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Abstract 

The Digital Transformation of e-commerce and maritime logistics has enhanced operational 

efficiency; however, it has also increased susceptibility to cyber threats, data breaches, and identity 

theft. In these industries with high sensitivity data such as cargo manifests, shipping schedules, 

financial transactions, and customer records, content guarantees has become globally imperative. 

Political Key Cryptography (PKC) creates an effective solution through the means of asymmetrical 

encryption since effective communication, data integrity, and user identity verification relies on 

these constructions. This paper focuses on the applications of PKC towards better content guarantee 

in maritime as well as e-commerce environments. It examines the protective role of digital 

signatures, certificate authorities, and key management systems upon data exchange on distributed 

systems. Also, it suggests a model that utilizes PKC with blockchain and Internet of Things (IoT) 

devices for enhanced transparency, trust, and automation for supply chain processes. The research 

through case studies and best practices reveals the advantages and complexities of applying PKC in 

real-life scenarios. Ultimately, the research concludes that the incorporation of PKC not only 

enhances cybersecurity but arguably strengthens the resilience, compliance to regulations, and 

operational trust within international digital trading networks. 

Keywords: Public Key Cryptography, Content Protection, Maritime Logistics, E-Commerce, 

Cybersecurity, Blockchain Integration, Digital Supply Chain. 

1 Introduction 

With the improvement of technology globally, the protection of data has grown into a primary focus in 

areas such as e-commerce and maritime logistics that manage enormous amounts of information. Public 

key cryptography (PKC) is also referred to as asymmetric cryptography and serves as the basis for 

modern digital system security infrastructure. PKC utilizes a pair of keys to encrypt and decrypt 

information. A key that is issued to the public is known as the public key while a key that is confidential 

is known as private key. This way, users are able to send messages that are encoded, but only the 

recipient can decode it, and the digital signature can be authenicated too (Diffie & Hellman, 1976; Rivest 

et al., 1978). PKC assists in the development of communication protocols like SSL/TLS that are used to 
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secure web transactions while being heavily used for email encryption, block chain technolgies and 

systems with digital certificates (Menezes et al., 2018). After a prolonged period of limited digitization, 

the maritime logistics sector recently underwent digital transformation to improve efficiency, supply 

chain visibility, real-time tracking, and attain greater operational efficacy. However, this transformation 

has resulted in more cyber security risks (Rajan & Srinivasan, 2025). During the global supply chain’s 

digital data exchange, an interruption—through the means of data manipulation, unauthorized access, or 

ransomware—can cause an enormous economic and reputation-related risk (Balvad et al., 2022). The 

notorious malware attack on Maersk (2017), which halted global shipping operations subsequently 

costing the company an estimated $300 million, was a tremendous eye-opener for the maritime sector 

to start adopting cyber security (Trelleborg, 2019). PKC can respond to these threats by ensuring secure 

access control over the data ports, ships, and logistics hubs utilize during cloud access. By doing so, data 

interception or manipulation during transmission will be rendered impossible. E-commerce is an 

industry growing at a rapid rate where ensuring consumers' payment information and data privacy is 

essential. The industry is highly susceptible to cyberattacks due to the increased digital and online 

transactions.  

 

Figure 1: The Mechanism of Public Key Cryptography 

The image (Figure 1) Public Key Cryptography which is a type of secure communication that makes 

use of two keys, a public and private key. It commences with the sender writing down the message in 

plaintext that they intend to send securely (Udhayakumar et al, 2024). The next step is that the message 

is encrypted using the receiver’s public key which is available to the public. After encryption, the 

message changes to ciphertext which is then sent over the communication channel or network. The 

message is secure even when intercepted because it can only be decrypted using the private key the 

recipient possess which is never shared. The recipient decrypts the message into language plaintext 

which makes it understandable using their private key. It simplifies to imagine that this type of 

encryption guarantees maximum confidentiality and security while transmitting sensitive data during 

communication. The IBM Cost of Data Breach Report of 2023 claimed that the retail industry suffers 

the highest breach cost of over $3 million, most frequently compromised data being personally 

identifiable information (IBM Security, 2023). Secure environments are fundamental for consumers; 

therefore, businesses are pressured to adhere to data protection laws like GDPR and PCI DSS. Digital 

signature technology aids these issues by allowing safe verification, safeguarding payment information, 

and restricting access to sensitive information to designated personnel only (Stallings, 2020). Apart from 

simply encrypting, PKC is important for the generation of digital signatures which certify the 
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authenticity as well as the integrity of a document (Bala & Ramkumar, 2014). In maritime logistics and 

ecommerce, contracts can be digitally signed, shipping manifests can be approved, and transactions can 

be authenticated using digital signatures, which makes the process less manual and less susceptible to 

paper fraud. Increased compatibility with other technologies like blockchain or the Internet of Things 

(IoT) adds to PKC’s value. For instance, blockchain systems offer transparent and verifiable records but 

require PKC for key pair generation and digital signature validation (Vignesh et al., 2023; Kshetri, 2018). 

The same can be said for IoT devices in shipping containers. Shipping container IoT devices, alongside 

warehouse automation systems, can employ PKC to securely send sensor data to central systems without 

fear of interception or spoofing (Chen et al., 2017; Kumar, 2024). 

This research investigates the use of public key cryptography in protecting content within the 

maritime logistics and e-commerce industries. This is done by looking into the fundamentals of PKC 

and its chronological evolution. Thereafter, the paper discusses the unique cybersecurity concerns for 

maritime and e-commerce activities in the current digital era. The paper reviews existing literature, case 

studies, and technological trends to determine the extent and ways PKC has been utilized in practice. 

Moreover, it demonstrates a conceptual model wherein PKC is integrated with blockchain and IoT 

towards building a more secure and transparent digital system. This is to emphasize some of the offered 

practices while delineating the merits and drawbacks of the large-scale deployment of PKC. Public key 

cryptography becomes relevant and important to address as a robust content protection option due to the 

dual factors of heightened traditional cybercrime and ongoing digital transformation. With emerging 

dynamism in data-centric and interconnected systems for maritime logistics and e-commerce, 

guaranteeing the integrity, authenticity, and confidentiality of digital content becomes imperative. The 

adoption of PKC is not only for defending cyber threats but also enhancing trust, operational resilience, 

and compliance with regulations in the digital trade ecosystem. 

2 Background 

2.1 The Development of Public Key Cryptography 

Public key cryptography (PKC) arose on the scene around the 1970s. This was a solution to the problem 

involving symmetric key cryptography which required a common secret key to be shared on both sides. 

It posed enormous risks during the secure key exchange. We can consider the work put forth by 

Whitfield Diffie and Martin Hellman in 1976 as the birthplace of asymmetric encryption which makes 

use of a public key for encryption and a private key for decryption (Diffie & Hellman, 1976). This 

innovation was a turning point in enabling secure communication between users without any prior 

contact, making way for further advancements in secure systems for digital communications. The RSA 

algorithm was introduced soon after by Rivest, Shamir, and Adleman in 1978. The algorithm provided 

a practical implementation of public key cryptography considering the mathematical aspect concerning 

the factorization of large prime numbers. Over time PKC has evolved to include elliptic curve 

cryptography (ECC) which is equally secure, but more efficient when compared to its counterparts 

owing to the smaller key sizes required for severely constrained environments like embedded systems 

(Koblitz, 1987; Awadzi, 2018). Since then, PKC has become the backbone of numerous modern 

protocols including SSL/TLS, digital certificates and even blockchain technologies (Zhou et al., 2020; 

Uvarajan, 2024). 
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Figure 2: Risks to Privacy and Anonymity in Smart Ports 

This image (Figure 2) represents the smart port ecosystem data flow, emphasizing multiple breach 

points related to privacy and anonymity risks. Data collection occurs at monitoring systems, drones, 

sensor networks, RFID tag readers, and access control systems, which are later integrated into the Smart 

Port Data Management System. Data Management System Smart Port. There, law AI analytics tools and 

behavior monitoring systems process the information, which is subsequently disseminated to external 

clients such as third-party logistics companies and government/customs authorities. Each red 

exclamation mark in the diagram denotes a significant risk of exposure or abuse of personal or sensitive 

information that is captured for surveillance purposes, unencrypted communications, the centralized data 

store's weaknesses, and access control by unauthorized users. The illustration underscores the 

heightened risk in the design of smart port infrastructures without policies regarding data management 

and privacy protection. 

2.2 Current Techniques of Content Security in E-Commerce and Maritime Logistics   

In maritime logistics, content protection is characterized by encryption, controlled access management, 

and cybersecurity frameworks protecting digital valuables like cargo manifests, customs documents, and 

tracking information. Numerous shipping companies and port authorities use VPNs, firewalls, and IDS 

for adequate infrastructure protection. Moreover, the development of port community systems (PCS) 

that integrate several supply chain participants has increased the need for secure encryption and 

authentication protocols (UNCTAD, 2020; Choudhary & Verma, 2025).  Several initiatives, including 

the IMO’s Guidelines on Cybersecurity for Ships, pay particular attention to the ensuring confidentiality, 

integrity, and the availability of data systems (IMO, 2021; Rahim, 2024). Maritime logistics is adopting 

blockchain technology for the transparent and traceable marine transport of goods, with intelligent 

contracts providing self-verifying shipments (Murray, 2019). In e-commerce, securing content entails 

the protection of a customer’s data, payment details, and transaction history. The most common include 

SSL/TLS encryption for secure internet communications, tokenization of sensitive data, and adherence 

to the General Data Protection Regulation (GDPR) alongside PCI DSS (Romanosky, 2016). Additional 

measures include two-factor authentication (2FA), digital signing, and control of access through secure 

application programming interfaces (APIs) (Ali et al., 2018).  Additionally, many large e-commerce 

platforms now utilize AI-powered monitoring systems to detect and mitigate anomalies and fraudulent 

activities in real time (Nguyen et al., 2021; Shetty & Nair, 2024; Assegid & Ketema, 2023). Likewise, 
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cloud service providers who host e-commerce platforms offer encryption and security services, often 

employing PKC for key management and identity verification. 

2.3 Shortcomings of Current Content Protection Techniques   

As discussed by Papadopoulou & Kanellopoulos, (2020), existing technologies do not adequately protect 

content in maritime logistics and e-commerce. Firstly, the majority of escalated systems used in maritime 

logistics are not integrated with encryption, PKI systems, and other legacy vaults, thus making data 

sharing across ports and partners vulnerable. Moreover, VPNs and firewalls, while serving as basic 

perimeter security, do not offer complete framework end-to-end encryption and thus expose data when 

transferred between systems or even to third-party systems (Kim, 2023). A solution with critical focus 

on distributed trust management is needed. Most traditional access control policies depend on centralized 

databases, that in turn, make these mechanisms single points of drawback (Bakari & Ahmadi, 2018). 

This centralization broadens the horizon of scope as well as problems to include lack of flexibility and 

limited scalability within dynamic multi-party supply chains (Saberi et al., 2019; Rahim, 2023). 

Numerous businesses in the e-commerce sphere still make use of insufficiently configured SSL 

certificates or outdated hashing algorithms which are very easily susceptible to man-in-the-middle 

(MITM) attacks or even SSL stripping (Durumeric et al., 2013). Increased dependence on third party 

services and APIs adds to the issue and introduces new surfaces for attack, especially at the hands of 

vendors who do not secure or update their integrations (Votipka et al., 2018). Additionally, while 

blockchain provides an immutable ledger, its encryption doesn’t protect the actual data content or 

safeguard privacy (Kong et al., 2024). Even if data stored on-chain is hashed, it can still be reconstructed 

or merged with other external datasets (Zyskind & Nathan, 2015). Without incorporating cryptographic 

methods like PKC and zero-knowledge proofs, these systems may maintain transparency, but claim as 

sacrificing privacy in the process (Abdullah, 2024). Finally, both industries still face key management 

as the most important problem. Key mismanagement—through poor storage, human negligence, or 

insider attacks—compromises highly secure cryptographic systems (AlFayyadh et al., 2022). With 

increasing system interconnectivity, there is heightened demand for automated, scalable, and 

decentralized frameworks for key management (Prakash & Prakash, 2023). To address these issues, this 

research seeks to examine the impact of advanced public-key cryptography techniques for safeguarding 

data confidentiality and integrity while enabling secure digital transformation in maritime logistics and 

e-commerce (Fuster- Guillén et al., 2025). 

3 Public Key Cryptography in Maritime Logistics 

As PKC enables advanced content protection in maritime logistics, an industry previously lacking in 

sophisticated cyber security technologies, it is proving its value as a transformative tool. Shipping PKC 

is essential for protecting sensitive information such as shipping manifests, port entry permits, cargo 

tracking updates, customs documentation on sensitive data, and protects it from unauthorized access, 

tampering, and cyberattacks as global maritime supply chains become digitalized.   Through PKC, robust 

frameworks can be designed to safeguard digital communication and protect passwords for ports, 

shipping companies, customs, freight forwarders, and other stakeholders in the logistics chain, paving 

the way for streamlined logistics and secure communications. The foundation of PKC is built around 

asymmetric encryption, which involves a pair of keys, one being publicly available for encryption and 

the other, a privately held key for decryption. This structure makes it impossible to read the content even 

if the public key is available since only the intended recipient holding the corresponding private key will 

be able to access the content. In maritime logistics, for instance, this can be used to encrypt operational 
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data or shipping documents to ensure that only a specified recipient like port authorities or terminal 

operators can access the data. These advanced techniques mitigate the risk of interception by 

unauthorized third parties, which has always been an issue with traditional file transfer systems or email 

services. 

 

Figure 3: The Importance of Content Protection in Maritime Logistics vs. E-Commerce 

The depiction (Figure 3) shows maritime logistics and e-commerce to portray where content 

protection tends to be most relevant in both domains. For example, in maritime logistics, the movement 

of goods consisting of warehousing, shipping, and delivery is under threat at multiple levels, including 

the discussions that happen between various data communication centers, which include transit and 

satellite yards. To avert this risk, content protection mechanisms like encryption and secure storage of 

sensitive information, secrets, and their physical counterparts are utilized. Likewise, the e-commerce 

world also faces multiple threats—right from email correspondence and transactions made over the 

internet to the delivery of packages. Payment information may be intercepted by the threat actors 

alongside crucial customer information and the products post-delivery. Here also, secure customer data 

and encrypted communication over the internet, and protected platforms are necessary to avert data and 

fraud breaches. This comparison bolsters the need for advanced content protection across tangible and 

intangible supply chains. 

Secure verification is one of the useful advantages obtained by applying public key cryptography in 

maritime logistics. Public key cryptography facilitates digital signatures which also validate the source 

and content of a message or document. After a shipper digitally signs a bill of lading, the recipient can 

use the sender's public key to confirm that the document was indeed issued by the authentic party and 

has been received without changes. This feature protects against misrepresentation, miscommunication, 

and tampering with cargo documents, particularly in multi-jurisdictional border crossings and regulatory 

scrutiny funnels. Moreover, PKC enhances security for identity management that is especially pivotal 

in contemporary maritime operations. As digital identities related to vessels, personnel, and 

organizations proliferate, PKC has implemented a trustworthy means for identity verification requiring 

bounded privileges to sensitive systems and information. For instance, access to the shipboard networks, 

terminal control systems, as well as the digital manifests could be limited to the validated crew members 

and authorized logistics personnel. In addition to improved security, this helps protect compliance with 

international cybersecurity initiatives and maritime laws. 
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Another advantage PKC provides for the maritime logistics field includes its scalability and 

interoperability with upcoming technologies. The IoT includes greater amounts of smart devices such 

as smart containers, cargo sensors, and predictive maintenance units. These devices generate significant 

streams of data that need to be securely transmitted to the cloud or a central machine. PKC provides 

each device with secure communication which guarantees confidentiality and authenticity because each 

device uses a unique key pair. Within the ecosystem, PKC can provide identity verification and trust to 

supply chain transparency by encrypting transactions and smart contracts on blockchain systems 

integrated into the PKC. Public key cryptography has been adopted in some of the leading maritime 

organizations as evidenced by case studies conducted on them. Some global shipping companies have 

started using document PKC digital signatures which automated workflow processes. As a result, 

documents can be tracked and managed faster than before which reduces the chances of document fraud. 

A major European port authority also built a PKC based port community system for secure information 

flow among the shipping lines, custom officials, and logistics service providers. This allowed better 

synchronization, reduction of delays, and guarantees that all cyber security protocols to govern data 

exchanges are complied with. Moreover, joint ventures between global port operators and cybersecurity 

companies showcase how PKC ensures secure communication between onshore systems and vessels 

during docking and unloading operations. These implementations have demonstrated improved data 

integrity, reduced system breach downtime, and enhanced stakeholder trust digitizing maritime 

frameworks. To summarize, public key cryptography strengthens maritime logistics by improving data 

security, authentication reliability, and facilitating communication in a distributed, highly collaborative 

system. With continual advancement in the industry, embracing PKC will be essential to safe digital 

advancements being integrated alongside robust cybersecurity frameworks. 

4 Public Key Cryptography in E-Commerce 

As e-commerce businesses evolve, the continuous exchange of critical data requires stringent 

information security measures. Public Key Cryptography (PKC) is fundamental in slowing the rate of 

cybercrime by maintaining user-platform relationships. Customer payment processes and exclusive 

transaction files are constant targets for theft. PKC is capable of integrating robust encryption 

technologies that undeniably protect each digital interaction against spying, meddling, and 

impersonation. The very purpose of PKC is to enable previously unstructured communication amongst 

two or more people who have never interacted; a necessity in e-commerce with buyers, sellers, payment 

service providers, and vendors interacting with each other. People initiate shopping with a wide variety 

of sensitive information such as credit cards. In this case, credit card numbers are encrypted with the 

platform's public key. Decryption is done with the platform's private key which proves to be safe from 

eavesdropping and data tampering. Secure Socket Layer (SSL) and Transport Layer Security (TLS) 

protocols protect online shopping websites where hence customers can see not just "https" along with a 

padlock image on the browser, indicating a secure site, but also access to gold-standard encryption while 

browsing. 

PKC's pros in e-commerce technologies include the implementation of digital signatures which help 

platforms verify the identity of individuals sending certain texts or documents. A seller signing a digital 

invoice or a buyer approving payment in a given invoice implies that the signature affixed through the 

sellers private key can be confirmed through the public key of others. This proves the source of the data 

and guarantees that the data has not been changed after signing. Digital signatures assist greatly in 

mitigating identity theft, maintaining the purity of the transactional history, and any other trust based 

requirements such as customer reviews, seller evaluations, or warranty claims. Digital signing of 
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contracts, reviews, or anything submitted by a user enables unique identification of users which helps to 

prevent impersonation of individuals. The integration of PKC within multi-factor identification systems 

or biometric authentication not only enhances security but also allows for unobtrusive navigation making 

it very user-friendly. It is also as mentioned before useful in tokenization and secure API access in case 

the e-commerce site works together with a payment processor, a logistician, or even a recommendation 

tool. 

The advantages offered by public key encryption in e-commerce systems are distinct. To begin with, 

it offers complete protection without users needing to provide sensitive information which minimizes 

the chance of data leaks. Furthermore, it is efficiently scalable to larger systems that host millions of 

users, since public keys are accessible and can be issued broadly without jeopardizing system security. 

Moreover, public key cryptography aids in meeting rigorous data security laws like GDPR, CCPA, and 

PCI DSS since it allows for proper data handling, user consent oversight, and encryption-at-rest policies. 

When analyzing other means of content protection in e-commerce, it becomes clear how different PKC 

is from the rest. Consider symmetric key encryption; although it is faster, it has less applicability in large 

scale or open environments because it necessitates that both users have a private secret key. Unlike PKC, 

symmetric encryption is weaker because it cannot provide digital signatures or identity management, 

rendering it less effective in adaptive and user-centric environments. Firewalls and network-level 

intrusion detection systems are critical, yet reactive tools—they observe threats as they occur instead of 

preemptively restricting access to the content. Such aids offer a protective perimeter, but they do not 

encrypt data in motion or at rest, nor do they authenticate users or transactions like PKC does. Similarly, 

content authenticity along with artificial intelligence driven digital assault mitigation is provided by 

CAPTCHA systems and password policies, but they do not serve the content itself. 

For verifying integrity and storing passwords, hashing is among the most widely practiced methods 

in e-commerce. Though useful in asserting non-alteration of data, hashing does not offer encryption or 

authentication. This makes PKC superior, as it neutralizes and certifies the identities in question. 

Hashing, being one directional, lacks scope of protection, which makes this fallible. Sensitive data, user 

transactions, and e-commerce systems that rely on the cloud, APIs, and blockchain are undergirded by 

increasingly sophisticated cyber threats. E-Commerce frameworks require a response to strategic 

measures of privacy through PKC. Public key cryptography extends its efficacy beyond security lines 

drawn in basic measures, shoring up e-commerce infrastructure by offering comprehensive content 

protection. 

5 Challenges and Solutions 

Key Management and Scalability: The most pertinent challenge in implementing PKC systems is the 

key management, specific problematic regarding the 'public' and 'private' keys assigned to each user. 

The particularized assignments of keys to individuals makes it worse, especially in big networks with a 

lot of players. As with e-commerce and also with maritime logistics, businesses face scalability 

challenges, as the number of keys increases exponentially with the growth of users, devices, or systems. 

Ineffective key management often leads to sensitive data or total loss of accessibility to the content being 

encrypted.  System Integration with Legacy Infrastructure: Companies in both sectors continue to use 

older systems gapped behind modern technological advances. Integrating PKC into these legacy systems 

can be expensive, slow, and problematic from a technical angle. Old port management software in 

maritime logistics aids limited ports. SoPKC capable software could bolt on but may create time delay 

in secure practice adoption. The impact of these changes on the supported ecommerce platforms 

becomes a matter of how easily they can overhaul their legacy systems. Performance Overheads: 
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Symmetric encryption is less computationally intensive compared to asymmetric encryption, which PKC 

uses. This increased complexity may slow performance, particularly when dealing with large amounts 

of data. For example, in real-time e-commerce transactions or in swift data transfers in maritime 

logistics, the system’s responsiveness may be hindered by the latency impacts due to the time spent for 

encryption and decryption. Human Error and Lack of Expertise: The implementation and upkeep of a 

PKC system in an organization is greatly dependent on specialized knowledge of cryptographic methods 

and the security best practices. In both industries, the risk of human error exists including key 

management, secure communication, and configuration of the cryptographic algorithms. In addition, 

most organizations lack trained cybersecurity personnel knowledgeable enough in PKC, making the 

adoption of these solutions difficult for organizations. Regulatory and Compliance Challenges: 

Operators of e-commerce platforms and mobile logistics have to deal with stringent guidelines 

concerning the industry and country. The use of PKC in these domains is required to comply with strict 

guidelines regarding the protection of data, confidentiality, and secure communication. Nonetheless, 

applying international legislation on data protection may provide problems for regulating PKC 

implementations against legal standards. The chart (Figure 4) illustrates the major difficulties concerning 

the use of Public Key Cryptography (PKC). From the chart, the biggest challenge is Key Management 

which comprises 40% impact, this demonstrates the difficulty in securely managing cryptographic keys. 

Following this, is System Integration, at 25%, which indicates problems in merging PKC with existing 

systems. Other factors such as Performance Overheads 15%, Human Error 10%, and Regulatory 

Compliance 10% also contribute. These challenges, though not primarily technical, do highlight the 

implementation gaps caused by persistent technology constraints, user errors, and mandated policies. 

The graph (Figure 5) shows how the challenges related to using Public Key Cryptography (PKC) can be 

solved. The leading answer, Automated Key Management, assists in the handling and security of 

cryptographic keys, which is why it topped the list with 45%. Hybrid Models is another approach that 

combines different methods of cryptography; it accounts for 25% of responses. Training Programs 

attempts to lessen user error by educating users and comprises 10%. Cloud Solutions adds 15% for its 

ability to provide infrastructure for the scaling and management of PKC. Regulatory Collaboration 

accounts for 5% and assists organizations in meeting compliance standards through working with the 

industry. 

 

Figure 4: Challenges Faced in Implementing PKC 
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Figure 5: Solutions to Overcome in PKC Implementation 

 

Figure 6: Impact of PKC on Security Posture 

 

Figure 7: Adoption Rates of PKC in Maritime Logistics and E-Commerce 
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The graph (Figure 6) shows the trend in the number of security incidents over time with the 

implementation of Public Key Cryptography (PKC). Pre-implementation, the number of incidents 

remains high 50 indicating a weak security posture. During implementation, there is an observable 

reduction in incidents 40 without PKC and 30 with PKC. Post-implementation impact is most 

significant: incidents drop to 20 without PKC but plummet to 10 with PKC. This indicates that PKC 

adds value in security by reducing incidents throughout the process and particularly post full 

implementation. The graph (Figure 7) illustrates a growing trend of Public Key Cryptography (PKC) 

adoption from 2015 to 2021 across both fields. E-Commerce surpasses other fields in adoption, 

beginning at 15% in 2015 and achieving 90% by 2021, demonstrating the sector’s aggressive early 

efforts to secure digital transactions. Maritime Logistics also has an upward tendency, increasing from 

10% to 85% during the same period, indicating an improvement in the recognition of cybersecurity 

within the supply chain industry. As a whole, the graph highlights a broad trend regarding the importance 

of PKC in securing operations and data in both sectors. 

Automated Key Management Solutions: Organizations can deal with key management difficulties 

using automated systems (KMS) that specialize in automatic key generation, storage, and rotation 

relevant to their size and scope. Managed KMS solutions based in the cloud can scale to cloud compute 

resources to accommodate growing system demands and automatically manage the increasing number 

of keys as industries grow, there is no manual key handling. These systems also mitigate the dangers 

associated with human error as they provide control over the distribution of keys. Adopting Hybrid 

Cryptographic Models: Performance overhead can be minimized by employing a hybrid cryptographic 

model that uses symmetric encryption to transmit the data and asymmetric encryption for the key 

exchange. Symmetric encryption is less expensive and more efficient to use for bulk data transfer, while 

strong assurances are provided by asymmetric encryption to limit access to keys only to the intended 

parties. This strategy is likely to reduce latency significantly and improve the overall performance of 

encryption in e-commerce as well as in maritime logistics. Integration and Scalability Using the Cloud: 

Solutions based in the cloud offer both seamless integration with current systems and increased 

operational capacity (scalability). Moving cryptographic functions to the cloud allows organizations to 

outsource the processing burdens associated with public key cryptography (PKC) since they can avail 

‘elastic’ or scalable encryption services. Furthermore, cloud-based services are equipped with 

compliance provisions that govern the execution of PKC thereby ensuring that it is implemented within 

set legal boundaries. Training and Awareness Programs: Knowing that human and lack of knowledge 

are potential risks to the firm, organizations need to allocate resources to train personnel involved in 

cryptographic operations on a regular basis. This training can include proactive strategies to mitigate 

risks, such as developing standard operating procedures for key management, establishing protocols for 

encryption, and ensuring confidentiality for sensitive data. Furthermore, delegating processes to 

computers for automated key creation, rotation, and revocation reduces dependence on manual processes 

which inevitably lessens human error. Working with Regulatory Authorities: It is important for 

companies in both sectors to work closely with regulatory authorities and keep abreast of changes in 

data privacy and cybersecurity laws. Creating standardized security policies for the adoption of PKC in 

both maritime logistics and e-commerce could streamline compliance and lighten the burden on 

companies. Compliance with international standards allows companies to legally and regulationally 

certify the adequacy of their PKC systems.   

Maintain Compatibility with Current Processes: During the selection of PKC solutions, organizations 

in maritime logistics, which have a higher proportion of legacy systems, should select implement PKC 

solutions that integrate with existing systems. The use of gradual or hybrid methods of implementation 

facilitates seamless integration without disruptions to business operations.  Implement Scalable 
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Solutions: Agility in e-commerce and maritime logistics will necessitate adoption of scalable 

cryptographic systems to ensure the system remains future-ready. Organizations need to adopt cloud-

based PKC and key management systems that reliably support high volumes of data and users, retaining 

adequate security as the business grows. Apply End-to-End Encryption: The security advantages of PKC 

are maximized when end-to-end encryption is enabled for every communication or transaction which 

occurs from the moment the customer logs in to payment processing at the end. This guarantees sensitive 

data is encrypted throughout its entire journey and maximally protected against interception and 

unauthorized access. Invest in Multi-Factor Authentication: Both industries are encouraged to use multi-

factor authentication alongside PKC in order to strengthen user verification processes. Utilizing 

something the user knows, e.g. a password, and something the user possesses, e.g. a secure device or 

token, significantly diminishes unauthorized access to systems. Stay Alert to Adaptive Cybersecurity 

Threats: Organizations need to dedicate resources focusing on evolving cyber threats since it is essential 

to track the effectiveness of their cryptographic solutions and adapt to new vulnerabilities. Regular 

audits, updates, and productivity assessments should be performed on the systems to ensure strategic 

PKC systems are agile against emerging cyber threats. 

6 Conclusion 

This paper studied the effect of public key cryptography (PKC) in enforcement of content protection in 

maritime logistics and e-commerce. PKC serves as a potent tool for protecting digital information and 

also maintains the confidentiality, integrity, and authenticity of private data that is passed between 

parties at different levels. It allows both industrial players to control and manage secure exchanges, 

unauthorized access, and the dangers that are associated with cyber threats.  In maritime logistics, PKC 

enables safe interaction among different users like shipping companies and port authorities as well as 

customs agencies for safe transmission of critical information such as cargo and shipment statuses. In e-

commerce, there is greater protection of customer transactions, payment data, and guarantee of the 

issuance of digital signatures, therefore increasing customer confidence towards online platforms. The 

research underscored the primary barriers to the implementation of PKC which include the intricacies 

of key management, system integration with legacy systems, performance overheads, and regulatory 

compliance. These, however, are mitigated by automated key management, hybrid cryptographic 

models, cloud solutions, and staff training. The impact of using PKC in these sectors can be 

transformative. PKC enhances the security of the digital content as well as compliance and trust in 

business operations. Security of sensitive information in an organization’s system is crucial, hence 

implementation of PKC is important for organizations in a digital global village. Further studies should 

aim at improving cryptographic optimization, convergence of blockchain and AI with PKC, and 

studying quantum proof cryptography to guarantee security in the future. Additionally, collaboration 

from different fields of industry to create a standard policy for the implementation of PKC could increase 

the ease of adoption and improve global standards of cybersecurity. As technology advances, PKC’s 

significance in the protection of maritime logistics and e-commerce will keep increasing, providing more 

reliability and security in these important areas. 
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