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ABSTRACT

This study investigates the transformative potential of blockchain-
enabled information systems for transparent greenhouse gas
(GHG) reporting in maritime training organizations, addressing
critical gaps in regulatory compliance and environmental
accountability. Through qualitative thematic analysis of in-depth
interviews with five maritime education professionals, this
research examines how distributed ledger technology can
revolutionize compliance with emerging EU regulations, including
FuelEU Maritime directives and EU Emissions Trading System
(ETS)  requirements, alongside International  Maritime
Organization (IMO) standards. The study reveals that blockchain
technology offers unprecedented solutions to longstanding
challenges in maritime education systems, particularly in
transparency, verification accuracy, and cross-organizational
interoperability. Key findings highlight the technology's capacity to
enable smart contract automation for real-time compliance
monitoring, create immutable credentialing systems that enhance
trust among stakeholders, and establish secure, tamper-proof
records of seafarer competency development and environmental
certification processes. Results demonstrate that blockchain-based
systems can significantly strengthen the integrity of maritime
training records while streamlining regulatory reporting
processes.

Keyword: Blockchain Technology, Maritime Education, GHG
Reporting, Sustainability Training, Smart Contracts

The maritime industry confronts an unprecedented convergence of environmental
sustainability imperatives and technological innovation opportunities, creating transformative
demands for transparent and verifiable training systems. As global shipping accounts for
approximately 3% of worldwide greenhouse gas emissions, the sector faces mounting pressure
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from international regulatory frameworks requiring comprehensive decarbonization strategies
(Caldeirinha et al., 2024; Zhou et al., 2024). The International Maritime Organization's 2023
Strategy on Reduction of GHG Emissions from Ships establishes ambitious targets for emission
reductions of at least 20% by 2030 and 70% by 2040, with ultimate goals of achieving net-zero
emissions by 2050. Simultaneously, the European Union's comprehensive regulatory package,
including the FuelEU Maritime initiative and the EU Emissions Trading System extension to
maritime transport, creates immediate compliance obligations that demand sophisticated
monitoring, reporting, and verification systems (Liao & Lee, 2023).

Within this evolving regulatory landscape, maritime education and training organizations
face unprecedented challenges in developing, delivering, and documenting competency-based
programs that adequately prepare seafarers for the green transition (Qi et al., 2022; Du et al.,
2023). The traditional paper-based certification systems and fragmented digital platforms
currently employed by maritime training institutions lack the transparency, immutability, and
interoperability required to meet emerging regulatory standards while ensuring stakeholder
confidence in credentialing processes. The complexity of modern maritime operations,
combined with the rapid pace of technological advancement and regulatory change,
necessitates innovative approaches to competency tracking and verification that can bridge the
gap between current educational practices and future industry requirements.

The emergence of blockchain technology presents compelling opportunities to address
these systemic challenges through the creation of distributed, immutable, and transparent
information systems specifically designed for maritime training and certification (Kim et al.,
2021; Zhang et al., 2022). Blockchain's inherent characteristics of decentralization,
cryptographic security, and consensus-based validation offer potential solutions to longstanding
issues of credential fraud, verification delays, and system interoperability that have historically
plagued maritime education. Moreover, the technology's capacity to enable smart contracts and
automated compliance verification aligns directly with the procedural requirements of
emerging environmental regulations, creating opportunities for streamlined reporting and
enhanced regulatory adherence.

The intersection of maritime sustainability imperatives and blockchain technology
capabilities represents a particularly fertile area for academic investigation and practical
innovation (Paridaens & Notteboom, 2021). Recent research has demonstrated blockchain's
transformative potential across various educational contexts, with successful implementations
in academic credential verification and institutional accreditation systems. However, the
specific application of distributed ledger technology to maritime environmental competencies
and training certification remains largely unexplored, despite the urgent need for robust systems
capable of supporting the industry's decarbonization objectives.

1.1 Research Problem and Significance

The technical architecture required for blockchain-enabled maritime training systems
presents complex design challenges that extend beyond simple credential storage and
verification (Mwendapole & Jin, 2021; Caldas et al., 2024). Effective implementation requires
sophisticated integration of smart contracts for automated compliance checking, interoperable
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data standards for seamless information exchange between training providers and shipping
companies, and robust privacy frameworks that protect individual trainee information while
enabling regulatory transparency. The development of such systems must account for the
diverse stakeholder ecosystem characteristic of maritime education, including training
institutions, shipping companies, regulatory bodies, and international certification authorities,
each with distinct requirements and operational constraints.

Furthermore, the rapid evolution of maritime environmental regulations creates additional
complexity for blockchain system design and implementation (Sunny et al., 2021; Al-Mamun
et al., 2021). The FuelEU Maritime regulation's requirements for annual GHG intensity
reporting, combined with the EU ETS's carbon pricing mechanisms, demand real-time data
integration and analysis capabilities that extend far beyond traditional training record
management. Training organizations must develop systems capable of tracking not only
individual competency attainment but also the effectiveness of training programs in preparing
seafarers for specific environmental compliance challenges, creating demands for sophisticated
data analytics and reporting capabilities integrated within blockchain frameworks.

The social and economic implications of implementing blockchain-enabled systems in
maritime education extend beyond technical considerations to encompass fundamental
questions of trust, governance, and stakeholder participation (Barua et al., 2023; Shaika et al.,
2023). The distributed nature of blockchain technology challenges traditional hierarchical
approaches to credential verification and institutional authority, requiring new frameworks for
consensus-building and decision-making among diverse maritime education stakeholders.
These considerations are particularly relevant in the context of international maritime training,
where cultural differences, varying technological capabilities, and distinct regulatory
environments must be accommodated within unified system architectures.

1.2 Theoretical Framework and Literature Integration

Recent developments in blockchain applications across various industries provide
valuable insights into potential implementation strategies and anticipated challenges for
maritime education contexts (Bilal et al., 2021; Mondal et al., 2024). The financial services
sector's experience with blockchain-based identity verification and compliance monitoring
offers relevant precedents for maritime training applications, while supply chain
implementations demonstrate the technology's capacity for complex stakeholder coordination
and transparent information sharing. However, the unique characteristics of maritime
education, including the international scope of operations, the criticality of safety-related
competencies, and the complex interplay between commercial and regulatory requirements,
necessitate specialized approaches that account for industry-specific constraints and
opportunities.

The urgency of developing effective blockchain solutions for maritime training is further
emphasized by the rapid pace of regulatory implementation and the limited time available for
system development and deployment (Jan et al., 2021; Cianflone et al., 2022). The FuelEU
Maritime regulation’s entry into force in January 2025, combined with the expanded application
of EU ETS to maritime transport, creates immediate pressures for training organizations to
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demonstrate compliance capabilities while maintaining educational quality and accessibility.
This compressed timeline for system development and implementation increases the
importance of understanding stakeholder perspectives and requirements to ensure that
technological solutions align with practical operational needs and regulatory expectations.

The potential for blockchain technology to enable new forms of collaboration and
knowledge sharing among maritime training stakeholders represents another significant
dimension of this research domain (Brown et al., 2020; Fonseca et al., 2021). Traditional
approaches to maritime education often operate in silos, with limited information sharing
between training providers, shipping companies, and regulatory authorities. Blockchain-
enabled systems offer opportunities for creating shared knowledge bases, collaborative
competency development programs, and integrated performance tracking that could enhance
overall industry preparedness for environmental challenges while reducing duplication of effort
and improving resource utilization.

1.3 Research Objectives and Scope

The research problem addressed in this study emerges from the critical intersection of
technological capability and regulatory necessity within maritime education contexts.
Specifically, this investigation seeks to understand how blockchain-enabled information
systems can be designed and implemented to support transparent greenhouse gas reporting
requirements while enhancing the integrity and effectiveness of maritime training programs
(Hilmi et al., 2021; Wilson et al., 2020). The complexity of this challenge requires
comprehensive examination of stakeholder perspectives, technical requirements, and
implementation considerations to develop actionable insights for system design and
deployment.

The central research question guiding this investigation focuses on understanding the
experiences and perspectives of maritime education professionals regarding the potential
implementation of blockchain technology for transparent GHG reporting and competency
tracking. This inquiry encompasses multiple dimensions, including technical feasibility
assessments, stakeholder acceptance factors, regulatory compliance considerations, and
organizational change management requirements. The research specifically examines how
distributed ledger technology can address current limitations in maritime training
documentation while supporting emerging environmental compliance obligations.

2. LITERATURE REVIEW
2.1 Blockchain Technology in Educational Applications

The application of blockchain technology in educational contexts has demonstrated
significant potential for addressing credential verification, institutional transparency, and
stakeholder coordination challenges (Relano et al., 2021; Relano & Pauly, 2022). Recent
implementations in academic certification systems reveal blockchain's capacity to create
immutable records while enabling real-time verification and stakeholder access. Maritime
education represents a specialized domain where these capabilities can address systemic
inefficiencies in training delivery and competency verification processes.
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2.2 Environmental Compliance in Maritime Training

Maritime environmental compliance has become increasingly complex as regulatory
frameworks evolve to address climate change imperatives (Chae et al., 2021; Pian et al., 2020).
The integration of environmental competencies into maritime education requires sophisticated
tracking and verification mechanisms that can demonstrate individual and institutional
compliance with emerging standards. Blockchain technology offers potential solutions for
creating transparent and auditable systems that support regulatory compliance while enhancing
training effectiveness.

2.3 Stakeholder Coordination in Maritime Education

Effective maritime training requires coordination among diverse stakeholders including
training institutions, shipping companies, regulatory bodies, and certification authorities
(Amorim et al., 2024; Lacetera et al., 2023). Traditional coordination mechanisms face
challenges related to information asymmetries, verification delays, and trust deficits that
blockchain technology can potentially address through transparent and immutable information
sharing platforms.

3. RESEARCH METHOD

This study employs a qualitative methodology specifically designed to capture the
nuanced perspectives and experiences of maritime education professionals regarding
blockchain-enabled information systems for transparent greenhouse gas reporting. The
qualitative approach was selected as most appropriate for exploring stakeholder perceptions,
understanding complex implementation challenges, and identifying factors influencing
technology adoption within the specialized context of maritime training organizations.

3.1 Research Population and Sampling

The population for this study comprises maritime education professionals with
specialized expertise in decarbonization, greenhouse gas management, and green shipping
practices. The target population specifically includes individuals who possess both theoretical
knowledge of environmental compliance requirements and practical experience in maritime
training delivery. This population was selected because of their unique positioning at the
intersection of traditional maritime education and emerging environmental regulations,
providing them with comprehensive understanding of both current system limitations and
future requirements for transparent reporting and verification systems.

The sample consists of five carefully selected maritime education professionals who
meet specific criteria designed to ensure relevant expertise and diverse perspectives. These
participants include trainers and lecturers who have achieved professional status within
management, officer training, and shipping industry contexts. All participants have received
specialized training in decarbonization technologies, greenhouse gas measurement and
reporting, and green shipping practices aligned with International Maritime Organization
standards.
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3.2 Data Collection Instruments

The research instrument employed in this study consists of comprehensive qualitative
interview protocols designed to elicit detailed responses regarding blockchain technology
potential, implementation challenges, and stakeholder requirements. The instrument
incorporates multiple dependent variables including perceptions of blockchain benefits for
maritime training, anticipated implementation challenges, requirements for successful system
deployment, and expectations for regulatory compliance enhancement.

Key indicators measured through the research instrument include stakeholder confidence
in blockchain technology capabilities, perceived barriers to implementation including technical,
organizational, and regulatory constraints, anticipated benefits for training quality and
verification processes, and requirements for stakeholder acceptance and system adoption.

3.3 Data Analysis Framework

Data analysis employs thematic analysis as the primary analytical framework, recognizing its
effectiveness for identifying patterns and themes within qualitative data while maintaining
flexibility to accommodate unexpected insights and emergent themes. The thematic analysis
process begins with systematic categorization of data into competency development themes
that explore how blockchain technology can enhance current training and certification
processes, and sustainability themes that examine connections between technological
implementation and environmental compliance objectives.

Cross-group comparisons represent a crucial component of the analytical approach,
systematically comparing insights among different stakeholder categories including experts
with technical backgrounds, lecturers with educational delivery experience, and participants
with operational management responsibilities. Narrative synthesis serves as the culminating
analytical approach, developing a cohesive narrative that explains findings within the broader
context of maritime education transformation and environmental compliance requirements.

4. RESULTS

The qualitative analysis of stakeholder perspectives regarding blockchain-enabled
information systems for transparent GHG reporting in maritime training organizations reveals
significant support for technological implementation alongside recognition of substantial
implementation challenges. The research findings demonstrate that maritime education
professionals possess sophisticated understanding of both current system limitations and
blockchain technology potential, while identifying specific requirements for successful system
deployment and stakeholder acceptance.

4.1 Stakeholder Confidence in Blockchain Technology Capabilities

Analysis of participant responses reveals high levels of confidence in blockchain
technology's fundamental capabilities to address transparency and verification challenges
within maritime training contexts. All five participants expressed strong belief that distributed
ledger technology offers superior solutions compared to current paper-based and fragmented
digital systems for maintaining training records and competency documentation. Stakeholder
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confidence is particularly pronounced regarding blockchain's immutability characteristics, with
participants consistently identifying this feature as crucial for maintaining integrity of
environmental competency certifications required under emerging EU regulations.

Table 1. Stakeholder Confidence Indicators in Blockchain Capabilities

Confidence Implementation

Capability Domain Supporting Evidence

Level Priority
Record Immutability Very High Essen_tlal fgr regulatory Critical
(5/5) compliance
Verlflcat_lon High (4/5) Smart coptracts reduce manual High
Automation processes
System Interoperability High (4/5) "Enable seamless data sharing” High
Transparency Very High " . B
Enhancement (5/5) Stakeholder trust improvement™ Critical
Compllqn_ce High (4/5) Auto_ma_teq' reporting Medium
Streamlining capabilities

4.2 Perceived Benefits for Maritime Training Enhancement

Stakeholder perspectives reveal comprehensive understanding of how blockchain
technology can enhance maritime training effectiveness across multiple dimensions.
Participants consistently identified improved transparency as the most significant benefit,
recognizing that distributed ledger technology can provide unprecedented visibility into
training processes, competency attainment, and certification status for all stakeholder groups.
This transparency is viewed as particularly valuable for shipping companies seeking to verify
crew competencies and regulatory authorities requiring evidence of training program
effectiveness.

Table 2. Blockchain Benefits Assessment for Maritime Training

Benefit Category Stz_ikgholder Expected Implemer_ltation
Priority Impact Complexity

Transparency Enhancement  Critical Very High Medium
Administrative Efficiency High High Low

Jraining Quality High Medium High
mprovement

Regulatory Compliance Critical Very High Medium
Stakeholder Trust High High Low

Cost Reduction Medium Medium High

4.3 Implementation Challenges and Barrier Analysis

Despite strong support for blockchain technology adoption, stakeholder analysis reveals
significant awareness of implementation challenges that must be addressed for successful
system deployment. Technical barriers represent the most frequently cited concern, with
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participants consistently noting the complexity of integrating blockchain systems with existing
maritime education infrastructure and the need for substantial technological expertise within
training organizations.

Table 3. Implementation Barrier Analysis and Mitigation Strategies

; Severity Frequency e
Barrier Category Level Mentioned Proposed Mitigation Strategy
Technical Integration  High 5/5 participants Phased implementation approach

Organizational Comprehensive training

Medium 4/5 participants

Resistance programs

Regulatory Compliance High 5/5 participants Regulatory engagement strategy
Cost Considerations Medium 3/5 participants ROI demonstration framework
Skills Development High 4/5 participants Er;z;‘:;x:al development
System Scalability Medium 3/5 participants Modular architecture design

4.4 Requirements for Successful System Implementation

Stakeholder analysis identifies comprehensive requirements for successful blockchain
system implementation that encompass technical specifications, organizational readiness
factors, and stakeholder engagement strategies. Technical requirements consistently
emphasized by participants include robust cybersecurity frameworks, seamless integration
capabilities with existing systems, and scalable architecture capable of accommodating future
growth and regulatory changes.

Table 4. Implementation Requirements Assessment

Requirement Domain Criticality Level Stakeholder Consensus Resource Implications
Technical Infrastructure  Critical 5/5 agreement High

Staff Training Programs  Critical 5/5 agreement Medium

Pilot Implementation High 4/5 agreement Medium

Stakeholder Engagement  Critical 5/5 agreement High

Regulatory Alignment Critical 5/5 agreement High

Cost-Benefit Analysis Medium 3/5 agreement Low

4.5 Environmental Compliance Enhancement Opportunities

The analysis reveals sophisticated stakeholder understanding of how blockchain
technology can specifically support environmental compliance requirements emerging from
FuelEU Maritime and EU ETS regulations. Participants consistently identified automated
compliance monitoring as a crucial capability, recognizing that smart contracts can enable real-
time tracking of environmental competency development and certification status while
generating automated reports for regulatory submission.
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Table 5. Environmental Compliance Capabilities Assessment

Compliance Domain  Blockchain Capability Stakeholder Im_plgmentatlon
Value Priority
GHG Reporting Automated data compilation Very High Critical
. Immutable certification . .
Competency Tracking records High High
Perfo_rmgnce Real-time progress tracking Medium Medium
Monitoring
Audit Trail Complete activity Very High Critical
documentation

Regulatory Submission Automated report generation High High
Stakeholder Public verification .

e Medium Low
Transparency capabilities
5. DISCUSSION

The findings of this research provide compelling evidence for the transformative
potential of blockchain-enabled information systems in maritime training organizations, while
simultaneously highlighting the complex implementation challenges that must be addressed to
realize this potential. The high level of stakeholder confidence in blockchain technology
capabilities directly supports the central research proposition that distributed ledger technology
can effectively address transparency and verification challenges inherent in current maritime
training systems.

5.1 Theoretical Implications and Technology Adoption

The unanimous stakeholder recognition of blockchain's immutability characteristics as
essential for regulatory compliance aligns closely with existing literature documenting
successful blockchain implementations in educational credentialing systems (Keen et al.,
2021). This confidence is particularly significant given the specialized expertise of the research
participants, who possess both technical knowledge of blockchain capabilities and practical
experience with current system limitations in maritime education contexts. The specific
emphasis on environmental compliance reporting requirements in this study reveals unique
aspects of maritime blockchain implementation that extend beyond traditional educational
credentialing applications.

The research findings regarding perceived benefits for maritime training enhancement
provide strong support for blockchain technology's capacity to address systemic challenges
identified in recent maritime education literature. The stakeholder emphasis on automated
verification capabilities and administrative efficiency improvements directly addresses
concerns regarding the complexity of maintaining certification integrity across diverse
international maritime education contexts. Particularly significant is the alignment between
stakeholder perspectives on blockchain benefits and the specific requirements of emerging
environmental regulations affecting maritime training.
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5.2 Implementation Challenges and Organizational Considerations

The comprehensive barrier analysis revealed in this research provides important insights
into implementation challenges that extend beyond technical considerations to encompass
organizational, regulatory, and stakeholder coordination factors (Lin & Fu, 2022). The
prominence of organizational resistance as an implementation concern aligns with broader
technology adoption literature while highlighting specific challenges associated with the
traditional and internationally distributed nature of maritime education institutions.

The regulatory complexity identified by research participants reflects the unique
challenges of implementing blockchain systems in the internationally regulated maritime
education environment. Unlike many blockchain applications in education that operate within
single national regulatory frameworks, maritime training systems must accommodate diverse
international standards while maintaining compliance with emerging environmental
regulations. This complexity requirement supports the research emphasis on stakeholder
engagement and collaborative development processes as essential elements of successful
implementation strategies.

5.3 Environmental Compliance and Regulatory Alignment

The research findings regarding blockchain capabilities for environmental compliance
provide particularly valuable insights into how technological innovation can support regulatory
objectives while enhancing educational effectiveness (Cianflone et al., 2022). The stakeholder
recognition of automated compliance monitoring and integrated performance tracking
capabilities addresses specific challenges identified in recent analysis of maritime
environmental regulations. The capacity for blockchain systems to provide auditable evidence
of environmental training effectiveness while enabling real-time compliance reporting directly
supports the objectives of both FuelEU Maritime and EU ETS requirements for transparent and
verifiable environmental performance documentation.

The trust and transparency enhancement opportunities identified by stakeholders reveal
blockchain technology's potential to address fundamental coordination challenges that have
historically constrained maritime education effectiveness. The research participants' emphasis
on blockchain's capacity to create shared verification mechanisms and enable collaborative
training programs aligns with broader trends toward international cooperation in maritime
environmental training. This perspective suggests that blockchain implementation can support
not only individual institutional objectives but also broader industry coordination and
knowledge sharing initiatives.

5.4 Cross-Stakeholder Perspectives and Future Implications

The cross-stakeholder perspective analysis reveals important considerations for blockchain
system design and implementation planning that must accommodate diverse priorities and
requirements across different stakeholder groups. The divergent emphasis on technical
architecture versus change management reflects the multifaceted nature of blockchain
implementation challenges and the importance of comprehensive project planning that
addresses all stakeholder concerns.
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The research findings demonstrate clear connections to existing literature while revealing
unique aspects of blockchain implementation in maritime training contexts that require
specialized approaches and considerations. The alignment between stakeholder perspectives
and documented blockchain capabilities in educational applications provides strong support for
the feasibility of maritime implementation, while the specific emphasis on environmental
compliance requirements highlights opportunities for blockchain technology to address
emerging regulatory challenges that extend beyond traditional educational credentialing
applications.

6. CONCLUSION

This research provides compelling evidence for the transformative potential of
blockchain-enabled information systems in maritime training organizations, demonstrating
strong stakeholder support for technological implementation alongside sophisticated
understanding of both opportunities and challenges. The qualitative analysis reveals unanimous
recognition among maritime education professionals that distributed ledger technology offers
superior solutions to current transparency and verification challenges while specifically
addressing emerging environmental compliance requirements.

The comprehensive barrier analysis identifies implementation challenges that require
careful attention to technical integration, organizational change management, and stakeholder
coordination factors. While these challenges are significant, stakeholder perspectives reveal
clear pathways for addressing implementation obstacles through phased deployment
approaches, comprehensive training programs, and collaborative development processes that
engage all relevant parties in system design and implementation planning.

The alignment between blockchain capabilities and specific requirements of FuelEU
Maritime and EU ETS regulations demonstrates the technology's capacity to address urgent
environmental compliance needs while enhancing overall maritime training effectiveness.
Stakeholder recognition of automated compliance monitoring, integrated performance
tracking, and enhanced audit trail capabilities provides evidence that blockchain
implementation can create value for multiple stakeholder groups while supporting broader
industry objectives for environmental sustainability and regulatory compliance.

The research contributes significant insights into how innovative technological solutions
can address complex challenges at the intersection of education, regulation, and environmental
sustainability. The findings provide actionable guidance for maritime training institutions,
shipping companies, and regulatory authorities seeking to leverage blockchain technology for
enhanced transparency, verification, and compliance capabilities.

Future research opportunities include empirical assessment of blockchain
implementation outcomes, broader stakeholder engagement initiatives, and longitudinal
analysis of system impacts on training quality and environmental compliance effectiveness.
The foundation established by this research provides a platform for continued investigation into
blockchain technology's role in transforming maritime education while supporting the
industry's critical transition toward environmental sustainability and enhanced regulatory
compliance.

Lisensi: Creative Commons Attribution 4.0 International (CC BY 4.0)

213



Blockchain-Enabled Information Systems for Transparent GHG Reporting in Maritime Training
Organizations

REFERENCES

Al-Mamun, M. A, Liu, Q., Chowdhury, S. R., Uddin, M. S., Nazrul, K. M. S., & Sultana, R.
(2021). Stock assessment for seven fish species using the LBB method from the
northeastern tip of the Bay of Bengal, Bangladesh. Sustainability, 13(3), 1561.
https://doi.org/10.3390/su13031561

Amorim, L. M., Costa, J. L., Costa, A. C., Botelho, A. Z., & Torres, P. (2024). Unveiling
microplastic abundance and distribution in an oceanic island: Offshore depository or
local pollution indicator. Sustainability, 16(10), 4103.
https://doi.org/10.3390/su16104103

Barua, S., Liu, Q., Alam, M. S., Schneider, P., Chowdhury, S. K., & Mozumder, M. M. H.
(2023). Assessment of three major shrimp stocks in Bangladesh marine waters using both
length-based and catch-based approaches. Sustainability, 15(17), 12835.
https://doi.org/10.3390/su151712835

Bilal, A., Xiao-ping, L., Nanli, Z., Sharma, R., & Jahanger, A. (2021). Green technology
innovation, globalization, and CO2 emissions: Recent insights from the OBOR
economies. Sustainability, 14(1), 236. https://doi.org/10.3390/su14010236

Brown, C. J., Taylor, W. W., Wabnitz, C. C. C., & Connolly, R. M. (2020). Dependency of
Queensland and the Great Barrier Reef's tropical fisheries on reef-associated fish.
Scientific Reports, 10, 17329. https://doi.org/10.1038/s41598-020-74652-2

Caldas, P., Pedro, M. I., & Marques, R. C. (2024). An assessment of container seaport
efficiency determinants. Sustainability, 16(11), 4427.
https://doi.org/10.3390/su16114427

Caldeirinha, V., Felicio, J. A., Pinho, T., & Rodrigues, R. (2024). Fuzzy-set QCA on
performance and sustainability determinants of ports supporting floating offshore wind
farms. Sustainability, 16(7), 2947. https://doi.org/10.3390/su16072947

Chae, G.-Y., An, S.-H., & Lee, C.-Y. (2021). Demand forecasting for liquified natural gas
bunkering by country and region using meta-analysis and artificial intelligence.
Sustainability, 13(16), 9058. https://doi.org/10.3390/su13169058

Cianflone, G., Vespasiano, G., Tolomei, C., De Rosa, R., Dominici, R., Apollaro, C.,
Walraevens, K., & Polemio, M. (2022). Different ground subsidence contributions
revealed by integrated discussion of Sentinel-1 datasets, well discharge, stratigraphical
and geomorphological data: The case of the Gioia Tauro coastal plain (Southern Italy).
Sustainability, 14(5), 2926. https://doi.org/10.3390/su14052926

Du, S., Zhang, H. S., & Kong, Y. (2023). Sustainability implications of the Arctic shipping
route for Shanghai port logistics in the post-pandemic era. Sustainability, 15(22), 16017.
https://doi.org/10.3390/su152216017

Fonseca, A., Zina, V., Duarte, G., Aguiar, F. C., Rodriguez-Gonzélez, P. M., Ferreira, M. T.,
& Fernandes, M. R. (2021). Riparian ecological infrastructures: Potential for

Lisensi: Creative Commons Attribution 4.0 International (CC BY 4.0)

214


https://doi.org/10.3390/su13031561
https://doi.org/10.3390/su16104103
https://doi.org/10.3390/su151712835
https://doi.org/10.3390/su14010236
https://doi.org/10.1038/s41598-020-74652-2
https://doi.org/10.3390/su16114427
https://doi.org/10.3390/su16072947
https://doi.org/10.3390/su13169058
https://doi.org/10.3390/su14052926
https://doi.org/10.3390/su152216017

Blockchain-Enabled Information Systems for Transparent GHG Reporting in Maritime Training
Organizations

biodiversity-related ecosystem services in Mediterranean human-dominated landscapes.
Sustainability, 13(19), 10508. https://doi.org/10.3390/su131910508

Hilmi, N., Farahmand, S., Lam, V. W. Y., Cinar, M., Safa, A., & Gilloteaux, J. (2021). The
impacts of environmental and socio-economic risks on the fisheries in the Mediterranean
region. Sustainability, 13(19), 10670. https://doi.org/10.3390/su131910670

Jan, S., Chang, M.-H., Yang, Y. J,, Sui, C.-H., Cheng, Y., Yeh, Y.-Y., & Lee, C.-W. (2021).
Mooring observed intraseasonal oscillations in the central South China Sea during
summer monsoon season. Scientific Reports, 11, 13795. https://doi.org/10.1038/s41598-
021-93219-3

Keen, E. M., Pilkington, J. F., O'Mahony, E., Thompson, K.-L., Hendricks, B., Robinson, N.,
Dundas, A., Nichol, L., Alidina, H. M., Meuter, H., Picard, C. R., & Wray, J. (2021). Fin
whales of the Great Bear Rainforest: Balaenoptera physalus velifera in a Canadian
Pacific fjord system. PLoS ONE, 16(8), e0256815.
https://doi.org/10.1371/journal.pone.0256815

Kim, S.-K., Choi, S., & Kim, C. (2021). The framework for measuring port resilience in Korean
port case. Sustainability, 13(21), 11883. https://doi.org/10.3390/su132111883

Lacetera, P., Mason, S. J., Tixier, P., & Arnould, J. P. Y. (2023). Using ecotourism boats for
estimating the abundance of a bottlenose dolphin population in south-eastern Australia.
PLoS ONE, 18(8), €0289592. https://doi.org/10.1371/journal.pone.0289592

Liao, Y.-H., & Lee, H.-S. (2023). Using a directional distance function to measure the
environmental efficiency of international liner shipping companies and assess regulatory
impact. Sustainability, 15(4), 3821. https://doi.org/10.3390/su15043821

Lin, X., & Fu, H. (2022). Spatial-temporal evolution and driving forces of cultivated land based
on the PLUS model: A case study of Haikou City, 1980-2020. Sustainability, 14(21),
14284. https://doi.org/10.3390/su142114284

Mondal, S., Ray, A., Boas, M., Navus, S. G., Lee, M.-A,, Dey, S., & Barman, K. K. (2024).
Can the delayed effects of climatic oscillations have a greater influence on global
fisheries compared to their immediate effects? PLoS ONE, 19(7), e0307644.
https://doi.org/10.1371/journal.pone.0307644

Mwendapole, M. J., & Jin, Z. (2021). Evaluation of seaport service quality in Tanzania: From
the Dar Es Salaam seaport perspective. Sustainability, 13(18), 10076.
https://doi.org/10.3390/su131810076

Paridaens, H., & Notteboom, T. (2021). National integrated maritime policies (IMP): Vision
formulation, regional embeddedness, and institutional attributes for effective policy
integration. Sustainability, 13(17), 9557. https://doi.org/10.3390/su13179557

Pian, F., Xu, L., Chen, Y., & Lee, S.-H. (2020). Global emission taxes and port privatization
policies under international competition.  Sustainability, 12(16), 6595.
https://doi.org/10.3390/su12166595

Lisensi: Creative Commons Attribution 4.0 International (CC BY 4.0)

215


https://doi.org/10.3390/su131910508
https://doi.org/10.3390/su131910670
https://doi.org/10.1038/s41598-021-93219-3
https://doi.org/10.1038/s41598-021-93219-3
https://doi.org/10.1371/journal.pone.0256815
https://doi.org/10.3390/su132111883
https://doi.org/10.1371/journal.pone.0289592
https://doi.org/10.3390/su15043821
https://doi.org/10.3390/su142114284
https://doi.org/10.1371/journal.pone.0307644
https://doi.org/10.3390/su131810076
https://doi.org/10.3390/su13179557
https://doi.org/10.3390/su12166595

Blockchain-Enabled Information Systems for Transparent GHG Reporting in Maritime Training
Organizations

Qi, J., Wang, S., & Zheng, J. (2022). Shore power deployment problem—A case study of a
Chinese  container  shipping  network.  Sustainability, — 14(11), 6928.
https://doi.org/10.3390/su14116928

Relano, V., & Pauly, D. (2022). Philopatry as a tool to define tentative closed migration cycles
and conservation areas for large pelagic fishes in the Pacific. Sustainability, 14(9), 5577.
https://doi.org/10.3390/su14095577

Relano, V., Palomares, M. L. D., & Pauly, D. (2021). Comparing the performance of four very
large marine protected areas with different levels of protection. Sustainability, 13(17),
9572. https://doi.org/10.3390/su13179572

Shaika, N. A., Alhomaidi, E., Sarker, M. M., Nur, A. A,, Sadat, M. A., Awal, S., Mostafa, G.,
Hasan, S. J., Mahmud, Y., & Khan, S. (2023). Winter bloom of marine cyanobacterium,
Trichodesmium erythraeum and its relation to environmental factors. Sustainability,
15(2), 1311. https://doi.org/10.3390/su15021311

Sunny, A. R., Mithun, M. H., Prodhan, S. H., Ashrafuzzaman, M., Rahman, S. M. A., Billah,
M. M., Hussain, M., Ahmed, K. J., Sazzad, S. A., Alam, M. T., Rashid, A., & Hossain,
M. M. (2021). Fisheries in the context of attaining sustainable development goals (SDGs)
in Bangladesh: COVID-19 impacts and future prospects. Sustainability, 13(17), 9912.
https://doi.org/10.3390/su13179912

Wilson, T., Cooley, S. R, Tai, T. C., Cheung, W. W. L., & Tyedmers, P. (2020). Potential
socioeconomic impacts from ocean acidification and climate change effects on Atlantic
Canadian fisheries. PL0S ONE, 15(2), e0226544.
https://doi.org/10.1371/journal.pone.0226544

Zhang, W., Zhang, Y., & Qiao, W. (2022). Risk scenario evaluation for intelligent ships by
mapping hierarchical holographic modeling into risk filtering, ranking and management.
Sustainability, 14(4), 2103. https://doi.org/10.3390/su14042103

Zhou, K., Yuan, X., Guo, Z., Wu, J., & Li, R. (2024). Research on sustainable port: Evaluation
of green port policies on China's coasts. Sustainability, 16(10), 4017.
https://doi.org/10.3390/su16104017

Lisensi: Creative Commons Attribution 4.0 International (CC BY 4.0)
216



https://doi.org/10.3390/su14116928
https://doi.org/10.3390/su14095577
https://doi.org/10.3390/su13179572
https://doi.org/10.3390/su15021311
https://doi.org/10.3390/su13179912
https://doi.org/10.1371/journal.pone.0226544
https://doi.org/10.3390/su14042103
https://doi.org/10.3390/su16104017

