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This study investigates digital business model innovation within
sustainable maritime training enterprises, focusing on the
transformative potential of platform economics to address critical
skills gaps in green shipping education. As the maritime industry
faces unprecedented pressure to decarbonize and comply with
evolving International Maritime Organization (IMO) regulations,
training organizations require innovative, scalable approaches to
deliver specialized environmental competencies. Through
gualitative thematic analysis of perspectives from five maritime
education  professionals  specializing in  decarbonization,
greenhouse gas reduction, and IMO-compliant sustainability
training, this research examines how platform-based business
models can revolutionize maritime education delivery. The study
reveals three pivotal findings: platform economics applications
demonstrate exceptional effectiveness across network coordination
and stakeholder engagement, achieving high performance scores
(4.2-4.8/5.0); digital business model innovation yields substantial
operational improvements, with scalability increasing 100% and
cost-effectiveness improving 65.4%; and multi-sided platform
architectures generate significant value propositions for diverse
stakeholder groups, particularly seafarers who demonstrate
highest engagement levels (4.7/5.0) and adoption propensity.
transformation toward sustainable shipping practices.

Keyword: Platform Economics, Maritime Education, Sustainable
Shipping, Digital Business Models, Green Shipping

1. INTRODUCTION

The maritime industry confronts an unprecedented convergence of environmental
imperatives, technological advancement, and educational transformation that demands
fundamental innovation in training and competency development. As global shipping accounts
for approximately 3% of worldwide greenhouse gas emissions and faces mounting pressure to
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achieve net-zero targets by 2050, the sector requires comprehensive educational frameworks
that can effectively prepare seafarers for the complex challenges of decarbonized shipping
operations (Caldeirinha et al., 2024; Zhou et al., 2024). This transformation extends beyond
technical solutions to encompass sustainable business models that leverage network effects,
multi-sided value creation, and competitive advantages through digital platform economics.

The traditional maritime education landscape, characterized by fragmented training
providers, limited scalability, and inadequate integration of sustainability principles, struggles
to meet the rapidly evolving demands of green shipping transformation (Kim et al., 2021,
Mwendapole & Jin, 2021). Training organizations face significant financial pressures to scale
their educational offerings while shipping companies urgently require cost-effective access to
certified green-skilled seafarers who can navigate the technical and operational complexities of
alternative fuels, energy efficiency systems, and environmental compliance frameworks
(Caldas et al., 2024; Du et al., 2023). This misalignment between supply and demand in
maritime education creates a critical gap that threatens the industry's ability to achieve its
decarbonization objectives within the timeframes established by the International Maritime
Organization's revised greenhouse gas strategy.

Contemporary research in platform economics demonstrates how multi-sided business
models can create transformative value propositions by connecting diverse stakeholder groups
through digital ecosystems that facilitate interaction, knowledge exchange, and collaborative
value creation (Paridaens & Notteboom, 2021). The application of these principles to maritime
education represents an unexplored frontier with significant potential to address the systemic
challenges facing sustainability training in the shipping sector. Platform-based business models
offer unique advantages in educational contexts by enabling network effects where the value of
the platform increases as more participants join, creating self-reinforcing cycles of engagement
and knowledge development (Qi et al., 2022). For maritime training enterprises, this presents
opportunities to develop scalable solutions that can simultaneously serve multiple stakeholder
groups while generating sustainable revenue streams and enhancing educational outcomes.

The digital transformation of maritime education has gained considerable momentum,
driven by technological advancement and the recognition that traditional pedagogical
approaches are insufficient for addressing the complexity of modern shipping operations
(Zhang et al., 2022). However, existing research predominantly focuses on technological
implementation rather than the fundamental business model innovations required to create
sustainable and scalable educational platforms. The integration of sustainability principles into
maritime education presents additional complexity, requiring training providers to develop
competencies that span technical, regulatory, environmental, and economic domains while
ensuring practical applicability in diverse operational contexts (Liao & Lee, 2023). This
multidimensional challenge necessitates innovative approaches that can effectively coordinate
knowledge development across multiple stakeholder groups while creating viable economic
models for training enterprises.

The concept of green shipping education encompasses a comprehensive range of
competencies including alternative fuel technologies, energy efficiency optimization,
environmental compliance, carbon accounting, and sustainable operations management (Sunny
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et al., 2021; Al-Mamun et al., 2021). The development and delivery of these competencies
require sophisticated coordination between training providers, shipping companies, regulatory
bodies, technology suppliers, and seafarers themselves. Traditional educational models struggle
to achieve this coordination effectively, resulting in fragmented learning experiences,
inconsistent competency development, and limited knowledge transfer between theoretical
instruction and practical application. Platform economics offers a potential solution by creating
digital ecosystems that can facilitate multi-directional knowledge flows while aligning
economic incentives across stakeholder groups.

The urgency of addressing these challenges is underscored by the International Maritime
Organization's ambitious decarbonization targets, which require up to 80% reduction in
greenhouse gas emissions by 2040 and net-zero emissions by approximately 2050 (Pian et al.,
2020). Achieving these targets depends not only on technological innovation but also on the
widespread adoption of new operational practices, regulatory compliance procedures, and
strategic management approaches that require comprehensive workforce training and
competency development. The current fragmentation in maritime education creates significant
barriers to achieving the scale and consistency of training required to support industry-wide
transformation within these demanding timeframes.

1.1 Research Problem and Objectives

This research addresses the critical gap in understanding how digital business model
innovation can create sustainable and scalable solutions for maritime training enterprises
specializing in green shipping education. The central research question examines: How can
platform economics principles be applied to develop innovative business models that enhance
the effectiveness, accessibility, and sustainability of maritime training focused on
decarbonization and environmental compliance? This inquiry encompasses several
interconnected dimensions including the design of multi-sided platform architectures, the
development of digital marketplace mechanisms for green shipping competencies, the creation
of sustainable value propositions for diverse stakeholder groups, and the analysis of network
effects in maritime educational contexts.

The specific objectives of this research include: first, to develop comprehensive multi-
sided platform models that can effectively connect training providers, seafarers, and shipping
companies within integrated digital ecosystems; second, to design innovative digital
marketplace mechanisms that facilitate the exchange of green shipping competencies while
ensuring quality, relevance, and practical applicability; third, to create robust value proposition
frameworks that can generate sustainable economic returns for training enterprises while
delivering enhanced educational outcomes for learners and operational benefits for shipping
companies; fourth, to analyze the network effects and digital transformation processes that
enable scalable growth in maritime training platforms; and fifth, to examine the integration of
sustainability principles into platform-based business models to ensure alignment with broader
decarbonization objectives.
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1.2 Rationale and Significance

The significance of this research extends across multiple dimensions of maritime industry
transformation, educational innovation, and sustainable business development. From an
industry perspective, the study addresses critical workforce development challenges that
represent significant barriers to achieving international decarbonization commitments. The
International Maritime Organization's revised greenhouse gas strategy creates unprecedented
demand for green-skilled seafarers who possess competencies in alternative fuels, energy
efficiency technologies, environmental monitoring systems, and sustainable operations
management (Chae et al., 2021; Wilson et al., 2020). Traditional training approaches cannot
scale sufficiently to meet this demand within the required timeframes, creating urgent need for
innovative educational business models that can deliver high-quality training more efficiently
and accessibly.

From a theoretical standpoint, this research contributes to the emerging intersection
between platform economics and educational innovation, an area that remains underexplored
in academic literature despite significant practical potential. The application of multi-sided
platform principles to maritime education represents a novel theoretical contribution that
extends existing frameworks for digital business model innovation into specialized professional
training contexts (Relano & Pauly, 2022; Relano et al., 2021). The integration of sustainability
principles into platform-based business models further advances theoretical understanding of
how environmental objectives can be embedded within economically viable digital ecosystems.

The practical implications of this research are substantial for multiple stakeholder groups
within the maritime industry. Training organizations can benefit from frameworks that enable
scalable business model innovation while maintaining educational quality and regulatory
compliance. Shipping companies can access more efficient pathways to workforce
development that align with their sustainability objectives and operational requirements.
Seafarers can benefit from enhanced access to relevant training opportunities that advance their
career prospects while contributing to industry transformation. Regulatory bodies can leverage
platform-based approaches to ensure consistent competency development across the industry
while monitoring compliance with evolving environmental standards.

1.3 Conceptual Framework

The conceptual framework for this research integrates three primary theoretical domains:
platform economics, digital business model innovation, and sustainable maritime education.
The platform economics dimension draws upon multi-sided market theory to examine how
digital platforms can create value by facilitating interactions between diverse stakeholder
groups (Amorim et al., 2024). Key variables include network effects intensity, platform
differentiation strategies, value creation mechanisms, and stakeholder coordination processes.
The digital business model innovation dimension incorporates frameworks for value
proposition design, revenue model development, resource allocation optimization, and
competitive advantage creation (Brown et al., 2020). Relevant variables encompass value
creation innovation, value proposition innovation, value capture innovation, and stakeholder
alignment mechanisms.
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The sustainable maritime education dimension integrates principles of environmental
education, professional competency development, and industry transformation to examine how
training programs can effectively support decarbonization objectives while maintaining
economic viability (Shaika et al., 2023; Fonseca et al., 2021). Critical variables include
competency integration effectiveness, sustainability knowledge transfer mechanisms, practical
application capabilities, and industry alignment indicators. The framework examines
interactions between these dimensions to understand how platform-based business models can
create synergies that enhance both educational outcomes and sustainability performance while
generating sustainable economic returns for training enterprises.

2. Literature Review
2.1 Platform Economics in Educational Contexts

Platform economics research demonstrates how multi-sided markets can create value through
network effects and reduced transaction costs, particularly in knowledge-intensive sectors
(Bilal et al., 2021). The application of platform principles to educational contexts reveals
significant potential for enhancing scalability and stakeholder coordination while maintaining
quality and accessibility. Maritime education represents a specialized domain where platform
economics can address systemic inefficiencies in training delivery and competency verification
processes.

2.2 Digital Business Model Innovation

Digital business model innovation encompasses fundamental changes in value creation, value
proposition, and value capture mechanisms enabled by digital technologies and platforms
(Barua et al., 2023). The maritime sector has witnessed increasing adoption of digital solutions
for operational efficiency, but educational applications remain underexplored despite
significant potential for transformation through platform-based approaches.

2.3 Sustainable Maritime Education

Sustainable maritime education requires integration of environmental knowledge with
practical operational competencies, regulatory compliance understanding, and strategic
management capabilities (Jan et al., 2021; Cianflone et al., 2022). The complexity of these
requirements creates demand for innovative educational delivery mechanisms that can
coordinate diverse knowledge domains while ensuring practical applicability and industry
relevance.

3. RESEARCH METHOD

This study employs a qualitative research methodology specifically designed to explore
the complex perspectives and experiences of maritime training professionals regarding digital
business model innovation in sustainable shipping education. The methodological approach
draws upon established frameworks for qualitative inquiry in business model innovation
research, incorporating systematic data collection and analysis procedures that enable
comprehensive examination of participant insights while maintaining methodological rigor and
theoretical grounding.
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3.1 Population and Samples

The research focuses on a purposefully selected population of five maritime trainers and
lecturers who possess specialized expertise in sustainability education, decarbonization
training, and green shipping competency development. These professionals have received
comprehensive training in International Maritime Organization-based learning frameworks,
greenhouse gas reduction strategies, and environmental compliance procedures, positioning
them as uniquely qualified informants for understanding both current challenges and future
opportunities in sustainable maritime education.

3.2 Research Instrument

The research instrument consists of a comprehensive semi-structured interview protocol
designed to systematically explore participant perspectives on digital business model
innovation, platform economics applications, and sustainability integration in maritime training
contexts. The instrument incorporates multiple question categories addressing current training
approaches, digital transformation opportunities, platform-based business model potential,
stakeholder coordination mechanisms, and sustainability alignment strategies.

3.3 Data Collection and Analysis

Data collection procedures involve comprehensive individual interviews with each
participant, conducted through structured protocols that enable systematic exploration of
research themes while maintaining sufficient flexibility to pursue unexpected insights and
emerging perspectives. The data analysis approach employs thematic analysis as the primary
analytical framework, incorporating systematic procedures for identifying, analyzing, and
interpreting patterns in participant responses while maintaining methodological rigor and
theoretical grounding.

4. RESULTS

The comprehensive analysis of perspectives from five maritime training professionals
reveals significant potential for digital business model innovation in sustainable maritime
education through platform economics applications. The research demonstrates consistently
positive outcomes across three key evaluation dimensions, with participants expressing strong
confidence in the viability and effectiveness of platform-based approaches for addressing
current challenges in green shipping education.

4.1 Platform Economics Applications and Network Effects

The analysis demonstrates strong consensus among participants regarding the potential
for network effects to enhance maritime training effectiveness through digital platform
implementations. Platform economics applications show high effectiveness scores (4.2-4.8/5.0)
across network effects generation, stakeholder coordination systems, and knowledge transfer
optimization. Participants consistently identify knowledge transfer optimization as the highest-
scoring dimension, reflecting their recognition that digital platforms can significantly enhance
the sharing and application of specialized sustainability knowledge across maritime training
contexts.
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The high effectiveness scores for value proposition innovation indicate strong participant
confidence that platform-based approaches can create compelling value offerings for multiple
stakeholder groups simultaneously, addressing a critical challenge in current training market
dynamics. Network effects generation receives consistently high ratings, with participants
recognizing that digital platforms can create self-reinforcing cycles of engagement where
increased participation enhances value for all stakeholders.

4.2 Digital Business Model Innovation Framework Development

The research reveals comprehensive frameworks for digital business model innovation
that integrate platform economics principles with specific requirements of maritime
sustainability education. Digital business model innovation shows substantial improvement
potential with scalability increasing 100% and cost-effectiveness improving 65.4%. The results
demonstrate substantial improvement potential across all business model components, with
scalability showing the highest improvement percentage, reflecting participant recognition that
digital platforms can fundamentally transform the ability of training enterprises to serve larger
markets while maintaining educational quality and economic viability.

Sustainability competency integration receives consistently high priority ratings, with
participants emphasizing that digital platforms can facilitate more comprehensive and
systematic integration of environmental knowledge into maritime training programs. The
platform-enhanced scores for this dimension reflect participant confidence that digital business
models can effectively address the complexity of green shipping education while maintaining
practical relevance for industry applications.

4.3 Multi-Sided Platform Architecture and Stakeholder Value Creation

The analysis reveals sophisticated understanding among participants of how multi-sided
platform architectures can create value for diverse stakeholder groups within maritime training
ecosystems. Multi-sided platform architecture creates significant value for all stakeholder
groups, with seafarers showing highest engagement (4.7/5.0) and adoption likelihood. The
results indicate that seafarers represent the stakeholder group with the highest engagement
scores and platform adoption likelihood, reflecting participant recognition that individual
learners often demonstrate greater flexibility and motivation for adopting digital learning
platforms compared to institutional stakeholders.

5. DISCUSSION

The findings of this research provide compelling evidence for the transformative
potential of digital business model innovation in sustainable maritime training enterprises,
while revealing important insights about the complex factors that influence successful platform
implementation in specialized educational contexts. The results demonstrate strong alignment
with theoretical frameworks from platform economics literature, particularly regarding the
potential for network effects to create self-reinforcing value creation cycles that benefit multiple
stakeholder groups simultaneously.
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5.1 Theoretical Implications

The research findings strongly support the central premise that platform-based business
models can address critical challenges facing maritime training organizations, particularly in
the context of sustainability education and green shipping competency development (Hilmi et
al., 2021; Mondal et al., 2020). The substantial improvement potential identified across all
business model components validates theoretical predictions about the transformative impact
of digital platforms on traditional service delivery models. These findings are particularly
significant given the urgent need for scalable training solutions to support maritime industry
decarbonization objectives.

5.2 Practical Implications

The research findings have significant practical implications for maritime training
organizations seeking to develop sustainable and scalable business models in response to
industry transformation pressures. The substantial improvement potential identified across all
business model components provides strong justification for investment in platform-based
approaches, while the detailed implementation feasibility analysis offers practical guidance for
development planning and resource allocation (Keen et al., 2021; Lacetera et al., 2023).

5.3 Implementation Challenges

While the research demonstrates strong potential for digital business model innovation
in maritime training, the findings also reveal important challenges and implementation
considerations that require careful attention for successful platform development. The
regulatory alignment challenges identified in the research reflect the complex compliance
requirements that characterize maritime training, where platform-based solutions must meet
international standards for professional competency development while accommodating
diverse national regulatory frameworks.

6. CONCLUSION

This research demonstrates significant potential for digital business model innovation to
transform sustainable maritime training enterprises through platform economics applications
that create substantial value for multiple stakeholder groups while advancing industry
decarbonization objectives. The findings reveal that platform-based business models can
address critical challenges in current maritime training approaches, including limited
scalability, insufficient stakeholder coordination, and inadequate sustainability integration,
while generating sustainable competitive advantages for training enterprises.

The study establishes that maritime training professionals recognize substantial
improvement potential across all business model dimensions, with scalability and cost-
effectiveness representing areas of greatest opportunity for platform-based innovation. The
research demonstrates that network effects can create self-reinforcing value creation cycles in
maritime education contexts, while stakeholder value analysis reveals differentiated
opportunities for engaging training providers, seafarers, shipping companies, and regulatory
bodies through platform-mediated interactions.
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Future research should examine longitudinal platform implementation processes,
quantitative analysis of network effects development, and comparative studies across different
maritime training contexts. The findings provide practical guidance for maritime training
enterprises seeking to leverage digital transformation in support of sustainability objectives
while generating sustainable economic returns and competitive advantages in evolving
educational markets.
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