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ABSTRACT

Digital transformation and automation in the shipping industry is resulting disruptive changes to ship
design, operations, and manning that aim to enhance safety, efficiency, and the environmental sustain-
ability of maritime logistics. While there is growing research interest in these areas, examining the role of
human element in the new smart shipping context is largely neglected. Through a systematic literature
review, this paper aims to explore the multi-dimensional impact of autonomous shipping technology re-
sulting from the application of Industry 4.0 and future industrial revolutions on seafarers. The impacts
include the changing role of seafarers on-board and the strategies required to engage seafarers in their
transition from traditional shipping to autonomous and smart shipping. The paper concludes that Industry
4.0 is being challenged for its shortfall in recognition of the importance of human role and its intelligence in
the expected current industrial revolution. As a result, there is a demand to look further and beyond
Industry 4.0 by introducing the next generation of industrial revolution, namely Industry 5.0. This paper
suggests that the impact of this revolution in the maritime industry can be defined by concepts such as

Maritime 5.0, Shipping 5.0, Seafarer 5.0, Maritime Education and Training 5.0 (MET 5.0).
© 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of The Korean Association of
Shipping and Logistics, Inc. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
CC_BY_4.0

1. Introduction

The Industry 4.0 digital revolution has been unfolding in the
recent decade through the introduction and adoption of Cyber-
Physical Systems (CPS), Internet of Things (IoT), Big Data, Artificial
Intelligence, Cloud Computing, and automation technologies (Emad
et al., 2020; Imran and Kantola, 2018). Digitalisation challenges all
industries beyond their limits and constantly requires them to re-
evaluate their values and interactions in this changing ecosystem
(Heilig, Lalla-Ruiz, & VoR, 2017; Riasanow, Jdntgen, Hermes, Bohm, &
Krecmar, 2021). Like other industries, the maritime industry finds
itself in a digital transformation by introducing smart and autono-
mous shipping (Johns, 2018). The shipping industry, as the world’s
economic engine, is considered one of the four cornerstones of
globalisation, with direct impact on global trade (Zaman, Pazouki,
Norman, Younessi, & Coleman, 2017; Struck, 2020). The fast-paced
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Reza.Emad@utas.edu.au (G.R. Emad), Stephen.Cahoon@utas.edu.au (S. Cahoon).
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introduction of different technologies in the shipping industry is
leading the movement toward autonomous ships, provoking a de-
bate on how the maritime industry will be reshaped through digi-
talisation (Kitada et al., 2018). Consequently, the nature of work and
human factors will change in the workplace (Rogers et al., 2019).
Likewise, the rapid development of autonomous shipping tech-
nology and the gradual change from the experimental stage to the
implementation stage may soon negatively impact several areas,
including the human element (Chen et al., 2020; Jo & D’Agostini,
2020; Kim, Joung, Jeong, & Park, 2020). Although, there is ample
research on technology applied in autonomous shipping, little is
undertaken to understand how this trend will affect seafarers and
their current and future roles. Thus, the focus of this paper is to
provide a comprehensive synthesis and evaluation of literature on
the multi-dimensional impacts of autonomous shipping technology
resulting from Industry 4.0 and importantly, to identify the chal-
lenges of current and future industrial revolutions on seafarers.

2092-5212/© 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of The Korean Association of Shipping and Logistics, Inc. This is an open access article under the
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Table 3
Industry 4.0 components.

Table 1

Systematic literature review process.
Search Engine Identification  Screening  Eligibility  Included in

Final Filter

Scopus 32 25 20 15
Web of Science 43 32 25 17
ScienceDirect 37 30 26 16
Other Academic 35 28 23 13

Search Engine
Total Number of Articles in the Final Stage: 61

2. Methodology

To address the multi-dimensional impact of autonomous ship-
ping technology on seafarers, we used the Systematic Literature
Review (SLR) to analyse the current literature. The Systematic
Literature Review is a method for classifying relevant articles, ana-
lysing, and synthesising results to have a broader insight into the
domain (Angreani, Vijaya, & Wicaksono, 2020; Dinter, Tekinerdogan,
& Catal, 2021; Zarzuelo, Soeane, & Bermiidez, 2020).

Major electronic academic databases including Scopus, Web of
Science, and ScienceDirect were utilised to identify the relevant arti-
cles. Multiple keywords such as Industry 4.0, Shipping 4.0, smart
shipping, autonomous shipping, digitalisation, digital transformation,
MASS, seafarer, human element, competency, training, education,
Industry 5.0, and their synonyms have been used. The results included
journal articles, consultants’ reports, books, and conference papers.

The combined search results produced 147 articles in the iden-
tification stage. The results filtered through the screening and elig-
ibility process including analysing titles, abstracts, conclusions, and
the main body to remove the duplicated and ineligible articles. As a
result, the total number decreased to 61 articles (Table 1).

Moreover, to better understand the human element in the au-
tomation context, the same method has been applied to research in
other industries with advanced utilisation of autonomous technol-
ogies, mainly in aviation, mining, and road transportation.

According to the result of this systematic categorisation of the
human element research in the industry, it is evident that autonomous
shipping and Shipping 4.0 is a subset of Industry 4.0. Therefore, in the
following section we start with providing a short overview of the
current literature on industrial revolutions, by highlighting Industry
4.0 technologies as a key driver of autonomous shipping, digitalisation
trend in shipping, and human element in maritime context.

3. Industrial revolution

The first Industrial Revolution began when the steam engine was
invented (RiBmann et al, 2015). Today, the industry has evolved
through over four technological and social revolutions that have
revolutionised industrial concepts and operation methods (Vinitha
et al., 2020). Table 2 depicts the earlier, current, and possible future

Table 2
Industrial revolution.

Components Features

Horizontal Integration New concept of value chain, new business
model, product life cycle enrichment, new
control system

Supply chain integration, cost reduction, real
time data sharing, product’s profitability
End to end engineering, product’s
customisation through supportive
technologies

Vertical Integration

Engineering Integration

Source: Table 3 developed by the authors based on Ghobakhloo (2018), Tay et al.
(2018), Ustundag and Cevikcan (2017), Wang et al. (2016)

industrial revolutions’ timeline, features, and economic impacts on
the industry and workforce.

Based on the scope of this study, this paper focuses on the im-
plementation of Industry 4.0 and its impacts on shipping and sea-
farers. In addition, the possible features of the next revolution, the
Industry 5.0 and its envisaged impact on the maritime industry are
discussed. Drawing on this we also introduce the concepts of
Maritime 5.0; Shipping 5.0; Seafarer 5.0; and Maritime Education
and Training 5.0 (MET 5.0).

3.1. Industry 4.0

Humankind has witnessed and experienced the progress of three
previous Industrial Revolutions and is now on the way to implement
the fourth, referred to as Industry 4.0 (Ling, 2020; Zhou et al., 2015).
The term Industry 4.0 was used first in 2011 to highlight German
manufacturing competitiveness (Hermann et al., 2015). Hence, in
2013, the German government was the first government that iden-
tified Industry 4.0 among ten primary projects of Germany's High-
Tech Strategy 2020 Action Plan (Ling, 2020; Schumacher, Erol, &
Sihn, 2016). This contemporary era named the Fourth Industrial
Revolution age, where Cyber-Physical Systems (CPS) and the Internet
of Things (IoT) are the two leading players (Ustundag & Cevikcan,
2017; Yang et al., 2010). Explicitly, Industry 4.0 blurs the lines be-
tween the physical, digital, and biological worlds, allowing us to
remake the world (Aziz Hussin, 2018; Ciolacu et al., 2019).

Table 3 summarises the three components of Industry 4.0 by
highlighting the transformation process within a value chain.

Accordingly, the interconnected technologies of the Fourth
Industrial Revolution, which act as a pillar, are summarised in
Table 4.

These components and technologies are the basic blocks and
fundamental requirements of the Fourth Industrial Revolution,
which have exponentially penetrated different industries (Imran and
Kantola, 2018). It means organisations need to change their business
and operation model based on the Industry 4.0 principles by asses-
sing their virtual and physical infrastructure and adaption policy

Industrial Revolution Timeline Feature

Economic progress

Industry 1.0 Late 18th -Early19th

Industry 2.0 Late 19th Mass production (Ford’s production line),
-Early 20th electricity, assembly lines
Industry 3.0 Second half of 20th Information age (computers), automated product
Industry 4.0 Early 21st ICT Technology, cyber-physical system, Internet
of Things, networking
Industry 5.0 Future Human-robot co-operation, high level of

personalisation concept

Mechanize production, steam engine

Economy 1.0 (the capability of labours and physical fitness)
Economy 2.0 (improving working process through energy

resources)

Economy 3.0 (developing performance through fast exchange of
information and communication network)

Economy 4.0 (unprecedented change era because of innovative
knowledge)

Economy 5.0 (creating value through competitiveness, creativity, and
innovation)

Source: Table 2 developed by the authors based on Aziz Hussin (2018), Baygin et al. (2016), Demir et al. (2019), Emad et al. (2020), Nahavandi (2019), Puncreobutr (2016), Rossi

(2018), Sutkowski et al. (2021)
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Table 4
Industry 4.0 technologies.
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Technologies Features

Cyber-Physical System (CPS)
extending the “embedded systems” term
Internet of Things (IoT)
systems” term
Cloud Computing
Adaptive Robotics
Additive Manufacturing
optimised design
Virtualization
Simulation
Big Data and Data Analytics
through real-time data
Artificial Intelligence (AI)
Cyber Security

Networking system, managing, and monitoring system through computer-based algorithms, a combination of ICT and physical systems,
Physical and digital world interaction and connection line, exchanging data through technologies, extending the “embedded

Data management, real-time communication, using enabling technologies
Smarter products with communication, computing, and autonomy ability, combination of microprocessors and Al
3D Printing, Computer-Aided Design (CAD), flexible production, decentralisation of production line, low consumption of raw materials,

Virtual Reality (VR), enriching human’s perception of reality, Augmented Reality (AR), real-world reflection,
Simplification, decision making through visualisation, optimisation through real-time data
Big data characteristics (value, volume, velocity, and variety), actionable knowledge through data, data visualisation, decision-making

Computer development through learning, reasoning, and self-correction areas (simulation of human intelligence), intelligent being,
Protecting technologies against cyber-attack, information technology security

Source: Table 4 developed by the authors based on Marwedel (2021), Kempler and Mathews (2017), Kok et al. (2009), Mauro et al. (2015), Peng et al. (2020), Sethi and Sarangi

(2017), Ustundag and Cevikcan (2017)

(Erol et al., 2016; Ustundag and Cevikcan, 2017). As experienced in
the three previous Industrial Revolutions, there is a transitional
stage that requires industries to go through a retrofitting process of
the current systems for the gradual migration to the future. The
retrofitting concept is the gradual improvement of present systems
with the new functionalities or technologies (Ehrlich et al., 2015). In
this competitive era, the critical element for business improvement
depends on the organisation's usage level of Industry 4.0 technolo-
gies, which leads to a new value and opportunity (Lee, Cameron, &
Hassall, 2019; Johns, 2018).

Currently, to integrate the old and new systems, industries are
experiencing the evolutionary migration from Industry 3.0 to
Industry 4.0 through digitalisation (Ehrlich et al., 2015; Ghobakhloo,
2018). The maritime industry, like other industries, is embracing
Industry 4.0 by adopting new technologies digitalised at different
levels (Jo and D'Agostini, 2020). In this respect, the future of ship-
ping is getting shaped through the digitalisation process (Quitzau
et al,, 2018). In the following section, the digitalisation impacts on
the shipping industry are discussed.

3.2. Digitalisation in shipping industry

In the maritime industry, the term shipping refers to the ocean
transit of goods by ships (Munim, 2019). The shipping industry is
also a synonym for global trade as it is the major player in the
trading industry (Struck, 2020). The fact that 90% of global trade
moves through the sea, highlighting the shipping industry’s role as a
backbone of the world’s economy (Emad et al., 2021). Furthermore,
the shipping industry has faced different challenges such as social,
climate change, economic, and more importantly, the fast-paced
technological development, which requires the industry to be ready
to take these challenges as an opportunity rather than a threat
(Zaman et al., 2017). Therefore, the new generation of Industry 4.0
technologies, such as autonomous ships, have potential to address
the challenges in the maritime domain (Gu et al., 2021).

The digitalisation process in the maritime domain cannot occur
overnight. For instance, International Maritime Organisation (IMO)
initiated e-Navigation in 2006 to collect, exchange, analyse, and in-
tegrate data by electronic means both on-board and on-shore to
support human operators however they never fully implemented
(Kitada et al., 2018). Moreover, the constant change in the shipping
sector due to digitalisation will require modifications in ship’s type
and sizes, crew competency, traffic management, transportation
routes, and IMO rules and regulation (Baldauf et al., 2018).

The impact of the Fourth Industrial Revolution in the maritime
domain can be seen across the industry including ports, shipping,
and their operations and services (Sullivan et al., 2020). The

12

implementation of Industry 4.0 in the maritime industry requires all
sectors to connect and grow simultaneously. This can be considered
as not a challenge but an opportunity for the maritime domain
which requires improved connectivity between ports and ships. This
may imply that ships and ports consider the retrofitting process
through digitalisation (Quitzau et al., 2018). Thus, more connectivity
in the maritime domain will provide more opportunities for auton-
omous and unmanned ships to be employed in the future and pre-
pare for next industrial revolution, Industry 5.0.

3.3. Industry 5.0

While all industries, including shipping, are embracing and in some
cases being forced by competitive pressures to implement Industry 4.0,
some industries are already considering the impact of Industry 5.0. As
mentioned in the previous section, Industry 4.0’s main focus is digi-
talisation which adopts smart machines and systems to automatise and
exchange data or even control each other without human presence.
However, the main focus of Industry 5.0 is to bring back the human’s
mind and hand into the industrial framework (Mortson, 2018).

There are different visions and themes regarding Industry 5.0,
but the most popular is human-robot cooperation which highlights
that humans and machines need to work together. The goal is for
humans to bring creativity and innovations and robots as an in-
telligent system to perform the required task (Demir et al., 2019). “
While the main concern of Industry 4.0 is about automation, In-
dustry 5.0 will be a synergy between humans and autonomous
machines” (Nahavandi, 2019, p. 3). Industry 5.0 will position humans
back into industrial framework with the focus on human/machine
co-operation (Rossi, 2018).

The following section explains autonomous shipping, its level of
automation, and explains the trend of automation in other industries.

4. Autonomous and unmanned ship

Sutkowski et al. (2021, p.16) stated that “The future is today, just
somewhat further”, which is a relevant perspective for shipping. To
be prepared for the future of shipping, there is a crucial need to
know about different facets of shipping 4.0 or autonomous and
unmanned ships in the Industry 4.0 era. Digitalisation has and will
result in a series of changes to ship operations, manning, and au-
tomation that collectively will enhance productivity in shipping.
Table 5 highlights the ascending flow in ship-related innovations
that have led to revolutions in the shipping world.

The pace and extent of implementing Industry 4.0 technologies
in Shipping 4.0 employs novel technologies including Artificial
Intelligence, automation, remote monitoring, IoT, and innovative
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Table 5
Shipping revolution.

Shipping Revolution Timeline New Feature in Ship

Shipping 1.0 Around 1800 Steam engines

Shipping 2.0 Around 1910 Diesel engines

Shipping 3.0 Around 1970 Automation and computerised
system

Shipping 4.0 Now Digitalisation in all aspect of
shipping

Source: Table 5 developed based on Emad et al. (2020)

propulsion systems (Emad, 2020). Alternatively, the fourth industrial
revolution is an enabler for the maritime industry to gradually re-
move conventional vessels and develop Maritime Autonomous Sur-
face Ships (MASS) (Chae, Kim, & Kim, 2020; Redseth, Wennersberg,
& Nordahl, 2021). MASS will be a prime growth engine for the next-
generation of the maritime industry (Jo and D'Agostini, 2020). The
autonomous, smart, digital, unmanned, or even connected ships are
included in the MASS category (Jo et al., 2020).

4.1. Autonomy taxonomy

“The word “autonomy” is derived from the Greek word “auton-
omia” which means independent, or more literally, living by one’s
own laws” (Redseth and Vagia, 2020, p. 4). In the maritime context,
an autonomous ship is relatively a new concept with limited avail-
able knowledge about the design and implementation (Redseth
et al., 2021). Therefore, there is a need for more discussion, to de-
termine exactly what type of vessel will be considered an autono-
mous or unmanned ship (Suri, 2020). Accordingly, different
authorities, standards organisations, and class societies like IMO,
ISO, Norwegian Forum for Autonomous Ships (NFAS), Bureau Veritas
(BV), Lloyd’s Register (LR), DNV GL, Class NK, and American Bureau
of Shipping (ABS) have their own suggestions for defining an au-
tonomous ship. However, as shipping is an international domain and
regulated by internationally accepted legislation and rules, this
paper uses the IMO’s definition and criteria for autonomous and
unmanned ships, which stands out by its broader scope (Radseth
and Nordahl, 2017; Redseth and Vagia, 2020).

Based on the IMO, “A Maritime Autonomous Surface Ship (MASS)
is defined as a ship which, to a varying degree, can operate in-
dependently of human interaction.” (Redseth and Vagia, 2020, p. 11).
This definition highlighted the human/machine interaction point, so
the autonomy level can be classified through the human and ma-
chine relationships in operations (Mallam et al., 2020). In other
words, the different level of autonomy has shown how the decision-
making process will be handed over from the human to the auton-
omous system (Li and Fung, 2019). Based on this, the IMO devised
four degrees of autonomy as depicted in Table 6.

So far, there are several prototypes of autonomous ships world-
wide which have been developed by various countries such as
Norway, China, Finland, and the USA through different projects such
as MUNIN, YARA Birkeland, ReVolt, AAWA, and AMOS (Li & Fung,
2019; Munim, 2019). Among all mentioned projects, the Advanced
Autonomous Waterborne Applications Initiative (AAWA) project is
well-known, since this project started bringing major maritime
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stakeholders like shipbuilding companies, equipment manu-
facturers, and researchers together through Rolls Royce in order to
implement the fully autonomous ship by 2035 (Kim, Joung, Jeong, &
Park, 2020; pre, 2017; Walker, 2019). As there are limited examples
in the maritime domain on the evolution of automation, this paper
examines the progress of automation in other industries in the fol-
lowing section.

4.2. Autonomy in different industries

The pace and extent of automation has motivated different in-
dustries to use technology to prepare for a shift to the future global
market. Currently, the aviation, mining, nuclear power energy gen-
eration, and automotive industries are ahead of the maritime in-
dustry due to taking advantage of unmanned units, cars, and aircraft
(Li & Fung, 2019; Barabas et al., 2017). The maritime industry can
benefit from these industries’ experiences, including developing a
roadmap, strategy plan, and training programme for the use of au-
tonomous technology in different facets of the maritime industry
(Emad et al., 2021).

In the automobile industry, the latest trend is related to auton-
omous vehicles (AVs), known as driverless cars, which is the result of
incorporating the Industry 4.0 technologies such as advanced com-
putation and sensors (Alawadhi et al.,, 2020). Some companies like
Tesla, Google, and Volvo are already started employing driverless
cars and trucks in road transport. In this context, some countries are
investing in the Industry 4.0; for example, Dubai initiated the
world’s third-largest automated and driverless metro system
(Jacobs, 2018).

The term unmanned aerial vehicle (UAVs) is being used for air-
borne vehicles without any pilot on board with a long history that
goes back to 1818 when an unmanned balloon used for fire rockets
(Gu, Goez, Guajardo, & Wallace, 2021; Nisser and Westin, 2006). The
use of UAVs is growing exponentially in military services. However,
the integration of UAVs into airspaces has brought more opportu-
nities for using drones or pilotless aircraft in civil activities in the
areas such as disaster monitoring, traffic monitoring, border sur-
veillance, and search and rescue (Viloria, Solano-Charris,
Mufioz-Villamizar, & Montoya-Torres, 2021; Nisser and
Westin, 2006).

Autonomation technology has also been used in the mining in-
dustry. The autonomous mining systems (AMS) are already deployed
and used in Australia and the USA that have automated activities
including hauling, drilling, crushing, excavation, and milling
(Kansake et al., 2019). Accordingly, autonomous haulage systems
(AHS), which are driverless vehicles capable of carrying four hun-
dred tons of ore without human interaction, are a significant ad-
vantage of Industry 4.0 in the mining industry (Gaber et al., 2021).

To comprehend the journey to automation, Table 7 shows how
utilisation the automation concept began a century ago. During this
period, the usage of autonomous units in the aviation, land, and sea
transport fleet with the goal of human reduction in systems has
gradually increased. Indeed, several autonomous and unmanned
ships in the maritime industry are currently in use for short voyages,
research purposes, and military activities worldwide (Ahvenjarvi,
2016; AMSA, 2021).

Table 6
Degree of autonomy based on IMO.
Degree Seafarers on-board/onshore Feature
Degree 1 On-board Direct control of ship by crew, presence of some automated operations in ship but crew can take control
Degree 2 On-board and Onshore Controlling ship from another location, the presence of seafarer on-board to operate ship
Degree 3 Onshore Controlling ship remotely from another location, No seafarers on-board
Degree 4 Fully autonomous ship, decision making process through ship itself (Al)

Source: Table 6 developed based on Emad et al. (2020), Lee et al. (2019)



M. Shahbakhsh, G.R. Emad and S. Cahoon

The Asian Journal of Shipping and Logistics 38 (2021) 10-18

Table 7 Table 9

Start of Automation concept in different industries. Seafarer evolution through time.
Industry The first idea of automation | Year Name Features
Automobile Industry 1918 Seafarer 1.0 Ship operation through stars, moon, and sun
Aviation Industry 1914 Seafarer 2.0 Ship operation through advanced celestial
Mining Industry 1960 navigation
Maritime Industry 1967 Seafarer 3.0 Ship operation through an automatic and

Source: Table 7 developed by the authors based on Alawadhi et al. (2020), Emad et al.
(2020), Kansake et al. (2019), Nisser and Westin (2006)

The current literature shows that research in automation tech-
nology in the automotive, aviation, and maritime domains is ma-
tured. However, there is a lack of research on the role of the human
as a key player in the autonomous operation, which is discussed in
the next section from a maritime context.

5. Human element in the autonomous world

The recent development of Industry 4.0 has made a significant
change at the level of human and machine work division
(Ghobakhloo, 2018). This requires a clear understanding of workers’
roles as a major element and resource of each industry (Gilchrist,
2016). At the same time, the lack of a workforce with the new re-
quired skill set is considered as one of the socio-economic triggers of
Industry 4.0. This highlights the importance of the training of human
element in the automation and digitalisation era (Shamim et al.,
2016). More broadly, training workers with new digital and soft
skillsets is considered a fundamental factor for transitioning society
into knowledge-based economies (Beechler and Woodward, 2009).
For this reason, as for each of the three previous Industrial Revolu-
tions, Industry 4.0 has developed a new form of education for its
workforce. Table 8 illustrates education evolvement through each
Industrial Revolution and highlights the relationship between eco-
nomic demand, industrial revolutions, and education changes.

According to the above Table, any revolution in industry leads to
a new educational model. Therefore, within this context, any
changes in technology and regulation in shipping will lead to
changes in the maritime education and training system (Emad et al.,
2020). Thus, the role and responsibility of humans in autonomous
shipping, including the changing nature of seafarer competency,
should be understood as being relevant to the rapid feasibility of
autonomous ship implementation (Mallam et al., 2020). Explicitly,
the emerging trend of automation requires seafarers as key drivers
of the shipping industry to simultaneously progress during the In-
dustry 4.0 and Industry 5.0 evolution (Lusic et al., 2019).

Considering that shipping is an international industry active in
the international domain, any training and competencies for sea-
farers needs to be standardised and regulated internationally. This is
undertaken through STCW (Standards of Training, Certification and
Watchkeeping) convention which is developed by IMO as a global
authority (IMO, 2020; Sharma et al., 2019). The STCW used the term
seafarer for people who work on board ships and engage with

electronic navigation system

Unmanned and autonomous ship management
through digital technologies (digital
competencies)

Seafarer 4.0 (E-farer /
Operator 4.0)

Source: Table 9 developed by the authors based on Erro-Garcés (2021), Jo et al. (2020),
Lee C.H (2019)

activities related to the onboard ship. Likewise, the STCW conven-
tion does not have any articles related to autonomous and un-
manned ships in its original and amendment versions (Danish,
2017). Moreover, “competencies are skills and abilities; things you
can do; acquired through work experience, life experience, study or
training” (Prifti et al., 2017, p. 3). Table 9 shows how the concept of
seafaring is evolving with each revolution in the industry.

Although autonomous ship operation eliminated the need for
crew presence onboard, the importance of the human element in the
system as a whole has not vanished. In contrast, design, building,
and testing the technical system of autonomous ships and predicting
system behaviours in different operational situations are undertaken
by humans. In essence, the role of humans in autonomous systems is
shifted to the earlier stages (Ahvenjarvi, 2016). Moreover, the re-
search has shown that human monitoring skills are crucial for au-
tomated operations (Karvonen and Martio, 2018). Despite the hype
that advancement of autonomous systems in shipping may lead to
crew reduction however, research shows that changes to seafarers’
roles and responsibilities in the new system will lead to a new breed
of seafarers. Seafarer 4.0, as a new group of seafarers, is likely to
work onshore and if required onboard ships (Karvonen and
Martio, 2018).

While there is a major potential benefit however, the autono-
mous system brings challenges in the maritime domain, especially
for seafarers. The challenges include changing their role with the
new requirement for the training for their new position (Kyriakidis
et al., 2019; Broek et al., 2020; Karvonen and Martio, 2018). Subse-
quently, the seafarers’ job profile in the traditional work environ-
ment will be transformed and requires seafarers to be qualified with
a new set of skills and competencies (Prifti et al., 2017).

An autonomous ship needs to be considered as a new concept in
the maritime domain and its implementation has the potential to
alter all traditional procedures and techniques for design, test, and
operation of ships (Oksavik et al., 2020). In other words, the rapid
and significant technological advancement in the autonomous world
constantly changes and defines the human role in systems with
work tasks that require a new set of knowledge, skills, and compe-
tencies (Mallam et al., 2020). Additionally, offshore and onshore
employment will be impacted as low-skilled workers on-board and

Table 8
Education Movement through Industrial Revolution.
Education Industrial Revolution Feature
Education 1.0 Industry 1.0
Education 2.0 Industry 2.0
Education 3.0 Industry 3.0
generation by students
Education 4.0 Industry 4.0

project-based learning

Direct response to agricultural society, dictated education method, no technology presence
Direct response to Industrial society, licensed teachers, the presence of technology in classroom
Direct response to technology and globalisation, self-learning support, using social media in teaching process, knowledge

Direct response to digitalisation, lifelong learning, E-learning, B-learning, teachers as a facilitator, non-conventional assessment,

Source: Table 8 developed by the authors based on Aziz Hussin (2018), Fisk (2017), Harkins (2008), Ling (2020), Puncreobutr (2016)
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Table 10
Potential training for Industry 4.0 and Autonomous ships.
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New requirements in education
concept

Industry 4.0

Autonomous ship operation

Educational and teaching content

entrepreneurship, learning to learn

Learning technologies

analytics, e-learning

Working in interdisciplinary
teams

Data and computing technologies, data modelling and big data,
data analytics, cloud computing, machine learning, innovation, and

Virtual labs and Augmented Reality (AR), gamification, learning

Requirements for interdisciplinary thinking and doing
interdisciplinary task in interdisciplinary teams

Cognitive skills, communication skills, operational and
technical skills, STEM knowledge, leadership skills,
mathematics knowledge and programming

Simulator, 3D simulation and gamification, B-learning,
VR, AR

Personalised training, digital competences

Source: Table 10 developed by the authors based on Emad et al. (2021), Kozak et al. (2018), Ling (2020), Ustundag and Cevikcan (2017)

offshore may be replaced with autonomous systems and profes-
sional operators in shore control centre (SCC) (Streng and
Kuipers, 2020).

Research suggests that the shipping industry will need crew who
can use ICT technologies and have good teamwork and leadership
skills (Belev and Daskalov, 2019). Moreover, there is a claim that
future seafarers may never go to sea but instead receive training of
ship operations remotely through simulator exercises or shoreside
centres (Wahlstroma et al., 2015). However, researchers have em-
phasised that the role of seafarers in bridge and engine rooms will
shift into the shore-based control centre operator where the deci-
sion-making process is required through real-time data by the re-
mote operators (Lee C.H, 2019). Accordingly, to have an insight
toward the employment landscape in Shipping 4.0 as a subset of
Industry 4.0, Table 10 shows the significant shift in educational re-
quirements needed for future workers and seafarers to become di-
gital natives in their field of activity (Shahroom and Hussin, 2018).

The above table emphasises how Industry 4.0 educational re-
quirements may translate into the maritime industry. Fig. 1 illus-
trates the time span of industrial revolutions, which demonstrates
the prominent point that the time-lapse between industrial re-
volutions were about a century; however, it took about 40 years for
Industry 3.0 to lose its place to Industry 4.0. It is expected that In-
dustry 5.0 finds its relevancy in an even shorter period (Demir et al.,
2019; Sencila and Kalvaitieng, 2019).

Although the full implementation of Industry 4.0 is yet to come,
some progressive industries have started to feel its shortcomings.
Industry 4.0 fails to recognise the role of the human as a key element

Industry 2.0

Industry 1.0

of the industrial systems. For that reason, Industry 5.0 is introduced
to address this shortage. In other words, Industry 5.0 embraces the
human as the prime driver (Rada, 2017). Drawing on this concept we
envision the maritime industry will need to embrace the change and
evolve toward Industry 5.0 by moving toward Maritime 5.0 including
Shipping 5.0, and Seafarer 5.0, Maritime Education and Training 5.0
(MET 5.0).

6. Result and conclusion

The present study confirms that technological developments
from Industry 4.0 have changed the operational concept and services
in all industries, including the maritime industry. Indeed, the
Industry 4.0 trend in the shipping industry was introduced by au-
tonomous shipping. Subsequently, the emerging automation pattern
in shipping industries has brought different positive and negative
challenges that may become a significant issue for seafarers licensed
through the current STCW for the existing ships. Thus, this paper
provides an overview of the existing literature by highlighting
Industry 4.0 technologies that have penetrated other industries
through digitalisation. The paper also focused on the human element
in autonomous shipping, new roles, responsibilities, and reskilling
process of future seafarers which so far have been neglected.

This paper concludes with several gaps related to seafarers’
challenges in the transition to autonomous shipping, including un-
known skills, competencies, and characteristics of future seafarers,
unidentified training content and facilities, and trainers’ skills in
Maritime Education and Training Institutions. Thus, according to the

Industrv 5.0

Industry 4.0

Industry 3.0

About 100 years About 100 years About 40 years ?
1780 1870 1970 2011 Future

Fig. 1. Industrial Revolution timeline.

Source: Fig. 1 developed based on Demir et al. (2019), Rossi (2018), Vinitha et al. (2020)
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Table 11
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Definition of Maritime 5.0, Shipping 5.0, Seafarer 5.0, and Maritime Education and Training 5.0 (MET 5.0).

Term Definition

Maritime 5.0

Collaboration between non-human agents (intelligent agent) and seafarers/maritime operators to perform tasks in all

levels of maritime space from design to integrated decision making and operation.

Shipping 5.0

Seafarer 5.0 (Human intelligent in the
system)

Maritime Education and Training 5.0
(MET 5.0)

Transformation of smart shipping to intelligent shipping systems with human intelligence at the core.
Ship management and operation through collaboration with non-human intelligent system.

Direct and comprehensive response to the integration of human and non-human agent. Learning to develop core
capabilities including teamwork and collaboration with non-human intelligent agent; innovation and creativity as a

quick response to dynamic environment in maritime space; and synergistic adaptation to the continuous evolution of

technologies.

Source: Table 11 developed by the authors

recent literature to fulfil the gaps, this paper proposes the following
questions to lead a future research agenda:

What are the skills and competencies required for future sea-
farers?

What are the characteristics of future seafarers both on-board
and onshore?

What are the effective strategic steps toward full implementation
of autonomous ship operation?

e What content, resources, and facilities are required for future
seafarers training and education?

What skills and competencies are required for the future trainer
in Maritime Education and Training Institutions?

As discussed, by focusing purely on technology, Industry 4.0
places the human element into the background. The emphasis is to
reduce the possibility of human error and mistakes. The lack of
human intelligence in the system created challenges that need to be
addressed. Industry 5.0 is introduced to fill this gap. Industry 5.0 will
bring the human into the foreground by positioning human in-
telligence as one of the core elements in the system.

Similarly, the Maritime 4.0 is defined as “the integrated im-
plementation of digital processes and technologies in the design,
development, construction, operation and service of vessels”
(Sullivan et al., 2020, p. 4). To integrate the human intelligence back
into the system we define Maritime 5.0 as the collaboration between
non-human agents (intelligent agent / Al agent) and humans (sea-
farers/maritime operators) to perform tasks in all levels of maritime
space from design to integrated decision making and operations.

The authors defined the manifestation of Industry 5.0 in the mar-
itime domain through the following terms as indicated in Table 11.

In this context, Maritime 5.0, through educating intelligent sea-
farers and maritime operators as an early response to a root-cause
diagnosis of Maritime 4.0 implementation, has the potential to
prevent future obstacles and challenges.

The author’s intention is that by introducing novel concepts in
Maritime 5.0 will provide a guiding reference that may inspire future
researchers to address the seafarers’ needs and requirements of
autonomous shipping during the transitional stage from current to
future industrial revolutions.

References

Ahvenjdrvi, S. (2016). The human element and autonomous ships. Int. J. Mar. Navig. Saf.
Sea Transp. 10(3), 517-521. https://doi.org/10.12716/1001.10.03.18

Alawadhi, M., Almazrouie, J., Kamil, M., & Khalil, K. A. (2020). A systematic literature
review of the factors influencing the adoption of autonomous driving. Int. J. Syst.
Assur. Eng. Manag. 11(6), 1065-1082. https://doi.org/10.1007/s13198-020-00961-4

AMSA, 2021, Autonomous vessels in Australia. Retrieved from https://www.amsa.gov.
au/vessels-operators/domestic-commercial-vessels/autonomous-vessels-aus-
tralia.

Angreani, L. S., Vijaya, A., & Wicaksono, H. (2020). Systematic literature review of
industry 4.0 maturity model for manufacturing and logistics sectors. Proc. Manuf.
52, 337-343. https://doi.org/10.1016/j.promfg.2020.11.056

16

Aziz Hussin, A. (2018). Education 4.0 made simple: ideas for teaching. Int. J. Educ. Lit.
Stud. 6(3), 92. https://doi.org/10.7575/aiac.ijels.v.6n.3p.92

Baldauf, M., Kitada, M., Mehdi, R., & Dalaklis, D., 2018, 9525-9530. E-Navigation,
Digitalization and Unmanned Ships: Challenges for Future Maritime Education
and Training. Paper presented at the 12th International Technology, Education
and Development Conference, Valenica. doi:10.21125/inted.2018.2374.

Barabés, 1., Todorut, A., Cordos, N., & Molea, A., 2017, 252, 012096. Current Challenges
in Autonomous Driving. Paper presented at the IOP Conference Series: Materials
Science and Engineering. doi:10.1088/1757-899X/252/1/012096.

Baygin, M., Yetis, H., Karakose, M., & Akin, E., 2016, An Effect Analysis of Industry 4.0 to
Higher Education. Paper presented at the International Conference on
Information Technology Based Higher Education and Training, ITHET, Istanbul,
Turkey. doi:10.1109/ithet.2016.7760744.

Beechler, S., & Woodward, L. C. (2009). The global “War for Talent”. J. Int. Manag. 15(3),
273-285. https://doi.org/10.1016/j.intman.2009.01.002

Belev, B., & Daskalov, S. (2019). Computer technologies in shipping and a new
tendency in ship’s officers’ education and training. Pap. Presented IOP Conf. Ser.:
Mater. Sci. Eng. 618, Article 012034. https://doi.org/10.1088/1757-899X/618/1/
012034

Broek, ].H. v d, Griffioen, J.J., & Drift, M.M. v d, 2020, 929, 012008. Meaningful Human
Control in Autonomous Shipping: An Overview. Paper presented at the IOP
Conference Series: Materials Science and Engineering /| The 3rd International
Conference on Maritime Autonomous Surface Ship (ICMASS 2020). doi:10.1088/
1757-899X/929/1/012008.

Chae, C.]., Kim, M., & Kim, H. J. (2020). A study on identification of development status
of MASS technologies and directions of improvement. Appl. Sci. (Switzerland),
10(13), 4564. https://doi.org/10.3390/a

Chen, Z., Chen, D., Zhang, Y., Cheng, X., Zhang, M., & Wu, C. (2020). Deep learning for
autonomous ship-oriented small ship detection. Saf. Sci. 130, 130. https://doi.org/
10.1016/j.5s¢i.2020.104812

Ciolacu, MLI, Binder, L., Svasta, P,, Tache, ., & Stoichescu, D., 2019, 13, 549-556, 2019,
Education 4.0 - Jump to Innovation with IoT in Higher Education. Paper presented
at the 25th International Symposium for Design and Technology in Electronic
Packaging (SIITME), Cluj-Napoca, Romania. doi:10.1109/siitme47687.2019.
8990825.

Danish, D.M. A., 2017, Analysis of Regulatory Barriers to Autonomous Ships / FINAL
REPORT. Retrieved from Denmark.

Demir, K. A,, Doven, G., & Sezen, B. (2019). Industry 5.0 and human-robot co-working.
Proc. Comput. Sci. 158, 688-695. https://doi.org/10.1016/j.procs.2019.09.104

Dinter, R. V., Tekinerdogan, B., & Catal, C. (2021). Automation of systematic literature
reviews: a systematic literature review. Inf. Softw. Technol. 136, Article 106589.
https://doi.org/10.1016/j.infsof.2021.106589

Ehrlich, M. , Wisniewski, L., & Jasperneite, J., 2015, Usage of retrofitting for migration
of industrial production lines to Industry 4.0. Paper presented at the
Communication in automation (Jahreskolloquium Kommunikation in der
Automation (KommA)), Magdeburg, Germany. (https://www.researchgate.net/
publication/280529750_Usage_of_Retrofitting_for_Migration_of_Industrial_
Production_Lines_to_Industry_40).

Emad, G., 2020, Shipping 4.0 Disruption and its Impending Impact on Maritime
Education. Paper presented at the Australasian Association for Engineering
Education (AAEE), Sydney.

Emad, G., Enshaei, H., & Ghosh, S. (2021). Identifying seafarer training needs for op-
erating future autonomous ships: a systematic literature review. Aus. J. Marit.
Ocean Aff. 1-22. https://doi.org/10.1080/18366503.2021.1941725

Emad, G., Khabir, M., & Shahbakhsh, M., 2020, Shipping 4.0 and Training Seafarers for
the Future Autonomous and Unmanned Ships. Paper presented at the Proceedings
of the 21th Marine Industries Conference (MIC 2019), Iran.

Erol, S., Schumacher, A., & Sihn, W., 2016, Strategic guidance towards Industry 4.0-a
three-stage process model. Paper presented at the International conference on
competitive manufacturing, Stellenbosch/South Africa.

Erro-Garcés, A. (2021). Industry 4.0: defining the research agenda. Benchmarking: Int.
J. 28(5), 1858-1882. https://doi.org/10.1108/bij-12-2018-0444

Fisk, P., 2017, Education 4.0. Retrieved from https://www.thegeniusworks.com/2017/
01/future-education-young-everyone-taught-together/.

Gaber, T., El Jazouli, Y., Eldesouky, E., & Ali, A. (2021). Autonomous haulage systems in
the mining industry: cybersecurity, communication and safety issues and chal-
lenges. Electronics, 10(11), 1357. https://doi.org/10.3390/electronics10111357


https://doi.org/10.12716/1001.10.03.18
https://doi.org/10.1007/s13198-020-00961-4
https://doi.org/10.1016/j.promfg.2020.11.056
https://doi.org/10.7575/aiac.ijels.v.6n.3p.92
https://doi.org/10.1016/j.intman.2009.01.002
https://doi.org/10.1088/1757-899X/618/1/012034
https://doi.org/10.1088/1757-899X/618/1/012034
https://doi.org/10.3390/a
https://doi.org/10.1016/j.ssci.2020.104812
https://doi.org/10.1016/j.ssci.2020.104812
https://doi.org/10.1016/j.procs.2019.09.104
https://doi.org/10.1016/j.infsof.2021.106589
https://doi.org/10.1080/18366503.2021.1941725
https://doi.org/10.1108/bij-12-2018-0444
https://doi.org/10.3390/electronics10111357

M. Shahbakhsh, G.R. Emad and S. Cahoon

Ghobakhloo, M. (2018). The future of manufacturing industry: a strategic roadmap
toward Industry 4.0. J. Manuf. Technol. Manag. 29(6), 910-936. https://doi.org/10.
1108/jmtm-02-2018-0057

Gilchrist, A. (2016). Industry 4.0: The Industrial Internet of Things. Springerhttps://doi.
0rg/10.1007/978-1-4842-2047-4

Gu, Y., Goez, ]. C., Guajardo, M., & Wallace, S. W. (2021). Autonomous vessels: state of
the art and potential opportunities in logistics. Int. Trans. Op. Res. 28(4),
1706-1739. https://doi.org/10.1111/itor.12785

Harkins, A. M. (2008). Leapfrog principles and practices: Core components of edu-
cation 3.0 and 4.0. Futures Res. Quart. Draft VIII, 24(1), 19-31.

Heilig, L., Lalla-Ruiz, E., & VoR, S. (2017). Digital transformation in maritime ports:
analysis and a game theoretic framework. NETNOMICS: Econ. Res. Electr. Netw.
18(2-3), 227-254. https://doi.org/10.1007/s11066-017-9122-x

Hermann, M., Pentek, T., & Otto, B., 2015, Design Principles for Industrie 4.0 Scenarios:
A Literature Review Retrieved from Technische Universitit Dortmund, Fakultdt
Maschinenbau, Audi Stiftungslehrstuhl Supply Net Order Management: IMO-Vega
Version 24.1, (2020).

Imran, F, & Kantola, J., 2018, Review of Industry 4.0 in the light of Sociotechnical
System Theory and Competence-Based View: A Future Research Agenda for the
Evolute Approach Paper presented at the Advances in Human Factors, Business
Management and Society:. doi:(10.1007/978-3-319-94709-9_12).

Jacobs, H., 2018, Dubai has the world's largest, completely automated, driverless
metro line — and it shows how far behind the US really is. Retrieved from https://
www.businessinsider.com.au/dubai-automated-driverless-metro-2018-11?r=US
&IR=T.

Jo, S., & D’Agostini, E. (2020). Disrupting technologies in the shipping industry: how
will MASS development affect the maritime workforce in Korea. Mar. Policy, 205,
120. https://doi.org/10.1016/j.marpol.2020.104139

Jo, S., D’Agostini, E., & Kang, J. (2020). From seafarers to e-farers: maritime cadets’
perceptions towards seafaring jobs in the Industry 4.0. Sustainability, 12(19), 8077.
https://doi.org/10.3390/su12198077

Johns, M., 2018, Seafarers and digital disruption - The effect of autonomous ships on
the work at sea, the role of seafarers and the shipping industry. Retrieved from ICS
(Hamburg/London):  (https://www.ics-shipping.org/wp-content/uploads/2020/
08/ics-study-on-seafarers-and-digital-disruption-min.pdf).

Kansake, B. A., Kaba, F. A, Dumakor-Dupey, N. K., & Arthur, C. K. (2019). The future of
mining in Ghana: are stakeholders prepared for the adoption of autonomous
mining systems? Resour. Policy, 63, Article 101411. https://doi.org/10.1016/j.
resourpol.2019.101411

Karvonen, H., & Martio, ], 2018, HUMAN FACTORS ISSUES IN MARITIME
AUTONOMOUS SURFACE SHIP SYSTEMS DEVELOPMENT Paper presented at the
1st International Conference on Maritime Autonomous Surface Ships (ICMASS),
Busan, Korea.

Kempler, S., & Mathews, T. (2017). Earth science data analytics: definitions, techniques
and skills. Data Sci. J. Volume 98, 16-444. https://doi.org/10.5334/dsj-2017-006

Kim, M., Joung, T.-H., Jeong, B., & Park, H.-S. (2020). Autonomous shipping and its
impact on regulations, technologies, and industries. J. Int. Marit. Saf., Environ. Aff,,
Shipp. 4(2), 17-25. https://doi.org/10.1080/25725084.2020.1779427

Kitada, M., Baldauf, M., Mannov, A., Svendsen, P.A., Baumler, R., Schréder-Hinrichs, J.U.,
Lagdami, K., 2018, Command of vessels in the era of digitalization. Paper pre-
sented at the International Conference on Applied Human Factors and
Ergonomics. doi:(10.1007/978-3-319-94709-9_32).

Kok, J. N., Boers, E. ]., Kosters, W. A, Putten, P. V. D., & Poel, M. (2009). Artificial in-
telligence: definition, trends, techniques, and cases. Artif. Intell. 1, 270-299.
Kozak, S., Ruzicky, E., Stefanovig, ., & Schindler, E., 2018, Research and education for
industry 4.0: Present development. Paper presented at the 2018 Cybernetics &

Informatics (K&I). doi:(10.1109/K143265.2018).

Kyriakidis, M., De Winter, ]. C. F,, Stanton, N., Bellet, T,, Van Arem, B., Brookhuis, K., &
Happee, R. (2019). A human factors perspective on automated driving. Theor. Iss.
Ergon. Sci. 20(3), 223-249. https://doi.org/10.1080/1463922x.2017.1293187

Lee, C. H,, Yun, G.-H., & Hong, J.-H. (2019). A study on the new education and training
scheme for developing seafarers in Seafarer 4.0. J. Korean Soc. Mar. Environ. Saf.
25(6), 726-734. https://doi.org/10.7837kosomes.2019.25.6.726

Lee, J., Cameron, I, & Hassall, M. (2019). Improving process safety: what roles for
Digitalization and Industry 4.0? Process Saf. Environ. Prot. 132, 325-339. https://
doi.org/10.1016/j.psep.2019.10.021

Li, S, & Fung, K. S. (2019). Maritime autonomous surface ships (MASS): im-
plementation and legal issues. Marit. Bus. Rev. 4(4), 330-339. https://doi.org/10.
1108/mabr-01-2019-0006

Ling, L. (2020). Education supply chain in the era of Industry 4.0. Syst. Res. Behav. Sci.
37(4), 579-592. https://doi.org/10.1002/sres.2702

Lusi¢, Z., Bakota, M., Cori¢, M., & Skoko, 1. (2019). Seafarer market - challenges for the
future. Trans. Marit. Sci. 8(1), 62-74. https://doi.org/10.7225/toms.v08.n01.007

Mallam, S. C., Nazir, S., & Sharma, A. (2020). The human element in future Maritime
Operations - perceived impact of autonomous shipping. Ergonomics, 63(3),
334-345. https://doi.org/10.1080/00140139.2019.1659995

Marwedel, P. (2021). Embedded System Design (Embedded Systems Foundationsof Cyber-
Physical Systems,and the Internet of Things) (Fourth ed.123.,). Springer International
Publishinghttps://doi.org/10.1007/978-3-030-60910-8

Mauro, A.D., Greco, M., & Grimaldi, M., 2015, 2, 235-242, 2015, La Crosse viral in-
fection in hospitalized pediatric patients in Western North Carolina, What is big
data? A consensual definition and a review of key research topics. doi:10.1063/1.
4907823.

Mortson, M., 2018, The Industrial Revolution from Industry 1.0 to 5.0! Retrieved from
https://supplychaingamechanger.com/the-industrial-revolution-from-industry-
1-0-to-industry-5-0/.

17

The Asian Journal of Shipping and Logistics 38 (2021) 10-18

Munim, Z. H. (2019). Autonomous ships: a review, innovative applications and future
maritime business models. Supply Chain Forum: Int. J. 20(4), 266-279. https://doi.
0rg/10.1080/16258312.2019.1631714

Nahavandi, S. (2019). Industry 5.0—a human-centric solution. Sustain. J. 11(16), 4371.
https://doi.org/10.3390/su11164371

Nisser, T., & Westin, C., 2006, Human factors challenges in unmanned aerial vehicles
(uavs): A literature review. Retrieved from http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.454.2233&rep=rep1&type=pdf.

Oksavik, A., Hildre, H.P, Pan, Y., Jenkinson, L, Kelly, B., Paraskevadakis, D., & Pyne, R,
2020, Future skill and competence needs (V6). Retrieved from http://re-
searchonline.ljmu.ac.uk/id/eprint/14990/1/D1.1.3%20Future%20Skills%20and
%20competence%20needs_final%20version(1).pdf.

Peng, S.-L., Pal, S., & Huang, L. (2020). In S.-L. Peng, S. Pal, & L. Huang (Vol. Eds.),
Principles of Internet of Things (IoT) Ecosystem: Insight Paradigm: Vol.
174Springerhttps://doi.org/10.1007/978-3-030-33596-0

pre, 1. (2017). Autonomous and unmanned transportation ships as revolutionary so-
lutions in future of telematics. J. Sci. Pap. Univ. Technol. Katowice (Zeszyty Naukowe
Wy:szej Szkoty Technicznej w Katowicach), 9, 113-125.

Prifti, L., Knigge, M., Kienegger, H., & Krcmar, H., 2017, A Competency Model for
“Industrie 4.0” Employees. Paper presented at the 13th International Conference
on Wirtschaftsinformatik, Switzerland.

Puncreobutr, V. (2016). Education 4.0: New challenge of learning. St. Theresa J. Human.
Social Sci. 2(2).

Quitzau, J., Tontara, N., Vépel, H., Jahn, M., Otto, A., & Wolf, A., 2018, Shipping in an era
of digital transformation (2190-6556). Retrieved from Berenberg-Corporate
Communications.

Rada, M., 2017, INDUSTRY 5.0 definition. Retrieved from https://www.linkedin.com/
pulse/industrial-upcycling-definition-michael-rada/.

Riasanow, T,, Jdntgen, L., Hermes, S., B6hm, M., & Krcmar, H. (2021). Core, intertwined,
and ecosystem-specific clusters in platform ecosystems: analyzing similarities in
the digital transformation of the automotive, blockchain, financial, insurance and
IIoT industry. Electr. Markets, 31(1), 89-104. https://doi.org/10.1007/s12525-020-
00407-6

Rogers, W. P., Kahraman, M. M., Drews, F. A., Powell, K., Haight, ]. M., Wang, Y., &
Sobalkar, M. (2019). Automation in the mining industry: review of technology,
systems, human factors, and political risk. Mining, Metall. Explor. J. 36(4), 607-631.
https://doi.org/10.1007/s42461-019-0094-2

Rossi, B., 2018, 148, 51-59. Evaluating a multi-panel air cathode through electro-
chemical and biotic tests, What will Industry 5.0 mean for manufacturing?
Retrieved from https://www.raconteur.net/manufacturing/manufacturing-gets-
personal-industry-5-0/.

RiiBmann, M., Lorenz, M., Gerbert, P, Waldner, M., Justus, ]., Engel, P, & Harnisch, M.,
2015, Industry 4.0: The future of productivity and growth in manufacturing in-
dustries. Retrieved from https://www.bcg.com/publications/2015/engineered_
products_project_business_industry_4_future_productivity_growth_manu-
facturing_industries#chapter1.

Redseth, @.]., & Nordahl, H., 2017, 1-10. Definition of autonomy levels for merchant
ships. Retrieved from nfas.autonomous-ships.org.

Redseth, @.J., & Vagia, M., 2020, A taxonomy for autonomy in industrial autonomous
mobile robots including autonomous merchant ships. Paper presented at the IOP
Conference Series: Materials Science and Engineering /| The 3rd International
Conference on Maritime Autonomous Surface Ship (ICMASS 2020), South Korea.
doi:(10.1088/1757-899X/929/1/012003).

Redseth, @. J., Wennersberg, L. A. L., & Nordahl, H. (2021). Towards approval of au-
tonomous ship systems by their operational envelope. J. Mar. Sci. Technol. 1-10.
https://doi.org/10.1007/s00773-021-00815-z

Schumacher, A., Erol, S., & Sihn, W. (2016). A Maturity Model for Assessing Industry
4.0 Readiness and Maturity of Manufacturing Enterprises. Proc. CIRP, 52, 161-166.
https://doi.org/10.1016/j.procir.2016.07.040

Sencila, V., & Kalvaitien¢, G., 2019, Industry 4.0: Autonomous shipping and new
challenges for maritime education and training. Paper presented at the Transport
Means - Proceedings of 23rd International Scientific Conference. Retrieved from
(https://www.scopus.com/inward/record.uri?eid=2-s2.0-85074353504&
partnerID=40&md5=d5dff4b9d7cf02bc1dcc10809ac8c614).

Sethi, P., & Sarangi, S. R. (2017). Internet of Things: architectures, protocols, and ap-
plications. J. Electr. Comput. Eng. 2017, 1-25. https://doi.org/10.1155/2017/9324035

Shahroom, A. A., & Hussin, N. (2018). Industrial revolution 4.0 and education. Int. J. Acad.
Res. Bus. Social Sci. 8(9), 314-319. https://doi.org/10.6007/IJARBSS/v8-i19/4593

Shamim, S, Cang, S., Yu, H,, & Li, Y., 2016, Management approaches for Industry 4.0: A
human resource management perspective. Paper presented at the IEEE Congress
on Evolutionary Computation (CEC), Vancouver, BC, Canada. doi:(10.1109/cec.
2016.7748365).

Sharma, A., Kim, T., Nazir, S., & Chae, C., 2019, Catching up with time? Examining the
STCW competence framework for autonomous shipping. Paper presented at the
Proceedings of the Ergoship Conference, Haugesund, Norway.

Streng, M., & Kuipers, B. (2020). Economic, social, and environmental impacts of au-
tonomous shipping strategies. Maritime Supply Chains. Elsevier135-145.

Struck, E., 2020, Digital transformation in the shipping industry: how Industry 4.0 is
shaping the shipping industry? (Master Degree). Universidade Catélica
Portuguesa.

Sullivan, B. P, Desai, S., Sole, ]., Rossi, M., Ramundo, L., & Terzi, S. (2020). Maritime 4.0
- opportunities in digitalization and advanced manufacturing for vessel devel-
opment. Proc. Manuf. 42, 246-253. https://doi.org/10.1016/j.promfg.2020.02.078

Suri, M., 2020, Autonomous vessels as ships - the definition conundrum. Paper pre-
sented at the The 3rd International Conference on Maritime Autonomous Surface
Ship (ICMASS 2020). doi:(10.1088/1757-899X/929/1/012005).


https://doi.org/10.1108/jmtm-02-2018-0057
https://doi.org/10.1108/jmtm-02-2018-0057
https://doi.org/10.1007/978-1-4842-2047-4
https://doi.org/10.1007/978-1-4842-2047-4
https://doi.org/10.1111/itor.12785
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref17
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref17
https://doi.org/10.1007/s11066-017-9122-x
https://doi.org/10.1016/j.marpol.2020.104139
https://doi.org/10.3390/su12198077
https://doi.org/10.1016/j.resourpol.2019.101411
https://doi.org/10.1016/j.resourpol.2019.101411
https://doi.org/10.5334/dsj-2017-006
https://doi.org/10.1080/25725084.2020.1779427
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref24
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref24
https://doi.org/10.1080/1463922x.2017.1293187
https://doi.org/10.7837/kosomes.2019.25.6.726
https://doi.org/10.1016/j.psep.2019.10.021
https://doi.org/10.1016/j.psep.2019.10.021
https://doi.org/10.1108/mabr-01-2019-0006
https://doi.org/10.1108/mabr-01-2019-0006
https://doi.org/10.1002/sres.2702
https://doi.org/10.7225/toms.v08.n01.007
https://doi.org/10.1080/00140139.2019.1659995
https://doi.org/10.1007/978-3-030-60910-8
https://doi.org/10.1080/16258312.2019.1631714
https://doi.org/10.1080/16258312.2019.1631714
https://doi.org/10.3390/su11164371
https://doi.org/10.1007/978-3-030-33596-0
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref36
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref36
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref36
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref37
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref37
https://doi.org/10.1007/s12525-020-00407-6
https://doi.org/10.1007/s12525-020-00407-6
https://doi.org/10.1007/s42461-019-0094-2
https://doi.org/10.1007/s00773-021-00815-z
https://doi.org/10.1016/j.procir.2016.07.040
https://doi.org/10.1155/2017/9324035
https://doi.org/10.6007/IJARBSS/v8-i9/4593
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref44
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref44
https://doi.org/10.1016/j.promfg.2020.02.078

M. Shahbakhsh, G.R. Emad and S. Cahoon

Sutkowski, L., Kolasiriska-Morawska, K., Seliga, R, & Morawski, P. (2021). Smart
learning technologization in the economy 5.0—the polish perspective. Appl. Sci.
11(11), 5261. https://doi.org/10.3390/a

Tay, S. I, Lee, T,, Hamid, N., & Ahmad, A. N. A. (2018). An overview of industry 4.0:
definition, components, and government initiatives. J. Adv. Res. Dyn. Control Syst.
10(14), 1379-1387.

Ustundag, A., & Cevikcan, E. (2017). Industry 4.0: Managing the Digital Transformation.
Springerhttps://doi.org/10.1007/978-3-319-57870-5

Viloria, D. R,, Solano-Charris, E. L., Mufioz-Villamizar, A., & Montoya-Torres, J. R. (2021).
Unmanned aerial vehicles/drones in vehicle routing problems: a literature review.
Int. Trans. Oper. Res. 28(4), 1626-1657. https://doi.org/10.1111/itor.12783

Vinitha, K., Prabhu, R. A., Bhaskar, R., & Hariharan, R. (2020). Review on industrial
mathematics and materials at Industry 1.0 to Industry 4.0. Mater. Today: Proc. 33,
3956-3960. https://doi.org/10.1016/j.matpr.2020.06.331

Wabhlstréoma, M., Hakulinen, J., Karvonen, H., & Lindborg, I., 2015, Human factors
challenges in unmanned ship operations-insights from other domains. Procedia
Manufacturing |/ 6th International Conference on Applied Human Factors and
Ergonomics (AHFE 2015) and the Affiliated Conferences, AHFE 2015, 3, 1038-1045.
doi:(10.1016/j.promfg.2015.07.167).

18

The Asian Journal of Shipping and Logistics 38 (2021) 10-18

Walker, J., 2019, November 22, 2019, Autonomous Ships Timeline - Comparing Rolls-
Royce, Kongsberg, Yara and More. Retrieved from https://emerj.com/ai-adoption-
timelines/autonomous-ships-timeline/.

Wang, S., Wan, J., Li, D., & Zhang, C. (2016). Implementing smart factory of Industrie
4.0: an outlook. Int. J. Distrib. Sens. Netw. 12(1), 3159805-3159853. https://doi.org/
10.1155/2016/3159805

Yang, D.-L,, Liu, F, & Liang, Y.-D., 2010, A Survey of the Internet of Things. Paper
presented at the The 2010 International Conference on E-Business Intelligence.
doi:(10.2991/icebi.2010.72).

Zaman, L, Pazouki, K., Norman, R., Younessi, S., & Coleman, S. (2017). Challenges and
opportunities of big data analytics for upcoming regulations and future trans-
formation of the shipping industry. Proc. Eng. 194, 537-544. https://doi.org/10.
1016/j.proeng.2017.08.182

Zarzuelo, . D. L. P, Soeane, M. ]. F,, & Bermidez, B. L. (2020). Industry 4.0 in the port
and maritime industry: a literature review. J. Indus. Inf. Integr. 20, Article 100173.
https://doi.org/10.1016/j.jii.2020.100173

Zhou, K., Liu, T,, & Zhou, L, 2015, Industry 4.0: Towards future industrial opportunities and
challenges. Paper presented at the 12th International conference on fuzzy systems and
knowledge discovery (FSKD), Zhangjiajie, China. doi:(10.1109/FSKD.2015.7382284).


https://doi.org/10.3390/a
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref47
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref47
http://refhub.elsevier.com/S2092-5212(21)00051-1/sbref47
https://doi.org/10.1007/978-3-319-57870-5
https://doi.org/10.1111/itor.12783
https://doi.org/10.1016/j.matpr.2020.06.331
https://doi.org/10.1155/2016/3159805
https://doi.org/10.1155/2016/3159805
https://doi.org/10.1016/j.proeng.2017.08.182
https://doi.org/10.1016/j.proeng.2017.08.182
https://doi.org/10.1016/j.jii.2020.100173

	Industrial revolutions and transition of the maritime industry: The case of Seafarer’s role in autonomous shipping
	1. Introduction
	2. Methodology
	3. Industrial revolution
	3.1. Industry 4.0
	3.2. Digitalisation in shipping industry
	3.3. Industry 5.0

	4. Autonomous and unmanned ship
	4.1. Autonomy taxonomy
	4.2. Autonomy in different industries

	5. Human element in the autonomous world
	6. Result and conclusion
	References




