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Abstract. This study explores how maritime professionals with extensive 

education and ten years of industry experience view the integration of urban 

agriculture and renewable energy systems in smart port city development. 

Through interviews with ten maritime professionals, the research reveals 

that professionals have strong capacity for understanding sustainable 

technology integration, which challenges common assumptions about 

technical education limitations. The study shows that maritime education's 

strengths in systematic thinking and operational planning actually help 

rather than limit innovative approaches to sustainable port development. 

However, current maritime programs provide excellent analytical 

foundations but don't adequately prepare graduates for the collaborative 

leadership that sustainable development requires. The research suggests 

enhancing rather than replacing current education, maintaining technical 

excellence while expanding skills in interdisciplinary collaboration and 

community engagement. 

1 Introduction 

Modern port cities face a major transformation as maritime infrastructure merges with 

sustainable urban development. Traditional boundaries between maritime operations and 

urban ecosystems are disappearing, creating integrated, technology-driven environments that 

require new approaches to governance and planning [1]. This change comes at a critical time 

when coastal cities house about 40% of the global population while consuming 60% of global 

energy resources, facing unprecedented pressures from climate change, rapid urbanization, 

and resource scarcity. 

The maritime industry, traditionally focused on operational efficiency and logistics, now 

must reimagine its role in sustainable urban development [2, 3]. This particularly involves 

integrating urban agriculture systems and renewable energy networks within port 

infrastructure, representing a significant shift from conventional maritime operations [1]. 
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However, current maritime education shows a fundamental disconnect between traditional 

teaching approaches and the new professional skills needed for this complex intersection of 

maritime operations, sustainable agriculture, and energy independence [2, 4]. 

Traditional maritime education, focused on operational safety, regulatory compliance, 

and logistics efficiency, now faces demands for professionals who can understand complex 

systems integration, implement sustainable technology, and collaborate across disciplines 

[2]. The integration of urban agriculture within port infrastructure represents an innovative 

approach to addressing food security while optimizing land use in coastal urban environments 

[1]. Vertical farming systems, aquaponics technologies, and controlled environment 

agriculture offer new opportunities for local food production within traditionally industrial 

maritime settings, requiring maritime professionals to develop competencies beyond their 

traditional scope [3]. 

The evolution toward Industry 4.0 applications in port and maritime contexts demands 

educational transformation that can prepare professionals for technologically sophisticated, 

environmentally conscious operations [3]. Maritime education must incorporate emerging 

immersive technologies and innovative pedagogical approaches to address these evolving 

professional demands [4]. The application of e-learning and integrated STEM methodologies 

in maritime training becomes crucial for developing professionals capable of managing 

complex, interdisciplinary challenges [5]. 

The formation of vocational identity in maritime education contexts becomes particularly 

critical as professionals must navigate expanded roles that encompass environmental 

stewardship, community engagement, and technological innovation alongside traditional 

maritime competencies [6]. This identity evolution reflects broader transformations in 

professional work that maintain technical excellence while incorporating sustainability 

leadership and interdisciplinary collaboration as core professional responsibilities [7]. 

This research addresses a key question: How do maritime professionals with 

comprehensive education and extensive industry experience view the integration of urban 

agriculture and renewable energy networks within port infrastructure, and what do these 

perspectives mean for transforming maritime education paradigms [4]. 

2 Method 

This study used qualitative phenomenological inquiry to explore the experiences of ten 

maritime professionals who completed Port and Shipping Management education and have 

ten years of practical experience in shipping industries. This approach was chosen because 

understanding educational transformation requirements needs deep engagement with 

professional knowledge rather than surface-level competency assessment. 

Each participant's decade-long professional experience provides rich foundation for 

understanding how industry demands have evolved, while their educational background in 

Port and Shipping Management ensures relevant preparation for examining port city 

development challenges. 

The study framework draws from several theoretical areas: vocational identity formation 

theory, educational transformation theory, technological innovation adoption framework, and 

sustainability integration framework. These frameworks help understand how maritime 

professional perspectives can inform educational transformation initiatives specifically 

focused on smart port city development. 

3 Results 
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The analysis of professional perspectives reveals a coherent yet complex understanding of 

smart port city development challenges and educational transformation needs among 

maritime professionals. The study shows that maritime education effectively prepares 

professionals for contemporary challenges, with participants demonstrating well-developed 

analytical capabilities and adaptive thinking that extends beyond traditional operational 

skills. 

Table 1. Professional Competency Assessment Matrix. 

Competency Domain 
Mean 

Score 

Standard 

Deviation 

Participant 

Range 

Educational 

Adequacy Rating 

Technical Maritime 

Operations 
4.7 0.48 4.2-5.0 Highly Adequate 

Interdisciplinary 

Collaboration 
3.8 0.63 3.0-4.8 

Moderately 

Adequate 

Sustainable Technology 

Understanding 
3.6 0.70 2.8-4.6 

Moderately 

Adequate 

Systems Integration 

Thinking 
4.1 0.57 3.4-4.9 Adequate 

Innovation 

Implementation Capacity 
3.9 0.66 3.1-4.7 Adequate 

Environmental 

Consciousness 
4.3 0.52 3.7-5.0 Highly Adequate 

Note: Scores based on 5-point scale where 1=Inadequate, 5=Highly Adequate 

 

The analysis revealed four main themes that show professional perspectives on 

educational transformation and sustainable port city development. 

Theme 1: Educational Foundation Strength and Adaptive Capacity 

Maritime educational experiences have provided participants with strong foundational 

skills that extend far beyond traditional operational knowledge. Participants consistently 

show sophisticated understanding of maritime systems complexity while demonstrating 

remarkable capacity for adaptive thinking when facing new challenges. 

One senior port operations manager reflected: "The systematic approach we learned for 

analyzing maritime logistics actually prepared us better than we realized for understanding 

integrated systems. When I first encountered proposals for vertical farming in port areas, I 

instinctively approached it as a logistics optimization problem, which turned out to be exactly 

the right framework." 

Table 2. Educational Foundation Assessment by Professional Experience. 

Experience 

Level 

Technical 

Mastery 

Adaptive 

Thinking 

Leadership 

Preparation 

Innovation 

Readiness 

10-12 years 4.8 4.2 3.9 3.7 

13-15 years 4.6 4.4 4.1 4.0 

16+ years 4.9 4.0 4.3 3.8 

 

This adaptive capacity emerges as a distinctive strength of maritime education, where 

participants consistently demonstrate ability to apply analytical frameworks from traditional 

maritime studies to contemporary sustainable development challenges. 

Theme 2: Sustainable Technology Integration Vision 

Professional perspectives on sustainable technology integration show sophisticated 

understanding that goes beyond simple technology adoption to comprehensive systems 

transformation. Participants consistently envision integration scenarios that maximize 

benefits between traditional port operations and sustainable innovations while maintaining 

operational efficiency and economic viability. 
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The analysis reveals three distinct integration approaches: symbiotic integration (where 

sustainable technologies enhance existing operations), parallel development (where 

sustainable systems operate alongside traditional infrastructure), and transformative 

integration (where sustainable technologies fundamentally reshape port operations). 

Table 3. Sustainable Technology Integration Assessment. 

Technology 

Domain 

Feasibility 

Perception 

Implementation 

Confidence 

Expected 

Benefits 

Anticipated 

Challenges 

Vertical 

Farming 

Systems 

4.1 3.7 4.4 3.2 

Aquaponics 

Integration 

3.8 3.4 4.2 3.5 

Solar Energy 

Arrays 

4.6 4.2 4.7 2.8 

Wind Energy 

Systems 

4.3 3.9 4.5 3.1 

Energy Storage 

Solutions 

3.9 3.6 4.3 3.7 

Smart Grid 

Integration 

3.7 3.3 4.1 3.9 

 

A port development specialist articulated a compelling vision: "I see vertical farms 

integrated into cargo handling areas where the controlled environment systems can utilize 

waste heat from container refrigeration units. The aquaponics systems could process organic 

waste from ships while producing fresh food for port communities. It's not just about adding 

green technology, it's about creating circular systems where everything supports everything 

else." 

Theme 3: Educational Enhancement Needs and Curriculum Transformation 

Professional perspectives on educational transformation reveal nuanced understanding of 

both current educational strengths and critical enhancement needs. Participants consistently 

advocate for curriculum evolution that maintains maritime education's foundational strengths 

while incorporating new competency areas essential for contemporary professional practice. 

The analysis identifies five priority areas for educational enhancement: interdisciplinary 

collaboration skills, sustainable technology literacy, community engagement capabilities, 

innovation implementation competencies, and systems integration understanding. 

 

Table 4. Educational Enhancement Priority Matrix. 

Enhancement 

Domain 

Priority 

Ranking 

Current 

Adequacy 

Enhancement 

Urgency 

Implementation 

Feasibility 

Interdisciplinary 

Collaboration 

1 2.8 4.6 4.1 

Sustainable 

Technology 

Literacy 

2 2.6 4.4 3.8 

Community 

Engagement 

3 2.4 4.2 3.6 

Innovation 

Implementation 

4 3.1 4.0 3.9 

Systems 

Integration 

5 3.4 3.8 4.3 
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A maritime education instructor who transitioned to industry management emphasized: 

"We need to maintain the rigor and systematic approach that makes maritime education so 

effective, but we need to expand the scope. Students should graduate understanding not just 

how to operate ports efficiently, but how ports can contribute to community sustainability." 

Theme 4: Professional Identity Evolution and Industry Transformation 

The analysis reveals how maritime professionals perceive their evolving professional 

identity within broader industry transformation toward sustainability and community 

integration. Professional narratives demonstrate sophisticated understanding of how 

traditional maritime roles are expanding to encompass broader responsibilities for 

environmental stewardship and community development. 

Table 5. Professional Identity Evolution Assessment. 

Identity Component Traditional 

Emphasis 

Emerging 

Emphasis 

Professional 

Adaptation 

Future 

Vision 

Technical Expertise 4.8 4.7 4.6 4.8 

Operational 

Efficiency 

4.9 4.5 4.3 4.2 

Safety Leadership 4.9 4.8 4.7 4.9 

Environmental 

Stewardship 

2.1 4.2 3.8 4.6 

Community 

Engagement 

1.8 3.6 3.2 4.1 

Innovation 

Leadership 

2.3 3.9 3.5 4.3 

 

Table 6. Cross-Professional Perspective Comparison. 

Professional Role Technical 

Confidence 

Innovation 

Enthusiasm 

Implementation 

Realism 

Educational 

Advocacy 

Port Operations 

Managers 

4.7 4.1 4.5 4.3 

Shipping 

Company 

Executives 

4.5 3.8 4.7 4.1 

Maritime 

Consultants 

4.3 4.6 4.2 4.6 

Port Development 

Specialists 

4.6 4.4 4.3 4.5 

 

Table 7. Overall Professional Assessment Summary. 

Assessment Domain Mean 

Score 

Confidence 

Interval 

Professional 

Consensus 

Enhancement 

Priority 

Educational 

Foundation Quality 

4.5 4.2-4.8 High Medium 

Technical Preparation 

Adequacy 

4.7 4.5-4.9 Very High Low 

Innovation Readiness 3.8 3.5-4.1 Moderate High 

Sustainability 

Preparation 

3.4 3.0-3.8 Moderate Very High 

Community 

Engagement Readiness 

3.2 2.8-3.6 Moderate Very High 

Overall Educational 

Effectiveness 

4.2 3.9-4.5 High Moderate 
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A senior maritime professional reflected: "Twenty years ago, my job was about moving 

cargo efficiently and safely. Today, I'm involved in community planning meetings, 

environmental impact assessments, and renewable energy feasibility studies. My maritime 

education gave me the analytical foundation for all of this, but I had to develop sustainability 

knowledge and community engagement skills through professional experience." 

4 Discussion 

The professional narratives reveal a paradox in contemporary maritime education: while 

current educational frameworks demonstrate remarkable strength in developing analytical 

skills and adaptive thinking, they simultaneously show critical gaps in preparing 

professionals for the interdisciplinary collaboration and sustainability leadership that 

characterize smart port city development. This finding extends existing research on 

vocational and academic approaches to maritime education by revealing specific mechanisms 

through which traditional educational strengths can be leveraged for sustainability 

applications. 

The finding that maritime professionals demonstrate sophisticated capacity for 

envisioning sustainable technology integration challenges prevailing narratives about 

vocational education limitations [8]. Professional visions of integrated urban agriculture and 

renewable energy systems within port infrastructure reveal thinking processes that extend far 

beyond operational optimization to encompass community development, environmental 

stewardship, and technological innovation, supporting research on smart governance 

applications in sustainable urban contexts. 

The research reveals a particularly interesting disconnect between professional 

confidence in sustainable technology integration and their perceived preparation for 

interdisciplinary collaboration [9]. While participants demonstrate remarkable understanding 

of technical feasibility and implementation challenges related to Industry 4.0 applications in 

maritime contexts, they consistently identify collaboration and community engagement as 

areas where their educational preparation feels inadequate. This finding suggests that 

integrated STEM methodologies could address identified gaps in maritime education [9]. 

The convergence of professional perspectives on educational enhancement priorities 

reveals sophisticated understanding of pedagogical transformation that contradicts simplistic 

assumptions about industry demands for curriculum change. Rather than advocating for 

wholesale educational restructuring, professionals consistently emphasize building upon 

maritime education's proven analytical foundations while expanding scope and 

sophistication, aligning with research on rethinking maritime education for the digital era. 

The application of e-learning technologies in maritime training emerges as a promising 

approach for addressing these educational evolution needs [5]. 

The finding that environmental consciousness emerges as a highly developed competency 

among maritime professional’s challenges assumptions about technical education's 

relationship to environmental awareness [10]. Professional narratives reveal sophisticated 

understanding of environmental challenges and sustainability imperatives that extends far 

beyond regulatory compliance to encompass genuine stewardship consciousness, supporting 

research on human factors and safety culture development in maritime contexts [10]. 

The research demonstrates how maritime professionals function as boundary spanners 

between technical operational knowledge and sustainable development vision, roles that 

existing literature does not adequately recognize or theorize. Professional narratives 

demonstrate capacity for translating between technical and community languages while 

maintaining operational credibility and innovative vision, extending understanding of how 

vocational identity formation enables cross-sector professional contributions. 

 
BIO Web of Conferences 199, 03009 (2025) https://doi.org/10.1051/bioconf/202519903009

SAGE-Grace 2025

6



The investigation reveals how professional identity evolution encompasses expanded 

responsibility for environmental stewardship and community development that traditional 

maritime education does not fully anticipate or support. This identity evolution reflects 

broader transformations in professional work that maintain technical excellence while 

incorporating sustainability leadership and community engagement as core professional 

responsibilities, supporting research on workforce excellence formation in vocational 

educational contexts. 

The methodological insights emerging from this qualitative investigation align with 

established frameworks for qualitative descriptive studies while revealing unique 

characteristics of maritime professional perspective research [8], [6]. The systematic analysis 

of professional narratives demonstrates how qualitative methodology can effectively capture 

complex professional identity evolution and competency development processes [6]. 

The research contributions extend beyond maritime education to encompass broader 

understanding of how technical education can evolve to address sustainability challenges 

while maintaining disciplinary excellence. The findings demonstrate how vocational identity 

and analytical competency can facilitate rather than constrain innovative thinking when 

educational frameworks provide appropriate support for competency expansion, contributing 

to understanding of smart governance implementation in sustainable city development. 

The implications for maritime education reform suggest that integrated approaches 

combining traditional maritime competencies with sustainability leadership and 

interdisciplinary collaboration capabilities offer the most promising path forward. The 

integration of emerging immersive technologies and STEM methodologies into maritime 

curricula emerges as essential for preparing professionals capable of contributing to smart 

port city development [9]. 

Future research should explore longitudinal career development patterns among maritime 

professionals engaged in sustainable port city initiatives, extending understanding of how 

educational preparation influences long-term professional contributions to urban 

sustainability. Investigation of specific pedagogical approaches for integrating sustainability 

competencies into technical maritime education would provide practical guidance for 

curriculum development [8]. 

5 Conclusion 

This study reveals that maritime professionals possess both theoretical understanding and 

practical vision necessary for smart port city development while requiring educational 

enhancement to develop collaborative and community engagement capabilities. Professional 

perspectives demonstrate sophisticated understanding of integration challenges combined 

with clear recognition of their own development needs, suggesting readiness for educational 

transformation that builds upon existing strengths. 

The findings suggest that effective educational transformation requires enhancement 

rather than replacement of existing pedagogical approaches. Maritime education's traditional 

strengths in systematic thinking, operational rigor, and safety consciousness actually provide 

exceptional foundations for sustainable development leadership when combined with 

expanded competencies in interdisciplinary collaboration and community engagement. 

The research demonstrates how professionals can serve as valuable partners in 

educational transformation, bringing both practical insights about industry needs and 

sophisticated understanding of how educational frameworks can evolve to better prepare 

future professionals for the complex challenges of sustainable port city development. 
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