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Abstract: This study critically examines the digital
transformation potential of Bangladesh’s maritime sector,
with a specific focus on the Port of Chittagong, which
manages most of the nation’s seaborne trade. Despite its
strategic importance, the port continues to operate under
legacy systems characterized by manual processes,
fragmented data management, and limited technological
integration. Drawing upon a comprehensive review of peer-
reviewed literature, institutional reports, and national
policy documents, the research identifies key structural,
technological, and institutional barriers hindering the
development of a smart port ecosystem.

To frame the analysis, the study applies three theoretical
lenses: the Technology Acceptance Model (TAM), the
Resource-Based View (RBV), and the Innovation Diffusion
Theory (IDT). These frameworks help evaluate digital
readiness and explain systemic misalignments between
technological potential and institutional capability. The
findings highlight critical gaps in governance coordination,
cybersecurity infrastructure, digital interoperability, and
environmental monitoring, signaling the need for a
comprehensive transformation strategy.

In response, the study proposes a five-pillar strategic
roadmap encompassing institutional realignment, digital
infrastructure modernization, cybersecurity governance,
environmental informatics, and stakeholder capacity
building. This framework is aligned with Bangladesh’s
Vision 2041 and the United Nations Sustainable
Development Goals (SDGs), offering actionable guidance
for policymakers, port authorities, and development
partners seeking to position Bangladesh’s ports as digitally
resilient and globally competitive logistics hubs.

Keywords: Smart ports, Digital transformation, Maritime

logistics, Sustainability, Technology governance,
Institutional readiness
LINTRODUCTION

1.1 Background

Seaports are pivotal nodes in the global trade and logistics
network, serving as intermodal gateways that connect
maritime, rail, road, and inland waterway transport
systems. They are critical enablers of economic growth,
supply chain integration, and regional connectivity [2],
[24] . As the volume and complexity of global trade
increase, ports are under growing pressure to enhance
throughput efficiency, minimize environmental impacts,
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and maintain seamless coordination among diverse
stakeholders. Key challenges facing contemporary port
systems include congestion, inefficient cargo handling,
limited transparency, and rising carbon footprints [11],

[3].

In response, many countries are shifting toward the
development of smart ports digitally enabled, adaptive
systems that leverage Fourth Industrial Revolution (4IR)
technologies such as the Internet of Things (IoT),
artificial intelligence (Al), blockchain, digital twins, and
5G connectivity. These technologies enable predictive
analytics, real-time monitoring, integrated data flows, and
optimized resource allocation across port functions [4],
[23]. Smart ports represent more than a technological
upgrade; they embody a transformation in governance,
decision-making, and sustainability within maritime
logistics ecosystems.

However, the adoption and implementation of smart port
systems in developing economies remain uneven and
under-researched. While leading ports in Europe and East
Asia have demonstrated the benefits of automation, big
data analytics, and environmental monitoring, many ports
in the Global South including those in South Asia and
Sub-Saharan Africa continue to rely on legacy systems.
These systems are marked by manual operations, siloed
data environments, institutional fragmentation, and low
levels of digital maturity [9],[28].

Bangladesh’s Port of Chittagong, which handles over
92% of the country's seaborne trade and contributes
significantly to national GDP, is a case in point [6],[25].
Despite its centrality to the national economy, the port
remains burdened by inefficiencies such as excessive
yard congestion, outdated vessel and cargo management
systems, fragmented ICT infrastructure, and weak
hinterland linkages. Moreover, its environmental
footprint is increasingly at odds with global sustainability
standards, with unmonitored emissions, poor waste
management, and energy-intensive operations [1],[26].
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Amid these challenges, the integration of smart port
technologies offers a transformative opportunity for
Bangladesh to modernize its maritime sector, improve
competitiveness, and meet global ESG expectations.
Real-time data analytics can reduce delays, Al can
optimize berth scheduling, and IoT sensors can monitor
environmental indicators all contributing to more
efficient and sustainable port operations [19],[27].

Yet, digital transformation cannot succeed in isolation. It
requires institutional realignment, regulatory reform,
stakeholder coordination, and capacity building. Hence,
this study is motivated by the urgent need to assess
Bangladesh’s readiness for smart port transformation and
to develop a context-sensitive strategic framework that
aligns digital innovation with national development
goals, including Vision 2041 and the United Nations
Sustainable Development Goals (SDGs), particularly
SDG 9 (Industry, Innovation, and Infrastructure), SDG 13
(Climate Action), and SDG 14 (Life Below Water)
[22],[29].

1.2 Research Objectives

The primary aim of this study is to evaluate the feasibility
and strategic requirements for implementing smart port
systems in Bangladesh, using the Port of Chittagong as
the focal case. This includes a critical examination of
institutional,  technological,  environmental, and
governance dimensions that influence digital readiness.

The specific objectives are:

e To conceptualize the smart port paradigm within
the context of a developing country, identifying
key  technological enablers, managerial
elements, and system-wide impacts.

e To assess the digital maturity and transformation
readiness of Chittagong Port by identifying
critical barriers in infrastructure, governance,
policy, and stakeholder alignment.

e To construct a theoretical and strategic
framework for smart port development based on
global best practices and localized challenges,
incorporating insights from TAM, RBV, and
IDT.

e To propose actionable policy and strategic
recommendations for government agencies, port
authorities, and development partners to
accelerate smart port adoption in Bangladesh
and comparable emerging economies.

1.3 Scope of the Study

This research takes an interdisciplinary and multi-scalar
approach to investigate smart port transformation,
focusing on both technological and institutional
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perspectives. While Chittagong Port is the primary case,
the findings have broader applicability to other ports in
South Asia and the Global South.

Technologically, the study explores the deployment
potential of digital enablers such as:

e [oT for real-time asset tracking and
environmental monitoring,

o Al for vessel scheduling and predictive
maintenance,

e Blockchain for secure and transparent customs
processing,

e Digital twins for simulating operational

scenarios and optimizing resource flows.

Institutionally, the study assesses governance models,
stakeholder dynamics, digital policy frameworks, and
public-private collaboration mechanisms that underpin or
hinder transformation. It emphasizes the role of inter-
agency coordination, regulatory clarity, and stakeholder
capacity in building a resilient digital infrastructure.

The research is grounded in Bangladesh's socio-political
and economic realities but designed to inform broader
debates on smart port modernization in developing
economies with similar institutional and infrastructural
constraints.

1.4 Significance of the Study

This study addresses a critical research and policy gap by
advancing a comprehensive framework for smart port
development in a low-to-middle-income country. The
literature on smart ports has largely focused on
technologically advanced ports in developed regions,
leaving a dearth of context-specific analyses for ports
operating under capacity constraints, regulatory
complexity, and institutional fragmentation.

By situating Chittagong Port within this global-local
discourse, the study contributes in several ways:

e [t offers an evidence-based diagnosis of digital
readiness and transformation barriers in a
leading South Asian port.

e It applies and synthesizes three theoretical
lenses Technology Acceptance Model (TAM),
Resource-Based View (RBV), and Innovation
Diffusion Theory (IDT) to explain the
institutional and behavioral dimensions of smart
port adoption.

e [t proposes a five-pillar roadmap encompassing
institutional reform, digital infrastructure,
cybersecurity, environmental informatics, and
stakeholder capacity building.
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e It provides actionable recommendations that
align with Bangladesh’s Vision 2041 and the
Sustainable Development Goals, ensuring that
digital ~modernization  supports  broader
objectives of environmental resilience, trade
competitiveness, and inclusive development.

The findings are expected to inform policymakers, port
authorities, international donors, and academic
researchers by offering a practical, replicable model for
advancing port digitalization in developing country
contexts.

II.. LITERATURE REVIEW

2.1 Port Management and Operational Challenges

(1) Legacy Management Practices
The persistence of manual systems in Chittagong Port
spanning berth allocation, customs clearance, and cargo
documentation has entrenched inefficiencies in
Bangladesh’s maritime logistics chain [6]. Unlike leading
global ports that operate digital dashboards for near-
instantaneous ~ cargo  tracking and  customs
synchronization, Chittagong relies on paper-based
workflows that delay processing times and reduce supply
chain visibility. Studies suggest that the lack of digital
integration not only restricts port throughput capacity but
also increases operating costs by up to 20% due to
duplication, inaccuracy, and rework [3].

(i1) Global Port Challenges
Globally, ports are under increasing pressure to manage
growing cargo volumes, meet customer demands for
faster turnaround, and comply with stricter environmental
mandates [16]. In response, ports are investing in
automation, digital twins, and Al-driven analytics to
increase operational agility and visibility. The COVID-19
pandemic underscored the importance of digital readiness
in maintaining supply chain continuity, leading to a surge
in port digitization initiatives [14]. Digital resilience has
become a strategic priority in port competitiveness
rankings.

(iii) Context-Specific Challenges in Bangladesh

The institutional environment surrounding Bangladeshi
ports is marked by fragmented authority, unclear digital
mandates, and insufficient investment in digital capacity-
building [13]. Chronic congestion especially at container
yards and a lack of multimodal hinterland connectivity
further constrain port performance. Moreover, there is an
absence of emissions monitoring, digital safety
compliance, and maritime cybersecurity frameworks,
placing the ports at a disadvantage in the evolving ESG-
driven global trade environment [1].

2.2 Evolution of the Smart Port Concept
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(1) Definitional Scope
Smart ports are defined as cyber-physical ecosystems
where digital and physical infrastructures are integrated
through advanced technologies to enable real-time
decision-making, collaborative data exchange, and
sustainable operations [16]. Unlike conventional port
systems, smart ports leverage automation, sensors, and Al
to streamline logistics, optimize port energy use, and
enhance stakeholder coordination.

(i1) Enabling Technologies

The convergence of several frontier technologies forms
the core of smart port functionality:
IoT devices allow real-time tracking of cargo, equipment
status, and environmental metrics such as noise and
emissions [4]. Al facilitates berth planning, container
yard optimization, and predictive maintenance through
machine learning algorithms [5]
Blockchain is used for secure, tamper-proof
documentation in customs, bills of lading, and trade
finance [14]. Digital twins enable simulation of port
operations for scenario planning and energy efficiency
modeling. Edge computing and 5G support ultra-low
latency communication for automated guided vehicles
(AGVs) and port cranes [13].

(ii1) Global Smart Port Models

Singapore’s Port Authority has implemented blockchain-
based customs, Al-berthing tools, and real-time port
dashboards, contributing to a 30-40% reduction in
processing time [17]. Rotterdam has adopted digital twin
models for predictive cargo flows and emission tracking.
Busan has integrated Al across terminal operations and
uses big data to forecast congestion patterns and optimize
routing [10]. These examples reflect the importance of
aligning smart technologies with national innovation
policies and cross-sector partnerships [18]

2.3 Technology-Driven Port Management Systems

(1) Adoption Trends and Challenges

While Bangladesh has piloted IoT for tracking and tested
blockchain in customs declarations, these efforts are
isolated and lack continuity due to insufficient legal
frameworks and funding mechanisms [9]. Institutional
inertia and risk aversion further inhibit scaling these
technologies across ports.

(i1) Digital Platforms and Stakeholder Integration

PCS and TOS are pivotal in coordinating real-time
communication among stakeholders such as customs,
port authorities, freight forwarders, and shipping lines
[20]. In Bangladesh, the absence of a national PCS has
led to duplicated documentation, conflicting cargo
schedules, and a lack of synchronized customs clearance
[19]. Globally, PCS implementation has been linked to a

714

https://icebtm.iub.edu.bd


https://icebtm.iub.edu.bd/

The Proceedings of the International Conference on Economics, Business, and Technology Management (ICEBTM 2025)

25-40% reduction in dwell times and enhanced revenue
transparency [1].
(iii) Predictive Analytics and Decision Support

Predictive tools based on Al help forecast vessel arrivals,
optimize crane operations, and anticipate yard
congestion. For example, the Port of Los Angeles uses
predictive analytics to schedule just-in-time trucking and
reduce container dwell time [14]. In contrast, Chittagong
relies on static scheduling, leading to missed berthing
windows and low container turnover efficiency [6].

2.4 Infrastructure, Integration, and Sustainability

(i) Architecture and Cybersecurity

Bangladesh’s port IT architecture is disjointed, lacking
interoperability across terminals, customs, and rail
authorities. This fragmentation obstructs data-driven
coordination and creates cybersecurity vulnerabilities [9].
Global best practices advocate for layered cybersecurity
policies, including encrypted data flows, third-party risk
management, and ISO 27001 compliance frameworks
(2], [11].

(i1) Automation of Cargo and Vessel Handling

Ports in the Netherlands and China are adopting fully
automated terminals using AGVs, Al cranes, and
autonomous drones for surveillance. These innovations
have reduced labor costs and improved safety [9].
Bangladesh continues to rely on human-operated cranes
and manual yard planning, limiting its capacity to meet
international shipping standards [12].

(iii)) Environmental Informatics

Ports like Hamburg and Long Beach deploy IoT sensors
to measure emissions in real time and use Al to adjust
operations for emissions reduction. Such practices are
increasingly demanded by eco-sensitive trade routes [7].
The absence of emissions dashboards and energy
efficiency programs in Bangladesh’s ports increases its
vulnerability to carbon-border regulations and ESG-
driven trade sanctions [1].

2.5 Smart Port Implementation in Developing Economies
(1) Common Barriers

Developing nations face recurring constraints including
limited financing, skills gaps, weak institutional
mandates, and lack of stakeholder alignment [8]. Public-
private partnerships (PPPs), multilateral funding, and
donor-led digital transformation programs (e.g., ADB and
World Bank initiatives in India and Vietnam) have
proven critical in overcoming these barriers [9].

(i1) Localized Innovation Pathways
Case studies from India’s Jawaharlal Nehru Port
demonstrate how phased automation combined with
workforce upskilling enabled improved cargo throughput
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without labor disruptions [13]. Incremental adoption,
tailored to local operational culture and regulatory
capacity, is more sustainable than wholesale technology
imports.

(iii)  Governance and  Regulatory = Evolution
The success of smart port programs depends on policy
coherence, especially in digital governance, data
interoperability, and cybersecurity. Countries such as
Vietnam have developed national digital logistics
roadmaps with defined KPIs and cross-ministerial
accountability [18].

2.6 Bangladesh-Specific Literature and Gaps

(1) Status Quo

The digital maturity of Chittagong Port remains in its
infancy. Digital systems are limited to basic container
tracking and automated emails for berth scheduling [6].
Integrated operational dashboards, PCS, and port-wide
ERP systems are notably absent.

(i1) Critical Gaps

Current research lacks:
e FEmpirical evaluations of smart technology
impact on port performance.
e Cybersecurity threat modeling
maritime logistics in Bangladesh.
e Simulation models for berth allocation and yard
space optimization.
(1ii) Alignment with National Goals
Although port modernization is referenced in
Bangladesh’s Vision 2041 and SDG commitments, the
lack of a port-specific digital master plan hampers
implementation [22]. There is an urgent need for policy-
operational alignment in line with climate adaptation and
trade competitiveness goals.
2.7 Theoretical and Conceptual Underpinnings
(1) Technology = Acceptance  Model  (TAM)
TAM frames wuser attitudes toward technology,
identifying perceived usefulness and ease of use as
critical factors for adoption [21]. In Bangladesh, low
digital fluency and lack of user-centered design deter
frontline adoption.

specific to

(i1) Resource-Based View (RBV)
RBV conceptualizes digital infrastructure, skilled
workforce, and adaptive institutions as rare and valuable
resources that can yield sustainable competitive
advantages in port logistics [22].

(ii1) Innovation Diffusion Theory (IDT)

IDT explains the spread of innovation through knowledge
sharing, policy incentives, and social learning. In the
Bangladeshi port context, diffusion is hindered by weak

pilot evaluation systems, low risk appetite, and
fragmented interagency governance [23].
2.8 Comparative Smart Port Matrix
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To contextualize Bangladesh’s port performance, the
study developed a comparative matrix benchmarked
against Singapore, Rotterdam, and India’s Jawaharlal
Nehru Port.
TABLE 1
COMPARATIVE SMART PORT MATRIX
BENCHMARKING: CHITTAGONG PORT AGAINST

GLOBAL LEADERS
Criteria Chittagon | Singapore | Rotterdam INPT
g (India)
Digital Basic ICT Digital Full Smart Moderate
Infrastruc Twin Port Suite PCS
ture
PCS Fragment Fully Integrated Emerging
Implemen ed Integrated +
tation Blockchai
n
IoT Pilot Real- Full-Scale Partial
Adoption Phase Time Deployme
Tracking nt
Blockchai Absent Documen Trade & Not
n tation & Emissions | Operational
Customs Logs
Al & Minimal Berth Cargo & Trial Stage
Predictive Optimizat Traffic
Analytics ion Modeling
Berth Manual ML- Dynamic Simulated
Schedulin Based Al
g
Environm | Nonexiste Smart Al +IoT- Static
ental nt Emission Based Reporting
Monitorin Dashboar
g ds
Cybersec Low ISO- Multi- Developing
urity Certified tiered
Readiness Protocols
Policy Weak National | EU-Driven | Governmen
Support R&D- Framewor | t-Supported
backed ks
Workforc | Moderate | Continuo PPP-Led Structured
e us Digital Programs
Readiness Reskilling Labs

(Source:[1],[13],[14])

This table reveals the multidimensional gaps that
Chittagong Port must address to transition from a
reactive, analog operation to a data-driven, sustainable
smart port.

III. METHODOLOGY
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3.1 Research Design
This study employs a qualitative, interpretivist
methodology anchored in a constructivist paradigm to
explore the multidimensional challenges and
opportunities associated with smart port transformation in
Bangladesh. Given the limited availability of
disaggregated, real-time operational data and the
exploratory nature of the research focus, a qualitative
approach offers the most suitable lens to analyze
institutional complexity, policy fragmentation, digital
infrastructure readiness, and stakeholder behavior in
emerging port systems.
Rather than testing pre-defined hypotheses, the objective
is to build conceptual clarity through analytical synthesis,
drawing from secondary literature, expert insights, and
international benchmarking to propose a context-
sensitive strategic framework.
3.2 Source Identification and Screening Protocol
A systematic literature review (SLR) protocol was
adopted to collect, assess, and synthesize relevant
secondary data. Academic and grey literature were
retrieved through structured searches in databases such as
Scopus, Web of Science, and Google Scholar,
supplemented by targeted reviews of institutional and
government archives. Search terms included: "smart
ports," "digital transformation in maritime logistics,"
"port governance in South Asia," "PCS/TOS’S
implementation," and "cybersecurity in ports."
Out of 126 documents identified (2015-2025), 72 were
retained after a two-tier screening process that considered
inclusion criteria such as:
e Relevance to smart port concepts and digital
governance,
e Methodological rigor and theoretical framing,
e Focus on emerging or Global South port
contexts.
The final dataset includes:
e Peer-reviewed journal articles (n = 47),
e Institutional and policy white papers (n = 12),
e Research center outputs (n = 8),
e National strategy and port development
documents (n = 5).
All sources were catalogued using a source mapping
matrix to ensure transparency, traceability, and thematic
coverage.
3.3 Thematic Coding and Analytical Strategy
To structure insights, the study applied a manual thematic
coding process grounded in Braun and Clarke’s (2006)
six-step model of thematic analysis. A hybrid approach
combining inductive coding (to capture emergent
patterns) and deductive coding (informed by theoretical
frameworks such as TAM, RBV, and IDT) was used to
code and synthesize the data corpus.
Thematic analysis proceeded in the following phases:
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1. Familiarization with full texts and initial
notetaking,
2. Generation of open codes across the dataset,
3. Axial coding to cluster codes into conceptual
themes,
4. Theme refinement based on recurrence and
theoretical alignment,
5. Final theme definition,
6. Narrative synthesis mapped to the study's
objectives.
This coding process resulted in six dominant thematic
clusters:

e TI: Digital technologies (IoT, Al blockchain),

e T2: Institutional barriers and governance
fragmentation,

e T3: Environmental informatics and ESG
integration,

e T4: ICT platforms and system interoperability
(PCS/TOS),

e T5: Global comparative benchmarks and

implementation models,
e T6: Theoretical integration using TAM, RBV,
and IDT.

Inter-coder reliability was tested with two independent
reviewers using dual coding techniques, achieving a
Cohen’s Kappa of 0.81, indicating strong agreement and
reducing subjectivity bias.
3.4 Conceptual Benchmarking
Framework
A comparative benchmarking framework was developed
to assess Chittagong Port’s readiness and performance
relative to smart port leaders including Singapore,
Rotterdam, and Jawaharlal Nehru Port (India). The
framework incorporates key digital transformation
dimensions such as Al utilization, IoT deployment,
automation infrastructure, platform governance, and
environmental intelligence using publicly available
performance metrics from institutional databases (e.g.,
CPA, World Bank, UNCTAD).
Rather than  applying  quantitative = modeling,
benchmarking adopts a descriptive matrix-based format
that highlights multidimensional performance gaps and
strategic priorities. This approach provides actionable
insights for contextual adaptation rather than
generalization.

and Comparative

3.5 Stakeholder and Policy Triangulation

To ensure that the proposed strategic roadmap is
grounded in practical feasibility, the study incorporates
policy triangulation by reviewing key national planning
instruments such as Vision 2041, the Delta Plan 2100, the
Bangladesh Maritime Strategy, and Chittagong Port
Authority modernization reports.

In addition, secondary stakeholder insights were captured
from sources including:
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e Webinar discussions from UNCTAD, BIMCO,
and ESCAP,
e Roundtable transcripts involving local port
authorities and logistics professionals,
e Expert commentaries published in government
and donor reports.
While not a substitute for direct interviews, this
triangulation method enhances ecological validity and
helps bridge the gap between theoretical propositions and
ground-level dynamics in policy implementation.
3.6 Empirical Validation Strategy
To further reinforce practical relevance, this study
proposes two empirical validation mechanisms for future
phases:
i. Delphi-Based Expert Validation:

A structured Delphi method is planned for future
implementation, involving 12-15 experts across
government, port operations, logistics, and maritime
technology sectors. The Delphi rounds will evaluate the
feasibility, relevance, and prioritization of the five-pillar
framework, using Likert-scale ratings and open
commentary. Aimed at consensus-building, this will help
refine the strategic roadmap through multi-stakeholder
alignment.
ii. Smart Port Readiness Index (SPRI) Development:
To operationalize digital transformation metrics at the
national level, the study recommends designing a
localized Smart Port Readiness Index (SPRI) for
Chittagong Port. Based on global best practices and local
constraints, the SPRI will incorporate KPIs across six
domains:

e Digital infrastructure maturity,
PCS/TOS’S integration,
IoT and AI deployment,
Cybersecurity standards,
Environmental data systems,

e Institutional and human capacity.
This index will serve as both a benchmarking tool and a
performance diagnostic model for public-private
decision-makers.
3.7 Justification for Qualitative-Only Approach
A qualitative-only research design was selected due to the
exploratory nature of the topic and the absence of publicly
available granular data on smart port implementation in
Bangladesh. The study focuses on theory development,
policy-contextual synthesis, and strategic alignment
rather than hypothesis testing or inferential modeling.
This design choice aligns with precedent in smart port
research in developing regions, which often faces similar
data and access limitations [11],[21].
3.8 Limitations
The study’s reliance on secondary data and absence of
real-time fieldwork limits its empirical depth. While
triangulation and coding rigor improve analytical
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reliability, future studies should incorporate mixed-
method approaches, including direct stakeholder
interviews, quantitative performance evaluations, and
pilot testing of the proposed strategic pillars. These
limitations are acknowledged and framed as pathways for
future empirical expansion.

IV. FINDINGS AND DISCUSSION

4.1 Structural Barriers to Digital Transformation
Chittagong Port remains entrenched in legacy maritime
operations characterized by manual documentation,
analog cargo handling, and limited process automation.
Although it manages over 90% of Bangladesh’s
international trade volume, its operations are burdened by
chronic yard congestion exceeding 90% and prolonged
vessel turnaround times of over four days [6]. These
inefficiencies inhibit throughput velocity and reduce the
port’s regional competitiveness.

While global smart ports like Rotterdam and Singapore
have adopted Al-enabled berthing, predictive analytics,

and real-time coordination systems [9], [23],
Bangladesh's dependency on manual practices points to
deeper institutional inertia rather than purely

infrastructural shortcomings. Structural transformation
redefining institutional roles, incentive structures, and
operational workflows must precede or complement
digital adoption to avoid superficial modernization [18].
4.2 Fragmented Technological Initiatives

Although Bangladesh has piloted smart port technologies
such as IoT-based container tracking and limited
blockchain trials for customs clearance, these efforts
remain disconnected, small-scale, and lacking integration
into a national port digitalization strategy [6], [9].
Foundational digital enablers like Port Community
Systems (PCS) and Terminal Operating Systems (TOS)
critical for stakeholder coordination and real-time data
exchange are either missing or siloed.

In contrast, international ports such as Singapore and
Rotterdam have institutionalized PCS frameworks that
streamline operations, reduce cargo dwell time, and
improve customs transparency.

Without a standardized systems architecture featuring
open APIs, shared data protocols, and middleware
standards Bangladesh risks developing isolated “islands
of innovation” that fail to scale or integrate [14].

4.3 Institutional Misalignment and Policy Vacuum
Despite articulating a digital vision under national
blueprints like Vision 2041 and the Delta Plan 2100,
Bangladesh suffers from a lack of cross-agency
coordination and absence of a dedicated port digitization
authority. Port development activities remain distributed
across CPA, Ministry of Shipping, Bangladesh Customs,
and ICT Division, without a unified governance
framework [18].
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This institutional fragmentation results in inconsistent
implementation, low accountability, and policy inertia.
Comparative evidence from India’s Jawaharlal Nehru
Port shows that centralized digital task forces and unified
window systems were critical to implementing scalable
smart port reforms [13].
Structural incentives and legal reforms are essential to
establish accountability and inter-agency coherence.

4.4 Stakeholder Disconnection and Platform Deficiency
Effective smart ports rely on real-time coordination
among stakeholder’s port authorities, customs, freight
forwarders, terminal operators, and environmental
agencies. In Bangladesh, these actors operate in
institutional silos with no functional PCS to enable
synchronized decision-making [19].

The absence of platform governance leads to port gate
congestion, customs mismatches, and duplicated
workflows, violating the core principles of supply chain
visibility and velocity [7]. Evidence from South Korea
and the Netherlands suggests that robust platform
infrastructure must be supported by governance models
that enforce stakeholder accountability and transparency
[10].

4.5 Cybersecurity as a Neglected Pillar

As Bangladesh transitions to digital port systems,
cybersecurity remains inadequately addressed. Ports like
Singapore, Antwerp, and Busan have implemented ISO-
certified maritime cyber resilience frameworks, covering
encrypted data transfer, digital vendor validation, and
real-time threat detection [14]. In contrast, Bangladeshi
ports lack formal cybersecurity legislation or maritime-
specific policies.

The absence of a Maritime Cybersecurity Act aligned
with  IMO MSC.428(98) leaves digital platforms
vulnerable to data breaches, ransomware, and sabotage
risks that could destabilize operations and erode user
trust.

Without  embedded  cybersecurity = governance,
stakeholders are unlikely to fully engage in shared data
ecosystems [10]

4.6  Environmental
Sustainability Gap
Modern ports are expected to balance efficiency with
sustainability by integrating environmental monitoring
systems. Global leaders employ IoT-enabled dashboards
to measure emissions, fuel consumption, and noise
pollution in real time [23]. However, Bangladesh’s ports
currently lack digital baselining for carbon emissions and
show no ESG compliance dashboards [1].

This deficiency not only jeopardizes environmental goals
under SDGs 13 and 14 but also risks trade restrictions in
carbon-sensitive export markets [20].

Environmental informatics must be integrated into all
digital planning, linking sustainability KPIs with port

Informatics:  The  Digital
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licensing, public-private investment, and international
trade compliance [8].

4.7 Theoretical Synthesis: Explaining the Barriers

The barriers discussed above can be interpreted through
established theoretical lenses:

TABLE 2
THEORY TO FINDINGS MAPPING: APPLICATION
OF TAM, RBV AND IDT BARRIERS IN
BANGLADESH

2. Infrastructure &
Interoperability

Nationwide rollout
of PCS and TOS
with open APIs
and data
governance
protocols

Rotterdam PCS
integration [16]

3. Cybersecurity
Governance

Enact a Maritime
Cybersecurity Act;
establish port-level

threat detection
units

Singapore Cyber
Port Strategy [14]

4. Capacity &
Incentives

Launch port-
specific training
programs; offer tax
benefits for early
adopters

Busan Port
Innovation Lab
[10]

5. Environmental
Informatics

Deploy loT-based
emission monitors
and energy
dashboards; link
ESG to investment
eligibility

Antwerp’s Smart
Environment
Platform [21]

Framework Core Principle Barrier in Source
Bangladesh
Context
TAM Technology Stakeholder [9]
(Technology adoption resistance,
Acceptance depends on low digital
Model) perceived training, poor
usefulness and UI/UX of
usability pilot systems
RBV Competitive Lack of in- 2]
(Resource- advantage house ICT
Based View) stems from talent,
internal digital | infrastructure
resources and , and
capabilities institutional
expertise
IDT Innovation Pilot systems [18]
(Innovation spreads remain
Diffusion through social | unscaled due
Theory) systems with to unclear
enabling mandates and
policies and weak policy
communicatio alignment
n

The interplay of these models reveals that digital
transformation in Chittagong Port is obstructed not just
by technology gaps, but by institutional and behavioral
inertia.
4.8 Strategic Pathways Toward a Smart Port Ecosystem
To overcome these systemic challenges, this study
proposes a five-pillar strategy designed for localization,
scalability, and resilience:
TABLE 3
FIVE-PILLAR STRATEGIC ROADMAP FOR
SMART TRANSFORMATION IN BANGLADESH

Pillar

Strategic Focus Examples / Best

Practice Models

India’s centralized
NMDP portal [13]

Establish a Smart
Port Governance
Authority; unify
mandates under
the Ministry of
Shipping

1. Institutional
Realignment

ISBN 978-984-35-5270-9

These pillars collectively create an ecosystemic model of
smart port transformation rooted in governance reform,
stakeholder engagement, and sustainability.

FIVE-PILLAR STRATEGY FOR
SMART PORT DEVELOPMENT

PLATFORM
INSTITUTIONAL AT Emg?‘mﬂg: k
REALIGNMENT AND INTEGRATION
NTEROPERABILIITY. GOVERNANCE NTEGRAT
National Standardized National National loT-hased
Smart Port PCSand cybersecurity training environmental
Governance Body  TOS systems framework programs monitoring
Alignment OpenAPls  CyberResilience ~ Financial ESG-linked
with Vision 2041 and data Taskforce incentives licensing and
andclimateplans ~ exchange for adoption reporting
standards
Y e T e——

Fig. 1. Five -Pillar Strategy for Smart Port Development
A. Institutional Realignment

e Establish a National Smart Port Governance
Authority.

e Harmonize digitization efforts with Vision
2041, the Delta Plan 2100, and the national
climate agenda.

B. Platform Infrastructure and Interoperability

e Deploy standardized Port Community Systems
(PCS) and Terminal Operating Systems (TOS).

e Mandate open APIs and industry-standard data
exchange protocols.
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C. Maritime Cybersecurity Governance
e FEnact a national Maritime
Framework.
e Create a Cyber Resilience Taskforce for real-
time threat detection and response.
D. Capacity Building and Stakeholder Incentives
e Launch national training programs on port
digitalization.
e Provide financial and regulatory incentives for
early adoption and innovation.
E. Environmental Informatics Integration
e Implement IoT-based monitoring systems for
emissions, noise, and energy use.
e Tie ESG performance to port
reporting, and investment policies.
4.9 Digital Port Evolution Roadmap (2025-2041)
To implement the strategy, a phased roadmap is
proposed:

Cybersecurity

licensing,

TABLE 4
COMPARATIVE SMART PORT MATRIX FOR
CHITTAGONG, SINGAPORE, ROTTERDAM AND
INPT

Year

Phase Strategic

Milestone

Establish national
authority, initiate
PCS/TOS pilots

Phase I: Setup 2025-2027

Mandate API
standards; align
customs and
logistics systems

Phase II:
Integration

2027-2030

Phase I1I:
Intelligence

2030-2035 Deploy Al and
predictive
analytics; ESG
dashboards

operational

Phase IV: 2035-2041

Resilience

Regional
leadership via
digital twins,

cross-border smart
trade corridors

(Source: Author’s own compilation based on secondary
data from [13],[14].

V. CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

This study has provided a comprehensive assessment of
the digital transformation landscape of Bangladesh’s port
system, with Chittagong Port serving as the focal case.
Through a synthesis of global best practices, theoretical
frameworks, and policy analysis, the research identifies
multiple interlinked challenges: operational
inefficiencies, fragmented technology initiatives,

ISBN 978-984-35-5270-9

stakeholder disconnection, cybersecurity vulnerabilities,
and a lack of environmental informatics.

Critically, these challenges are not merely technical in
nature but are deeply rooted in institutional misalignment,
limited organizational capacity, and policy inertia.
Theoretical interpretation through the Technology
Acceptance Model (TAM), Resource-Based View
(RBV), and Innovation Diffusion Theory (IDT) confirms
that digital transformation is constrained by behavioral,
infrastructural, and strategic governance failures rather
than by a lack of technological availability.

Despite these constraints, the study finds substantial
potential in port digitalization if pursued holistically. By
addressing  system-level inefficiencies, fostering
coordinated governance, and embedding sustainability
and cybersecurity in digital strategies, Bangladesh can
significantly improve its maritime competitiveness,
reduce logistics costs, and align port governance with
Vision 2041 and the UN Sustainable Development Goals
(SDGs 9, 13, and 14).

5.2 Recommendations

To overcome existing barriers and realize a digitally
resilient maritime ecosystem, the following multi-
pronged strategic recommendations are proposed:

A. Institutional and Policy Reform

e FEstablish a National Smart Port Governance
Authority under the Ministry of Shipping to
coordinate inter-agency digital initiatives and
policy implementation.

e Integrate port digitalization with overarching
national development frameworks such as
Vision 2041, Delta Plan 2100, and the
Bangladesh Climate Strategy.

e Enact digital legislation to streamline regulatory
mandates, reduce institutional overlaps, and
formalize cross-agency accountability
mechanisms.

B. Digital Infrastructure and Interoperability

e Deploy standardized Port Community Systems
(PCS) and Terminal Operating Systems (TOS)
with interoperable, scalable architecture across
all major ports.

e Mandate the use of open APIs and middleware
protocols to ensure seamless cross-platform data
exchange, interoperability, and transparency.

C. Cybersecurity and Risk Governance

e Develop and enforce a maritime cybersecurity
framework aligned with IMO MSC.428(98) to
ensure secure data handling, system resilience,
and auditability.

e Establish a Port Cyber Resilience Taskforce to
oversee threat monitoring, incident response,
digital vendor certification, and cybersecurity
audits.

D. Capacity Building and Incentive Design
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e Design and implement digital literacy and
training programs for port professionals,
customs officials, and freight operators through
national maritime academies.

e Offer tax incentives and targeted grants for
SMEs and logistics operators adopting smart
technologies, Al, or IoT in port operations.

E. Environmental and Sustainability Integration

e Implement IoT-based emission tracking systems
and environmental dashboards to baseline,
monitor, and report on carbon, noise, and energy
footprints.

e Link ESG compliance to port concession
licenses, public-private investment eligibility,
and SDG-related performance metrics.

F. Research, Innovation, and International Collaboration

e Invest in applied research and technology pilot
programs in collaboration with global
institutions such as MIT CTL, UNCTAD, and
ESCAP.

e Leverage South-South cooperation to adapt
successful smart port models from India,
Vietnam, and Indonesia to Bangladesh’s socio-
economic and governance context.

5.3 Future Research Directions

While this study provides a foundational roadmap,
several research gaps remain that merit empirical and
field-based exploration:

e Development of a localized Smart Port
Readiness Index (SPRI) tailored to the
infrastructural and governance characteristics of
Bangladesh.

e Quantitative assessment of IoT, AI, and
PCS/TOS’S technologies in improving port
efficiency, cost savings, and cargo throughput.

e Exploration of blockchain integration for end-
to-end customs transparency, trade
documentation, and digital trade finance.

e Simulation-based modeling of port operations,
including predictive berth scheduling, real-time
yard optimization, and energy-efficient routing.

Future studies incorporating stakeholder interviews,
operational performance data, and longitudinal field
observations will further refine this strategic framework
and provide actionable insights for Bangladesh’s port
authorities and policymakers.
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VI. Appendix
Appendix A: Literature Review and Screening Process
A.1. Source Selection Summary (2015-2025)
Initial sources identified: 126
e  Sources after screening and de-duplication: 92
e  Full-text articles reviewed: 78
e  Final sources included in synthesis: 72
o Peer-reviewed journal articles: 47
o Institutional white papers: 12
o Academic research reports (e.g., MIT
CTL): 8
o National documents (e.g., CPA Reports,
Vision 2041): 5
A.2. Thematic Coding Structure
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port case studies

Code Theme Number of
Sources

Tl Smart port 22
technologies
(IoT, Al,
Blockchain)

T2 Governance and | 13
institutional
challenges

T3 Environmental 9
monitoring and
sustainability

T4 PCS and TOS 10
integration

TS Global smart 18

Appendix B: KPI Indicators for Smart Port Benchmarking

Domain KPI Normalizati | Data
on Method | Source
Operational | Vessel Z-score CPA
turnaround | transformati | Reports,
time on Marine
Traffic
Automation | % of cargo | Indexedto | Terminal
handled via | port size Operator
automated Data
cranes
Customs Time to Min-max World
Efficiency | release scaling Bank LPI
digital
documents
(days)
IoT 10T devices | Quartile MIT CTL
Coverage per square ranking IoT Index
kilometer
of port
Sustainabili | 5-year Percentile UNCTAD,
ty GHG adjustment | GLEC
emission
reduction
(%)

Appendix C: Stakeholder Analysis Framework
C.1. Delphi-Based Stakeholder Triangulation

Stakeholder
Category

Source Proxy

Key Concerns
Identified
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Port Authority CPA Legacy systems,
(CPA) modernization digital planning
reports (2018— gaps
2023)
Terminal ESCAP & Siloed systems,
Operators BIMCO forums | limited
interoperability
Customs Ministry policy Lack of real-
Authorities briefs time integration
Technology SAP, Oracle Weak
Vendors whitepapers infrastructure,
cybersecurity
vulnerabilities
Researchers & Peer-reviewed Absence of
Experts interviews and frameworks for
studies predictive
analytics

Appendix D: Five-Pillar Smart Port Development Strategy

Pillar

Core Focus Area

1. Institutional
Realignment

National Smart Port
Governance Body, inter-
ministerial alignment

2. Digital Infrastructure

Integrated PCS/TOS
systems, open API
standards

3. Cybersecurity
Governance

Maritime cyber policies
aligned with IMO
standards

4. Environmental
Informatics

IoT-based monitoring
(emissions, energy, noise)

5. Capacity Building

Certified training
programs, incentives for
innovation
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