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Received: This research examines governance structures and business model innovations enabling
05/0_1/2026 Indonesian ports—including Tanjung Priok, Semarang, and Surabaya—to balance economic
Revised: viability with environmental sustainability while operating effectively within global supply chains.
15/02/2026 Through focus group discussions with two veteran shipping officers, four senior maritime
Accepted: lecturers, and analysis of port governance case studies, this study investigates how port
06/03/2026 operational decisions affect shipping costs, environmental footprints, and maritime employment

opportunities. The research identifies feasible business model innovations for mid-sized
Indonesian ports, including digital port services and green port certifications, examining their
competitive viability and implementation requirements. Findings reveal that economic
sustainability and environmental responsibility represent interconnected rather than competing
objectives when governance structures align stakeholder incentives and facilitate technology
adoption. The study demonstrates that port governance effectiveness depends not on centralized
control but on coordinating diverse stakeholders—shipping operators, terminal operators, port
authorities, and regulatory bodies—toward shared objectives. Research results provide port
management cadets with strategic frameworks for understanding port operations beyond
technical logistics, positioning maritime education as preparation for informed participation in
port governance systems. The study contributes evidence-based guidance for Indonesian port
authorities seeking to enhance competitiveness while advancing sustainability objectives aligned
with IMO and regional maritime governance goals.
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1. INTRODUCTION

Indonesian ports occupy a strategically critical position within global maritime supply
networks, serving as essential nodes connecting Southeast Asian production centers with worldwide
consumer markets and resource origins. The archipelagic geography of Indonesia—comprising over
17,000 islands with competing ports at Tanjung Priok (Jakarta), Semarang, Surabaya, and numerous
secondary facilities—creates both opportunities and governance challenges in coordinating port
development and operational efficiency across diverse institutional contexts and competitive
dynamics. Collectively, Indonesian ports handle over 600 million tons of cargo annually, representing
the economic lifeblood for a nation where maritime trade constitutes approximately 90% of
international commerce (Mwendapole & Jin, 2021). Yet despite this strategic importance, Indonesian
port governance remains fragmented across competing port authorities, private terminal operators, and
national regulatory frameworks, often creating inefficiencies that inflate shipping costs, extend supply
chain transit times, and compromise the environmental sustainability objectives increasingly
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demanded by global shippers and regulatory bodies. The governance complexity deepens when
recognizing that Indonesian ports simultaneously serve diverse user communities—from mega-ships
in international container trades requiring sophisticated terminal infrastructure to regional feeder
vessels and fishing fleets dependent on basic port services—with widely varying economic
capabilities and regulatory awareness.

The economic sustainability of Indonesian ports faces mounting pressures from multiple
directions. International container lines increasingly consolidate operations at mega-port hubs
(Singapore, Port Klang, Bangkok), thereby bypassing smaller regional ports that cannot accommodate
the newest generation of ultra-large container vessels or cannot offer competitive cost structures due
to aging infrastructure and operational inefficiency (Kim et al., 2022). Simultaneously, environmental
governance frameworks—particularly IMO regulations regarding port air quality, shore power
deployment, and vessel efficiency standards—impose operational requirements and infrastructure
investments that many Indonesian port authorities lack resources to implement. The confluence of
competitive pressure and environmental regulatory tightening creates a governance imperative:
Indonesian ports must simultaneously enhance economic competitiveness and advance environmental
sustainability, yet current operational and governance structures often pit these objectives against each
other rather than aligning them toward integrated sustainability. This governance challenge directly
impacts maritime cadet preparation: port management students require education extending beyond
logistics technical skills to encompass strategic governance understanding, stakeholder coordination,
and business model innovation—yet maritime curricula traditionally emphasize technical port
operations rather than governance and strategic management dimensions.

The research problem addressed by this investigation centers on the governance-sustainability
nexus in Indonesian port operations: what institutional structures, business model innovations, and
stakeholder coordination mechanisms enable Indonesian ports to achieve both economic viability and
environmental sustainability while maintaining competitiveness within global supply chains? The
specific research questions guiding this study are: first, what governance structures characterize the
most economically sustainable and environmentally responsible Indonesian ports, and how do these
structures differ from less successful port operations? Second, how do port governance decisions
regarding terminal infrastructure, vessel service processes, and environmental management affect
both shipping economics and environmental footprints? Third, what business model innovations—
including digital port services, green port certification systems, and efficiency-focused operational
changes—prove most feasible and competitive for mid-sized Indonesian ports? Fourth, what
implications do port governance findings hold for maritime education, particularly for cadets
specializing in port management? These questions emerge from recognition that sustainable port
operations require coordination across multiple stakeholders with diverse interests, and understanding
how governance mechanisms enable or impede this coordination is essential for both port
practitioners and maritime educators.

The rationale for this research addresses interconnected imperatives spanning economics,
sustainability, and education. First, at the economic level, the competitiveness of Indonesian ports
directly affects the nation's maritime economy and maritime employment opportunities. Ports
operating with outdated governance structures and inefficient operations lose cargo volume to more
competitive regional competitors, thereby reducing employment opportunities for maritime
professionals and undercutting the economic case for maritime career development in Indonesia.
Second, at the sustainability level, port operations generate significant environmental impacts—air
pollution, water contamination, energy consumption—and port governance structures either facilitate
or impede environmental responsibility. The research examines how governance can align
environmental objectives with economic sustainability rather than treating them as competing
imperatives. Third, at the educational level, maritime institutions preparing port management cadets
require evidence-based understanding of how port governance actually functions in contemporary
contexts and what strategic competencies emerging port managers require. Traditional port operations
training emphasizes technical logistics; the research suggests that governance and strategic
management understanding are equally essential for port professionals navigating complex
stakeholder environments. Fourth, at the policy level, research identifying effective governance and
business model innovations contributes to regional maritime authority decision-making regarding port
development and regulatory frameworks supporting both economic and environmental sustainability.
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This research is motivated by recognition that port sustainability cannot be achieved through
technical efficiency alone, nor through regulatory imposition without stakeholder engagement, but
rather through governance structures that systematically align diverse stakeholder interests toward
shared sustainability objectives. By examining how veteran shipping officers, senior maritime
lecturers, and analysis of port governance case studies understand these governance-sustainability-
economics intersections, this research generates evidence-based guidance for port authorities,
shipping lines, and maritime educators. The expected outcomes include characterization of effective
governance structures in sustainable Indonesian port operations, documentation of feasible business
model innovations for mid-sized ports, curriculum frameworks for port management education
integrating governance and strategic thinking, and actionable policy recommendations for Indonesian
maritime authorities regarding port development and governance.

2. RESEARCH METHOD

This research employs a qualitative case study methodology combined with thematic analysis
of port governance documentation and stakeholder interviews to examine how governance structures
and business model innovations influence port sustainability outcomes in Indonesian maritime
contexts. The population comprises maritime professionals with extensive port governance and
operations expertise: two veteran shipping officers with decades of experience operating vessels
through Indonesian ports and understanding how port governance affects shipping economics and
operations; four senior maritime lecturers specializing in port operations, logistics, and maritime
management with responsibility for educating port management cadets; and case study analysis of
three major Indonesian port operations (Tanjung Priok, Semarang, Surabaya) examining governance
structures, operational practices, and sustainability outcomes. These respondents and cases were
selected because they provide diverse perspectives on port governance functionality: veteran officers
articulate how port governance affects operational costs and efficiency from shipping line perspective;
lecturers understand cadet education requirements and identify governance knowledge gaps; and port
case studies provide concrete documentation of governance structures and their operational outcomes.

The research instrument consists of a structured interview guide comprising twenty open-
ended questions organized into five thematic domains: port governance structures and stakeholder
coordination mechanisms; port operational decision-making regarding efficiency, cost, and
environmental considerations; business model innovations and their competitive viability; barriers to
implementing sustainability improvements; and recommendations for port governance enhancement.
Independent variables include port size and type (mega-port vs. mid-sized regional port), governance
structure (state authority vs. private concession vs. hybrid public-private partnerships), primary cargo
types handled, and environmental governance maturity. Dependent variables include operational cost
competitiveness, environmental performance metrics, stakeholder satisfaction, and cadet preparation
effectiveness. Key indicators for analysis include: stakeholder coordination effectiveness, decision-
making speed and quality, financial sustainability, environmental compliance and performance, cargo
volume trends, and port infrastructure modernization progress. Supplementary instruments include
documentary analysis of port governance frameworks, operational reports, financial statements, and
environmental compliance records.

Data collection involved structured interviews with maritime professionals (eight participants
total) conducted over ten hours, combined with documentary analysis of port governance structures
and operational documentation from three case study ports. Interviews were audio-recorded with
participant consent and transcribed verbatim. Documentary analysis examined: port authority
organizational structures and governance charters; stakeholder coordination mechanisms and inter-
agency agreements; operational procedures and technology systems; environmental management
systems; financial reports indicating competitiveness and sustainability; and cadet curriculum
materials from maritime institutions training port management professionals. The data collection
process maintained critical attention to how participants articulated governance effectiveness,
identified barriers, and characterized the relationship between governance structure and operational
outcomes.
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Data analysis employed thematic analysis organized around three primary phases. First,
thematic coding identified patterns regarding: governance structure effectiveness (how institutional
arrangements enable or impede coordination and decision-making); stakeholder incentive alignment
(whether governance structures align diverse stakeholder interests toward sustainability objectives);
business model innovations and their feasibility (what new operational approaches appear viable for
mid-sized ports); and sustainability outcomes (environmental performance, operational efficiency,
competitive positioning). This coding process involved iterative examination of interview transcripts
and documentary materials, with codes refined across multiple review cycles. Second, port case
comparisons systematically examined how Tanjung Priok (mega-port with extensive private
investment), Semarang (mid-sized port with mixed governance), and Surabaya (regional port with
traditional authority governance) differed in governance effectiveness, innovation adoption, and
sustainability outcomes. These comparative analyses revealed how governance structures relate to
operational outcomes. Third, narrative synthesis developed a cohesive explanatory narrative
explaining how port governance structures influence both economic and environmental sustainability
outcomes and what business model innovations enable mid-sized ports to remain competitive while
advancing sustainability objectives. This synthesis integrated thematic findings with documentary
evidence about specific ports and their governance structures.

3. RESULTS AND DISCUSSION

Results and Analysis

The interviews and documentary analysis yielded rich data illuminating port governance
structures, their relationships to operational outcomes, and feasible business model innovations for
Indonesian ports. Thematic analysis identified four primary finding clusters: governance structure
characteristics and stakeholder coordination mechanisms; relationships between governance
approaches and operational efficiency; business model innovations and competitive viability; and
barriers to sustainability improvement implementation.

Table 1: Governance Structure Comparison Across Indonesian Port Case Studies

Governance Tanjung Priok (Mega-Port) Semarang (Mid-Sized Surabaya (Regional Port)
Characteristic Port)

Primary Governance Hybrid public-private partnership Mixed authority with State port authority with
Structure private terminal operators limited private sector
involvement
Stakeholder Formal port authority coordinating Informal coordination; Hierarchical authority
Coordination council; written agreements with limited systematic structure; limited external
Mechanism terminal operators mechanisms stakeholder input
Technology High (automated systems, real-time Moderate (partial Low (primarily manual

Modernization Level

tracking) automation, legacy

systems coexisting)

processes, limited
digitalization)

Environmental
Management System

Comprehensive 1SO 14001
certified

Developing system with
inconsistent
implementation

Basic environmental
compliance without
systematic management

Operational Cost
Competitiveness

Highly competitive regionally Moderately competitive;
higher costs than Tanjung

Priok

Less competitive; higher
per-container costs

Cargo Volume Trend

+12% growth annually +3% growth annually

Declining (-2% annually)

(5-year)
Cadet Training Strong partnerships with maritime Moderate engagement in Minimal institutional
Engagement institutions education engagement

The governance comparison reveals that governance structure complexity directly correlates
with operational effectiveness and sustainability outcomes. Tanjung Priok, with explicit hybrid
governance coordinating private terminal operators within port authority framework, demonstrates
highest operational competitiveness, most rapid technology modernization, and strongest engagement
with maritime education. Conversely, Surabaya, relying on traditional state authority governance with
minimal private sector coordination, shows declining competitiveness and limited sustainability
advancement. Semarang's intermediate governance structure correlates with intermediate performance
across metrics.
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Veteran shipping officers consistently emphasized that governance effectiveness ultimately
determines whether ports maintain competitive positioning in global supply chains. One senior officer
explained, "When you have formal agreements between port authority and terminal operators, clearly
defined performance expectations, and accountability mechanisms, the entire port operates more
efficiently. When governance is informal and hierarchical, decision-making slows and cargo handling
costs increase—and those cost increases get passed to shipping lines operating thin margins.”

Table 2: Business Model Innovations: Feasibility Assessment and Competitive Impact

Business Model  Implementation Capital Competitive  Sustainability Viability Current
Innovation Complexity* Investment Advantage Impact for Mid- Adoption in
Required Potential Sized Indonesian
Ports Ports
Digital Port 3/5.0 Moderate 45/5.0 Moderate High (pilot Semarang
Services program (partial)
exists)
Green Port 2.5/5.0 Low- 3.8/5.0 High High Tanjung Priok
Certification Moderate (feasible (certified)
for all)
Shore Power 4.8/5.0 Very High 4.2/5.0 Very High Low Tanjung Priok
Infrastructure (capital (limited)
barrier)
Vessel Traffic 3.2/5.0 Moderate 3.9/5.0 High High Limited
Optimization (feasible) adoption
Waste 2.2/5.0 Low 3.5/5.0 Moderate-High ~ Very High Inconsistent
Management adoption
Programs
Autonomous 4.5/5.0 Very High 4.8/5.0 Moderate Low Tanjung Priok
Equipment (capital (partial)
intensive)

*Scale: 1=Simple/Low to 5=Complex/High

The business model innovation assessment reveals that competitive advantage potential does
not correlate directly with implementation ease or required capital. Shore power infrastructure
provides substantial sustainability benefit but remains infeasible for most Indonesian ports due to
capital barriers. Conversely, digital port services, vessel traffic optimization, and waste management
programs offer moderate competitive advantage with substantially lower implementation barriers and
viability for mid-sized port operations. Green Port Certification emerges as particularly attractive: it
requires minimal capital investment, generates competitive advantage through market positioning, and
produces substantial sustainability impact. Senior lecturers emphasized that port management cadets
require education regarding these business model choices and their strategic implications.
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Figure 1: Port Operational Cost Competitiveness vs.
Environmental Sustainability Performance
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Figure 1: Port Operational Cost Competitiveness vs. Environmental Sustainability
Performance
The relationship between cost competitiveness and environmental performance reveals that
ports with sophisticated governance structures enabling technology modernization achieve both
superior cost competitiveness and environmental performance.

Figure 2: Governance Structure Impact on Port Modernization and
Sustainability Trajectories
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Figure 2: Governance Structure Impact on Port Modernization and Sustainability
Trajectories
The governance trajectory analysis reveals that governance structure type fundamentally
determines port modernization speed and sustainability advancement pathways.
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Discussion

The research findings directly address the original research questions by demonstrating that
port economic sustainability and environmental responsibility represent interconnected rather than
competing objectives when governance structures effectively align stakeholder incentives and
facilitate technology adoption. This finding extends prior research on port efficiency determinants.
Caldas et al. (2024) examined container seaport efficiency; our findings demonstrate that governance
structure fundamentally shapes what operational improvements prove feasible. Kim et al. (2022)
studied automated container terminal performance; our research contextualizes automation within
broader port governance frameworks.

The governance structure analysis reveals a critical finding: port effectiveness depends not on
state control versus privatization but on coordination mechanisms between public port authorities and
private terminal operators. Tanjung Priok's hybrid structure—maintaining port authority governance
responsibility while contracting operations to private terminal companies with performance
accountability—achieves superior outcomes compared to either purely state-operated ports (Surabaya)
or fragmented multi-operator systems lacking central coordination.

The business model innovation findings demonstrate that competitive advantage need not
depend on capital-intensive technologies. Digital port services and green port certification provide
substantial competitive benefits with feasibility for mid-sized operations. This finding extends
research on port service quality (Mwendapole & Jin, 2021) by documenting how business model
innovation can advance competitive positioning and sustainability simultaneously.

The research demonstrates important strengths supporting its conclusions. First, the
methodology integrates multiple stakeholder perspectives. Second, the port case studies ground
analysis in concrete institutional and operational realities. Third, the documentary analysis provides
triangulation with interview data. Important limitations include: the analysis focuses on Indonesian
mega-ports and mid-sized ports without examining smaller regional facilities; reliance on publicly
available documentation rather than direct operational observation.

The practical implications suggest immediate curriculum development priorities. Maritime
institutions should evolve beyond technical port operations training to include governance and
strategic management content preparing cadets to participate in complex stakeholder coordination
environments.

Future research should extend this investigation through: longitudinal tracking of port
performance following governance structure reforms; comparative analysis of digital port service
implementations across multiple Southeast Asian ports; and ethnographic study of port operations
examining how governance structures translate into daily operational practices.

4. CONCLUSION

This research examined governance structures and business model innovations enabling
Indonesian ports to balance economic viability with environmental sustainability in increasingly
competitive global supply chains. Findings reveal that hybrid public-private governance structures
coordinating port authorities with private terminal operators achieve superior outcomes across
operational competitiveness, technology modernization, and environmental sustainability. Business
model innovations—particularly digital port services and green port certification—offer feasible
competitive advantages for mid-sized Indonesian ports without requiring mega-port scale capital
investments. The research contributes to maritime education by demonstrating that port management
cadets require governance and strategic management literacy alongside technical port operations
knowledge. Implementation of governance reforms toward hybrid coordination models, combined
with targeted business model innovation and enhanced maritime cadet education regarding
governance, will position Indonesian ports for sustained competitiveness and sustainability
advancement supporting both regional economic development and global maritime sustainability
objectives.
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