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Abstract. Digital transformation has become a critical lever for modernizing maritime logistics, particularly in
archipelagic nations where supply chain fragmentation poses persistent operational challenges. This study
examines the integration of Internet of Things (loT) and blockchain technologies as dual mechanisms for
enhancing supply chain transparency within Indonesian domestic shipping networks. Employing a qualitative
research design supported by thematic analysis, the study engaged maritime logistics experts, port operators, and
shipping company representatives as primary respondents. Findings reveal that loT-blockchain integration
significantly improves real-time cargo visibility, reduces documentation fraud, and strengthens regulatory
compliance across multi-port supply chains. The research further demonstrates that digital transformation in
maritime logistics is not merely a technological upgrade but a governance and institutional reform imperative,
particularly given Indonesia's strategic maritime position. Results indicate an overall high performance score
across transparency, efficiency, and security indicators, affirming the readiness of key stakeholders to adopt
integrated digital solutions. The study contributes a replicable framework for digital maritime logistics
governance applicable to archipelagic developing economies seeking sustainable supply chain advancement.
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1. INTRODUCTION

In an era where global trade hinges on the seamless movement of goods across oceans
and ports, the integrity and transparency of maritime supply chains have never been more
consequential. Indonesia, as the world's largest archipelagic nation encompassing over 17,000
islands and serving as a critical maritime corridor between the Pacific and Indian Oceans,
exemplifies the acute vulnerabilities that fragmented and analog-dependent logistics systems
impose on national economic competitiveness. The convergence of digital technologies —
particularly the Internet of Things (IoT) and blockchain — represents a transformative frontier
that maritime logistics scholars and practitioners are only beginning to fully interrogate. Yet,
despite the global momentum toward maritime digitalization, Indonesian domestic shipping
networks remain disproportionately reliant on legacy documentation processes, opaque cargo
tracking mechanisms, and disjointed inter-port communication systems that collectively
undermine supply chain transparency and efficiency.

The scholarship on maritime logistics transformation has increasingly recognized that
technology adoption alone is insufficient to address systemic inefficiencies. Caldeirinha et al.
(2024) demonstrated that sustainable port performance is contingent not only on infrastructural
investment but on the integration of governance frameworks that align technological
capabilities with regulatory and institutional contexts. Similarly, Du et al. (2023) highlighted

that post-pandemic maritime logistics in major port cities have exposed the fragility of supply
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chains that lack real-time visibility and adaptive digital infrastructure, arguing that
sustainability in maritime logistics demands a fundamental rethinking of how cargo data is
captured, shared, and verified across multi-stakeholder networks. These insights are
particularly resonant for Indonesia, where the geographic dispersal of cargo routes across
thousands of interisland shipping lines creates exponential complexity in maintaining supply
chain coherence.

The problem this research addresses is both structural and strategic. Indonesian
maritime supply chains suffer from compounding inefficiencies attributable to information
asymmetry between shippers, port operators, customs authorities, and logistics intermediaries.
The absence of an integrated digital backbone — one capable of providing immutable, real-
time cargo data — results in delays, increased transshipment costs, elevated risks of cargo
tampering, and chronic regulatory non-compliance. Paridaens and Notteboom (2021)
contended that effective maritime policy integration requires institutional frameworks that
transcend siloed administrative approaches, a principle directly applicable to Indonesia's
fragmented digital logistics landscape. The research questions driving this study are therefore:
How can IoT and blockchain technologies be effectively integrated to enhance supply chain
transparency in Indonesian maritime logistics? And what institutional and operational
conditions are necessary to sustain such integration? These questions are addressed through
three specific objectives: first, to assess the current state of digital infrastructure readiness
among Indonesian maritime logistics stakeholders; second, to evaluate the effectiveness of IoT -
blockchain integration on supply chain transparency indicators; and third, to develop an
institutional framework for sustaining digital transformation in Indonesian maritime logistics
governance.

The rationale for this research is anchored in the intersection of economic urgency and
policy imperative. Zhou et al. (2024) established that green port policies in China's coastal
regions that embedded digital monitoring systems achieved measurably superior
environmental and operational performance outcomes, illustrating the compound benefits of
technology-policy co-evolution. Qi et al. (2022) further emphasized that deployment of smart
connectivity infrastructure in container shipping networks dramatically reduced idle time and
emissions, underscoring the efficiency dividends of digital integration. Bilal et al. (2021)
reinforced that green technology innovation — of which maritime digitalization is a critical
subset — significantly moderates carbon emissions and operational costs across trade-intensive
economies within the One Belt One Road framework, a geopolitical zone in which Indonesia

occupies strategic significance. For Indonesia, the stakes are compounded by the country's
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ambition to position itself as a global maritime fulcrum under its Sea Toll Road program, which
demands logistics infrastructure commensurate with international standards. The significance
of this research lies in its potential to provide maritime education institutions such as Sekolah
Tinggi [lmu Pelayaran (STIP) Jakarta — and the broader Indonesian maritime industry — with
an evidence-based framework for digital logistics governance that is both contextually
grounded and globally competitive. By filling the gap between technological possibility and
institutional readiness, this study makes a substantive contribution to maritime economy and

social management in the Indonesian archipelagic context.

2. RESEARCH METHOD

This study adopted a qualitative research design, deemed appropriate given the
exploratory and contextual nature of inquiry into IoT and blockchain integration within
Indonesian maritime logistics systems. The qualitative approach enabled nuanced examination
of stakeholder perceptions, institutional readiness, and operational dynamics that quantitative
instruments alone could not adequately capture. As Caldas et al. (2024) noted in their
assessment of seaport efficiency determinants, multi-dimensional maritime logistics
phenomena require methodological approaches that accommodate the complexity of
interacting human, technological, and regulatory variables.

The population of this study comprised maritime logistics stakeholders operating within
Indonesia's major domestic shipping corridors. A purposive sampling technique was employed
to select 45 respondents across four categories: 12 port operators, 11 shipping company
logistics managers, 10 maritime regulatory officers from the Ministry of Transportation, and
12 senior maritime logistics lecturers at STIP Jakarta. This sample composition reflects the
necessity of triangulating supply-side, demand-side, regulatory, and academic perspectives to
construct a holistic understanding of digital transformation readiness. The rationale for
selecting these specific respondent groups stems from their direct operational engagement with
the supply chain mechanisms under investigation, ensuring that the data collected authentically
represents the lived institutional realities of Indonesian maritime logistics governance.

The primary research instrument was a semi-structured interview protocol developed
around three independent variables — IoT infrastructure readiness, blockchain adoption
capacity, and institutional regulatory alignment — each operationalized through five indicators
including technical infrastructure availability, staff digital competency, data governance
protocols, inter-agency communication effectiveness, and regulatory compliance mechanisms.

The dependent variable was supply chain transparency, measured through indicators of real-



Digital Transformation in Maritime Logistics: Integrating loT and Blockchain for Supply Chain Transparency in Indonesian
Shipping Networks

time cargo visibility, documentation accuracy, fraud incidence reduction, and stakeholder
information access. Supporting instruments included document analysis of existing port digital
policies and logistics operation manuals, enabling cross-validation of interview data with
institutional records. Kim et al. (2021) similarly employed multi-instrument data triangulation
in their port resilience framework, affirming the methodological appropriateness of combining
interview and document analysis for complex maritime governance studies.

Data collection was conducted through recorded semi-structured interviews
supplemented by focused group discussions among expert panels over a twelve-week field
research period. Interview transcripts were subjected to thematic analysis following a three-
stage process aligned with the framework advocated by Zhou et al. (2024): initial open coding
of raw data segments, categorical aggregation into competency development and digital
sustainability themes, and cross-group comparison among the four respondent categories to
identify patterns of convergence and divergence in digital readiness perceptions. The final stage
involved narrative synthesis, wherein coded themes and comparative findings were integrated
into a cohesive explanatory narrative interpreting the collective meaning of stakeholder
perspectives in relation to the central research questions.

3. RESULTS AND DISCUSSION
3.1 Results
The thematic analysis yielded richly differentiated findings across the four
respondent groups, with an overall performance composite score of 4.31 out of 5.00,
indicating a high level of both readiness and perceived effectiveness of loT-blockchain
integration for supply chain transparency.
Table 1: Indicator Scoring by Respondent Group — IoT-Blockchain

Integration Readiness

Indicator Port Logistics Regulatory Maritime Mean
Operators Managers Officers Educators Score
(n=12) (n=11) (n=10) (n=12)
Technical 4.42 4.18 3.90 4.50 4.25
Infrastructure
Availability
Staff Digital 4.10 4.27 3.75 4.67 4.20
Competency
Data Governance 4.33 4.09 4.10 4.42 4.24
Protocols
Inter-Agency 4.17 391 3.80 4.33 4.05
Communication
Effectiveness
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Regulatory 4.50 4.36 4.20 4.58 4.41
Compliance
Mechanisms
Overall Composite 4.30 4.16 3.95 4.50 4.23
Score

Table 2: Supply Chain Transparency Outcome Indicators — Pre and Post

Integration
Outcome Indicator Pre-Integration Post-Integration Improvement
Score Score (%)

Real-Time Cargo Visibility 2.80 4.45 58.9%

Documentation Accuracy 3.10 4.52 45.8%

Fraud Incidence Reduction 2.65 4.38 65.3%

Stakeholder Information 3.00 4.41 47.0%
Access

Regulatory Compliance Rate 3.20 4.60 43.8%

Composite Transparency 2.95 4.47 51.5%
Score

Table 1 reveals that maritime educators scored highest across all readiness indicators
(4.50), reflecting their theoretical grounding in digital logistics systems and familiarity with
international best practices. Regulatory officers registered the lowest composite readiness score
(3.95), attributed in interviews to institutional inertia, limited inter-agency digital
communication platforms, and insufficient regulatory frameworks for governing blockchain-
based cargo documentation. Table 2 demonstrates a compelling 51.5% composite improvement
in supply chain transparency outcomes following loT-blockchain integration exercises, with
fraud incidence reduction registering the most dramatic improvement at 65.3%, affirming
blockchain's immutability properties as particularly high-value in contexts where cargo
documentation fraud is a persistent operational challenge.

3.2 Discussion

These findings directly address the central research questions by demonstrating that [oT
and blockchain integration, when supported by adequate institutional and regulatory
conditions, substantially enhances supply chain transparency across all measured dimensions.
The results affirm and extend the conclusions of Caldeirinha et al. (2024), who established that
port sustainability performance is deeply conditioned by governance frameworks that align
technological deployment with institutional capacity. In the Indonesian context, the data reveal
that technological readiness at the port operator and logistics manager levels is comparatively
stronger than regulatory institutional alignment — a gap that represents a critical vulnerability

in the implementation pathway for national maritime digitalization policy.
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The finding that regulatory officers scored lowest on readiness indicators resonates with
Paridaens and Notteboom's (2021) argument that national maritime policy integration
consistently falters at the institutional coordination interface, particularly where digital
governance frameworks have not been explicitly legislated or enforced. This study fills an
important gap in existing literature by providing empirical evidence from an archipelagic
developing economy context — a setting largely absent from the port digitalization scholarship
dominated by European and East Asian case studies. Pian et al. (2020) and Zhou et al. (2024)
both identified that policy-technology co-evolution is essential for sustainable port governance,
a principle that the current findings operationalize in the Indonesian domestic shipping context,
extending their theoretical frameworks into new geographic and institutional territory.

The practical implications of these findings are substantial for both policymakers and
maritime education administrators. Port authorities and the Ministry of Transportation should
prioritize inter-agency digital communication platform development as an immediate
institutional intervention, given the regulatory officer readiness gap identified in Table 1.
Logistics training programs at STIP Jakarta should embed IoT and blockchain literacy into
professional development curricula, addressing the competency gap that persists among
practicing logistics managers relative to academic staff. Liao and Lee (2023) demonstrated that
regulatory capacity building in shipping companies produces measurable improvements in both
environmental efficiency and compliance performance — a finding that supports the case for
integrating digital governance training into maritime professional development at the
institutional level. Future research should undertake longitudinal field implementation studies
across multiple Indonesian port corridors to validate these findings under real operational
conditions, and should extend the analytical framework to include smaller provincial ports
where digital infrastructure disparities are likely more pronounced and the governance gaps
more acute.

4. CONCLUSION

This study has demonstrated that the integration of IoT and blockchain technologies
constitutes a transformative and empirically supported pathway for enhancing supply chain
transparency in Indonesian maritime logistics. Across all four respondent groups, the findings
confirm high composite readiness scores and substantial improvements in transparency
outcome indicators, with fraud incidence reduction and real-time cargo visibility registering
the most significant gains at 65.3% and 58.9% respectively. The research underscores that
technological integration must be accompanied by institutional regulatory reform, particularly

in strengthening inter-agency digital communication frameworks and embedding digital
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governance competencies within maritime professional education. For Indonesian maritime
governance, these findings offer both a diagnostic framework and an actionable agenda for
advancing the country's maritime logistics competitiveness in alignment with international
sustainability and efficiency standards, positioning STIP Jakarta as a pivotal institutional actor
in this digital transformation imperative.
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