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Abstract

As we all know, the shipping industry is crucial to global supply networks as it enables the
transportation of goods over long distances. However, there are still supply chain
traceability issues in this industry that affect efficiency, transparency, and sustainability.
This study aims to address these issues by examining the potential benefits of modern
traceability systems specifically tailored to the maritime sector.

In addition, as part of the analysis of the academic literature, existing studies and the real-
life use of traceability in the supply chain are examined, with a focus on the shipping sector.
The importance of traceability in supply chains, the use of technology to improve
traceability, and the benefits and problems of implementation are among the key topics
discussed. Prominent study findings, industry reports, and academic papers are used to
provide a thorough understanding of the topic.

The study methodology utilizes the case study technique, with MarineTraffic, a major
provider of vessel monitoring and maritime data, serving as the focal company. The case
study includes an in-depth examination of MarineTraffic's supply chain traceability
solutions, considering their impact on stakeholders, processes, and overall supply chain
performance. Key stakeholders such as supply chain managers, shipping companies, and
industry experts will be interviewed to gain insights into the existing traceability processes
and identify opportunities for improvement.

This dissertation aims to provide ideas and tactics to improve supply chain traceability in
the maritime industry by examining the results of the case studies and integrating theoretical
viewpoints. The introduction of new technologies such as blockchain, IoT, and data
analytics can be incorporated into the proposed solutions to increase transparency, real-time

visibility, and data integrity within maritime supply chains.

Keywords
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Transparency, Sustainability, Advanced Traceability Systems, Case Study, MarineTraffic,
Vessel Tracking, Data Analysis, Stakeholder Impact, Supply Chain Performance,
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Iepiinyn

Onwg 610t yvopilovpe, 0 VOOTIAMAKOC TOUENS €IV KPIGILOG Y10 TO TOYKOG U0 EPOOACTIK
diktvo, koOMC emTpémEl TN UETAPOPA ayobmv o€ peydheg amootdcels. 201000,
e&akoAovBovv vo VITdpPyovY TPOPALOTO AVIXVEVGIUOTNTOS GTNV OAVGIO0. EQPOSLOGTIKNG
7oV EMNPEALOVY TNV ATOTEAEGUATIKOTNTA, T SLOQAVELD KOt T Ploctudtnto. At 1 perét
OTOYEVEL OTNV OAVIUETOTION oWTOV TV {NTNUatov e£eTdloviag To SLVVNTIKA OQEAN
LOVTEPVOV GUGTNUAT®V OVIYVELGIUOTITOG TOV TPOGAPUOLOVTAL E10TKE GTOV VOUTIKO TOUEA.
Emumiéov, ®g pépog ¢ ovdivong e okadnuaikng Piploypaeiag, eEetalovton
VILAPYOVOEG UEAETEG KOL M TPUYUOTIKY XPNON TNG OVIXVELGILOTNTOS GTNV €POSLNGTIKN
alvoioa, pe éueoacn otov Topéa TG voutiMag. Xvlntovvronr Kevipikd Bépata dmwg 1
oNUacio TG AVIXVELGILOTNTOS OTIS EPOOLUGTIKNG AAVGIOES, 1| XPNOT TNG TEXVOAOYING Yio
™ BeATi®ON TNG AVIXVELGIULOTNTOG KoL TO OQEAT KOl TO. TPOPANIATA TG VAOTOINGNG TG,
XpNo1onoohvtol EMIONG ONUOVTIKG SVPNUOTO UEAET®V, OVAPOPEG TOL KAASOL Kot
KON UOTKA ApOpa Yo Vo TapEXOVV L0 EUTEPICTATMUEVT KoTavonomn tov B€patog.

H MarineTraffic, évag onuoavtikog mhpoyog mapakorovdnong mlolov Kot vVOuTIAMoK®OV
dedopévmv, Aettovpyel og kevipikn etorpeio. H pedét mephapfdvel pio epmpdypotm
e€étoon TOV ADGEMV OVIXVELGILOTNTOS GTNV £POOoTIK aAvcida g MarineTraffic,
AOpUPAVOVTAG VTTOYT TIG EMMTMOCELS TOVS GTOVS EUTAEKOUEVOLG POPEIS, TIG O10OIKOGIES KoL
TN GLVOAIKY] atOd00T TNG £POONGTIKNG aAvGidag. Koplol evdlapepouevol eopeic, dmwg
OLOYEPIOTES EPOJOCTIKNG OAVGIONG, VOVTIAKES €TOPElES Kt €101Kol Tov KAGdoL, Oa
ocvvevtevyBohv vy vo oamoktnBodv E0ayOYIKE OTA  LPIOTAPEVA  TPOYPALATO
AVLYVELCLUOTNTOG KO VO EVTOTIGTOVV gVKAPieg Yo PeAtimon.

Avt) n SwrpPn otoxedel 610 Vo TapExEl 106€C Kol TOKTIKES Yo TN Peitioon g
OVIYVELGIUOTNTOG GTOV TOUEN TNG VOLTIAIOG HE TNV €EETOCT TMOV OMOTEAEGUATOV TOV
peAETOV TepinTmong kat v Eviaén Beopnrikadv andyemv. H eicaywyn véwv texvoroyidv
omwg 1o blockchain, to IoT wot n avdAivon dedopévev pmopel vo evompoatwbel otig
TPOTEWVOUEVEG ADGELS Y1 TNV avENoT TG O10paveLas, TG TPOPOANG GE TPAYLATIKO YPOVO

KOl TG OKEPOATNTOS TV 0E00UEVMVY 0TIS Bohdooieg aAlvcideg epod1acLoD.
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Introduction

The maritime sector, as a cornerstone in the huge network of global supply chains, plays a
key role in the movement of products across long distances. The complicated choreography
of shipping operations highlights the importance of effective supply chain traceability as
items travel across seas and countries. Nonetheless, despite its critical role, the marine sector
has chronic problems that limit the free flow of information, negatively hurting efficiency,
transparency, and sustainability.
In this context, this dissertation embarks on a thorough investigation aimed at tackling the
complex issues regarding supply chain traceability in the maritime sector. The numerous
consequences of insufficient traceability highlight the importance of the present
investigation. Aside from the immediate operational disturbances, a lack of traceability can
result in inefficient resource allocation, increased environmental impact, and damaged
stakeholder confidence. As the maritime industry aligns with the worldwide need for
sustainable practices, there is an urgent need to examine and improve traceability concerns
to ensure long-term resilience and profitability. The structure of the thesis is as follows:
v Chapter 1: Background and Rationale
The opening chapter lays the foundation by providing an overarching view of the
maritime industry's pivotal global role. Delving into the historical evolution of the
challenges associated with supply chain traceability, this section aims to crystallize the
rationale for prioritizing this aspect within the maritime domain.
v" Chapter 2: Literature Review
As the journey progresses, the literature review serves as a compass, guiding the
exploration through existing research and practical applications of supply chain
traceability. A specific focus on the maritime industry unveils key themes, including the
nuanced significance of traceability, technological interventions that enhance
traceability, and the spectrum of benefits and challenges intertwined with its
implementation.
v Chapter 3: Research Methodology
Transitioning into the methodology chapter, the chosen navigational route becomes
apparent — a case study approach centering on MarineTraffic, a distinguished provider

of vessel tracking and maritime data. This chapter elucidates the rationale behind
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selecting MarineTraffic, delineates the scope of the case study, and establishes the
framework for an in-depth analysis.

v’ Chapter 4: Case Study - MarineTraffic's Supply Chain Traceability Solutions
The heart of the dissertation lies in the detailed exploration of MarineTraffic's
traceability solutions. This chapter scrutinizes the impact of these solutions on
stakeholders, dissects their influence on critical processes, and evaluates their
contribution to the overarching performance of the maritime supply chain. Theoretical
perspectives are seamlessly woven into the fabric of the case study findings to offer a
comprehensive understanding.

v Chapter 5: Stakeholder Insights: Interviews and Perspectives
With the vessel of knowledge firmly anchored in the case study, the dissertation
proceeds to gather insights directly from the navigators of the maritime industry.
Through interviews with key stakeholders — supply chain managers, shipping
companies, and industry experts — the chapter endeavors to cast light on the current
state of traceability practices and unearth untapped opportunities for improvement.

v" Chapter 6: Recommendations and Strategies for Enhancement
This chapter proposes techniques for better traceability in shipping supply chains, using
technologies such as blockchain, IoT, and data analytics. The chapter gives practical
solutions to improve traceability in maritime activities, visualizing a future distinguished
by transparency and real-time visibility.

v" Chapter 7: Implications and Future Directions
Outside local contexts, this chapter investigates the broader influence of findings on the
maritime sector, offering insights and a road map for future research activities. It serves
as a compass for sustainability and digital transformation, laying the groundwork for
continued research into supply chain traceability dynamics.

Finally, the purpose of this dissertation is to add to the story of improving supply chain

traceability in the maritime business. As the sector navigates the waters of sustainability and

digital transformation, the dissertation serves as a guiding light, revealing the road to a more

transparent, efficient, and sustainable maritime supply chain.
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1. Background and Rationale

1.1 Overview of the Maritime Industry's Global Significance

The maritime sector, which is frequently promoted as a vital component of worldwide trade
(1), is big proof of the complicated balance between human creativity, economic power, and
the interdependence of our globalized globe. Its importance extends far beyond the huge
ships (2) that navigate the waters; it is a diverse system that connects nations, economics,
and cultures.

At its core, the maritime industry is a chain of activities, each of which plays an important
part in the smooth transportation of products over our planet's vast expanses, is a dynamic
force that determines the outlines of global business, from the large cargo ships that
smoothly cross seas to the hectic activities within ports. With origins dating back to the first
human discoveries of faraway lands, this sector has grown into a sophisticated network of
linked systems that power the engine of international trade.

The history of the maritime business is connected with the story of human exploration and
trade (3). Maritime activities have been central to the expansion of human knowledge and
the facilitation of cross-cultural exchanges, from the Silk Road (4), a maritime route that
facilitated the exchange of silk (5), spices, and cultural ideas across the Asian continent and
the Western world to the Age of Discovery (6), where intrepid sailors set out into the
unknown. In the present day, the maritime industry is at the crossroads of historical heritage
and modern technical innovation (7).

Quantifying the shipping industry's economic effect uncovers startling data that highlight
its importance. According to UNCTAD, maritime shipping accounts for roughly 80% of
world trade by volume and 70% by value (8). These figures are more than just numbers;
they are the lifeblood of economies all across the world. Ports, often known as economic
gateways, are areas of activity where commodities from one country travel to another.
Coastal villages, historically related to marine activity, rely on the dynamic trade that
defines these ports for a living.

Technological advancement has been a continuous companion on the voyage of the shipping
industry (9). Containerization revolutionized freight handling (10) in the mid-twentieth
century, transforming ports into streamlined hubs of activity (11). Today, the sector adopts

digital technology (12), smart shipping solutions, and real-time tracking systems (13), which
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not only improve efficiency but also redefine global trade possibilities (14). The instruments
altering the landscape of maritime operations include automated ports (15), intelligent

logistics, and data analytics (16).
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With the world's attention increasingly focused on sustainability, the maritime sector is at
the forefront of environmental concerns (17). The size of its activities, as well as its reliance
on fossil fuels, have forced a reevaluation of its environmental effect. The industry is
moving towards greener horizons, from the research of alternative fuels (18) to the creation
of eco-friendly vessel designs (19). The task is not merely to maintain present trade levels,
but to do so responsibly while reducing environmental impacts (20).

The maritime sector is a major geopolitical player in the world arena (21). Sea routes are
more than simply transportation corridors; they are geopolitical chessboards that influence
international relations (22). Control of critical marine chokepoints, such as the Suez Canal
or the South China Sea, is a strategic objective, not a logistical one (23). The power
dynamics that take place along these maritime channels have far-reaching consequences,
affecting alliances, commercial linkages, and even how history unfolds (24).

Simply put, the maritime industry's global relevance is a combination of history, money,

technology, and global impact. As this dissertation investigates supply chain traceability in
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this massive industry, it recognizes that it is about more than simply logistics; it is about

understanding those complex relationships that hold our world together.

1.2 Emergence and Evolution of Supply Chain Traceability Challenges

While the development of the shipping industry was characterized by remarkable advances
in technology and efficiency (25), it was also full of complications. With the expansion of
global trade, the need for effective supply chain traceability became a major concern. This
section looks at the historical development of these challenges, their origins, their evolution,
and the central role they play in shaping the landscape of the maritime sector today.

To comprehend the difficulties of tracing items in the maritime business, we must first
examine its history. There was no modern technology to monitor things in real-time in the
past, such as during the maritime Silk Road (26). Because they relied on handwritten
recordkeeping and the credibility of agent groups, goods flowed through this trade network
with many uncertainties. The lack of exact tracking systems exposed the supply chain to

interruptions, mistakes, and even criminal actions.

Image 2: China’s Maritime Silk Road provides the oceanic network supporting the land Economic Belt

The introduction of containerization in the mid-twentieth century brought about dramatic
improvements, considerably improving freight handling efficiency. It did, however, offer

further levels of complication. While standardized containers streamlined procedures,
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accurate traceability was required to allow the smooth flow of commodities across multiple
forms of transportation. The maritime industry finds itself at the crossroads of conventional
shipping methods and the needs of a more linked globe (27).

The late twentieth century saw a technological breakthrough that would have far-reaching
consequences for the marine sector. The combination of computers, satellite
communication, and data processing systems created new potential while also highlighting
traceability flaws (28). While digital technologies increased documentation, a lack of
common protocols and interoperability hampered the flow of information across the supply
chain. Each stakeholder—shipping lines, ports, and customs—worked inside their technical
silos, resulting in information territories rather than an integrated traceability network.
These challenges have been got worse by the emergence of multinational supply chains and
the rising complexity of shipping operations. The vessels passed through several
jurisdictions, each nation with its own regulatory structure and paperwork needs. As a result,
paper-based methods of the past struggled to keep up with the speed and volume of modern
trade. This period saw an increase in paperwork-related mistakes, cargo clearance delays,
and an increasing demand for traceability methods that could transcend the segmented

nature of the maritime supply chain.

Image 3: Port of Baku in Alat, Azerbaijan, on the west coast of the Caspian Sea. Photo: Port of Baku
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The turn of the century saw a shift in the perception of supply chain traceability. Traceability
has become a significant aspect of security requirements, in addition to its efficiency
benefits. Incidents such as the September 11, 2001 attacks revealed the supply chain's
deficits (29), leading to traceability being considered not just as a practical need, but also as
a tool for improving security and resilience.

Consequently, efforts and actions have been undertaken by the International Maritime
Organization (IMO) (30) and other regulatory authorities to strengthen traceability rules
around the globe. The International Ship and Port Facility Security (ISPS) Code (31), which
went into effect in 2004 (32), requires more strict security measures for ships and ports
worldwide. While these solutions improved security, they also highlighted the necessity for
traceability systems capable of smoothly integrating security needs into the wider supply
chain structure.

The increasing number of traceability issues in the supply chain forced authorities to act as
fast as possible, as governments began to seek uniform traceability measures as they
understood the linked nature of marine trade. In the United States, initiatives such as the
Container Security Initiative (CSI) (33) and the Customs-Trade Partnership Against
Terrorism (C-TPAT) (34) seek to provide a coordinated framework for supply chain security
and traceability. While these methods strengthened security, they also increased regulatory
complexity, necessitating a careful balancing between security requirements and economic
growth. The supply chain in the twenty-first century is indeed dealing with a bunch of
traceability challenges, such as technical fragmentation, security needs, and increasing
regulations. As a result, stakeholders try to find ways to combine efficiency, safety, and
compliance requirements in their activities.

After all, the marine industry's history of supply chain traceability is one of flexibility and
evolution. As this research proceeds, it becomes evident that the investigation of traceability
is more than a historical exercise. It is a critical examination of the dynamic elements that

impact the industry's capacity to adapt and grow in an ever-changing world.

1.3 Rationale for Focusing on Traceability in the Maritime Sector

The maritime business, as we all know, is not immune to the complexity and challenges of
today's commercial world. Among the many difficulties that industry stakeholders face,

enhancing traceability has emerged as a strategic aim for operational efficiency (35), risk
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reduction, and long-term growth. With its complex network of stakeholders, multiple cargo
types, and broad geographical reach, the maritime business needs a degree of operational
accuracy that exceeds standard practices. Traceability, the ability to track and trace the
movement of goods through the supply chain (36), emerges as the cornerstone for achieving
this precision.

In an industry where timely delivery is often as critical as the nature of the cargo itself, the
ability to monitor, in real-time, the location, condition, and status of shipments becomes a
strategic necessity. This is not just about meeting deadlines, but about organizing processes
involving different ships, ports, logistics providers, and regulators around the globe. The
lack of effective tracking and tracing mechanisms leads to inefficiencies — delays in cargo
handling, mismanagement of resources, and the risk of goods being misplaced, rolled over,
or lost in the ‘jungle’ of maritime transportation, where risks lurk at every turn. From
extreme weather conditions to geopolitical tensions impacting sea routes, the industry is no

stranger to unpredictability (37).
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Image 4: Factors affecting Transit Time
Consider the following scenario: a vessel transporting perishable products is redirected due
to unexpected events. Without real-time traceability, stakeholders are kept in the dark and
unable to address the problem effectively. On the other hand, traceability enables quick

decision-making by providing instant visibility into the location and status of products. It
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enables stakeholders to reroute shipments, optimize storage conditions, and reduce the effect
of interruptions. Furthermore, traceability becomes an important tool for resolving security
problems. In an era where the shipping industry is not just a conduit for legal trade but also
a potential opportunity for criminal activity, the capacity to track the movement of products
is critical to security requirements, since, traceability offers a layer of transparency that is
essential for securing the maritime supply chain, whether it is avoiding allowing the entry
of smuggling or maintaining the integrity of high-value goods.

In an era when sustainability is more than just an expression, it is a strategic necessity, the
maritime industry is under growing pressure to connect its practices with environmental
aims. The environmental effect of marine operations is being studied, from emissions to
waste disposal (38). In this setting, traceability emerges as a tool for pushing sustainable
behaviors as well as achieving regulatory standards.

Consider the traceability of a shipment of goods from its origin to its destination. This
traceability extends beyond the logistics chain to include information about the
environmental footprint of the transportation modes used, the energy efficiency of the
vessels, and the adherence to emission standards (39). This comprehensive traceability
allows stakeholders to make informed decisions that prioritize sustainable practices.

The maritime industry operates in a constantly changing regulatory environment. The
regulations that regulate international trade, security measures, and environmental standards
are always evolving. Navigating this dynamic landscape needs a proactive approach to
compliance, and traceability emerges as a critical tool for doing so.

From the International Maritime Organization's (IMO) regulations to regional initiatives
like the European Union's Monitoring, Reporting, Verification (MRV) regulation, a variety
of standards must be followed by the maritime industry (40). Effective traceability systems
not only assure compliance with these requirements but also provide a proactive method for
anticipating and reacting to regulatory changes. This is about more than just avoiding fines;
it i1s about future-proofing shipping operations in a regulatory environment that is
increasingly focused on openness, responsibility, and sustainability.

Traceability becomes an enabler for exploiting the promise of these disruptive technologies
as the maritime industry adopts digitalization (41), smart shipping solutions (42), and the
Internet of Things (IoT) (43). Consider the use of sensor technology to monitor factors such
as temperature and humidity in shipping containers (44). When this data is easily

incorporated into a traceability system, it not only assures the quality of volatile goods but
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also opens up possibilities for predictive analytics (45). Stakeholders may foresee

challenges, improve routes, and contribute to the growth of a smarter and more efficient

maritime supply chain in the wider picture.

1.4 Technological Landscape: Catalyst for Transformative Traceability

Because of its complexity and worldwide reach, the maritime industry has always been
eager to adopt new technology. As we move deeper into the digital era, this part investigates
how technology is affecting and redefining the way items are monitored in the maritime
sector. The marine industry necessitates a high level of operational precision due to its
complicated network of numerous parties engaged, varied sorts of cargo, and broad
geographical coverage. To achieve this accuracy, the capacity to monitor and trace the
movement of things along the supply chain becomes critical.

Early milestones involved satellite communication, computerized navigation systems, and
the integration of on-board sensors. These technologies improved operating efficiency while
also laying the framework for traceability by delivering crucial data points. The industry is
currently on the verge of a new age defined by the Internet of Things (I0T), blockchain (46),
and data analytics. Understanding this tendency is critical for recognizing technology's

transformational potential in improving traceability.
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The Internet of Things, with its capacity to connect physical equipment and communicate
real-time data, has emerged as a game changer for maritime traceability, from smart
containers that monitor cargo conditions to sensor-equipped vessels that provide an
enormous amount of data on their voyages.

Blockchain technology develops as a safe basis for traceability (47) in an era where data
integrity and security are crucial, demonstrating how distributed ledger technology may
improve transparency, eliminate fraud, and speed up paperwork procedures.

The amount of data collected during maritime operations might be challenging, aided by
artificial intelligence and machine learning, which may transform this data flood into
meaningful insights. Data analytics becomes a strategic tool for improving traceability, from
forecasting vessel maintenance needs to optimizing shipping routes based on past trends.
A maritime ecosystem in which historical data on routes, weather patterns, and vessel
performance is used to forecast the most efficient and secure routes. This proactive approach
not only enhances operational efficiency but also contributes to the traceability system's
predictive capabilities. Based on data-driven insights, stakeholders may foresee difficulties,

make well-informed choices, and continually enhance their operations.
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2. Literature Review

2.1 Exploration of Existing Research on Supply Chain Traceability

Supply chain traceability has emerged as a significant study area, suggesting growing
recognition of its importance in enhancing operational efficiency, preserving compliance,
and contributing to sustainability (48). The research on supply chain traceability in the
academic literature may be traced back to early discussions on logistics, quality
management, and the broader issue of supply chain management (49). Initial research
usually focused on tracking products through the process, with an emphasis on quality
assurance and meeting regulatory standards (50). However, the scope of traceability studies
expanded as supply networks became more complex and global (51).

In the late twentieth century, there was a tendency toward a broader definition of traceability
(52). Researchers began to concentrate not just on internal product monitoring within
enterprises, but also on overall supply chain dynamics (53). This transition was fueled by
factors such as the rise of global trade, improved customer awareness, and the growth of
technology that may enable total traceability outside organizational borders (54).
Traceability research has used a variety of techniques, reflecting the topic's broad nature. In
qualitative research, in-depth interviews with industry experts, supply chain managers, and
key stakeholders are typically utilized to better understand the difficulties, benefits, and
solutions connected with traceability adoption. Surveys and statistical studies are frequently
used to assess the frequency of traceability procedures, their impact on performance metrics,
and their relationship with factors like as regulatory compliance (55). Case studies have
provided varied insights into the actual implementation of traceability. These studies
frequently focus on specific industries or organizations, offering a comprehensive review of
traceability systems, challenges faced, and outcomes gained (56). For example, a case study
can look at how one company in the automotive sector employed traceability to increase
quality control and compliance with industry standards (57). The relevance of traceability
in today's supply networks has been discussed extensively in the literature. In early studies,
traceability was typically described as a quality control requirement, ensuring that defective
goods could be tracked back to their source for corrective action (58). However, as supply
chains evolved into complex global networks, the requirement for traceability increased.

Traceability is widely recognized as a strategic risk management, operational efficiency,
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and customer satisfaction tool (59). Natural catastrophes, geopolitical crises, and supply
chain bottlenecks have all been found in research to have less impact on traceability (60).
The capacity to track a product's journey from raw materials to end users promotes
transparency and confidence in more concerned consumer markets (61).

Traditional traceability systems, like as barcodes and serial numbers, have been
supplemented and, in many cases, completely superseded by more advanced technology
(62). RFID (Radio-Frequency Identification), GPS (Global Positioning System), and IoT
(Internet of Things) devices are just a few of the technologies that are changing the way
things are monitored and traced throughout supply chains (63).

The focus of research is not just on the technical elements of these technologies, but also on
their strategic consequences. RFID technology, for example, offers real-time tracking of
individual objects, lowering the risk of mistakes and delays (64). GPS technology gives
geographical data, allowing for a more thorough picture of commodities movement. The
incorporation of these technologies into traceability systems corresponds to larger
digitalization and Industry 4.0 developments (65). Existing research outlines the benefits
and disadvantages of developing traceability in supply networks (66). On the positive side,
studies demonstrate that operational efficiency, inventory management, and overall supply
chain visibility have all improved. Traceability promotes quicker reaction times, shorter lead
times, and more effective resource utilization (67).

Traceability is frequently promoted as a technique for meeting regulatory and industry
standards. This is especially crucial in businesses with high quality and safety standards,
such as pharmaceuticals and food and drinks (68). Traceability ensures that things may be
immediately recalled if there are safety issues, limiting the potential impact on customers
and protecting businesses' reputations (69).

However, the literature is also open about the difficulties that come with implementing
traceability. These difficulties are of a technological, organizational, and regulatory nature.
Integrating various technologies into existing systems necessitates substantial expenditures
and skills (70). Common themes include organizational opposition to change, data privacy
issues, and the difficulty of coordinating traceability efforts throughout a multi-tiered supply
chain.

Recent literature reflects the dynamic nature of traceability research, with an emphasis on
new trends and prospects. Blockchain technology, for example, has received a lot of interest

for its promise to revolutionize traceability by generating a secure and decentralized record

Master Thesis 13



OPEN

HELLENIC Panagiotis Sioutis, Enhancing Supply Chain Traceability in the
UNIVERSITY Maritime Industry

(71). Blockchain research is being performed to see how it may increase transparency,
prevent fraud, and speed up documentation procedures in supply chains (72). The increased
emphasis on sustainability has changed the emphasis on traceability research (73). Experts
investigate how traceability might support environmentally sustainable activities ranging
from ensuring the integrity of eco-friendly information to tracking a product's carbon
footprint throughout its life cycle (74).

Finally, an examination of existing research on supply chain traceability provides a
comprehensive overview of the evolution, methodology, and significant concerns in this
constantly shifting area. As this overview of the literature establishes the framework for the
next chapters, it becomes evident that traceability is more than a technical need; it is a matter

of strategy that determines the adaptability and competitiveness of today's supply chains.

2.2 Practical Applications in Various Industries and Specific Emphasis on
the Maritime Sector

Supply chain traceability has progressed beyond theories to become a real and transforming
force in many industries. This section explores the practical applications of traceability,
including significant studies and insights that shed light on its impact in the real world. The
investigation spans many industries, with a special emphasis on the maritime sector,
revealing how traceability is redefining operating paradigms and improving the resilience
of global supply chains.

The automobile sector is a trailblazer in the use of traceability to assure quality control and
compliance. Traceability is being used to monitor the whole lifespan of components, from
manufacture to assembly and distribution, according to research in this area (75). Barcoding
and RFID technology are critical in identifying individual components, decreasing the
possibility of failures, and enabling quick solutions to quality concerns (76). Case studies
show how automakers use traceability not only for regulatory compliance but also as a
strategic tool to improve consumer satisfaction (77). The ability to properly detect and
identify impacted cars or components during a recall minimizes interruptions and protects
brand reputation. The concepts developed in the automobile industry serve as a model for
implementing traceability in other sectors (78).

Traceability is important in the pharmaceutical and healthcare sectors for reasons other than

regulatory compliance; it is also important for patient safety and public health (79). The
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literature in this field emphasizes the importance of traceability in monitoring
pharmaceutical items from manufacture to distribution and, finally, to the patient (80).
Pharmaceutical traceability systems frequently include serialized coding, which allows for
the unique identification of individual units. This detailed traceability not only helps with
compliance with tight standards but also serves as a strong deterrent to counterfeit
pharmaceuticals. Traceability, according to the researchers, improves the speed and
precision of recalls, protecting patients from potentially dangerous goods and guaranteeing

the integrity of the pharmaceutical supply chain (81).
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Image 6: 5 Reasons for Shipping Container Delay (MarineTraffic 2023)

In the food and beverage business, traceability is more than just a logistical need (82); it is
also a response to increased customer demands for transparency and safety (83).
Traceability systems, which are usually integrated with sensors and IoT devices, track the
flow of food products from farm to fork, according to the literature (84). Traceability has
practical benefits in this sector that go beyond meeting regulatory standards; it helps to build
client confidence (85). Case examples show how businesses employ traceability to provide
detailed information on the origin of resources, manufacturing processes, and adherence to
quality requirements. Customers who prioritize ethical sourcing, sustainability, and food

safety would appreciate this transparency (86).
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Traceability is a critical factor of supply chain visibility and responsiveness in the fast-paced
retail and consumer products business. Traceability has been found in studies to enhance
inventory management, reduce lead times, and increase demand forecasting when paired
with data analytics. RFID tags, for example, may be used to track the flow of commodities
through distribution centers and retail outlets (87). This real-time data allows firms to
respond promptly to changes in client demand, avert stockouts, and speed up restocking
operations (88). As a result, the supply chain becomes more agile and customer-centric, and
traceability is linked to flexibility.

In the aerospace and military industries, where precision, compliance, and security are vital,
traceability is critical to operational efficiency and regulatory compliance. The literature
shows how traceability solutions, which usually combine modern technologies such as
blockchain (89), safeguard the supply chain against counterfeit components and ensure the
traceability of critical parts. Case studies examine how aerospace industries employ
traceability to achieve high standards of quality and aviation regulations (90). Tracking the
origin and maintenance status of components increases aircraft safety and dependability.
Traceability may be utilized to keep national security objectives beyond compliance by
preventing the entrance of fake or compromised components into military systems (91).
Given its unique problems of large geographical reach, various stakeholders, and
complicated logistics, the marine sector has been a key area for traceability applications.
Traceability is redefining operating standards and increasing the resilience of global
shipping, according to research, particularly in the marine sector (92).

One significant use is the employment of vessel monitoring technology such as AIS
(Automatic Identification System) and satellite communication to monitor ship movement
in real-time (93). This not only improves navigational safety but also aids with cargo
tracking. Traceability systems are integrated by maritime logistics providers to monitor the
status of products in transit, optimize shipping routes, and deliver timely information to
stakeholders.

Furthermore, the marine sector is at the forefront of investigating new technologies such as
blockchain to improve traceability (94). The study investigates how blockchain's
decentralized and tamper-resistant ledger might address long-standing difficulties in marine
logistics, such as bill of lading validity and cargo transaction fraud mitigation (95).
Traceability's implementation in the marine sector demonstrates its versatility across various

and complicated supply chain ecosystems (96).
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Finally, the practical uses of supply chain traceability echo throughout sectors, from
assuring pharmaceutical quality and safety to improving retail supply chain flexibility. The
maritime sector serves as a small sample within this panorama, demonstrating how
traceability navigates the oceans of complexity, contributing to operational efficiency,
transparency, and security in the worldwide flow of products (97). The convergence of
various practical applications builds a mosaic as we go through this literature study,
emphasizing the universality and transformational potential of traceability in the modern

supply chain.

2.3 Key Themes: Significance, Technological Enhancements, Benefits, and
Challenges

As a diverse topic, supply chain traceability comprises numerous fundamental aspects that
jointly define its relevance, technology environment, intrinsic benefits, and the complicated
problems it creates. This section synthesizes existing research to untangle these essential
concepts, providing insights into how they interact and create the discourse around
traceability in modern supply chain management.

The literature continually emphasizes the critical need for traceability in modern supply
chains (98). It is a strategic necessity that reverberates across sectors, not just a technological
requirement or a regulatory checkbox. Traceability, at its heart, refers to the ability to track
and trace the flow of items and information along the supply chain (99). This significance
reveals itself in numerous ways.

Traceability has the most visible and direct influence on operational efficiency. The ability
to monitor the location, status, and condition of objects in real-time streamlines processes,
minimizes lead times and lowers the possibility of errors (100). Traceability becomes
critical to increasing resource efficiency and ensuring the seamless flow of goods from
manufacturing to distribution and emerges as a potent risk reduction tool in an uncertain
environment defined by geopolitical conflicts and natural disasters (101). Based on real-
time data, it helps businesses respond to problems before they occur, reroute shipments, and
improve supply chain strategy. What is more, it is important in risk reduction for reasons
other than financial considerations; it ensures the integrity of supply chain operations.
With an ever-changing regulatory environment, traceability is becoming increasingly vital

for compliance, particularly in industries such as pharmaceuticals, food, and aerospace. The
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ability to trace a product's origin, route, and treatment ensures that firms adhere to quality
standards, safety regulations, and environmental regulations. Compliance is more than just
a legal requirement; it is also an important component of corporate responsibility and
reputation management (102). In an era where buyers are more worried about the products
they buy, traceability is emerging as a trust-building tool. Consumers want to know where
their purchases come from, how they are made, and if they correspond to ethical and
ecological standards. As a result, traceability promotes transparency, which builds
confidence between organizations and their consumers.

The landscape of traceability has undergone a radical shift, driven by fast technological
improvements. Barcodes and serial numbers, for example, have grown into complex
systems that make use of cutting-edge technologies (103). Traceability has been
revolutionized by the growth of IoT devices, which allow physical goods to be linked
together. In the context of supply chains, IoT devices are embedded into products,
containers, and even vehicles, resulting in a continuous stream of real-time data (104). This
data provides a full and dynamic view of the supply chain, covering everything from
temperature and humidity to location and condition. RFID technology has proven essential
for traceability, especially in retail and logistics. RFID tags that are affixed to goods or
containers allow for wireless data exchange. This technology enhances data capture
accuracy and speed, enabling real-time tracking and reducing the need for manual
intervention (105).

Blockchain technology is gaining interest in traceability systems due to its open and
unbreakable system (106). It addresses long-standing challenges with data quality, validity,
and transparency (107). In a blockchain-enabled traceability system, each transaction or
event is recorded as a block and linked to the one before it, resulting in an immutable chain.
This ensures the integrity of the data across the supply chain. The massive volume of data
generated by traceability systems requires advanced analytics and artificial intelligence to
provide relevant insights (108). These technologies let businesses get meaningful
information from data, such as projecting demand patterns and optimizing routes based on
past performance. Traceability is transformed from a passive tracking mechanism to a
proactive decision-making tool via data analytics (109).

Implementing traceability systems offers many advantages that extend beyond the
immediate operational environment. These benefits include a wide variety of dimensions of

organizational effectiveness. Increased operational efficiency is one of the most visible
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benefits (110). Traceability streamlines operations reduces lead times, and reduces errors.
Traceability, for example, ensures that components are easily integrated into the production
process, reducing bottlenecks and optimizing resource utilization in the manufacturing
sector (111). Traceability is essential for upholding quality standards and ensuring
regulatory compliance. In businesses such as pharmaceuticals, where patient safety is at
issue, traceability becomes a tool for tracing the whole lifecycle of things, from
manufacturing to distribution.

The real-time data supplied by traceability systems aids in the visibility of the supply chain.
Stakeholders receive an in-depth understanding of the whole supply chain, allowing them
to make educated decisions. This transparency is especially important in industries like retail
(112), where quick fluctuations in customer demand need nimble and responsive supply
chain tactics. Consumers want openness and ethical sources, which traceability meets.
Organizations that effectively describe the route of their products from origin to
consumption increase consumer trust and pleasure. As a result, the brand's reputation and
consumer loyalty improve.

While the benefits of traceability are enormous, the path to adoption is plagued with
difficulties that need strategic planning and skilled management. Integrating traceability
technology into existing systems necessitates significant investment and knowledge.
Companies frequently struggle with the interoperability of new technology with existing
systems. The problem is not just to adopt new technology, but also to ensure a smooth
integration that does not affect existing operations. Implementing traceability systems
frequently demands a culture shift within businesses. Employees may oppose change
because they are inexperienced with new technology or are afraid of losing their jobs.
Managing this opposition and cultivating an innovative and adaptable culture are essential
components of effective traceability adoption. The growth of data raises new issues about
privacy and security. Traceability systems create enormous volumes of sensitive data and

organizations.
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3. Research Methodology

3.1 Case Study Approach: Rationale and Framework

The research approach used has a significant impact on the depth and complexity of a study
(113). A case study technique is used in the investigation of improving supply chain
traceability in the maritime industry, is a well-established and adaptable approach in social
sciences, particularly for gaining in-depth insights into complex issues in their real-life
context, and is supported in the context of supply chain traceability in the maritime industry
for a variety of convincing reasons.

A case study gives a thorough understanding of the numerous dynamics that exist in a
specific situation. The marine industry is complicated, with several participants, procedures,
and concerns. A case study allows the researcher to delve into the situation's complexity,
providing a nuanced viewpoint that would be difficult to portray using other research
methods (114). Supply chain traceability, particularly in the maritime sector, is an actual
use rather than a theoretical concept. A case study technique investigates traceability
systems, behaviors, and issues in their natural setting. This authenticity is critical when
applying findings to broader industry contexts (115).

The shipping industry is unique in terms of challenges, regulatory systems, and
technological landscape (116). A case study enables an analysis of traceability within this
specific setting, showing peculiarities that may be overlooked in more general inquiries
(117). It enables the identification of context-specific aspects that influence the efficacy of
traceability systems. Traceability as a concept covers a wide variety of features, from
technological adoption to stakeholder participation (118). A case study method enables a
more in-depth evaluation of these factors. It allows the researcher to go deeper than surface-
level data, showing the complexity of how stakeholders perceive, implement, and
experience traceability.

Aside from that, the case study should give information about the current status of supply
chain traceability in the maritime sector, as well as identify the top traceability strategies
utilized by the maritime industry, highlighting measures that enhance efficiency,
transparency, and stakeholder involvement (119). Determine the industry's challenges to
implementing and sustaining traceability systems. This includes technological limitations,

regulatory constraints, and organizational barriers.
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Finally, the case study method provides a strong and specific framework for investigating
supply chain traceability in the maritime sector. The rationale highlights the value of depth,
authenticity, and context-specific insights, while the framework provides a framework for
data collection, analysis, and ethical considerations. The project will uncover the complexity

of traceability in the maritime context as it proceeds, providing major contributions to both

academic scholarship and industry practices.

3.2 Selection of MarineTraffic as the Focal Organization

Choosing the right focal organization for an in-depth case study in the complicated
environment of the shipping sector is a critical decision that influences the research's depth
and relevance (120). The key entity for the study into enhancing supply chain traceability is
MarineTraffic (121). This section discusses why MarineTraffic was chosen as the subject
to study and why it is such an essential topic for understanding the dynamics of traceability

in the maritime sector.
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Image 7: MarineTraffic Live Map (MarineTraffic 2023)

MarineTraffic has established itself as a global leader in maritime tracking and maritime
data as it provides a comprehensive and real-time view of maritime traffic through its vast
network of thousands of vessels sailing the world's oceans (122). This extensive network

ensures a huge and diverse dataset for the case study. The maritime industry is undergoing
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a technological revolution, and MarineTraffic is leading the charge as it uses technology
such as AIS (Automatic Identification System) (123), satellite communication, and powerful
data analytics to provide precise tracking, monitoring, and analysis of vessel movements. It
is an excellent subject for understanding the evolving landscape of traceability technologies
due to its technological leadership (124).

MarineTraffic collaborates with a wide range of maritime stakeholders, including shipping
companies, port authorities, and regulatory bodies. This collaboration provides a once-in-a-
lifetime chance to examine the dynamics of traceability from a variety of perspectives.
Understanding how MarineTraffic interacts with stakeholders gives light on the
collaborative aspects of traceability implementation and offers supply chain visibility
options in addition to vessel tracking. Real-time cargo condition monitoring, route
optimization, and predictive analytics are examples of these technologies (125). Exploring
these applications enables a comprehensive assessment of traceability that extends beyond
vessel movements and into the greater supply chain (126).

The range of services offered by MarineTraffic is closely linked to the study's objectives,
which are to better understand and improve supply chain traceability in the marine industry.
Using MarineTraffic, the study has direct access to real-world implementation of
traceability systems and their impact on supply chain dynamics (127).

As a result, the MarineTraffic Case Study seeks to investigate the technologies used by
MarineTraffic for vessel monitoring and supply chain visibility. This entails doing a
thorough evaluation of the AIS system, and satellite communication, and developing
technologies that contribute to traceability solutions (128). The study digs into
MarineTraffic's relationships with numerous maritime stakeholders, such as shipping
companies, port authorities, and regulatory bodies. Interviews are performed with
representatives from MarineTraffic and other relevant entities to better understand the
collaborative elements of traceability, identify best practices, and identify possible
obstacles.

The examination also looks into the systems that are in place at MarineTraffic to ensure the
integration and integrity of traceability data. Understanding data collecting, verification, and
security methods will shed light on the dependability of traceability data. Furthermore, the
study investigates how MarineTraffic's solutions go beyond vessel tracking to improve

supply chain management. This includes comprehending real-time cargo condition
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monitoring, route optimization, and predictive analytics, all of which contribute to an in-
depth understanding of traceability applications in the maritime industry.

Interviews with top MarineTraffic representatives, engagement with stakeholders in the
maritime sector, and analysis of key materials such as industry studies and regulatory
frameworks were used to obtain data for the MarineTraffic case study.

The research is anticipated to give insights into the technological innovations used by
MarineTraffic, identify best practices in stakeholder collaboration, assess data integrity and
reliability in traceability systems, and provide a comprehensive understanding of supply
chain applications facilitated by MarineTraffic. The study's goal is to unravel the
complexities of traceability implementation in the shipping industry utilizing MarineTraffic
as a focal point, delivering significant insights on technology, collaborative dynamics, and

supply chain applications in the maritime context.

3.3 Explanation of the Case Study Scope and Objectives

The scope and objectives of the case study provide the framework within which the research
takes place, defining its direction and the precise aims it tries to achieve. The case study's
focus point is MarineTraffic, a crucial organization in the investigation of supply chain
traceability in the maritime sector (129). This section explains the case study's scope and
provides the objectives that will keep the investigation toward improving traceability in the
maritime industry.

The case study has a global viewpoint due to the global scope of MarineTraffic's marine
tracking services. It includes vessels traveling a wide range of geographical areas, from
major maritime channels to rural marine zones (130). The operating limits include the full
maritime supply chain, including vessel tracking from origin to destination, cargo
monitoring, and assessing interactions among marine ecosystem participants. The case study
is dynamic in time, describing the evolution of MarineTraffic's traceability solutions (131).
It dives into historical backgrounds to understand the origins, development, and alignment
of these solutions with present marine sector aims. Importantly, important players in the
maritime supply chain, such as shipping companies, port authorities, regulatory
organizations, and other entities impacted by MarineTraffic's traceability solutions, are
critical to the success of the project (132). The study is to extensively explore the methods

used by MarineTraffic to assure the integration and integrity of traceability data,
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highlighting the critical importance of reliable traceability information. An examination of
data processing will provide insights into the robustness of MarineTraffic's traceability
solutions. Beyond vessel tracking, the project aims to investigate the broader benefits of
MarineTraffic's products to maritime supply chain management (133). Recognizing the
unique nature of the marine supply chain, the research digs into the use of traceability in
cargo monitoring, route optimization, and predictive analytics to gain thorough knowledge
(134). Interviews with technical personnel at MarineTraffic will be performed to acquire an
in-depth viewpoint and unravel the technological architecture enabling traceability solutions
to achieve these aims. Additionally, representatives from shipping companies, port
authorities, and regulatory organizations will be interviewed to better understand the
industry's collaborative dynamics. MarineTraffic's data-gathering procedures, validation
mechanisms, and security rules will be investigated using a combination of document
analysis and interviews. Through the synthesis of interviews and document analysis, the
supply chain applications research will analyze how MarineTraffic's solutions affect broader
supply chain management (135). The research will dive into technology advances like as
AIS integration, satellite connectivity, and upcoming technologies that underpin
MarineTraffic's traceability solutions. Stakeholder cooperation best practices will be
discovered through an examination of engagements between MarineTraffic and enterprises
in the maritime supply chain. Finally, via an examination of data processing, the project
intends to give insights into the reliability and security of traceability data supported by
MarineTraffic (136). The supply chain applications inquiry aims to provide a full knowledge
of how MarineTraffic's products help the efficiency and transparency of the maritime supply
chain. In essence, the case study's scope and objectives focus on a thorough examination of
MarineTraffic's traceability solutions in the maritime sector (137), intending to provide
valuable insights for both academic scholarship and practical improvements in
strengthening traceability within the shipping industry, covering technical landscapes,

stakeholder partnerships, and supply chain applications.
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4. Case Study - MarineTraffic's Supply Chain Traceability
Solutions

4.1 In-Depth Analysis of MarineTraffic's Traceability Solutions

The main focus of this chapter is a thorough evaluation of MarineTraffic's traceability
solutions. The goal is to decipher the complexities of technical infrastructure, evaluate
stakeholder participation, and comprehend the influence of these solutions on overall supply
chain performance. MarineTraffic uses a complex technology foundation to provide the
marine sector with traceability solutions (138). The Automatic Identification System (AIS),
an internationally recognized and mandated system for vessel tracking, is at its heart. The
AIS system transmits real-time information on a vessel's identity, position, course, and
speed using VHF radio frequencies (139). This fundamental technology allows for a full
and dynamic picture of marine traffic.

In addition to AIS, MarineTraffic uses satellite communication technologies to extend its
coverage to distant sea zones. Because of this connection, vessels can be tracked precisely
independent of their location (140). Furthermore, blockchain and the Internet of Things
(IoT) are being researched for their potential to increase data security, transparency, and

information integrity.
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Image 8: Future of IIoT.

MarineTraffic's collaborative approach with stakeholders is key to its success. Through
interviews with key stakeholders, the case study analyzes how MarineTraffic interacts with

shipping companies, port authorities, and regulatory bodies. The findings point to a dynamic
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environment in which collaboration is not only encouraged but also essential for successful
traceability solutions.

MarineTraffic's engagement involves monthly meetings with stakeholders to understand
their evolving needs and concerns. This repeated procedure guarantees that traceability
solutions fulfill industry standards. Furthermore, the business engages in industry
conferences regularly, assisting in the establishment of standards and best practices for
marine traceability. The case study delves into the real-world applications of MarineTraffic's
traceability solutions on several levels. MarineTraffic's increased visibility has been praised
by stakeholders such as supply chain managers and shipping companies (141). Real-time
data on vessel movements, conditions, and potential disruptions allows decision-makers to
respond promptly to problems, decreasing disruptions and improving routes (142).
Traceability technology has streamlined operations throughout the shipping supply chain.
Real-time data from MarineTraffic improve port operations, cargo management, and vessel
scheduling (143). This operational efficiency leads to cost and time savings. MarineTraffic's
traceability solutions assist shipping companies in meeting regulatory requirements. Vessels
can easily travel regulatory waters if reliable and real-time data is available. This not only
ensures compliance but also contributes to a safer and more transparent marine environment.
The dynamic nature of the marine business is fraught with threats ranging from weather-
related difficulties to geopolitical concerns (144). MarineTraffic's products enable
stakeholders to detect and control threats in real-time. This risk-aware technique contributes
to the robustness of the maritime supply chain (145).

The chapter will bring substantial insights to both academics and industry practitioners as it
evolves. By providing an in-depth examination of MarineTraffic's traceability solutions, the
chapter contributes to the understanding of technological innovation, stakeholder interaction
dynamics, and the transformative effect on supply chain performance. Furthermore,
including theoretical viewpoints enhances the study by providing a more nuanced
understanding of how theoretical frameworks connect with real-world activities. This
synthesis sets the tone for the ensuing chapters, which further deconstruct the case study
findings to give suggestions and tactics for improving supply chain traceability in the

maritime sector (146).
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4.2 Examination of Additional Insights into MarineTraffic's Service
Offering

As we go deeper into the case study of MarineTraffic's traceability solutions, we must obtain
a thorough grasp of the service provider's services and their influence on user engagement.
While the major focus has been on traceability solutions that improve supply chain
operations, it's important to take a minute to investigate the full range of services offered by
MarineTraffic (147). MarineTraffic, which bills itself as a supplier of marine analytics, goes
beyond real-time vessel tracking to provide a comprehensive service portfolio.
MarineTraffic offers consumers real-time information on ship movements worldwide. This
includes vessel whereabouts at sea as well as within harbors and ports (148). A
comprehensive database contains crucial information on boats. This provides details about
the vessel's construction, such as where it was built, size, gross tonnage, and the

International Maritime Organization (IMO) number.

Everything You Wanted To Ask About(AlS)

Image 9: MarineTraffic AIS

Data is collected from over 18,000 AIS-equipped volunteer contributors in over 140
countries worldwide. This vast network of contributors serves as the foundation for real-
time information on vessel movements (149). AIS technology onboard vessels communicate
critical information such as unique identity, location, course, and speed when connected to
the vessel's GPS. This information is subsequently sent to the main MarineTraffic servers

for real-time display. MarineTraffic operates its worldwide network of terrestrial stations
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capable of receiving signals up to 60 nautical miles from shore (150). This is reinforced by
messages received from satellite constellations, guaranteeing complete coverage even at sea.
The case study also demonstrates MarineTraffic's capacity to adapt to unanticipated
challenges, as seen by the impact of COVID-19 on global supply chains (151). The COVID-
19 outbreak showed vulnerabilities in the supply chain's detection and reaction capabilities.
Delays, shortages, and supply chain outages were all challenges that resonated across global
supply chains. MarineTraffic recognizes the increasing complexity of the marine sector and
sees technology as the key to effective management (152). The capacity to provide real-time
data and predictive analytics becomes important in navigating this complexity. Recognizing
supply chain managers' difficulty in confirming carrier track & trace aggregators, vessel
schedules, and real-time whereabouts, MarineTraffic offers Container Tracking as a solution
(153).

Container tracking integrates information from several sources, including AIS real-time
intelligence, to provide an overall picture. The commitment is to provide the most accurate
and up-to-date container forecast ETA till they reach their ultimate destination. This is based
on current shipping locations and is carrier-independent. The anticipated ETA is based on
previous vessel movements, AIS data, estimated ETAs, and reported ETAs from numerous
carriers, and it employs machine learning algorithms and Al methods. This comprehensive
process ensures that ETA estimations are accurate and reliable (154). The changing world
of interconnection, turmoil, and unpredictability necessitates data-driven strategic decision-
making. The case study stresses that good complexity management, as demonstrated by
instances such as Amazon, results from a targeted use of technology. Winning companies
in industries like Amazon demonstrate that managing supply chain complexity necessitates
embracing the latest technical innovations. The emphasis is on using technology to gain a
competitive advantage in an era where complexity has become the new standard.

In this setting, MarineTraffic emerges as a vital actor leveraging technology to manage the
complexity of the maritime business, not just as a provider of traceability solutions. The
dedication to providing accurate, real-time data aligns with the wider industry demand for

effective tools for managing a dynamic and complex supply chain landscape.

Master Thesis 28



OPEN

HELLENIC Panagiotis Sioutis, Enhancing Supply Chain Traceability in the
UNIVERSITY Maritime Industry

4.3 Examination of Impact on Stakeholders, Processes, and Overall
Supply Chain Performance

The emphasis in this crucial chapter is on examining the actual implications of
MarineTraffic's traceability solutions on the maritime industry. The research examines the
impact on stakeholders, process optimization, and the overall improvement of supply chain
performance across several dimensions.

A variety of parties in the maritime supply chain, including supply chain managers, shipping
firms, port authorities, and regulatory organizations, benefit from MarineTraffic's
traceability solutions. These stakeholders' operating mindsets undergo a shift.
MarineTraffic's real-time visibility benefits supply chain managers who are in charge of
arranging commodities and information movement. This enables them to monitor vessel
movements, predict problems, and optimize routes, allowing them to make quick and
educated decisions.

Shipping firms must negotiate a complicated regulatory environment. MarineTraffic's
solutions improve operational efficiency by simplifying operations, reducing delays, and
improving regulatory compliance. This enables smoother operations and promotes these

businesses as industry standards followers.

Image 10: MarineTraffic AIS
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Port authorities who oversee vessel intake and outflow can receive information about vessel
schedules using traceability technology (155). This enables better planning and resource
allocation, which improves port efficiency overall. MarineTraffic's dependable and real-
time data benefits regulatory organizations tasked with ensuring marine safety and
compliance. This allows vessels to be more proactive in terms of regulatory compliance,
which improves marine safety and environmental protection. The use of traceability systems
results in process optimization throughout the marine supply chain, influencing a wide range
of operational factors.

MarineTraffic's solutions optimize routes by providing real-time visibility into vessel
location, reducing fuel consumption, and lowering emissions for environmental
sustainability. Traceability technologies go beyond vessel tracking to check cargo status in
real-time. This ensures that things are completed in the best possible conditions, reducing
the possibility of damage and protecting cargo integrity along the supply chain. The ability
to precisely forecast vessel arrivals and departures increases supply chain operational
predictability (156). Fewer delays and improved supply chain synchronization arise from
reduced uncertainty. Data availability in real-time helps stakeholders to make data-driven
decisions. Traceability solutions assist in making better-informed decisions, such as
rerouting boats to prevent disruptions or adjusting inventory levels depending on expected
arrivals (157). The combination of stakeholder empowerment and process optimization
results in an overall improvement in supply chain performance.

Route optimization, effective cargo monitoring, and streamlined operations all help to
reduce operating costs. This cost-cutting benefits both individual enterprises and the overall
competitiveness of the maritime supply chain. Traceability solutions improve reliability and
predictability for stakeholders along the supply chain, from producers to retailers (158). This
contributes to an increase in on-time delivery, which is a key metric for supply chain
performance. The real-time visibility provided by traceability technologies improves supply
chain agility. When unexpected interruptions occur, stakeholders can respond quickly,
reducing the impact on overall supply chain performance. As the maritime industry prepares
for a future marked by increased competition (159) and shifting customer demands, the use
of traceability systems becomes a strategic requirement. The improved supply chain
performance positions the sector to compete on a global scale.

Theoretical perspectives on supply chain management, technology adoption, and

stakeholder theory are smoothly incorporated to improve the study. Traceability solutions
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contribute to the reduction of the Bullwhip Effect by providing stakeholders with precise
and real-time demand data (160), reducing the amplification of demand fluctuation upstream
in the supply chain. TAM is used to examine stakeholder acceptability and the use of
traceability solutions (161). Understanding perceived ease of use and usefulness influences
how successfully technology is integrated into day-to-day activities. The examination of
how power and influence dynamics among stakeholders alter the impact of traceability
solutions is informed by Stakeholder Salience Theory. Recognizing the importance of
different stakeholders aids to a more complete understanding of collaborative interactions.

This chapter synthesizes the impact study, laying the groundwork for the succeeding
chapters, which condense the findings into practical suggestions and actions. The
investigation of stakeholder impact, process improvement, and overall supply chain
performance benefits not only academic studies but also industry practitioners navigating

the seas of technology innovation in the shipping industry.

4.4 Integration of Theoretical Perspectives and Case Study Findings

This portion of the chapter represents a vital point at which academic theories and real-
world practices smoothly mix, giving light to the intricacies and complexity of adopting
traceability solutions in the shipping sector.

The Bullwhip Effect is one of the fundamental theoretical concepts guiding this integration
(162). This phenomenon, described in supply chain management literature, illustrates the
amplification of demand fluctuation as it goes upstream in the supply chain (163). Because
of the inherent complications of coordinating the flow of products across enormous
distances, the Bullwhip Effect is an important factor in the maritime industry (164).
MarineTraffic's traceability solutions are critical in minimizing the Bullwhip Effect (165).
The solutions help to reduce demand variability by providing stakeholders with real-time
and precise data on vessel movements, potential interruptions, and cargo conditions. Supply
chain stakeholders may make better-informed decisions, reducing the ripple impact of
uncertainty (166).

Understanding user acceptability and use is critical as the marine sector introduces
traceability technologies. The TAM is a theoretical framework for examining how people
perceive and adopt new technology. Interviews and feedback from stakeholders in the

maritime sector, such as supply chain managers, shipping firms, and regulatory agencies,
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show that MarineTraffic's traceability solutions are well received (167). The apparent
simplicity of use, along with the practical benefits of increased visibility and operational
efficiency, leads to a high degree of adoption and use (168). Stakeholders understand the
importance of technology in enhancing their day-to-day operations (169).

Stakeholder Salience Theory sheds light on the power and influence dynamics that exist
among stakeholders (170). Understanding the importance of many stakeholders is critical
for effective participation in the maritime sector, where collaboration is required. The case
study sheds light on the collaborative environment that exists within the maritime industry.
The importance of institutions such as shipping firms, port authorities, and regulatory
agencies is recognized by MarineTraffic, which actively collaborates with stakeholders. The
results emphasize the significance of stakeholder participation in the effective deployment
and growth of traceability systems. MarineTraffic develops collaborative partnerships that
contribute to the success of traceability by recognizing the interests and power dynamics of
each participant (171). Aligning traceability solutions with existing supply chain
performance measures gives a quantifiable lens through which to evaluate their impact.
Metrics including on-time delivery, cost efficiency, and flexibility are measurable indicators
of supply chain effectiveness. The incorporation of traceability technologies has a favorable
impact on key supply chain performance measures. Stakeholders claim higher on-time
delivery rates, lower operating expenses, and greater flexibility in responding to
interruptions. These findings not only give qualitative insights into the transformational
influence but also quantitative indicators that correspond to industry benchmarks.

The seamless integration of theoretical viewpoints with case study data acts as a springboard
for insight synthesis and future proposal development. As the chapter comes to a close, the
combined understanding of supply chain dynamics, user acceptability, stakeholder power
dynamics, and performance measurements establishes the framework for the chapters to
follow. In summary, this part emphasizes the convergence of theory and reality in the
implementation of traceability solutions in the shipping industry. It demonstrates the
industry's capacity to traverse the oceans of technological innovation by rooting theoretical
frameworks in supply chain operations. As the story progresses to future suggestions, this
integrated knowledge lays the groundwork for effective strategies and advances in

improving supply chain traceability in the maritime sector.
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5. Stakeholder Insights: Interviews and Perspectives

5.1 Methodology for Conducting Interviews with Key Stakeholders

The insights gained from people who are firmly engaged in the area are at the heart of any
research. This chapter describes the methodological rigor used to conduct interviews with
key stakeholders, which was critical in unraveling the complexities of traceability
procedures in the maritime industry. Before getting into the methodology's specifics, it is
critical to define the objective and scope of conducting interviews with important
stakeholders. Stakeholders in this dissertation include supply chain managers, shipping
company representatives, and industry specialists. Their different viewpoints contribute to
a comprehensive grasp of existing traceability procedures and provide significant insights
into possible areas for development.

Stakeholder interviews are a great way to learn about the maritime industry's complex
ecology from individuals who are actively developing and managing it. Supply chain
managers give light on operational complexities, shipping businesses throw light on industry
practices, and experts present broad trends and concerns. The major goal of these interviews
is to learn about current traceability techniques in the marine transportation sector.
Stakeholders are questioned on the processes, technology, and issues they face in
guaranteeing supply chain traceability.

Interviews attempt to identify areas within traceability processes that are ripe for
development, in addition to comprehending the present situation. This forward-thinking
approach corresponds with the dissertation's primary objective of proposing techniques and
suggestions for improving supply chain traceability. The methodology's robustness is
critical to the dependability and validity of the insights acquired. The structure below
outlines the methodical technique used to conduct interviews with important stakeholders.
A thorough method was used to discover and select stakeholders from various viewpoints
in the marine sector. The stakeholders chosen include supply chain managers from various
segments, representatives from big and small shipping businesses, and specialists with a
sophisticated grasp of maritime logistics. The interviews were designed to elicit subtle and
thorough information. We used structured and semi-structured interview formats. Structured
questions gave a foundational understanding, whilst the semi-structured approach allowed

for greater exploration of specific topics based on replies.
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Before beginning interviews, stakeholders were given detailed information on the research's
objective, scope, and potential outcomes. Informed permission was sought, ensuring that
stakeholders felt safe expressing their ideas. Responses were kept private and confidential.
Interviews were performed using a combination of in-person and virtual approaches,
according to stakeholders' preferences and availability. This adaptable approach enabled
open talks. The number of interviews was chosen by reaching a saturation threshold where
new interviews generated just marginally more insights.

The basis for the later study was the meticulous documenting of interviews, including audio
recordings and extensive notes. To extract essential themes and patterns from the large
dataset, qualitative analytical approaches such as thematic coding and pattern recognition
were used. To strengthen the conclusions, insights from interviews were triangulated with
existing literature, industry reports, and data from the MarineTraffic case study. This
triangulation method enabled the complete confirmation of findings as well as the discovery
of converging or divergent viewpoints.

The technique was not without its difficulties. The changing structure of the marine
business, the diverse schedules of stakeholders, and the developing effects of external
factors such as global events all created scheduling and execution issues. A flexible
approach, early planning, and continual communication, on the other hand, helped alleviate
these problems, assuring the success of the interviews.

This chapter finishes with the assurance that the approach chosen is compatible with the
study objectives. The stakeholder interviews, which will serve as a critical data gathering
tool, promise to provide a comprehensive insight into the existing status of traceability
procedures in the shipping sector as well as pointers for future improvements. The next
sections of this dissertation will reveal the many viewpoints gained from these interviews,
adding to the body of knowledge on the topic of supply chain traceability in the maritime
industry.

5.2 Gathering Insights from Supply Chain Managers, Shipping
Companies, and Industry Experts

After establishing a solid approach for conducting interviews with key stakeholders, this
part looks into the rich tapestry of information gleaned from supply chain managers,

shipping company representatives, and industry experts. These interviews operate as
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windows into the workings of the maritime sector, revealing intricacies in traceability
procedures and laying the groundwork for meaningful suggestions.

The first group of stakeholders examined included supply chain managers, who are in charge
of coordinating the complex dance of commodities across the marine supply chain. Their
views provide a detailed awareness of operational reality and the issues associated with
assuring traceability.

Supply chain executives emphasized the varied nature of maritime operations. The route of
commodities entails a maze of procedures from the point of origin to the final destination.
Understanding the complexities of traceability is critical for designing successful solutions.
In terms of technological integration, insights indicated a diverse landscape. While some
supply chain executives noted the smooth integration of tracking systems, others
emphasized the difficulties in adopting and adjusting to continuously developing solutions.
The concern regarding data integrity was a constant subject. As the digital thread of
traceability grows longer, maintaining the correctness and dependability of the data becomes
increasingly important. Supply chain managers expressed concerns about potential
interruptions to data stream integrity. A focus point arose as visibility holes throughout the
supply chain. Supply chain managers frequently face blind spots where real-time
information is difficult to obtain. This influences decision-making and impedes the agility
necessary in dynamic supply chain situations.

The second round of interviews included comments from representatives of shipping
businesses, which are critical players in the logistics of goods transportation. Their thoughts
bridge the gap between macro-level industry trends and day-to-day operations at sea.
Shipping company representatives provided insight into the tricky balance between scale
and agility. While larger firms may have more resources, maintaining agility is a problem.
Smaller businesses, on the other hand, thrive at agility but may encounter scalability
challenges. The significant investment in technology by shipping businesses was a recurring
topic. To improve traceability, the marine sector is undergoing a technological renaissance,
with corporations investing in advanced tracking systems, [oT solutions, and data analytics.
Collaboration emerged as a critical requirement. Shipping businesses emphasized the
importance of industry collaboration in establishing traceability systems. The lack of
established standards might result in inefficiencies and impede the smooth flow of
information. Shipping corporations have declared a rising priority on environmental

sustainability in addition to traceability. Traceability solutions are considered facilitators in
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reaching sustainability goals as the sector increasingly aligns with green supply chain
concepts.

The third layer of insights came from industry professionals, who have a comprehensive
understanding of trends, issues, and future trajectories in the maritime area. Macro trends
impacting the marine business were presented by industry professionals. As disruptive
developments, the rise of blockchain for safe and transparent transactions, the integration of
IoT for real-time monitoring, and the promise of data analytics for predictive insights were
emphasized.

Regulatory dynamics are critical. Experts emphasized the impact of changing legislation on
traceability techniques. Compliance with international standards and regulatory frameworks
is a strategic need as well as a legal requirement. The human aspect emerged as a vital
feature in the technology story. Industry experts stressed the significance of worker training
and upskilling to fully realize the promise of traceability systems. The combination of
human skill and technology provides the foundation of successful traceability. According to
analysts, the marine sector is on the verge of continual innovation. The problem is not only
in adopting existing technologies but also in anticipating upcoming technologies on the
horizon and smoothly integrating them into operational frameworks.

The depth of these varied stakeholders' ideas allows for the detection of patterns and
convergences. Common issues raised by supply chain managers, transportation companies,
and industry experts were data integrity difficulties and visibility gaps. Similarly, these
many stakeholders' opinions reinforced the underlying emphasis on cooperation and
continual innovation.

These interviews established the framework for identifying areas for development in
addition to knowing the present status of traceability processes. The cumulative expertise of
supply chain managers, shipping businesses, and industry specialists serves as a guidepost
for the dissertation's future chapters, which include solutions and suggestions.

As this chapter comes to a close, a variety of perspectives obtained from various
stakeholders presents a complex picture of the current traceability situation in the marine
sector. The next chapters will weave these insights into a unified narrative, using them to

provide concrete ideas for improving supply chain traceability in the shipping sector.
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5.3 Identification of Current State of Traceability Practices and Areas for
Improvement

The results of interviews with supply chain managers, shipping company representatives,
and industry experts reveal a complete picture of the current condition of traceability
techniques in the marine sector. This section moves through the identified practices,
difficulties, and convergent themes, laying the groundwork for identifying opportunities for
improvement.

The shipping industry has a wide range of technology adoptions. Large maritime
corporations with substantial resources demonstrate modern tracking systems, satellite-
based technology, and complete data analytics. This picture, however, is not consistent, with
smaller businesses frequently encountering challenges in adopting and integrating such
advanced technologies. The fragmentation of traceability standards is a notable finding.
While individual organizations may use new technology, the lack of defined processes
creates problems for the industry's smooth information flow. The absence of a unified
framework leads to inefficiencies and impedes the optimization of traceability solutions.
The integrity of data streams is the foundation of traceability. Stakeholders have regularly
expressed worries about potential data integrity interruptions. Inaccuracies in location
reporting, delays in data updates, and occasional loss of connection with boats all add to a
distinct sense of concern about the dependability of traceability data. The presence of
visibility holes at various locations in the supply chain is a frequent topic. Stakeholders
confront blind zones when real-time information is elusive from the point of origin to the
end destination. This lack of visibility hinders proactive decision-making and causes delays
in responding to changing supply chain events.

Stakeholders stressed the importance of the human component within the technology story.
Skilled workers are required to interpret and act on traceability data. The respondents
emphasized the importance of continual training and upskilling initiatives to equip the staff
with the knowledge needed to handle changing traceability scenarios.

The launch of standardization projects is a key step forward. Industry collaboration, maybe
headed by international authorities or industry consortiums, might build a common
framework for tracing methods. Standardization would not only improve efficiency, but it
would also promote interoperability across various technology solutions. Strategies must be

inclusive, given the diversity in size and resources within the maritime industry. Efforts
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should be aimed at building scalable traceability systems that appeal to both huge shipping
conglomerates and smaller operators' technological capabilities. This openness provides a
fair playing field and a smooth flow of information across the sector.

Addressing data integrity challenges demands the development of strong processes.
Implementing real-time validation processes, guaranteeing uniform reporting standards, and
including redundancy measures to offset connection interruptions are critical first steps.
Data integrity should be considered a non-negotiable need for successful traceability.
Mitigating visibility gaps necessitates a multifaceted strategy. Investment in modern
technology, such as satellite-based tracking and IoT systems, may broaden the reach of
traceability across the supply chain. Furthermore, encouraging stakeholder participation and
data-sharing agreements may minimize blind spots and give full visibility.

While technology is important, adopting a human-centric approach is critical. Upskilling
programs should be institutionalized to provide the staff with the skills needed to properly
engage with and analyze traceability data. For best results, the symbiotic link between
human skills and technical improvements should be used.

As this chapter concludes, the existing status of traceability procedures in the maritime
sector provides the framework for a more forward-thinking path. The industry is at a
crossroads, equipped with views from people who are guiding it. The next chapters will
consolidate these observations, integrating them into concrete tactics and suggestions with
the potential to improve marine traceability procedures. The exploratory phase, which began
with stakeholder interviews, is now entering a period of synthesis and strategic
development, with the ultimate objective of moving the marine industry into an era of

greater traceability, efficiency, and sustainability.

5.4 A Case in Point: Navigating Supply Chain Complexities with In-
Transit Visibility

We dig into a real-world situation to properly appreciate the effects and complexity of
supply chain traceability—a small wine importer firm in Sacramento dealing with the
complexities of a shipment from Tanjung Pelepas to Oakland. This example not only
captures the obstacles encountered but also highlights the revolutionary impact of in-transit
visibility solutions, providing insights into the larger range of benefits that such technologies

bring to the table.
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Consider organizing a wine cargo from Tanjung Pelepas to Oakland. The first plan is
meticulous: the carrier (Maersk) provided an ETA of October 1st, providing plenty of time
for rail tickets and customs processing in Sacramento. However, a month later, the
meticulously prepared strategy fell apart due to inconsistencies in shipping status.

A quick check of Maersk's Track & Trace service reveals that the container has been
languishing in Shanghai since August 13th, awaiting the next voyage. The ETA to Oakland
has been pushed back to October 3rd, compressing the timeframe. Seeking a second
perspective, the importer consults www.marinetraffic.com, where he discovers the vessel's
unexpected route to Qingdao with an estimated arrival date of September 9th.

The power of in-transit visibility technology shows through at this point. The scenario is
illuminated by a detailed evaluation of MarineTraffic's In-Transit Visibility Solution for
Containers (VFC) Online and API solution. With this technology, the importer might have
simply navigated this difficult situation.

Instead of the time-consuming human assessment, an in-transit visibility solution automates
the operation. It monitors each container and gives real-time information, estimated delivery
times, and expected delays. Automation ensures that alarms are sent out on time, allowing
stakeholders to take preventive measures. The example shows the importance of resource
allocation. When dealing with thousands of shipments, manual tracking becomes untenable.
In-transit visibility solutions provide a streamlined method that saves both time and money
by providing automated alerts for specific actions that are necessary. The example highlights
not just the immediate benefits for the wine importer, but also wider business trends and
concerns. Interviews with supply chain managers and industry experts generated findings
that corroborate the instances provided.

According to Keerthi Subawickrama, Import/Export Manager, the Container Tracking
system is critical in enhancing production efficiency and optimizing export and import
planning (172). As MarineTraffic's In-Transit Visibility Solution for Containers (VFC)
Online and API solution is used, the power of in-transit visibility solutions is highlighted.
According to Stefano Clementoni, Director of Clementoni SpA, the accuracy and
comprehensiveness of MarineTraffic's Visibility for Containers service are highlighted
(173).

A remark from Max Silanoglu, Sales Manager, reflects on how the integration of Container
Tracking API has enhanced and expedited procedures throughout the supply chain (174).

In-depth interviews with supply chain executives and industry experts give insight into
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wider industry trends and issues. Bob Vuppal, VP of Product & Technology, underlines the
Container Tracking API's easy integration (175).

Image 11: Supply Chain Diversification (MarineTraffic 2023)

Statistical findings highlight a grim reality for supply chain experts, with a considerable
majority depending on manual procedures and not regularly reviewing their global supply
chain. The significance of visibility into the global supply chain is emphasized, with figures
suggesting reputational loss as a result of interruptions.

e 66% are not currently assessing their global supply chain continuously.

o 74% still use manual methods to monitor their global supply chain.

e 83% have suffered at least a little reputational damage because of supply chain

disruptions.
e 88% support that visibility into their global supply chain is more important now than

2 years ago.

On the plus side, supply chain experts that use traceability systems enjoy higher operational
efficiency, lower demurrage and detention, better customer service, and more accuracy than
the carrier's ETA.

e 96% enhanced operational efficiency.

e 73% decreased demurrage and detention.

e 95% improved customer service.

e 99% more accuracy than the carrier's ETA.

Master Thesis 40



HELLENIC Panagiotis Sioutis, Enhancing Supply Chain Traceability in the
OPEN iy
UNIVERSITY Maritime Industry

L

96% 13% 95% 99%

Enhanced operational Decreased demurrage and Improved customer More accurate than
efficiency detention service carrier's ETA

Image 12: Container Tracking Feedback (Kpler 2023)
These statistics highlight the revolutionary potential of traceability solutions in altering
supply chain dynamics, improving efficiency, and protecting the sector against disruptions.
The case study offers two perspectives—fighting manual monitoring inefficiencies and
adopting automated solutions—painting a vivid picture of the transformation that is

achievable in the maritime industry.
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ACROSS SUPPLY Inefficiencies & disruptions created

CHAINS
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%{ ,\/\ Time, money & product wasted

’f‘ MarineTraffic

Image 13: Bullwhip Effect (MarineTraffic 2023)

These real-world examples and stakeholder insights will lead succeeding chapters in
generating suggestions and methods to improve supply chain traceability as the dissertation
advances. As shown in this scenario, the path from complexity to clarity serves as a
metaphor for the larger objective of moving the shipping sector toward improved

traceability, efficiency, and sustainability.
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6. Recommendations and Strategies for Enhancement

6.1 Proposal of Solutions to Improve Supply Chain Traceability in the
Maritime Industry

Navigating the seas of supply chain traceability in the maritime business necessitates the
development of fresh approaches to the particular problems provided by enormous
distances, different players, and unpredictable situations. This chapter proposes a series of
comprehensive solutions intended not just to resolve present difficulties but also to guide
the sector toward greater efficiency, openness, and sustainability.

Blockchain emerges as a game changer in improving supply chain traceability (176). Data
integrity and transparency are ensured by its decentralized and irreversible nature (177).
Blockchain use in the marine sector has the potential to transform documentation procedures
ranging from bills of lading to customs declarations (178). Blockchain reduces the danger
of fraud and mistakes in the intricate network of shipping transactions by giving a secure
and unalterable record of each transaction (179).

IoT can help the maritime industry engage in a new era of real-time monitoring and visibility
(180). Continuous data gathering is made possible by embedding sensors in containers,
boats, and ports (181). This data, which might range from climatic conditions to shipping
status, can be communicated in real-time. As a result, the supply chain is more responsive
and flexible, quickly adapting to changes and ensuring items arrive in ideal condition (182).
The huge volumes of data generated in maritime supply networks may be used via advanced
analytics (183). Predictive analytics can anticipate disruptions and allow preventative
measures. Predictive analytics may also identify the best routes, reducing travel times and
environmental impacts. The application of machine learning algorithms enhances ETA
forecast accuracy, providing stakeholders with reliable data for decision-making.
Transparency is the bedrock of a dependable and accountable supply chain (184).
Techniques such as frequent reporting, defined communication standards, and collaborative
platforms improve stakeholder transparency. The emphasis on conveying real-time
information, such as vessel positions, port conditions, and projected delays, develops a
collaborative environment that eliminates uncertainty.

Real-time visibility, offered by current technology, ensures that stakeholders actively
manage events rather than just reacting to them. Solutions that provide a unified image of

shipments by merging data from many sources, such as AIS and predictive analytics,
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provide a comprehensive perspective. Ensuring data integrity through secure connections
and set standards increases the credibility of information delivered across the supply chain.
To recap, the solutions presented here are not isolated interventions, but rather a
comprehensive strategy to modernize supply chain traceability in the marine sector. The
adoption of blockchain, IoT, and data analytics, along with initiatives emphasizing
openness, real-time visibility, and data integrity, sets the framework for a more robust,
efficient, and sustainable marine supply chain. The next chapter will go into the realities of
putting these solutions in place, taking into account the industry's existing situation and

future direction.

6.2 Adoption of Emerging Technologies: Blockchain, IoT, and Data
Analytics

The maritime industry, a thriving and sophisticated global trading network, is on the edge
of a historic transformation (185). Adoption of new technologies, particularly Blockchain,
IoT, and Data Analytics, is critical to improving supply chain traceability. This chapter
delves into the complexity of each technology and shows how their seamless integration
may usher in a new age of efficiency, transparency, and sustainability in the shipping
industry.

Blockchain, which is frequently associated with cryptocurrencies, has possibilities that
extend well beyond the financial sector (186). Its decentralized, tamper-proof ledger
technology tackles the age-old issue of confidence in maritime transactions. In a field
riddled with complexity and weaknesses, blockchain implementation guarantees an
unalterable and transparent record of every transaction. From bills of lading to customs
declarations, every transaction is documented in an incorruptible ledger, ensuring
transparency and lowering the risk of fraud. Smart contracts, which are self-executing
agreements with contract conditions directly put into code, automate and expedite numerous
supply chain operations.

The Internet of Things is transforming the maritime scene. It is a network of networked
devices that interact and exchange data. The Internet of Things (IoT) establishes a real-time
environment that allows for ongoing monitoring, from sensors on containers to GPS-enabled
warships. This not only protects shipping security and condition but also allows for

proactive decision-making. Sensors on containers convey environmental information,
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protecting the integrity of contents, particularly those sensitive to temperature and humidity.
GPS-enabled boats, along with data analytics, reveal ideal routes, lowering transit times and
fuel usage.

Data is a valuable tool in the maritime business, as oceans are crossed and global trade
complexities are handled (187). With its array of predictive and prescriptive tools, data
analytics enables stakeholders to move beyond reactive measures. Predictive analytics
anticipates problems, whereas prescriptive analytics optimizes pathways and improves
decision-making. Anticipates disturbances, allowing preemptive steps to be implemented
and reducing the effect of delays. Routes are optimized, transit durations are reduced, and
overall supply chain efficiency is improved.

The adoption of these technologies is not without difficulties (188). Integration must be
gradual, taking into account the industry's existing systems and its ability to change (189).
Collaboration amongst stakeholders is critical for implementing a consistent approach that
benefits the whole supply chain. Technology should be introduced gradually to allow for
adjustments and to avoid disruptions. For a unified tracing approach, industry-wide
standards and communication platforms are required (190). To summarize, the
incorporation of Blockchain, 10T, and Data Analytics represents a paradigm shift in how the
marine sector perceives and runs its supply chain. These technologies, when used sensibly
and together, have the potential to push the industry into an era of unparalleled efficiency,
transparency, and sustainability. The next chapter will discuss practical implementation

alternatives, taking into account the industry's current state and future trajectory.

6.3 Strategies for Enhancing Transparency, Real-Time Visibility, and
Data Integrity

In the fast-paced world of maritime trade, having clear vision, real-time updates, and
dependable data is critical. This chapter looks at clever approaches to achieve these
objectives while also ensuring that the supply chain is strong and ready for the future.
Transparency is a symphony of joint efforts, not a solitary performance (191). The first stage
is to build a shared digital infrastructure with blockchain technology. Blockchain acts as a
conductor, guaranteeing a decentralized and secure ledger and ensuring that all stakeholders
operate from the same set of information (192). Several critical techniques emerged for

improving traceability and efficiency in the maritime supply chain.
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Image 14: Operational mechanism of blockchain technology.

One such alternative is the formation of blockchain groupings, which allow for industry-
wide collaboration in the creation and regulation of blockchain frameworks. This
collaborative approach creates an open and confident maritime environment by providing a
consistent and unified procedure (193). Another critical strategy is the creation of digital
documentation standards. Standardized digital document formats, such as bills of lading and
customs declarations, are crucial for promoting interoperability and enabling information
transfer across the supply chain (194).

The adoption of the Internet of Things (IoT) appears as a solution, highlighting the
significance of real-time visibility in dealing with the complexities of the maritime supply

chain (195). 10T provides constant vision, much like a maritime radar directing vessels
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through rough seas. [oT collects real-time data on location, ambient conditions, and transit
status via a network of sensors (196). IoT deployment strategies include embedding sensors
in containers, vessels, and infrastructure, as well as employing edge computing to evaluate

data locally. This minimizes latency, allowing for faster decision-making processes (197).

Superior efficiency

| L Y I
Product quality o Benefits of [oT o Reduced resources
improvement . in Agriculture .

Image 15: The benefits of [oT in agriculture.

In the maritime supply chain, data integrity is recognized as a vital component for making
informed decisions (198). Advanced analytics are crucial in guaranteeing data integrity as
it passes across several supply chain touchpoints. To ensure the immaculate integrity of data
throughout its route, data integrity techniques include the use of blockchain for data
attestation, as well as timestamps and verification systems (199). Continuous monitoring
and validation via automated systems validate data accuracy, boosting its reliability for
decision-making purposes.

The implementation of these concepts will be difficult. Resistance to change, compatibility
concerns, and the maritime industry's wide breadth are serious challenges. Mitigating these
problems involves progressively deploying steps to prevent interruptions. Extensive training
programs are required to provide personnel with the appropriate skills and mentality to

embrace technology improvements (200). Overcoming problems necessitates a continuous
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approach to problem-solving as well as the development of a flexible culture within the
maritime supply chain ecosystem. Maintaining open lines of communication among
stakeholders is critical for addressing difficulties and fostering adaptation (201).

To summarize, improving transparency, real-time visibility, and data integrity in the marine
supply chain is a journey, not a destination. It demands collaborative orchestration, the use
of new technologies, and the determination to overcome difficulties. As the marine sector
navigates a digitalized future, these projects will serve as a guidepost, guiding stakeholders

toward a more transparent, resilient, and efficient supply chain.

Master Thesis 47



OPEN

HELLENIC Panagiotis Sioutis, Enhancing Supply Chain Traceability in the
UNIVERSITY Maritime Industry

7. Implications and Future Directions

7.1 Discussion of Findings and Their Implications for the Maritime
Industry

This dissertation journey has revealed a tapestry of discoveries, weaving together the
delicate threads of supply chain traceability in the maritime industry. The ramifications for
the maritime industry become evident as we go into the discussion of results, presenting a
portrait of both difficulties and opportunities on the canvas of global trade.

The investigation of findings highlights the deep importance of traceability within the
maritime supply chain, going beyond its position as a simple operational need. Instead, it
becomes a pillar of openness, risk mitigation, and operational efficiency. Traceability
heralds a transparency revolution with far-reaching repercussions in an industry long hidden
in the expanse of the seas.

Improved traceability directly benefits operational efficiency, which provides simplified
processes, decreased bottlenecks, and optimum resource allocation. The ability to identify
every link in the supply chain improves resilience by allowing for quick reactions to
interruptions and presenting traceability as a critical component in risk reduction.
Technology is driving this transformational transition, with blockchain, 10T, and data
analytics emerging as the wind powering the marine sector into a new age. The
MarineTraffic case study demonstrates the revolutionary effect of these technologies in
improving visibility, dependability, and decision-making. Adopting such technology marks
a revolution in changing how the maritime sector views and navigates the supply chain,
providing early adopters with a huge competitive edge in an industry where timing is as
essential as the tides.

The consequences go beyond the current state, compelling academics to forge new paths in
their investigation of supply chain traceability. The convergence of technology
breakthroughs, regulatory frameworks, and changing trade patterns provides fertile ground
for future research efforts. Future studies should investigate the changing role of global and
regional legislation in determining traceability practices, as well as investigate the long-term
influence of developing technologies, analyzing their scalability and adaptability.

The incorporation of case study suggestions into larger industry practices appears as a
guiding light blazing a route toward a more traceable and resilient maritime supply chain.

The success stories and lessons learned from MarineTraffic's attempts provide a roadmap
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for others to follow, advising businesses to tailor these ideas to their settings, and
acknowledging the lack of a one-size-fits-all solution. The marine industry promotes a
culture of collaborative learning in which triumphs and mistakes are shared to strengthen
the sector's collective resilience.

Finally, the conversation sheds light not only on the current status of supply chain
traceability in the maritime industry but also on the undiscovered frontiers that lie ahead.
The industry is positioned to manage the challenges of global commerce with unprecedented
clarity and resilience as it sets sail into this new era, led by the compass of technology and

the wisdom learned from this study.

7.2 Suggestions for Future Research and Development in Supply Chain
Traceability

Standing at the crossroads of technological innovation, changing global trade dynamics, and
a shifting regulatory landscape, the findings of this dissertation not only shed light on the
current state of supply chain traceability in the maritime industry but also open the door to
a plethora of future research and development opportunities. As the maritime sector
navigates new seas, the future holds both chances and difficulties, pushing scholars to go on
an adventure.

The dynamic interplay between growing global and regional legislation and the adoption of
traceability technologies in the shipping industry is one intriguing route for future study.
Regulations controlling the maritime supply chain are experiencing substantial
modifications, with a growing emphasis on transparency, environmental sustainability, and
security. It is critical to investigate how these restrictions impact the adoption of traceability
procedures. Questions about the influence of recent changes in international trade rules on
traceability adoption, as well as how regulatory frameworks meet the problems and
possibilities posed by evolving traceability technology, provide fertile ground for
investigation.

Another intriguing topic of future research is the long-term influence of new technologies
like blockchain, IoT, and data analytics on supply chain traceability in the maritime industry.
The industry is experiencing a digital change, with technologies that have the potential to
redefine traceability. However, the long-term consequences of these technological advances

are unknown. Exploring the scalability and sustainability of new traceability technologies
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over time, as well as identifying organizational and industry-wide difficulties originating
from continual technological integration, lays the groundwork for future research.

Another major research emphasis is global collaboration and standardization in improving
traceability across the maritime supply chain. Given the shipping industry's intrinsic global
character and its participation with different stakeholders from various areas, researching
the possible advantages and difficulties of collaboration and standardization becomes
critical. Understanding how global collaboration improves the efficacy of traceability
systems, as well as examining the obstacles and possibilities in standardizing traceability
procedures across varied marine ecosystems, are important research aspects.

A frequently overlooked feature in the effective adoption and adaption of traceability
systems by industry experts is the human dimension. While technology is important, the
human factor is still a critical predictor of system success. Future studies should look at the
elements that influence supply chain professionals' adoption and adaption of traceability
systems, as well as how user-centric design concepts might improve usability and
acceptance.

Finally, examining the role of scenario planning and risk mitigation methods enabled by
traceability in improving supply chain resilience, particularly in the face of global shocks,
emerges as an important research area. The maritime business is vulnerable to a wide range
of disruptions, from geopolitical crises to pandemics. Understanding how traceability
systems aid in scenario planning and risk mitigation during global crises is critical for future
preparedness.

Researchers are prepared to contribute to the resilience, efficiency, and sustainability of the
marine industry by mapping the way for future supply chain traceability research and
development. The proposals presented here serve as a guidepost, directing researchers to
areas where their research can have a significant influence on the industry and the larger

subject of supply chain management.

7.3 Integration of Case Study Recommendations into Broader Industry
Practices

As we reach the end of this dissertation, the emphasis shifts away from the individual case
study findings and toward their larger implications for the maritime industry. The

integration of case study suggestions focusing on MarineTraffic's supply chain traceability
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solutions takes center stage. This transformation is an important step in leveraging the
knowledge gathered to stimulate positive change and support innovation throughout the
whole maritime supply chain.

Transforming the case study's insights into practical initiatives is critical for generating
genuine change in the marine sector. The case study's microcosmic vision serves as a
roadmap for what may be accomplished inside the industry. Knowledge transfer seminars
and training sessions targeted at sharing insights, partnership with industry groups and
educational institutions, and the production of detailed best practice standards are examples
of implementation tactics. By putting these case study findings into action, the industry can
jointly move toward standardized, effective traceability procedures, increasing transparency
and setting a standard for excellence in maritime supply chain management.

Collaborative platforms arise as additional means of improving the industry as a whole.
Given the intricate web of interrelated stakeholders in the shipping sector, ranging from
shippers to regulatory authorities, collaborative forums and partnerships can help stimulate
collective problem-solving and development. Establishing online forums and communities
for discussing supply chain traceability experiences, issues, and solutions, as well as
encouraging public-private collaborations, ensures that the advantages of traceability spread
across the whole maritime ecosystem. This collaborative strategy capitalizes on shared
knowledge, resulting in collective intelligence and industry-wide development.

Navigating the maritime industry's fast technological growth necessitates a strategic
strategy. Technological integration roadmaps give clarity to industry stakeholders by
incorporating a framework for the progressive adoption of emerging technologies such as
blockchain, IoT, and data analytics, as well as setting interoperability standards. A well-
defined roadmap reduces the risks associated with haphazard technology deployment and
enables informed decision-making on traceability technology integration.

Regulatory support for traceability standards is critical in determining industry practices.
Engaging with maritime regulatory organizations and generating policy white papers that
emphasize the benefits of traceability and make policy suggestions help to guarantee that
traceability requirements become part of compliance. With regulatory approval, these
standards are elevated from suggested practices to mandated criteria, requiring industry
players to prioritize and invest in traceability solutions.

Recognizing the dynamic nature of supply chain dynamics necessitates the implementation

of systems for continual improvement. Establishing a feedback loop for continual
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improvement by defining key performance indicators (KPIs) for traceability and conducting
periodic assessments of industry-wide processes that include learning from real-world
deployments. These tools for ongoing development minimize stagnation and foster an
innovative culture inside the sector.

The maritime sector has a unique chance to not only improve its traceability capabilities but
also to promote itself as a beacon of innovation and efficiency by integrating the case study
suggestions into the fabric of larger industry practices. The incorporation of these ideas
testifies to the collective development of an industry working toward a more transparent,

resilient, and sustainable future.

7.4 Navigating the Future of Maritime Supply Chain Traceability

As we near the end of our investigation into improving supply chain traceability in the
maritime sector, a tapestry of insights, difficulties, and initiatives emerges. The shipping
industry's importance in global trade is apparent, yet persistent traceability issues offer
severe impediments. This dissertation delves into the complexities of these difficulties,
proposes novel solutions, and attempts to contextualize these discoveries within the larger
framework of the maritime supply chain.

The tour began with an overview of the worldwide significance of the shipping industry. An
industry that allows the flow of products across long distances, linking economies and
determining global trade trends. However, underneath this breadth is a network full of
complications, with traceability issues emerging as focus areas affecting efficiency,
transparency, and sustainability.

By tracking the historical progression of supply chain traceability challenges, the story
revealed the layers of complexity that have emerged with the industry's development. Each
step forward, from manual recording methods in the past to today's networked reality, brings
with it both opportunities and challenges. The emergence of disruptive events like the
COVID-19 pandemic and political instability exposed vulnerabilities in current tracking
methods (202).

The conclusion that traceability is more than simply a logistical need strengthened the case
for focusing on it in the marine industry. It is also a foundation for sustainability and
resilience (203). It helps the industry deal with issues, increase operational efficiency, and

contribute to a more sustainable future. The dissertation performed a detailed literature
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review and investigation of current research on supply chain traceability, with a focus on
the marine industry. From its theoretical roots to actual implementations, this phase showed
the complexity of traceability. The necessity of traceability, technological improvements,
and the associated benefits and concerns were major topics in the following chapters.

The case study method was used in the study, with MarineTraffic serving as the focal
organization. MarineTraffic, a maritime analytics firm, provides information about the
impact of traceability systems on stakeholders, processes, and overall supply chain
performance. The case study design ensured that theoretical perspectives matched real
implementations.

Chapter 4 thoroughly studied MarineTraffic's traceability solutions, doing comprehensive
research and measuring their impact on stakeholders, processes, and overall supply chain
performance. The inclusion of theoretical perspectives provided complete information,
establishing the framework for ideas to improve supply chain traceability. In Chapter 5, the
emphasis shifted to stakeholders, with interviews with supply chain managers,
transportation companies, and industry experts. The goal was to evaluate current traceability
methods and identify areas for improvement. The real-world examples and remarks in these
interviews provided a clear picture of the practical implications of traceability on day-to-
day operations.

In Chapter 6, the emphasis switched to the future, with ideas to increase supply chain
traceability proposed. The adoption of new technologies such as blockchain, IoT, and data
analytics emerged as transformational pillars. Strategies for improving openness, real-time
visibility, and data integrity were highlighted, providing industry actors with a road map for
navigating the changing market. Chapter 7 brought the research to a close by addressing the
findings and their significance for the marine industry. Suggestions for further study and
improvement highlighted the dynamic nature of traceability. Incorporating case study
suggestions into larger industry processes provided a road map for long-term, industry-wide
development.

When the chapters are combined, a cohesive story emerges — a narrative of development,
obstacles, and opportunities. The maritime industry is at a crossroads, where the adoption
of traceability technologies represents a paradigm change toward a more robust, efficient,
and sustainable future. As the marine sector transitions into a digitally transformed world,
the need for robust supply chain traceability becomes non-negotiable. This dissertation,

based on real-world case studies and stakeholder insights, offers tangible methods for
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industry actors rather than theoretical assertions. The road ahead is loaded with
opportunities, from utilizing future technology to building collaborative platforms and
lobbying for regulatory norms.

The fact for supply chain experts is that the majority are not regularly analyzing their global
supply chains, are still depending on manual procedures, and are incurring reputational harm
as a result of interruptions. Nonetheless, the promise of traceability systems is compelling:
increased operational efficiency, reduced demurrage and detention, greater customer
service, and accuracy beyond carrier ETAs.

As a result of these discoveries, the maritime industry must choose between clinging to
outdated techniques and embracing the revolutionary power of traceability. The voyage
described in this dissertation is not a conclusion, but rather a foreshadowing of the marine
industry's ongoing progress. Through collaborative efforts, technology improvements, and
a dedication to openness, the industry may not only weather crises, but also emerge stronger,
more resilient, and ready to face the challenges of the future.

The compass points to greater traceability as the guiding star as the maritime industry plots
its route toward an era marked by data-driven decision-making and networked ecosystems.
The industry's future will be defined by how it navigates the inevitable waves of change.
This dissertation, in chronicling the course of supply chain traceability, is not an endpoint
but a call to action — a call to construct a route for a shipping sector that sails efficiently,

sustainably, and safely into the future.
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