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Abstract--Ports are regarded as essential capital
infrastructure, closely connected with a broad spectrum of
economic activities and which manage maritime trade with
ships and goods. Ports are vital economic hubs that drive global
trade, local employment, and supply chain efficiency, yet they
remain underrepresented in current academic literature.
Future research should prioritize this critical infrastructure to
better understand its multiplier effects on regional and national
economies. Port handle more than 80% of global merchandise
trade by volume. These ports play a critical role in regional
economies and may face unique challenges and opportunities in
adopting smart port solutions. Exploring the economic and
environmental impacts of digitalization and smart port
technology along with smart ship and shipbuilding practice, in
these contexts will shed light on how localized socio-economic
dynamics influence the success and sustainability of smart port,
shipping and shipbuilding initiatives. This analytical study on
smart ports, smart ship and smart shipbuilding will provide
relevant insights for public policymakers, private companies,
and port authorities interested in investing in digital port
transformation. By considering the diverse realities and needs
of different ports, shipping and their stakeholders, future
studies can help build inclusive, adaptive, and sustainable
pathways toward port digitalization and smart technology
inclusion in ship and shipbuilding that align with global
development goals and local priorities.
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I. INTRODUCTION

The maritime sector plays a central role in international
trade, accounting for more than 90% of global goods
transport, yet it faces increasing environmental challenges.
In this context, the development of smart ports, smart
shipping, smart ship and smart shipbuilding has emerged as
a strategic solution to enhance operational efficiency and
promote sustainability (Li et al, 2025). In 215t century, due
to inclusion of digitization and advance technology,
smart ports are increasingly transitioning into automated fa
cilities, leveraging advanced digital technologies to boost o
perational efficiency, transparency, sustainability, and over
all competitiveness.
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These smart and automated ports integrate tools such as
sensors, big data analytics, artificial intelligence (Al), mach
ine learning (ML), deep leaming (DL), augmented reality (
AR), digital twins, and various automation systems to restr
ucture cargo movement, minimize environmental impact, a
nd offer improved services to relevant stakeholders
including shipping companies, service providers,
customs agencies, local communities, different service
takers  and otherrelevant parties (Hossain, 2024a).
Furthermore, smart ports often incorporate ecofriendly feat
ures such as renewable energy sources, electric vehicle char
ging stations, onshore power supply, and smart logistics inf
rastructure. These innovations significantly boost the functi
onality and responsiveness of port operations, thereby playi
ng a critical role in strengthening national competitiveness
(Hossain, 2025a).

To confrontation the condition of cost competitiveness
and transportation weakening due to major logistics
competition, shipping agenesis or companies are reducing
crew members or workforces. Furthermore, the publicity
about efficiency improvement and carbon reduction in
maritime industry has increased the attention to artificial
intelligence (Al). Therefore, the demand for automation in
navigation along with monitoring and control technology is
highly upsurging to operate the ship and shipping smartly,
safely, and economically. Additionally, the progress in
intelligence information technology, as well known the 4th
industrial revolution (4IR), is promoting the visualization of
autonomous ships as well as shipbuilding. Countries such as
the EU, US, China, Korea, Japan, etc. with the increased
availability of these technologies are shaping the
development of eco-friendly autonomous and smart ships in
virtue of the private-public collaboration. Smart Ships,
taking into account the applications of worldwide economic
concepts and addressing the maritime sector regulations,
aims to supply multi-layeroptimization in fuel consumption,
minimization of COz and carbon emissions, and energy
efficiency when full-fledged implementation is completed
(Hossain, 2025c, d). As we know that, COTS technologies
or Commercial Off-The-Shelf items that we buy ready-
made, like standard software, computer hardware, and
network tools.
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Actually, they save time and money because we do not
need to build them from scrape. Finally, this will capitalize
on available COTS technologies and can deliveran ICT and
IoT-enabled holistic cloud-based maritime performance and
monitoringsystem, for the whole lifecycle ofa vessel, aimed
to fully optimize the energy efficiency, emissions reduction,
and fuel consumption, with regards to introducing circular
economy concepts within the maritime field (Marine, 2026).

In 21t century, ports are becoming increasingly
intelligent, integrating smart technologies to improve
shipping, customer service, and operations while
maximising efficiency and profitability. Instead of hunting
broad automation, the immediate priority for emerging
shipbuilding nations should be Industrial IoT (IloT) for
Process Visibility. However, IloT for process visibility over
broad automation is a strategic and practical approach for
emerging shipbuilding nations including India, Vietnam, or
Bangladesh even, enabling them to focus on asset tracking,
bottleneck identification, and workflow transparency. This
semi-digital model manages capital exposure while
delivering rapid efficiency gains before scaling up to
complex robotics. Again, deploying low-cost wireless
sensors to monitor critical welding parameters (current,
voltage) in real time can meaningfully reduce defects and
rework, addressing the quality consistency issues often
encountered in manual welding. Furthermore, Computer
vision technology can be applied to rigorously monitor
worker safety compliance, such as PPE usage, a vital step in
meeting international safety standards like the Hong Kong
Convention (or HKC 2009). Again, automation streamlines
management and operations, reducing environmental
influence while confirming safety (Hossain, 2024b, d).
Technologies such as Al, ML, Digital-twin, can optimise
logistics by processingdata from multiple sources, including
shipping timing and agendas or cargo information.
Innovative technologies also automate multiple tasks,
suggestively decreasing manual labour requirements and
boosting overall efficiency (Hossain, 2025b). Furthermore,
these technologies ease and improved design and
construction processes, identify anomalies, and forecast
possible incidents, thereby enhancing safety, security, and
compliance with international standards (Hossain, 2025a;
Hossain, 2023b). By optimising operations and production
costs, innovative technologies reduce resource consumption,
minimise downtime, ensure safety, improve quality, and
ultimately lower costs. Additionally, they contribute to
sustainable shipbuilding by optimising energy use, waste
management, and environmental monitoring.
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Today, insufficient focus on the economic outcomes of
port automation and digital tracking. Again, limited studies
balancing economic gains with green shipping, ship,
infrastructures  and local  carbon  footprints.
Despite growing research on green ports, ships,shipbuilding
,existing studies remain fragmented, with limited integratio
n between technological, environmental, and governance pe
rspectives within the blue economy framework (Noah,
2025). In 215t century, smart ship technology will increase
the volume of data to optimize shipping operations and meet
processing requirements. IMO's GNG strategy aims to
reduce theshippingindustry's total carbon emissions by 40%
by 2030 (Hossain, 2018d; Marine, 2026). As a result in 21
smart port, ship, shipping and shipbuilding become a global
phenomenon where digitization, loTs, Al, ML, Digital twin,
etc are playing a vital role. For improved efficiency,
accountability, sustainability, competitiveness, customer
satisfaction, and effective monitoring, the entire maritime
sector, including port, ship and shipbuilding, must adopt
smart, safe, and cost-effective practices. Smart port and
shipyards employ digital solutions, including sensors, data
analytics, augmented reality, big data, digital twins,
blockchain, and automation, to shorten production timelines
while ensuring quality, reducing waste and emissions, and
providing better service to customers, local communities,
and stakeholders (Hossain, 2025a). The economic gains are
primarily derived from supply chain dynamics, timely
delivery, and adherence to quality standards, rather than
solely from internal activities. Thus, ensuring quality
assurance, adhering to safety standards, meeting delivery
deadlines, providing after-sales service, and maintaining
goodwill are crucial to national competitiveness and the
sustainable advancement of the shipbuilding industry
(Hossain, 2025b). This is an analytical study to describe the
significance of inclusion of digital and smart technology in
port, ship and shipbuilding in the era of advance technology.

II. LITERATURE REVIEW

Maritime transport moves maximum global goods and is
essential for trade, jobs, and economic growth. As climate
change threatens ports and supply chains, countries need
cleaner ships, resilient infrastructure, and smarter digital
systems (Balcombe etal.,2019; Yangand Liu, 2022). The
maritime sector is the backbone of global trade, commerce,
driving economic growth, supply chains, and job creation.
This dominance of maritime transport in the global flow of
goods highlights its strategic importance for both economic
growth and market integration. However, maritime transport
is also associated with significant environmental pressures.
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It is estimated that the international shipping industry
currently accounts for up to 5% of global carbon emissions,
with some projections suggesting this share could rise to
25% by 2050. In this context, port digitalization and “smart
port” initiativeshave been increasingly proposed as potential
pathways to improve logistics performance and support
environmental objectives (Hossain, 2025e, f). However, the
extent to which these initiatives deliver measurable
economic and environmental gains—and under what
conditions—remains uncertain. As hubs connecting
maritime, land-based, and industrial activities, digital ports
have significant potential to lead initiatives that balance
economic development with environmental responsibility,
particularly amid growing demands for cleaner, more
efficient, and digitized operations (Molavi et al., 2020). At
the same time, ports differ widely in governance, scale,
hinterland connectivity, cargo mix, energy systems, and
labor arrangements, which may lead to context-dependent
outcomes from similar technologies. Several entities have
already adopted port digitalization strategies. Examples
include the Port of Rotterdam, Port of Hamburg, Port of
Singapore, and Port of Shanghai, which have implemented
smart port models through digital technologies (Niu et al.,
2024).

The digital port is often described as a modem
infrastructure model aimed at improving operational
efficiency, sustainability, and safety. It is characterized by
beinga connected and automated system designed to meet
the needs of various stakeholders. These ports implement
smart and strategic managementpractices, rely on a highly
skilled and creative workforce, and incorporate innovative
solutions in infrastructure and technology to address the
sector's challenges (Belmoukari et al., 2023; Molavi et al.,
2020). The progression toward developing a smart port
typically unfolds through successive stages of technological
advancement. The first stage involves the adoption of digital
systems aimed at reducing reliance on paper-based
documents and minimizing manual processing. The second
stage, referred to as the Automatic Port, features a semi-
automated environment that implements electronic
documentation and information systems to streamline
operations. The third stage marks the transition to a Digital
Port, characterized by higher levels of automation,
interoperability through information sharing, and the
provision of real-time services. Finally, the fourth stage is
the Smart Port, in which full automation is achieved through
the integration of emerging technologies, advanced
automation solutions, and comprehensive digital
transformation (Makkawan and Muangpan, 2021).
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In the port context, Smartization describes the peak phase
of port digital transformation, integrating IoT, Al, ML, and
digital twins to optimize operations, boost sustainability, and
connect supply chains. However, the term smartization is
used in the literature to define an advanced stage in the
digital transformation of modern ports. The conceptrefersto
the evolution of traditional ports into more integrated,
automated, and data-driven operational systems, supported
by the coordinated adoption of digital technologies.
Smartization involves the integration of sensors,
communication infrastructures, data platforms, and
analytical tools that enable the collection, processing, and
sharing of information in real time, thereby supporting port
operations management and decision-making (Hossain,
2025e, f). Among the objectives most frequently associated
with this process are terminal automation, optimization of
logistics chains, continuous monitoring of operations, and
the strengtheningofefficiency and resilience in port systems
(Belmoukari et al., 2023; Molavi et al., 2020).

The progression toward developing a smart port typically
unfolds through successive stages of technological
advancement. The first stage involves the adoption of digital
systems aimed at reducing reliance on paper-based
documents and minimizing manual processing. The second
stage, referred to as the Automatic Port, features a semi-
automated environment that implements electronic
documentation and information systems to streamline
operations. The third stage marks the transition to a Digital
Port, characterized by higher levels of automation,
interoperability through information sharing, and the
provision of real-time services. Finally, the fourth stage is
the Smart Port, in which full automation is achieved through
the integration of emerging technologies, advanced
automation solutions, and comprehensive digital
transformation (Makkawan and Muangpan, 2021). In this
context, the term Smartization is used in the literature to
describe an advanced stage in the digitalization or digital
transformation of ports. The conceptrefers to the evolution
of traditional ports into more integrated, automated, and
data-driven operational systems, supported by the
coordinated adoption of digital technologies. Smartization
involves the integration of sensors, communication
infrastructures, data platforms, and analytical tools that
enable the collection, processing, and sharing of information
in real time, thereby supporting port operations management
and decision-making. Amongthe objectives most frequently
associated with this process are terminal automation,
optimization of logistics chains, continuous monitoring of
operations, and the strengthening of efficiency and resilience
in port systems (Belmoukari et al., 2023; Molavi et al.,,
2020).
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Shipbuilding is a capital-intensive, global in nature,
diversified, forward and backwards linkage-oriented, and
technology-centred heavy industry, which needs huge
capital investment (Hossain, 2015a, b; Hossain, 2018b).
Export-oriented shipbuilding,  particularly = smart
shipbuilding, is inherently a global industry (Stopford, M.,
2009). Bangladesh has a distinguished shipbuilding history
and a low-cost, abundant young workforce. Local shipyards
have the capacity and capability to construct small and
medium ships (10000 DWT) in accordance with
international standards at approximately 10%-30% lower
cost than similar ships built in Japan, Korea, China, and
Western countries (Hossain, 2018a). However, in the era of
intelligent, digitised technologies, the impact of the Fourth
Industrial Revolution (4IR) has become a defining discourse
and a challenge for the maritime and manufacturing sectors
worldwide. 4IR combines digitisation with manufacturing
using smart tech, suchas Al, ML, DL, DS, IoT, blockchain,
digital twin, big data, cloud, VR/AR, simulation, human-
machine interaction, 3D printing, advanced materials, and
automation (Hossain, 2025a, c; Hossain, 2024¢). The main
goal of 4IR in shipbuilding (shipbuilding 4.0) is to create
intelligent shipyards that are not only flexible, resource-
efficient, and profit-focused but also promote close
collaboration among shipowners, shipbuilders, suppliers,
and all other stakeholdersacross different business and value
chains. (Hossain et al., 2017; Noordstrand A, 2018).
Therefore, cheap labour and an abundance of young
population are no longer sufficient drivers for industrial
development in a developing nation in this century.
Productivity and a technology-centred skilled workforce are
paramount requirements. Suppose Bangladesh fails to
develop its young population into a skilled workforce with a
technology-friendly attitude. In that case, there is a high
likelihood of missing this critical opportunity for economic
advancement and sustainable growth, and of falling behind
on the global development trajectory (Hossain, 2023 a, b).

The global shipbuilding market is characterised by
inflation, overcapacity, depressed prices, low profit margins,
trade distortions, widespread subsidisation, financial and
pandemic crises, volatile global politics, trade imbalances,
and more. There are fluctuations in shipbuilding growth. The
United Kingdom (UK) was the global market leader in
shipbuilding before World War II. After that, Japan became
the dominantshipbuilding nation in the 1960s and gradually
lost its competitive advantage to the promising industrial
nation, SouthKorea, which hadlowerwages, a more suitable
shipbuilding strategy, strong government support, and a
weaker currency. South Korean shipbuilding overtook
Japan's in 2003 (Lixing Z, 2009).
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From 2009 onward, during and after the global financial
crisis, Chinabecame a global shipbuilding leader, surpassing
South Korea and Japan by adopting the same strategies and
techniques as thosetwo shipbuilding giants (Hossain, 2018a,
b). China uses the global financial crisis to develop its
shipbuilding industry, initially targeting the medium- and
small-sized global container, tanker, and cargo ship markets.
High-labour-cost countries have consistently lost global
shipbuilding market share following the removal of state
subsidies; even with strong domestic policies, they have
failed to provide sufficient support. Shipbuilding in the UK,
the USA, and other European countriesis a prime example
ofthis (Stopford M, 2009, Hossain 2010). The market share
of US and European shipbuilders began to decline in the
1960s,andtheir production is now primarily for militaryuse,
with few specialised ships such as cruise liners or pleasure
Yachts. Today, China is the global leader in shipbuilding,
with approximately 50% of the global market share. Their
shipbuilding quality and technology have improved
significantly, and they have eamed the confidence of global
customers. South Korea and Japan are following China,
securingsecond and third positionsin the global market with
19% and 15% shares, respectively (Hossain, 2021;
UNCTAD, 2021a; Hellenic, 2024).

Middle-class societies in Asia and Africa are flourishing
in the 21st century. At the same time, the price of
shipbuilding labour in China has increased manifold in
recent years. As a result, China will reduce its market share
in the small and medium container, cargo, tanker, and
multipurpose ship sectors over the next decade. Here, an
opportunity has been created for small shipbuilding nations,
including Vietnam, the Philippines, India, Bangladesh,
Brazil, and Turkey. However, “indigenous shipbuilding in
thisregion has a glorious history. Shipbuildingis considered
an early industry developed in Bengalbased on itstraditional
boat building” (Alam, 2004). Ibn Battuta visited Bengal in
the 14th century and returned aboard a wooden ship builtat
the Sonargoan Shipyard in Dhaka. Interestingly, Ibn
Battuta’s ships have been conserved in European Museums.
European traveller Mr Caesar Frederick noted that
Chittagong was the centre of shipbuilding in the middle of
the 15th century (Hossain et al., 2010a). In the 17th century,
a fleet of ships was built for the Sultan of Turkey at
Chittagong. During the Mughal period, Chittagong built
numerous warships for its naval force. The British Navy
used wooden-hulled warships built at Chittagong, which
were successfully deployed at the Battle of Trafalgar in
1805. The wooden-hulled frigate Deutschland (1000 dwt)
was built in Chittagong for the German Navy in 1818
(Hossain et al., 2017).
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Alongside other criteria, the average operational lifespan
of ships is a significant factor in vessel disposal decisions.
Environmental rules, bunker fuel costs, technical
obsolescence, freight rates, new-building pricing, EOL or
used ship prices, and demolition prices are examples of
policy-related factors (Hossain, 2018c, d). Typically, ships
are scrapped after 25 to 30 years of service, with minor
variations depending on ship type and region. For example,
tankerstypically have a disposal age of25-30 years, whereas
container ships have a shorter average lifespan of 17-26
years. Bulk carriers, however, exhibit a more variable age at
disposal, ranging from 20 to 35 years. Between 2006 and
2012, the proportion of ships scrapped relative to the global
fleet rose from 1% to 3.5%, before declining to 2% in 2014.
These disposal rates vary significantly between countries
(Hossain, 2026). Despite these fluctuations, overall disposal
rates remained low, which is usually the case. However, due
to inflation and the global economic crisis, the rise in the
average age of scrapped vessels and anticipated trends in
vessel demolition will be slowed. According to the research,
tankers often have greater survival rates than container ships
and bulk carriers. Notably, even after 40 years of service,
double-hull tankers continue to have a survival rate of about
25%. On the other hand, because double-hull tankers are
required to follow IMO standards to enhance safety, single-
hull tankersare decommissioned early. New vesselneedsare
expected to total approximately 690 million GT, with 200
million GT fortankers, 315 million GT for bulk carriers, and
170 million GT for container ships. From 2030, disposal-
related requirements will decline as activity returns to pre-
crisis levels. Total new-building requirements from 2016 to
2035 have been estimated at 1,500 million GT, including
460 million GT for tankers, 710 million GT for bulk carriers,
and 335 million GT for containers. Without capacity
closures, excess capacity will likely persist for 15 years. The
global population was 6.83 billion in 2010 and is expected
to reach 9.08 billion by 2050. The urban population is
growing faster than the overall population; approximately
50% of the global population lives in cities, and by 2030,
about 70% will be urban (IHSSeaweb, 2016; OECD, 2011).
A larger urban population creates a strong domestic market
for goods and services, boosting economic growth and
innovation, which should benefit seabomne trade.
Urbanisation may also increase the middle class, enhancing
the consumption of goods and services (Hossain, 2024a,
2025b). Finally, global shipping and shipbuilding will
continue to grow.
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III. SIGNIFICANCE OF SMART PORT AND SMART
SHIPPING

Todayports play an essential role in global trade but are
also associated with significant environmental and social ch
allenges. In 215t century, port ‘smartization’ is closely
associated with the principles of Industry 4.0 and with
broader processes of digital transformation in logistics
infrastructures, which promote the integration of cyber-
physical systems, interoperability among digital platforms,
and the intensive use of data to improve operational
performance (Behdani, 2023). In this context, several
technologies play a central role in the development of so-
called smart ports, including the IoTs, Al, big data and
analytics, cloud and edge computing, artificial intelligence,
digital twins, Artificial Intelligence, blockchain, and
automation and robotics systems (Inkinen et al., 202 1; Kuo
and Chen, 2024; Q. Zhangetal., 2025). According to Sadiq
etal. (2024),innovative technologies like All-Electric Ships,
smart grids, and renewable energy systems are essential for
modernizing port activities and reducing environmental
impacts. Despite the rapid diffusion of these technologies
and the frequent expectation of “win—win” outcomes, the
evidence base on smart port impacts is dispersed across
engineering, logistics, economics, and sustainability
literatures, and varies substantially in methods, indicators,
and system boundaries. As a result, findings are not always
comparable and remain fragmented and sometimes
inconclusive. While some studies suggest improvements in
efficiency, trade capacity, and operational costs, others
emphasize challenges such as labor displacement, high
investment requirements, and financial risks (Kusumawati et
al., 2023).

The effect of the ports on economic and environmental
questions is studied and quantified where possible.
However, digitalization may contribute to emission
reductions, energy efficiency, and improved resource
management, it may also generate new environmental
concems, includingelectronic waste and the growing energy
demand of digital infrastructures (Z. Zhang et al., 2024).
These tensions highlight the need to distinguish expected
benefits from demonstrated outcomes, and to clarify the
conditions under which impacts are positive, negative, or
negligible. These developments have also been linked to
broader sustainability agendas, particularly the United
Nations Sustainable Development Goals (SDGs).
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Smart ports may contribute to SDG 8 (Decent Work and
Economic Growth) by fostering job creation and sustainable
economic development; SDG 9 (Industry, Innovation, and
Infrastructure) through the digitalization and modernization
of port infrastructure; SDG 13 (Climate Action) by
optimizing processes and reducing carbon emissions; and
SDG 17 (Partnerships for the Goals) by encouraging
collaboration among public, private, and international
stakeholders to implement innovative and sustainable
solutions (Almeida and Ocon, 2024; Khalifeh and Caliskan,
2025). However, the strength of these claimed contributions
depends on how impacts are defined and measured, and on
whether assessments account for trade-offs (e.g., energy use
of ICT systems, rebound effects, distributional impacts on
labor, or shifting emissions beyond port boundaries).

In 21%t century, smart ports make a significant
contribution to improving environmental performance,
particularly through emissions reduction, increased energy
efficiency, and enhanced ecological safety. Technologies
such as IoT, automation, traffic management systems, and
smart energy solutions demonstrate strong potential to
reduce fuel consumption and greenhouse gas emissions
while improving operational coordination. However, the
effectiveness of these solutions varies depending on regional
context and regulatory frameworks. While Europe adopts an
integrated approach aligned with ambitious climate targets,
Asia emphasizes carbon efficiency gains driven by state
policies, and developing regions tend to focus on more
immediate environmental challenges, such as local pollution
and waste management. Additionally, relevant trade-offs
emerge between sustainability and technological
investment. Despite their environmental benefits, the
implementation of digital infrastructures may entail high
energy consumption and, if not supported by renewable
energy sources, may even increase the carbon footprint.
There is also a risk of negative externalities, such as water
pollution or indirect increases in emissions due to intensified
port activity. Therefore, the environmental impact of smart
ports is not automatically positive, as it depends on the
alignment between technological innovation, clean energy
sources, and effective public policies. In this context, a
differentiated assessment of technologies becomes essential,
prioritizingsolutions tailoredto local conditions and capable
ofbalancingoperational gains with long-term environmental
objectives.

There is growing interest in the concept of smart cities,
driven by urban growth and rapid technological
advancements.
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In this context, smart ports are emerging as
technologically advanced seaports that leverage data-driven
technologies, automation, and digitalisation to improve
operational efficiency, optimise logistics, enhance security,
and reduce environmental impact (Chen, Jihong, 2019).
Smart ports are essential for developing sustainable,
integrated urban systems and facilitating global trade. To
improve resource use, minimise ecological impacts, and
simplify port operations, some ports implement
sophisticated digital tools. Blockchain, A, ML, DL, DS,
IoT, and big-data sensors are among the advancements being
incorporated into port operations (Hossain, 2025b, d). To
enhance their infrastructure and daily operations, automated
ports are increasingly implementing digital technologies,
includingdataanalytics and smart sensors. These encompass
the coordination of vessel movements, the monitoring of
port facilities, and the real-time tracking of cargo.
Interoperability solutions, digital twin technology,
predictive analytics, communication systems, cybersecurity
tools, supply chain integration, and augmented and virtual
reality applications are among the technologies that may be
used in these endeavours (Hossain, 2024b, ¢). Al is a
technological innovation that is both general-purpose and
versatile in this digital transformation. It has a wide range of
applications, including automation, robotics, language
translation, image processing, decision-making, online
banking, digital healthcare, credit evaluation, web-based
commerce, Innovative farming, and many others
(McCorduck Pamela, 2004). Artificial Intelligence and
innovative technologies will be integral to the future of the
ship, shipping, and shipbuilding industries and has been
shown in figure 1 (Hossain, 2025a).

The use of technologies such as the Internet of Things,
Artificial Intelligence, and big data in smart shipping
provides a variety of benefits, including increased safety,
regulatory compliance, environmental sustainability, and
enhanced operational efficiency. These developments result
in a more resilient and efficient supply chain, streamlined
routes, and cost reductions (Lloydslist, 2024). Fleets can
comply with evolvingmarine regulations and minimise their
environmental impact by leveraging innovative shipping
technologies to monitor and analyse pollutants. Smart
containers and logistics solutions provide real -time visibility
into the location and status of goods, thereby enhancing the
efficiency ofthe entire supply chain, eliminating delays, and
streamlining inventory management (Shipping technology,
2025).
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A more sustainable marine business is enabled by
optimised energy useand reduced emissions, consistent with
global environmental objectives and standards. Smart
shippingmay enhance the profitability of shipping firms and
enterprises in general by optimising routes, reducing delays,
and enhancing cargo security.

The danger of human mistakes is minimised by the
reduction of reliance on manual processes through the use of
automation and sophisticated navigation technologies. LCs
are issued by crediting parties, such as banks, as payment
guarantees for businesses (buyers, sellers, and logistics
providers).

Figure 1: Smart technology transforming the port operation and global shipping sector

Libelli's Blockchain (BCT) platform, built on
Hyperledger, streamlines digital Letters of Credit by
addressingissues such as slowness, cost, and the strictness
of traditional processes. It speeds transactions, enhances
security, and provides an efficient alternative to
conventional methods (Bangzhang & Zirianov, 2021).
Throughout the process, BCT ensures immutability and
transparency, funds are deposited into Libelli's escrow
account, and smart contracts are created. BCT's capacity to
ensure the traceability, validity, and dependability of
information, in conjunction with smart contracts, enhances
supply chain management. The rules and regulations
encoded in a smart contract govern the negotiation of
conditions and actions between parties. Contractual terms
and transactions are automatically verified. When the
network receives a message from a member or another
contract after the contractual conditions are met, the contract
updates the ledgers accordingly. The crew's comprehension
of the surrounding environment, including potential hazards
and other vessels, is enhanced by real-time data from sensors
and cameras (Chod etal., 2020). Innovative ships enhance
overall operational efficiency, resulting in cost savings in
different areas of maritime operations. Automation and
optimised processes reduce reliance on manual labour,
thereby lowering labour costs. Predictive maintenance helps
prevent unexpected breakdowns and reduces costly repairs.
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Optimised routing and improved engine performance
reduce fuel use, leading to substantial cost savings.
Automated ship systems or innovative ships are dedicated to
specific tasks based on clear criteria and have a limited
operational scope. Specific onboard systems, processes, or
tasks may be automated, meaning they are performed
without human input. Autonomous or self-sufficient ships,
analogous to driverless cars, are entirely self-governed and
require no human intervention. They are equipped with
advanced systems, sensors, Al, ML, DL, and blockchain
technologies and can learn, adapt, and respond to changing
environmental conditions (Shipnerdnews, 2024).

IV. SIGNIFICANCE OF SMART SHIP

The typical lifespan of a ship is around 30 years.
Currently, shipowners and operators are focused on ensuring
that their fleets remain safe, efficient, and operational for as
longas possible. This involves maintainingcompliance with
existing regulations and staying prepared for upcoming
standards, both of which are crucial. Innovative ships offer a
range of benefits, includingenhanced operational efficiency,
improved safety protocols, and greater environmental
sustainability. Autonomous vessels constitute a distinct
category within the broader classification of innovative
ships; however, not every smart ship qualifies as
autonomous.


https://www.sciencedirect.com/science/article/pii/S1366554522003891#bb0030
https://www.sciencedirect.com/science/article/pii/S1366554522003891#bb0075

~

L

IJRDET

International Journal of Recent Development in Engineering and Technology
Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 08, August 2026)

Innovative ships increasingly rely on digital technologies
to enhance onboard and onshore operations, as systems such
as alarm monitoring, power management, dynamic
positioning, integrated navigation, and electronic engines
become increasingly digitised. This transition results in a
sustained increase in both the volume and frequency of
generated data. Transforming data into actionable steps is
essential formore innovativeships. Although smart shipping
presents numerous opportunities, these only cometo fruition
when data is collected, processed, and delivered to the
appropriate recipient at the right time.

This process includes gathering data, analysing it for
patterns and trends, and providing context to support
decision-making. Dashboards can display this data to
generate insights, notifications, and alerts. Additionally, the
data can be used to predict and simulate optimal scenarios,
enhancing understanding of the ship’s performance and
supporting operational decisions (Marine-offshore, 2024).
Smart Ship and its operation have been shown in figure 2
below.

Figure 2: Smart Ship and its smart operation

Retrofitting existing ships with modern technologies and
converting theminto ‘smart’ ships offers a means to address
this challenge. By incorporating advanced systems and
digital tools, shipowners can improve efficiency, reduce
costs, meet regulatory standards, and enhance safety. As
technology advances across industries, the maritime sector
is embracing innovative ship technology. This breakthrough
is transforming ship operations by enhancing efficiency,
safety, and sustainability. Modern, intelligent shipyards
provide sophisticated solutions that enable clients to
leverage advanced technology and remain competitive.
Innovative ship technology represents a significant leap
forward, integrating IoT, AI, DL, ML, big data, and
blockchain into ship systems. Through sensors,
communication devices, and data analytics tools, innovative
ships can monitor and improve operational processes in real
time (Computer Weekly, 2025). This technology improves
performance and enables predictive maintenance, reducing
unexpected failures and costly repairs. A key advantage of
innovative ship technology is its capacity to boost
operational efficiency.

In 215t century, innovative ships leverage sophisticated
algorithms and data analytics to enhance fuel efficiency,
optimise route planning, and manage cargo effectively.
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By analysing information from sources such as weather
forecasts and traffic patterns, these vessels can make well-
informed decisions that result in cost savings and reduced
environmental impact (Port technology, 2024). They
accomplish this using automation, advanced navigation
systems, real-time monitoring, and predictive maintenance,
all driven by digital technologies and Al. Equipped with
advancedsensors, real-time Al-powereddata, and predictive
maintenance, these systems enhance situational awareness,
minimise human error, and prevent equipment failures,
thereby improving overall safety. Innovative ships use data
analytics to improve fuel efficiency, route planning, and
cargo management, resulting in substantial cost savings and
a smaller environmental footprint. Automation, strategic
route planning, and predictive maintenance reduce
operational expenses for fuel, maintenance, and potential
downtime. Additionally, innovative systems help reduce
crew workload by simplifying reporting and providing
improved navigational support, thereby enhancing crew
safety and operational efficiency. Al-powered analysis can
forecast equipment failures, enable timely maintenance, and
prevent costly breakdowns. Intelligent systems can detect
potential hazards and issue early warnings, enabling crews
to take preventive action.
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Additionally, innovative ships can implement robust
cybersecurity measures to safeguard against cyber threats,
ensuring operational safety (Ship-Technology, 2025). They
also monitor and control emissions in real time, thereby
aiding compliance with environmental standards.
Increasingly, innovative ships are adopting sustainable
energy solutions, such as hybrid propulsion and renewable
energy sources. Through operational optimisation and
emission reduction, these vessels promote a more
sustainable maritime industry. They are designed to adapt to
changingregulations and integrate new technologies to meet
evolving needs and standards.

Innovative ships generate detailed performance and
emissions reports, aiding regulatory compliance. They can
precisely monitor and control emissions to comply with
stringent regulations. Currently, innovative ship solutions
aimto improve operational efficiency, boosting performance
and competitiveness. Safety is critical in maritime
operations; innovative ship technology significantly
enhances safety through real-time monitoring and Al
analytics that can identify hazards, predict equipment
failures,and provide early warnings to crews. These systems
enhance navigation safety and ensure compliance with
international regulations. Smart shipbuilders provide
technologies that help vessels meet safety standards while
reducingoperational risks. As the maritime industry evolves,
innovativeshiptechnology will continueto drive innovation.
The integration of lIoT, Al, ML, DL, Blockchain, and big
data is expected to grow, offering new capabilities and
opportunities for improvement (Jihong, 2019). They are
committed to innovation, offering clients the latest
innovative ship technology to prepare for the future. This
technology revolutionises the maritime industry by
improving efficiency, safety, performance, and
sustainability. Smart shipyards provide advanced solutions
to navigate modern maritime complexities. Embracing these
technologies helps shipowners enhance efficiency, safety,
and environmental sustainability.

Innovative ships will be built with digital evidence,
supercomputer code, and advanced technological
infrastructure, forming the core of modern maritime
technology. These elements will drive innovation and
promote a more sustainable and environmentally friendly
supply chain. Many commercial contracts worldwide may
evolve into smart contracts, coded and executed by
computers. Collectively, all these innovations will be
referred to as innovative systems shipping. The IMO's
Maritime Safety Committee (MSC) agreed to revise its
agenda following the 2017 proposal from several member
states.
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Thisupdate was a preliminary scoping exercise to explore
how Marine Autonomous Surface Ships (MASS) could be
safely, environmentally soundly, and securely integrated
into IMO regulations (IMO, 2023). Shipping companies
reduce crew sizes to remain cost-competitive amid intense
competition in the logistics sector. Growing interest in
efficiency and carbon reduction is boosting demand for Al,
automation, and more intelligent navigation systems to
enable safer, cheaper shipping. Progress in information
technology, a key enabler of the fourth industrial revolution,
drives the development of autonomousships. Countries such
as China, the EU, Korea, and Japan, where these
technologies are more accessible, are leading the
development of eco-friendly autonomous ships through
public-private collaborations.

In 21stcentury, innovative Ships revolutionise ship design
and operations, transforming the maritimesector and its core
components. This affects shipbuilders, shipping companies,
owners, system providers, and other firms in the
manufacturing technology industry (Pinto, A.M., 2020).
Real-time remote vessel monitoring worldwide will boost
safety, efficiency, trust, and global supply chain integration,
increasing revenue and savings. Al will enhance vessel
autonomy and improve sailors' environmental awareness.
Utilising Al applications on ships reduces human errors and
helps prevent accidents. Innovative ships are expected to
reduce human-error-caused marine accidents by mitigating
risks through improved decision-making algorithms and
effective decision-making management systems. Smart
contracts, particularly when integrated with blockchain
technology and IoT devices, enable transparent shipment
tracking across the entire shipping value chain. They also
greatly enhance the logistics system by automating
procedures, improving security, and offering real-time
visibility updates. Smart contracts enable transparent
shipment tracking across the entire supply chain, improving
logistics. A data-driven approach can expand the value chain
and potentially reduce maintenance costs. Additionally, it
can improve safety and operational efficiency (Sarkar, D.,
2023). Smart contracts on a decentralised blockchain create
an immutable, transparent record of all shipment details,
from start to finish. This enables authorised stakeholders to
monitor shipments in real time and improves transparency.
Cryptography and consensus protocols safeguard data
integrity andauthenticity, preventing fraud and unauthorised
access, thereby building trust among supply chain
participants. However, addressing challenges such as
scalability, system integration, and regulatory compliance is
essential for broader adoption.
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Augmented reality integrated with big data analytics
provides an immersive, comprehensive experience for ship
navigation. It provides a real-time representation of the
physical environment, using computer-generated visuals,
including graphics, videos, and GPS data, to enhance the
visualisation of surrounding information. The innovative
technology enhances the current perception of reality
relative to the virtual perception. Sensors and connected
systems will produce substantial data to enhance ship and
fleet operations. Smart sensors and satellite communication
facilitate an integrated network between onboard and
onshore systems, enabling real-time analysis of extensive
condition data. Various sensor data are available during ship
and fleet operations, including position, speed over ground,
wind speed, fuel flow, shaft torque, shaft RPM, and
emissions data (Sezer, B.B. et al., 2023). Again, insights
from big data enhance decision-making within ships,
shipping,and ports. Currently, bigdata analytics can be used
to address existing challenges, thereby improving safety,
efficiency, and productivity. Over the next decade,
mandatory ECDIS adoption, the upcoming EU MRV
legislation, and the industry’s drive for transparency and
improved ship-shore connectivity will increasingly rely on
data transmission and knowledge sharing. The innovative
approach automates systems to increase productivity and
reduce labour hours.

In 215 century, adopting cloud technology simplifies
workforce management for both off-site and on-site teams,
improving operations, communication, and collaboration.
Cloud services provide users with accessto IT resources at
any time and from any location via wired and wireless
devices connected to the internet. As a result, cloud
computing has become a prominent industry within the
fourth technological revolution 4IR (National Geographic,
2018). A cloud service is an on-demand platform that
delivers internet-based resources, software, hardware, and
expertiseinfrastructure. On the other hand, cloud technology
allows ship owners and shipping companies to manage
centralised data systems and enforce data policies across
global locations. Cloud services are typically categorised as
public, private, or hybrid. Public cloud services are operated
by third-party providers for a broad user base and provide
shared resources. These services impose restrictions by
setting private policies for sensitive data that should not be
shared, and by sharing only information deemed necessary
by the policies' stakeholders (Khan, M.A. et al., 2018).

Connecting with IoT devices enables the collection of
real-time data on shipment conditions and locations, which
smart contracts can automatically process. This improves
decision-making and helps optimise routing.
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Blockchain transforms supply chain management by
enabling real-time tracking, enhanced security, and
automation through smart contracts. Stakeholders can
monitor product movement from origin to destination,
thereby reducing fraud and ensuring data integrity. It also
simplifies compliance checks and streamlines workflows,
thereby reducing delays and manual effort. Everyone
involved- manufacturers, suppliers, retailers, and regulators-
gains equal visibility into the supply chain operations.
However, innovative ship technology will generate more
data, improving shipping efficiency and meeting processing
demands. The IMO has strengthened its initiatives by
creating a legally binding framework to lower global
greenhouse gas emissions from ships, aiming for net-zero
emissions by approximately 2050 (AECO, 2024). IMO’s
GNG strategy aims to reduce the carbon intensity of
international shipping by at least 40% by 2030 and to
achieve net-zero GHG emissionsaround 2050. It emphasises
reducing CO2 emissions per unit of transport work relative
to 2008 levels (IMO, 2023).

In 215t century, the global economy relies heavily on
maritime transport, with seaborne trade projected to increase
by approximately 35% by 2050, driven by a growing and
more prosperous global population. However, a shift
towards a circular economy will affect maritime trade,
reducing the transport of coal and oil. Conversely, container
ships and gas carriers are expected to grow significantly,
with the most rapid expansion seen in specialised vessels
supporting offshore wind projects. The two major
megatrends-Sustainability and  Digitalisation  will
undoubtedly influence the maritime sector's future industry.
Shipping is the most energy-efficient method for
transporting large cargo over long distances, but its scale
results in significant environmental impacts. International
shipping accounts for about 3% of global greenhouse gas
emissions, comparable to aviation, but it contributes more to
global sulfur and particulate matter levels.

The shipping industry is undergoing a major
technological revolution. As digital and advanced
technologies transform ship capabilities and maritime
connectivity, terms such as “smart ship,” “autonomous
ship,”and “electric ship” are frequently used to highlight the
significant progress made by ships equipped with modem
digital tools relative to traditional vessels. However, these
terms denote distinct concepts in maritime technology and
may represent different stages of technological evolution.
They hold great significance in today’s maritime landscape.
Following CSIC (China)'s launch of the uncrewed freighter,
Japan also launched a Smart Ship Application Platform
project (ICC-CCS, 2023).
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Europe's Munin initiative aims to develop an uncrewed
vehicle by 2035, with support from Rolls-Royce. Yara
Birkeland and Kongsberg plan to replace 40,000 trucks via
automated maritime deliveries. Hyundai advances ICT for
maritime use. Finland is establishing AAWA in partnership
with companies such as Inmarsat and DNV-GL. Major
playerslike Maersk and IBM are investing (Navsea, 2020).

Since the IMO classifies thisas Level 2 automation, fully
automated ships could arrive in five years. The goal is
Degree 4 automation, but a long path remains; estimates for
fully autonomous shipping range from 10 to 30 years. The
situation will be challenging when Smart Ships navigate
alongside traditional analogue shipping routes. While Smart
Ships remain distant, they are not far off. Smart shipyards
are using innovative and advanced technology in
shipbuilding and that shown in figure 3 below.

Figure 3: Smart shipyards are using innovative and advanced technology in shipbuilding.

V. SIGNIFICANCE OF SMART SHIPBUILDING

Innovative ships incorporate advanced digital
technologies,suchas Al, ML, DL, Blockchain,and bigdata,
into their design, propulsion, systems, and manufacturing
processes to enhance efficiency, safety, and operational
performance. They utilise advanced materials, such as glass
fibre, carbon fibre, and reinforced polymers (GFRP), in hull
plating. Additionally, they develop innovative structures,
including adaptive damping systems for thrusters and
composite sandwich panels incorporating Phase Change
Materials (PCMs) to improve insulation in refrigerated cargo
ships (Thermtest,2024). Phase change materials (PCMs) are
substances that absorb or release thermal energy as they
transition between solid and liquid states. This characteristic
enables them to store and release significant amounts of
energy atspecifictemperatures, makingthem well-suited for
thermal energy management and temperature regulation
applications. Key aspects include digital twins, advanced
materials, and automated monitoring and control systems.
Digital replicas of ships and their components enable
concurrent development alongside the physical product,
supporting detailed analysis and continuous optimisation
throughout the lifecycle (Safewise, 2023). Usingautomation
in shipbuilding, including robot work for welding and
assembly, as well as integrated systems for power
management, navigation, and alarm monitoring, all help
generate more data and improve operational efficiency
(MDPI, 2024).
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Innovative technologies optimise performance across
varying conditions, including changing cargo loads, shallow
waters, and waves. They also lower maintenance costs by
using corrosion-resistant materials and increase cargo
capacity by employing lightweight composites. However,
not all innovative ships are fully autonomous. The
development of autonomous vessels is a key aspect of the
"smart ship" concept, which utilises advanced digital
systems for autonomous operation.

In 215t century, smart shipbuilding offers numerous
benefits, including increased efficiency, cost savings,
improvedsafety, and enhanced environmental sustainability.
Incorporating technologies such as Al, automation, and data
analytics enhances multiple stages of the process, from
design and engineering to construction and maintenance.
This results in quicker production, lower operational costs,
fewer human errors, and a reduced ecological impact.
Additionally, digital twins and simulation tools are used to
refine designs, minimise errors, and accelerate development.
Robotics and automation enhance manufacturing efficiency,
resulting in faster production and lower labour costs.
Intelligent systems optimise material flow and inventory
control, decreasing delays and waste. Smart shipyards
employ prefabricated sections and modular construction
methods to significantly reduce assembly time. Automation
and robotics can reduce reliance on manual labour,
particularly for repetitive or hazardous tasks. Data-driven
predictive maintenance helps detect potential problems
early, lowering repair costs and reducing downtime.
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Clever shipbuilding techniques reduce material waste and
improve resource efficiency. Automated systems and Al-
based navigation can reduce human error, a key factor in
accidents in traditional shipbuilding. Additionally,
intelligent systems can detect early signs of equipment
failure, prevent accidents and promote safer operations
(Thinaer, 2024). Al-powered systems enhance emergency
response by analysing situations and automating safety
protocols. Innovative shipbuilding practices reduce material
waste and improve resource utilisation. Automation and
robotics enhance precision and accuracy in manufacturing
and assembly processes. Intelligent systems can detect and
fix defects early, enhancing the overall quality of the ship.
They continuously monitor the quality of materials and
processes throughout the shipbuilding lifecycle, ensuring
high standards. Considering the large pool of young,
unskilled workforce in Bangladesh, Augmented Reality
(AR) and Virtual Reality (VR) based training systems are
more effective than traditional methods. These digital tools
can accelerate skill acquisition for complex tasks such as
precision welding and fitting, without the safety risks and
material waste associated with physical training
Additionally, adopting a 'Digital Twin' approach for ship
repair andretrofitting, creating 3D digital replicas of existing
vessels, will allow local yards to precisely engineer
modifications, giving them a competitive edge in the high-
value retrofitting market.

Smart shipbuilding represents a significant shiftin the
industry, offering a more efficient, cost-effective, safer, and
sustainable approach to ship construction (Duarte, S. et al.,
2017). Smart shipyards can incorporate green technologies,
such as alternative fuels and energy-efficient systems,
thereby reducing emissions and supporting environmental
sustainability. Today, in the production sector, shipyard
management, materials, and machinery are highly integrated
with advanced technology. Like steam engines, internal
combustion engines, electricity, and computers, Al is now
widely used in both industry and academia. Currently, ML,
DL, ANN, and DS are employed in ship and port operations
and in the shipbuilding industry to enhance efficiency,
reduce costs, and improve overall performance. These
technologies support data-driven decision-making,
predictive analytics, and automation, leading to significant
progress in port management. In modern shipbuilding, Al
and related innovations are used to develop intelligent,
automated shipyard infrastructure that addresses current
challenges. In addition to construction and maintenance,
smart shipyards also place a strong emphasis on security
enhancements. Digitalisation is transforming shipyard
facility management through collaborative platforms and
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advanced technologies, thereby ensuring safety,
profitability, and timely delivery. To optimise shipbuilding
processes and profits, smart shipyards utilise digital tools
such as automation, sensors, data analytics, the IoT, Al, and
DL. Smart Shipyards and their activities have been shown in
figure 4 below.

Smart asset and logistics management systems enhance
this transformation by tracking the location, condition, and
performance of key shipyard assets such as cranes, vehicles,
machinery, and infrastructure (Hossain K A, 2024e). These
intelligent systems contribute to extending equipment
lifespans, enabling proactive maintenance, and increasing
overall asset utilisation. The adoption of predictive
maintenance techniques, in which algorithms analyse sensor
data, maintenance records, and operational performance,
facilitates early detection of potential failures and the
scheduling of repairs. This strategy improves the reliability
and safety of shipyard operations, while also reducing
downtime and maintenance costs. Today, real-time
monitoring and assessment of infrastructure and equipment
are enabled by big data analytics, Al, and IoT sensors.
Furthermore, ML and DL algorithms can analyse historical
data to forecast future ship demand, informing better
decisions regarding inventory, workforce, logistics, work
scheduling, and resource allocation (Hossain, 2024d).

In 215t century, digital technologies and IoT are poised to
play a key role in the future of Al integration within the
shipping sector. IoT and Al devices will deliver real-time
information and market data. Al algorithms can be used to
optimise production, operations, and management (Hossain
K A, 2025b). Al will also support the maritime industry’s
sustainability efforts by optimising fuel consumption,
minimising emissions, and improving supply chain
efficiency. Al-driven solutions will enable shipping
companies and shipowners to comply with environmental
regulations and advance their sustainability objectives.
Looking ahead, Al is expected to fuel the development of
more sophisticated predictive analytics tools. These tools
will provide valuable insights into market dynamics,
empowering industry stakeholders to make informed, data-
driven decisions and maintain a competitive edge. However,
adopting Al, ML, DL, data science, and other innovative
technologies demand substantial investment in hardware,
software, and skilled human resources. These high initial
costs may pose challenges for the small and medium-sized
shippingand shipbuildingindustry. Additionally, integrating
such technologies entails collecting and processing large
volumes of data, raising concerns about data privacy,
cybersecurity, and overall safety. Images of two very large
shipbuilding industry has been shown in figure 4 below.
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Figure 4: Smart Shipyards and their activities (Samsung Heavy Industry and Hyundai Heavy Industries)

The shipbuilding industry stands on the brink of a
technological revolution, spearheaded by groundbreaking
research and development initiatives. Leading companies
are advancing fuel-efficient engines and innovative ship
technologies, paving the way for faster, more sustainable
maritime solutions. This surge in innovation is not only
redefining efficiency but also transforming eco-friendly
practices into a standard for modern shipbuilding. Eco-
friendly shipbuilding practices are crucial for mitigating the
maritime industry's environmental impact. The adoption of
sustainable design principles, innovative materials, green
construction methods, and digitalisation alongside green
technologies enables the industry to reduce its ecological
footprint. Implementing sustainable practices necessitates a
holistic approach that engages all stakeholders, including
designers and shipyard operators (Lloyd's Lloyds-register,
2023).

Now, Hyundai Heavy Industries (HHI) is a leading
innovator in the maritime industry, transitioning from a
traditional shipbuilder to a "future builder" focused on
decarbonization and digitalisation. HHI is doing this by
developing intelligent and secure engine control systems,
eco-friendly technologies,and innovativeship solutions,and
by beinga global leader in shipbuilding that invests heavily
in R&D to push the boundaries of maritime innovation.
Their key focus areas include autonomous shipping, green
energy solutions, and digitalisation. HHI has been
developing innovative ships equipped with Al-driven
navigation systems to enhance safety and efficiency. They
are also investing in alternative fuels such as ammonia and
hydrogen to reduce carbon emissions in line with IMO
regulations. HHI collaborates with other companies to
develop innovative solutions, such as blockchain-enabled
class registers with Lloyd's Register. Their research into
blockchain-based logistics is improving transparency and
security in global shipping operations. With a strong
technological foundation and world-class production

126

facilities, HHI is a global leader in shipbuilding, delivering
thousands of vessels to clients worldwide. Today,
shipbuilding companies are focusing on making their ships
more fuel-efficient. They are researching ways to reduce
engine fuel consumption. This helps reduce harmful gases
released into the atmosphere. By improving fuel efficiency,
ships can also save on fuel costs. Embracing these methods
can lead to cleaner oceans. Encourage shipbuilders to
prioritise fuel-efficient technologies. HHI is actively
developing eco-friendly technologies such as LNG- and
ammonia-fuelled vessels, as well as next-generation
propulsion systems, to reduce carbon emissions.

In the era of advance technology, many shipbuilders are
turningto advanced materials for their ships. These materials
are lightweight yet highly strong. Using lighter materials
helps ships move faster and use less fuel. This can reducethe
wear and tear on the ship. It also reduces maintenance costs.
Advise shipbuilders to explore the possibilities of advanced
materials. HHI is investing in advanced materials and
propulsion systems to build faster, more efficient ships.
Now, innovative technologies are becoming a key area of
focus in shipbuilding. These include systems that enable
ships to operate autonomously. Research is being done to
improve these intelligent systems. This can make ships safer
and morereliable. Itcan also reducethe need forlarge crews,
saving costs. Advocate for greater investmentin innovative
ship technologies. HHI is involved in developing
autonomous shipping technologies and digital tools to
improve shipbuilding efficiency. They have even conducted
autonomous ship demonstrations. Artificial intelligence can
enhance ship design and production methodologies, leading
to increased efficiency and minimised waste. Blockchain
technology enhances supply chain transparency and
mitigates potential environmental impacts. The Internet of
Things (IoT) enhances the monitoring and control of ship
systems, thereby reducing energy consumption and
increasing efficiency.
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In this era, digitalisation is significantly transforming the
shipbuilding process. With digital tools, the design and
production of ships have become more efficient. These tools
can catch mistakes early, saving time and money.
Digitalisation helps streamline the supply chain as well. It
supports better communication among different teams.
Promote the benefitsof digitalisation in shipbuilding. Digital
tools can optimise ship design to improve energy efficiency
and reduce environmental impact. Digital planning tools
enhance production efficiency and cut waste. Supply chain
management improves transparency and reduces
environmental risk. Today, sustainable practices are critical
in modern shipbuilding. Companies are using eco-friendly
materials to build ships. They are also adoptingmethods that
cause less environmental harm. This trend is important for
preserving marine life. Sustainable practices can lead to
long-term savings and regulatory compliance. Urge
shipbuilding companies to investin sustainable practices.
The shipbuilding industry is being transformed by
digitalisation and green technologies. These technologies
offer substantial opportunities to enhance efficiency,
minimise waste, and advance sustainability. Electric and
hybrid propulsion systems have the potential to substantially
reduce greenhouse gas emissions. Energy-efficient systems,
suchas LED lightingand HVAC systems, can reduce energy
consumption. Technologies like recycling systems and
waste-to-energy converters effectively reduce waste.

Modern shipbuildingis implementing lean manufacturing
principles. It minimises waste and optimises production
processes. Green shipyard practices, such as the use of
renewable energy and the minimisation of water
consumption, can substantially reduce a shipyard's
environmental footprint. Damen Shipyards has adopted
various sustainable practices, such as modular construction
and the use of energy-efficient facilities. Fincantieri has
made investments in green technologies, including solar
power and energy-efficient lighting, to mitigate its
environmental impact (Ship-technology, 2021). Three-
dimensional printing has the potential to decrease material
waste and enhance manufacturing efficiency. Digital twin
technology enables virtual testing and simulation, reducing
reliance on physical prototypes. Automation has the
potential to improve productionefficiency and reduce labour
costs. Today we need to adopt green and sustainable
practices. It often involves higher costs than traditional
methods, and regulatory barriers can hinder their
implementation. A lack of awareness about green
technologies also presents challenges. Hyundai Heavy
Industries has invested in renewable solutions like solar
power and energy-efficient lighting to lower its
environmental footprint.
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Adopting sustainable practices is essential for minimising
the environmental footprint of shipbuilding. This effort
requires a comprehensive strategy that engages all
stakeholders, from designers to shipyard workers. Setting
clear sustainability objectives and targets can foster
meaningful change. Offering training and education on
sustainable methods helps cultivate a culture of
sustainability. Working together with suppliers, clients, and
other partners canreveal areas for enhancement. Mitsubishi
Heavy Industries has adopted various eco-friendly
initiatives, including energy-efficient facilities and waste-
reduction programs.

VI. FUTURE OUTLOOK

In many ports cities worldwide the relation between ports
and their cities is a complex and evolving one: ports need
less labour but have become more capital and space
intensive, which naturally conflicts with space constraints in
growing metropolitan regions. Various developments have
also strengthened a global-local mismatch connected to
ports, with positive spillovers across the metropolitan
boundaries, but with negative impacts that are highly
localised. In the era of advance technology, transitioning to
“smart ports”, which rely on the use of advance/smart
technologies and digitalization, to rationalize, reorganize
and streamline port activities, has proven to be a viable
strategy to address both economic efficiency and
environmental performance, at normal times and at times of
great disruptions. Major ports around the world, such as
Rotterdam, Hamburg, Singapore, Los Angeles, Qingdaoand
Busan, are deepening digitalization in port development and
operation in order to improve port productivity and
strengthen cooperation among stakeholders. Automated
container handling and digital customs clear goods faster,
reducing ship waiting times. loT sensors and radar systems
track real-time vessel movement and infrastructure health.
Smart energy grids and optimized traffic flow cut local
emissions andresource waste. On the other hand, smartships
revolutionize vital aspects like ship designing, construction,
quality control assurance and operations, redefining the
global maritime industry and the roles of primordial
elements in it, along with implications for shipbuilders,
shipping companies, ship owners, maritime systems
providers, and other relevant sectors which producing the
technology. The real-time constant remote monitoring and
decision making of ships, globally will see ships become
safer, more efficient, more trustworthy, and more closely
integrated into the worldwide supply chains management
and which generating revenue aid with a higher bonus of
cost-savings.
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Marine data analytics monitor speed, load, and trim to
optimize fuel burn. Predictive maintenance uses Al and ML
to spot engine and sensor faults before failures happen.
Vision analysis and self-mooring tools minimize human
error during complex manoeuvres. Again, the shipbuilding
sector stimulates heavy backward and forward linkages,
creates massive employment, generates foreign income, and
functions as a strategic anchor for national manufacturing,
Virtual twins and digital modelling test ship durability
before physical construction begins. Automated robotic
welding and modular assembly speed up production
timelines (Hossain, 2025b). Yards are optimized to construct
dual-fuel and LNG-ready eco-vessels meeting global green
rules.

A crucial characteristic of smart ports and smart
shipbuilding lies not in the complete removal of human
involvement, but in the effective integration of Al-assisted
decision support and human-in-the-loop operational control.
Rather than fully autonomous operations, contemporary
smart shipyards rely on digital systems to augment human
judgment in areas such as production planning, safety
monitoring, quality assurance, and environmental
management. This hybrid operational model enhances
efficiency and consistency while remaining realistic for
developing and emerging shipbuilding economies, where
workforce availability and skill transition remain critical
factors (Hossain K A, 2025b; Hossain, 2024c). This
significantly boosts efficiency while reducing labour costs
with perfect security (Hossain K A, 2024e¢). These dynamics
optimise production costs, improve operational efficiency,
and ensure optimal resource use, with timely, accurate data
playing a vital role in the maritime industry. Additionally,
innovative shipbuilding practices are more environmentally
friendly, focusing on reducing carbon emissions and
protecting marine ecosystems. Modern shipyards
increasingly adopt renewable energy, sustainable practices,
and innovative technologies to minimise environmental
impacts while ensuring sustainable growth and maximising
profitability. Smart shipbuilding and port systems are also
designed for greater integration with logistics and industrial
networks. By employing advanced technologies, they
enhance the movement of goods, streamline production
processes, and improve information flow and workforce
coordination within the broader supply chain. Furthermore,
these industriesadoptan open innovationapproach, enabling
continuous improvements in design, operations,
construction, production, safety, and efficiency by
incorporating new technologies and ideas. However, even
minor disruptions to production processes or workflows in
large shipyards can have serious consequences.
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For ports, disruptions could empty grocery store shelves
and gas station tanks within days, due to the breakdown of
the zero-inventory, just-in-time delivery systems that
underpin global trade (Hossain K A, 2024e¢). Similarly,
cyber-attacks targeting energy supplies or automated
systems could severely impact the global economy, and such
risks also apply to the shipbuilding industry to a considerable
extent (Hossain K A, 2025a). There are few challenges for
inclusion of smart technology. Initial setup and ongoing
maintenance, software updates, and staff training create
financial burdens. Again, sensor inaccuracy in harsh marine
conditions and poor real-time data transfer disrupt
operations. Finally, greater reliance on connected digital
platforms increases exposure to cyber threats (Nicoleta,
2025)

VII. CONCLUSION

Today ports support millions of direct and indirect jobs in
logistics, manufacturing, and transport. They serve as critical
nodes that stabilize the flow of goods and raw materials and
massive transportation done by ships. Smart ports enablethe
port industry to interact with external businesses with higher
accuracy, openness and transparency, improved
relationships and business efficiency. They provide a
comprehensive solution that - through the convergence of
advanced information technology - addresses sustainability,
efficiency, productivity, communication and transparency,
and the evolution of equipment or facilities. Smart ports also
have the potential to contribute to port accident prevention
and port security. However, the smart port serves as a core
base for the establishment of an eco-friendly, low-carbon
shipping system and the development of intermodal
transport system, and is expected to serve as a
communications hub for all stakeholders, including the port
and shipping industry and the global supply chain.
Digitization and smart technology inclusion in major portsis
progressing through connectivity between individual
systems operated independently, advancement and
expansion of existing information systems and
establishment of a community of different stakeholders.
Advanced technologies like robots, Al and digital twins,
applied to port, shipping and shipbuilding facilities or
equipment, minimize human-to-human contact. Port and
shipyard operation, monitoring, automation can be realized
through the acceleration of digital transformation,
establishment ofa smart shipping and logistics system using
a digital platform, as well as construction of eco-friendly
ports and shipping industry that are aimed at achieving
sustainable shipping and shipbuilding with low-carbon,
effective, and the development of a non-contact port and
maritime trade and business.
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Today’s shipbuilding industry increasingly leverages
smart technologies, including advanced fifth and sixth-
generation ports and smart shipping systems, to ensure
effective, sustainable, and market-driven shipbuilding that
optimizes profits and supports long-term growth.
Consideringthe current opportunities, future challenges, and
the suggested measures highlighted in this research,
Bangladesh’s shipbuilding sector should formulate viable
policies (the means) and develop effective strategies (the
ways) to capture suitable market segments while optimizing
production capacity. This approach could sustainably
revitalize the nation’s lost glory in shipbuilding. Advanced
technologies such as digitization, robotics, IoT, Al, machine
learning, deep learning, and data science have significantly
transformed the global shipbuilding landscape. Therefore,
enhancing labour productivity and developing a skilled
workforce is essential to sustaining growth in this sector.
Simultaneously, ensuring safety and adherence to global
standards is paramount to remain competitive in the
international market. For substantial growth, the sector
requires a balanced approach that includes strategic
investments, sustained government support, and focused
human resource development to effectively meet future
challenges. By addressing critical issues such as
productivity, technological adoption, and safety standards,
Bangladesh’s shipbuilding industry can enhance its global
competitiveness and contribute meaningfully to national
development and economic growth. To implement smart
technology in ports, ship and shipyards, there must balance
automation goals with labour workforce adjustments and
legacy systemintegration. They may face larger hurdles with
high entry costs and complex data integration compared to
major global terminals. They need to set interoperable data
standards to ensure smaller players are not left behind.

This study analyses offer valuable insights for
stakeholders and policymakers aiming to promote the
digitalization and smart technology inclusion in ports,
shipping, ship and shipbuilding. The evidence suggests that
the implementation of smart port, smart shipping, smart ship,
and smart shipbuilding technologies generates tangible
benefits across different dimensions, economic,
environmental, and operational, providing shared value for
all parties involved in the entire maritime ecosystem. These
analyses reinforce the strategic importance of fostering
digital and smart transformation in maritime infrastructure,
particularly in the face of global pressures for sustainability
and efficiency. However, to advance the current
understanding of this topic, future research should delve
deeperinto the specific effects of digitalization and effective
use of smart technology on the various stakeholders
associated with different arm of maritime sectors.
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Since the costs and benefits of digital and smart
technologies vary depending on the nature of port and
shipping activities, demand, cost-effectiveness and the roles
of different actors, a more nuanced analysis is essential to
tailor digital and smart strategies effectively. So, smart
cranes, smart gates, digitization, Al scheduling speed up
cargo clearance and vessel turnarounds in a modern port. On
the other hand, predictive maintenance, optimized routing
and smart ship cut fuel consumption and operational
downtime. Additionally, real-time energy control and green
shipbuilding lower carbon emissions and improve resource
management and efficiency.
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