholders and investors in the maritime trade 

industry [2]. Businesses usually respond to business 

market pressures to adopt new technologies in different 

ways [33]. Therefore, it can be said that market turmoil, 

which includes uncertainty and instability of maritime 

logistics services, can affect the acceptance of 

blockchain in maritime trade [37]. One of the important 

factors for accepting blockchain is its standardization. 

This can accelerate the advancement of blockchain 

acceptance in maritime trade, because with an 

internationally approved platform, we can have a more 

secure market and faster innovative developments. 

Another important factor in this area is the lack of 

customer awareness, which means not having enough 

information and knowledge about working with 

systems based on blockchain technology in the field of 

maritime transport and its supply chain [39]. Another 

important factor is related to regulatory and legal 

challenges. Because blockchain has disrupted many 

traditional patterns of international trade, regulatory 

and legal challenges have arisen that need to be 

addressed. 

 

3.Methodology  
This research is deemed as applied research in terms of 

purpose and a descriptive survey in nature because 

users can use its results. The research method is 

descriptive and documentary and implements a survey 

method. This is because to identify the factors, the 

theoretical foundations and background of research and 

interviews with experts are used as documents, and also 
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to confirm and hierarchize the factors, a researcher-

made questionnaire using Delphi technique and AHP 

were used. Quantitative analysis was also done using 

SPSS software. This research employed a Delphi study 

to elicit expert insight into identifying the key factors 

facing blockchain adoption in Iran’s maritime trade. 

For this reason, 10 experts from top managers of Iran’s 

port and maritime organization were selected. Delphi 

studies are frequently conducted in deductive research 

but also combined with qualitative data‐capturing in 

order to be more pragmatic. It's especially beneficial for 

delving into complex phenomena where there's 

disagreement, a lack of data, or future forecasts are 

being made [38]. In this study, Kendall correlation 

coefficient was used to determine the scale of 

consensus among panel members. The Kendall 

Correlation Coefficient is a scale for determining the 

degree of correlation and agreement between several 

categories related to N objects or individuals, which is 

shown in Eq. (1). 

 

𝑊 =
𝑠

1

12
𝑘2(𝑁3 − 𝑁)

                                                               (1) 

 

where in Eq. (1) n stands for objects, m stands for 

judges and S stands for the sum of squared deviations. 

 

The value of this scale is one when there is complete 

coordination or complete agreement and zero when 

there is no complete coordination. There are two 

statistical criteria for deciding whether to stop or  

continue Delphi rounds. They can be terminated 

whenever one of these two factors is observed. The first 

criterion is a strong consensus among panel members, 

which is determined by the Kendall’s W. In the absence 

of such a consensus, the stability of this coefficient or 

its slight growth in two consecutive rounds indicates 

that there has been no increase in the agreement of the 

members and the polling process should be stopped 

[39]. In the next phase we used AHP to hierarchize the 

factors. The Analytic Hierarchy Process (AHP) is a 

math and psychology-based system for organizing and 

analyzing complicated decisions. It was created in the 

1970s by Thomas L. Saaty and has subsequently been 

enhanced. It consists of three parts: the ultimate aim or 

problem you're attempting to address, all feasible 

solutions (referred to as alternatives), and the criteria 

you'll use to evaluate the alternatives. By quantifying 

its criteria and alternative possibilities, and tying those 

parts to the broader purpose, AHP gives a coherent 

foundation for a needed conclusion. The application of 

the methodology consists of establishing the 

importance weights to be associated to the criteria in 

defining the overall goal. This is done by comparing 

the criteria pairwise using the ExpertChoice software 

[40]. 

 

4. Results and Discussion 
In the first Delphi round, a questionnaire that included 

21 effective factors in 3 categories was given to 10 

experts from the managers of the Ports and Maritime 

Organization to rate each item based on a 5-point Likert 

scale. Experts were also asked to indicate if they had a 

factor other than the one mentioned. The reliability of 

the questionnaire in the first stage was equal to 0.908 

and because it is higher than 0.7 is acceptable. 

Kendall’s W was also 0.136 and it should be examined 

in the next round of Delphi, whether this coefficient 

will improve significantly or not. The results of the first 

round of Delphi are given in Table 1. In the second 

round of Delphi, at first the factors that have averaged 

less than 3 in the first round of Delphi are eliminated. 

The results showed that all factors have an average 

above 3, so none are eliminated. In the second round of 

Delphi, the first stage questionnaire was again given to 

the experts to rate each index as in the first stage. Also 

in this round, the average score of the first round of 

Delphi was set so that experts could make decisions 

based on the total average. During this period, many 

experts confirmed their views in the first stage. The 

results of the second round of Delphi are given in Table 

2. The reliability and correlation coefficient of Kendall 

in the second round are equal to 0.784 and 0.176, 

respectively. The results of double rounds of Delphi 

method in the research show that for the following 

reasons, consensus has been reached between experts 

and it is possible to end the repetition of rounds. In the 

second round of Delphi, at least 90% of the respondents 

considered the indexes to have high and very high 

scores (average above 3). The standard deviation of 

experts' responses about the importance of factors in 

the second round compared to the first round has 

decreased significantly. Kendall’s W in the second 

round is equal to 0.176. Given that the number of 

respondents was 10, this amount of Kendall coefficient 

is quite significant [39]. The difference between 

Kendall’s W in the second round and the first round has 

increased only 0.04. This coefficient or the degree of 

consensus among panel members between two 

consecutive rounds does not show significant growth. 

This lack of growth is one of the reasons to stop the 

Delphi rounds [39]. Using the AHP method, the factors 

that were confirmed by the Delphi method in the 

previous step are prioritized in this section. The steps 

of this method are given below. In this step, AHP 

hierarchical analysis method is used to determine their 

importance and weight. First, comparisons of criteria 

and sub-criteria were created and provided to experts. 

The number of experts in this section is 10. After 

completing the pairwise comparison matrices, the 

inconsistency rates of each were calculated, all of 

which were less than 0.1, which indicates the stability 

and compatibility of the matrices. Then the pairwise 

comparisons of the experts were integrated by the 
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geometric mean method and then entered into the 

ExpertChoice software to determine the weight. The 

following are the results of pairwise comparisons and 

weights. 

 

 

 

 

 

Table 1. Delphi Frist Round Results

Criteria Sub criteria Min Max Mean Std. 

Deviation 

Technological Blockchain complexity 1 4 3.5 0.972 

Blockhcain adaptability  1 5 3.8 1.135 

Blockchain benefits 3 5 4.1 0.738 

Security and Confidentiality 3 5 4.1 0.568 

Technology’s immaturity 1 4 3.4 1.075 

Infrastructural facilities 3 5 4.1 0.568 

Blockchain’s special tools 2 5 3.9 0.994 

Organizational availability of training facilities 1 5 3.6 1.174 

Top management 1 5 3.7 1.337 

Firm size 2 5 3.3 1.059 

Organizational culture  2 4 3.2 0.789 

Investment cost 1 4 3.1 0.994 

Human resources abilities 1 4 3.1 1.197 

Reluctance to technology 1 5 3.5 1.179 

Environmental Governments’ policies and support 1 5 3.5 1.179 

Competitive pressure 1 5 3.3 1.337 

Inter-organizational trust 1 5 3.8 1.135 

Stakeholders’ pressure 1 5 3.3 1.252 

Standardization 1 5 3.4 1.265 

Regulatory and legal issues 1 5 3.4 1.174 

Customers’ lack of awareness 1 5 3.8 1.135 

 

 
Table 2. Delphi Second Round Results

  
Criteria Sub criteria Code Min Max Mean Std. 

Deviation 

Technological Blockchain complexity A1 2 4 3.6 0.699 

Blockhcain adaptability  A2 2 5 3.9 0.876 

Blockchain benefits A3 4 5 4.4 0.516 

Security and Confidentiality A4 4 5 4.4 0.516 

Technology’s immaturity A5 2 4 3.6 0.699 

Infrastructural facilities A6 3 5 4.1 0.568 

Blockchain special tools A7 2 5 3.9 0.994 

Organizational availability of training facilities B1 2 5 3.7 0.949 

Top management B2 2 5 3.9 0.994 

Firm size B3 2 5 3.3 1.059 

Organizational culture  B4 2 4 3.2 0.789 
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Investment cost B5 2 4 3.3 0.675 

Human resources abilities B6 2 4 3.3 0.949 

Reluctance to technology B7 2 5 3.6 0.966 

Environmental Governments’ policies and support C1 2 5 3.8 0.789 

Competitive pressure C2 2 5 3.6 0.966 

Inter-organizational trust C3 2 5 3.9 0.876 

Stakeholders’ pressure C4 2 5 3.6 0.966 

Standardization C5 2 5 3.7 0.823 

Regulatory and legal issues C6 2 5 3.6 0.843 

Customers’ lack of awareness C7 3 5 4 0.667 

Table 3. Weight and rank of the main criteria 

(Expert Choice) 

 

 
 

According to Table 3, the technological factor with a 

weight of 0.743 has gained the first rank.  

Organizational factor with a weight of 0.132 has 

gained the second rank and an environmental factor 

with a weight of 0.125 has gained the third rank. 

The next step is the pairwise comparison of 

technological factors. The technology criterion has 7 

sub-criteria. The incompatibility rate of this pairwise 

comparison is equal to 0.03. We enter the pairwise 

comparisons in the Expert choice software, where the 

criteria weights are calculated and they are shown in 

table 4. 

 

Table 4. Technological criteria weight (Expert 

Choice) 
 

 
 

According to Table 4 among the technology sub-

criteria, the blockchain benefits with a weight of 0.302 

have gained the first rank. The security and 

confidentiality of blockchain with a weight of 0.261 is 

ranked second and special tools of blockchain with a 

weight of 0.217 are ranked third. The organizational 

criterion has 7 sub-criteria. The incompatibility rate of 

this pairwise comparison is equal to 0.04. We enter the 

pairwise comparisons in the Expert Choice software, 

where the criteria weights are calculated and shown in 

Table 5. 

 

Table 5. Organizational criteria weight 

 

 
 

According to table 5, among the organizational sub-

criteria, the ability of human resources with a weight 

of 0.284 has gained the first rank. The cost of 

investment, with a weight of 0.274, is second and the 

existence of top management with a weight of 0.179 is 

third. The environmental criterion has 7 sub-criteria, 

the incompatibility rate of this pairwise comparison is 

equal to 0.06. We enter the pairwise comparisons in 

the Expert choice software, where the weights of the 

criteria are calculated and shown in table 6. 

 

Table 6. environmental criteria weight 

 

 
Table 6 shows that government support and policy 

(0.270) is the top environmental sub-criterion, 

followed by regulatory and legal challenges (0.259) 

and standardization (0.248). The final weight of each 

sub-criterion is calculated by multiplying the 

dimension weight, the standard weight, and the 

relative weight, using ExpertChoice software. Table 7 

presents the results. Among the 21 sub-criteria, 
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blockchain benefits is the highest, blockchain security 

and confidentiality is the second, and blockchain 

special tools is the third. 

 

 

 

 

Table 7. Final weight of criteria 

 

Criteria Criteria 

weight 

Sub-criteria Sub-criteria 

relative weight 

Sub-criteria 

final weight 

Final 

rank 

Technological 0.743 Blockchain complexity 0.036 0.0267 12 

Blockchain adaptability 0.05 0.0372 7 

Blockchain benefits 0.302 0.2244 1 

Security and confidentiality 0.261 0.1939 2 

Technology immaturity 0.054 0.0401 5 

Infrastructural facilities 0.081 0.0602 4 

Blockchain special tools 0.217 0.1612 3 

Organizational 0.132 Availability of training 

facilities 0.111 0.0147 14 

Top management 0.179 0.0236 13 

Firm size 0.066 0.0087 15 

Organizational culture 0.051 0.0067 18 

Invesment cost 0.274 0.0362 8 

Human resources abilities 0.284 0.0375 6 

Reluctance to technology 0.036 0.0048 21 

Environmental 0.125 Governments’ policies and 

support 0.27 0.0338 9 

Competitive pressure 0.049 0.0061 20 

Inter-organizational culture 0.068 0.0085 16 

Stakeholders’ pressure 0.055 0.0069 17 

Standardization 0.248 0.0310 11 

Regulatory and legal issues 0.259 0.0324 10 

Customers’ lack of awareness 0.052 0.0065 19 

5. Conclusion 
Blockchain technology is an emerging and disruptive 

innovation that has the potential to transform 

international trade and has attracted worldwide  

 

attention in recent years. However, its adoption in the 

maritime industry is still nascent and faces various 

challenges. Therefore, the maritime industry and its 

stakeholders are exploring the opportunities and 

benefits of this technology for their business 

processes. Although implementing new technology 

can entail high costs, it can also yield significant 

financial gains if the feasibility and suitability are 

carefully assessed. Blockchain technology offers a 

novel and secure solution for maritime trade, as it 

integrates multiple features that facilitate fast, 

transparent, paperless and cost-effective transactions, 

such as a decentralized ledger, smart contracts and 

trustworthy and secure networks that reduce the 

intermediation of third parties. Hence, it is plausible to 

expect that blockchain-based technologies will play a 

key role in the future of maritime trade and 

transportation. In this article, we examined the 

application of blockchain technology in maritime 

trade, with a focus on its adoption in Iran’s maritime 

trade. We adopted the Technology-Organization-

Environment (TOE) framework to identify three main 

categories of factors that influence the decision to 

adopt blockchain in Iran’s maritime trade. We 

collected 21 key factors from an extensive and 

systematic literature review and interviews with 10  

 

managers of Iran’s port and maritime organization and 

maritime transportation. Then, we used the Delphi 

method to validate these factors in two rounds with 10 

Iranian maritime trade experts and finally, we applied 

the Analytic Hierarchy Process (AHP) method to rank 

them according to their importance. The results 

revealed that although blockchain is regarded as a 

promising technology in international maritime trade, 

there are still barriers and enablers for its acceptance 

in Iranian maritime trade. The results indicate that 

among the main categories (technology, organization, 

environment), the category of “technology” was 

ranked first. Moreover, the sub-categories of 

“blockchain benefits”, “human resource capability” 

and “government support and policies” were ranked 

first in the “technology”, “organization” and 
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“environment” categories, respectively, and finally 

among all the sub-categories, “blockchain benefits”, 

“security and confidentiality” and “specific 

blockchain tools” obtained the highest ranks. This 

would provide a better understanding of blockchain 

technology and address the concerns about its 

adoption at the logistics business level. 
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