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Abstract

Digital transformation is one of the most topical themes for the shipping industry, today. Academics and practitioners investigate
this transformation, in specific how it affects shipping companies’ service and strategic, operational and tactical level practices,
as well as how digital technologies enable new entrepreneurial orientations and lead to changes in shipping markets and maritime
sector organizations. However, the implementation of new digital technologies, as well as the actualization of the associated
business and management possibilities and changes, still encounters several challenges. With our paper, we seek to examine
shipping digitalization logics and factors affecting the digitalization processes. Which drivers push the adoption of digital
technologies in shipping and which digitalization management practices enable them? We follow a qualitative research approach
to gain in-depth insights from experts’ interviews, with a multi-case study. For shipping companies, shipping digitalization is
primarily driven by business efficiency and process improvements and demands communicated by customers and paved by
competitors. Other shipping industry actors, like classification societies, marine insurance companies or digital technology
companies perceive digitalization as an opportunity to further redefine their role and create new value propositions in the digital
environment. A multitude of technologies, for autonomous ship and smart shipping, also trade and maritime logistics blockchains
is effectual in this digital transformation process with heterogeneous expectations, enabling capabilities, approaches and
outcomes.
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1. Introduction

A considerable research effort has been concentrated on technical and operational implications of digitalization in
shipping. However, research works and available results that address the shipping digitalization phenomenon with a

2352-1465 © 2018 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of WORLD CONFERENCE ON TRANSPORT RESEARCH SOCIETY



2 Lambrou et al/ Transportation Research Procedia 00 (2018) 000—-000

combined technical and management approach are still lacking. New research questions are needed in order to frame
the digitalization technologies adoption or development and identify management approaches to leverage
appropriately. With our study we seek to understand and consistently conceptualize the reasons why shipping
organizations decide to digitalize their service, operations and cyber-physical assets, also revisit their value creation
and appropriation approaches and strategy, their digital-era innovation capabilities and innovation processes. In the
following sections, we illustrate the primary technologies that shape the digital transformation in shipping,
exemplifying the areas affected; we further present the theoretical basis regarding drivers and digital technology
adoption logics and enablers. We have reviewed and synthesized prevailing research streams dealing with digital
innovations, digital strategy and Industry 4.0 and blockchain technologies in order to frame the current research gap
in maritime management studies and contribute in developing a deeper understanding of the digitalization
technologies and their business implications. We conducted a multi-case study to analyze how incumbent
organizations in the shipping sector manage digitalization, related with an array of technologies, namely IoT, data
analytics, artificial intelligence and blockchain. Given the scarcity of research on the shipping digitalization
technology and management, our goal was to build a foundational, overarching model, using grounded theory
techniques in case study research (Saldana, 2009).

Firstly, we elaborate a technology-centered model of shipping digitalization that embeds three intertwined pillars:
digital technologies (IoT, big data analytics, Al, blockchain), digital solutions (smart shipping systems and services),
and digital business concepts, models and practices (digitalization drivers, capabilities and innovation process and
modes). Secondly, we devise a reconceptualization of the above constructs and perspectives so as to embody the
idiosyncrasies of shipping digitalization and digital transformation, in the current transformation phase of incumbent
shipping organizations, based on the findings, the extent of validation and the insights we gained with our field
study. The multi-case research we present took place within five of the largest and most advanced shipping
institutions, worldwide; including two shipping companies, one classification society and one autonomous ship and
one maritime blockchain consortium, henceforth making the research setting suitable for investigating the
phenomenon of interest, namely shipping digitalization - constituent technologies and management.

2. Conceptualization of Shipping Digitalization
2.1. The research process

Digital transformation in shipping already affects shipping companies’ departments, maritime business networks
and supply chains, as well as seafarers and professionals onboard and ashore. Digitalization, in particular value
generation enabled by digital infrastructures and services is characterized by heightened integration of shippers and
maritime transport and logistics enterprises, beyond synchronized technical architectures and business process and
henceforth creating the possibility for new business logics and economic and social value (Andal-Ancion et al,
2012; Colbert et al, 2016; Chesbrough, 2010; Fitzgerald et al, 2014; Osterwalder, et al, 2005). Respectively, a
number of related action fields needs to be addressed and structured to assist both academics and professional
engaged in digital transformation in shipping.

In order to devise our conceptual, research framework, we explored the main research streams of digital
transformation, digitalization and digital innovation in Information Systems, Management Science and Innovation
Management studies, today. We considered this approach as appropriate in order to gain a deeper, general
understanding of the fields of interest, associated with digital transformation, across industries, and subsequently
contextualize the research issues of relevance in the shipping environment (Legner et al, 2017).

For our literature review, we used the Association of Information Systems (AIS) “basket” of journals and
conferences which are identified as the leading sources in IS research. We have also based our theoretical
framework development on searches in Academy of Management (AOM) journals and conferences, primary sources
in Management Science and Innovation Management, henceforth having acquired a representative overview of the
research streams, themes and issues in both these communities.
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Our research is complemented with a continuous, longitudinally performed scanning of related, evolving
literatures in Information Systems and Software Technology, also Maritime Studies; furthermore publications in
non-academic press related with digital market, ship and port technologies, have been considered. We reviewed
various studies from consulting companies (e.g., Boston Consulting Group, EY, Accenture) and IT vendors (e.g.,
IBM, Kongsberg), which have enabled us to critically assess, contextualize, filter and synthesize the prevailing
research perspectives for the purpose of our study.

Hence, we complemented theoretical insights from first tier academic literature with practical insights from
sector specific analyses. Although the results of the later studies were generic or vendor specific, they offered a
valuable complementary perspective of shipping business and market trends and orientations.

Six main research streams for shipping digitalization management were considered most pertinent, namely digital
strategy, digital innovation, Industry 4.0, and adjacently the themes of business models, analytics and blockchain; all
themes are being intensely researched today in the IS and Management Science communities. Under the umbrella of
these broad, prevailing six research streams, we have identified a number of finer grained research perspectives of
interest, which can articulate the idiosyncrasies of shipping digitalization management logics and factors of
implementation and management.

Our framework development is based on grounded theory methodology, which dictates constant theoretical
development. Henceforth, throughout the field research and the interviews process, we compared new insights
gained from the interviews against the perspectives we initially developed in our framework and study design and
revised the framework as necessary. In that sense, the final theoretical framework we present has emerged during
the field research process.

2.2. The model

Based on the conceptual analysis proposed by Wiesbock (2018), digital innovation in shipping can be articulated
along three basic pillars: (1) innovative digital technologies (IoT, analytics, Al, blockchain) (2) innovative digital
solutions (smart shipping systems and services, maritime blockchains), and (3) digital business concepts, models
and management practices (digital mindset and skillset, technology partnerships). Based on generic digital
technologies, shipping companies and maritime organizations develop industry and company specific innovative
digital solutions and integrate them in their existing (inter) organizational and technical systems. This process
includes the sourcing, adaptation, or development as well as the management of digital infrastructures and
technology applications. Accordingly, the transition from a generic digital technology, like IoT or big data analytics
platform to a particular shipping digital solution, like a predictive maintenance solution, characterizes an
organization’s digitalization. Innovative digital solutions, in turn, shape and are being shaped by the emergence of
innovative digital business concepts and practices that are intertwined with digital solutions. This transformation
process embedded in digital solutions and enacted with digital business models and practices is defined as digital
transformation and captures the organizational changes and business model innovations induced by digital
technologies (Atzori et al. 2010; Beck et al. 2017; Bharadwaj et al. 2013; Bordeleau et al. 2018; Demirkan et al.
2015; Kane et al. 2015).
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Fig. 1. A Tripartite Model of Shipping Digitalization

The adoption, adaptation, development, and management of innovative digital technologies, which represents the
foundation for digital innovation (Nambisan et al. 2017) is based on digital infrastructures (Henfridsson and Bygstad
2013), henceforth the capability to (re)source and manage digital infrastructures (i.e. order newbuildings with IoT
hardware, networks) is foundational to shipping digitalization.

To create and operate digital business models and practices firms need the develop and enact a digitalization
capability; an ability to think strategically about digital technologies, approaching digitalization as a source for value
creation (Barrett et al., 2015), to leverage technology-based business relationships and create digital innovation
networks (Lyytinen et al. 2016), to leverage also the explorative mode of digital innovation, besides focusing on
short sighted improvements of existing business and enterprise or ship operations software and processes through
the use of innovative digital technologies (Nambisan et al. 2017; Yoo et al. 2012).

Incumbent, leading shipping companies, today, primarily develop innovative digital solutions (i.e. blockchain
based smart contracts) by aligning shipping strategic, operational and tactical needs and objectives with digital
technologies affordances. To this end, typically incumbent shipping companies and maritime organization form
digital technology partnerships, consortia, and joint ventures.

Shipping companies and maritime organizations realize the necessary conditions in the form of appropriate
structures (i.e. creating new digital units or smart shipping departments), resources (advanced cyber-physical
infrastructures, data assets and employees with digital skills), culture (data and digital savvy organizations), as well
as governance mechanisms (cross departmental collaboration), which enable them to leverage digital technologies.
Apparently, shipping companies with digitization engagements complement digital solutions with innovative digital
business concepts, models and practices (Svahn et al, 2017).

In the following, we elaborate further the particular elements of our tripartite model of shipping digitalization.

3. Shipping Digitalization: Technologies and Solutions
In this section, we outline the technological foundations of the shipping digitalization, which form a pluralist

creation of use cases (i.e. Al systems for process automation, insight and action, and customers’ engagement). A
multitude of digitalization outcomes (application areas) is emergent. They are summarized in Table 1.
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3.1. IoT: Internet of Ships and Sea Services

Sensors, actuators, or processors are embedded in vessels’ technical systems, like engines, communications and
data fusion systems, propellers or cargo systems (Levander, 2017) Embedded software platforms integrate and
manage the increasingly autonomous functions of ships and the interconnected shipping business processes as well
as the connected maritime ecosystem service systems.

Furthermore, in order the above described technical and business design approach to be broadly materialized, a
number of support platforms are explored today; open data platforms collecting, curating, processing and offering
APIs of ship machinery and devices’ technical operation datasets. Digital solutions providers are expected to create
new services based on data monetization business models, currently denoted as sea services.

Shipping digitalization research needs to address both the technical networking and data analytics aspects
effectual to ship cyber-physical systems and ship IoT platforms (i.e. new ontologies, database, electronics and
communications standards), as well as the business model related aspects for fostering IoT enabled ship and
shipping services (Lycett, 2013; Shmueli et al, 2011; Thomas et al, 2014).

3.2. Artificial Intelligence: Autonomous Vessels and Smart Shipping

Artificial Intelligence (AI) is gaining a new momentum in shipping applications and ship technology. Two
distinct fronts are identified:

Firstly, the autonomous vessels technology, as vastly materialized by applying various techniques and
technologies ascribed in general as artificial intelligence. Machine learning techniques for improved situation
awareness support a number of ship operations and functions, including anomaly detection for navigation,
maneuvering or collision avoidance. Condition based monitoring of ship mechanical systems is another major
application area.

Self-management and autonomous systems design principles and capabilities, i.e. monitoring, control,
optimization and autonomy at various levels (0-5 or 6) and functional areas of ship operations (navigation, cargo
handling) are relevant.

Various initiatives have been undertaken on the development of smart ship operations technologies for improving
safety and efficiency in navigation, primarily. In recent years, autonomous vessels research and development efforts
are of paramount importance, whereas almost all advanced maritime nations currently work on autonomous vessels
initiatives, with different stages of maturity and progress. Recently launched works by IMO related committee is
also an accelerating factor in autonomous vessel technology development.

In general, an autonomous ship is operated by a land-based surveillance and control center connected by a
collection of digital technologies such as IoT, data analysis technology, various sensors, and broadband
communication. Highly automated (autonomous) or remote controlled or remote control of certain tasks of
shipboard operations like vessel operations, cargo management / cargo handling, are distinguished and tested in
various autonomous vessels research projects globally today, including the national initiatives and projects of Japan,
China or industry led projects in North Europe (Jokioinen, 2017).

Secondly, smart shipping is related with commercial and technical operations improved reliability, optimization
and control. Al is supporting a number of application areas at the tactical level of shipping management, including
asset optimization, fleet planning, service planning and chartering, also at the operational level, with incremental
improvements of ship equipment and conditions based monitoring software (i.e. predictive maintenance), being a
most popular development area today. Energy consumption monitoring and environmental regulations compliance
smart application are also emerging.

Strategic level smart applications are also in the advent, like shipping markets monitoring software and personal
digital assistants.
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Shipping digitalization research needs to address both the whole spectrum of Al use cases in ship and shipping
operations (i.e. planning, commercial operations and support business operations), in diverse shipping sub —sectors,
and their business implications as well (Loebbecke et al. 2015; Lycett, 2013; McAfee and Brynjolfsson, 2012).

3.3. Blockchains for Maritime Logistics and Trade

Extant blockchain research, both generic and maritime blockchain works, is mostly addressing technological
perspectives; it is use case specific and details the constituent parts of blockchain technology, like consensus
mechanisms or alternative development platforms, architectures and design aspects. Only very recently, a number of
academic research papers address factors affecting blockchain technology diffusion and management.

Maritime blockchain technology is already tested by major maritime industry partnerships, with remarkable
attention attracted (i.e. Maersk-IBM TradeLens Platform, PSA-IBM platform and Port of Antwerp-T-mining pilot),
also, pilot consortia (i.e. Japanese Trade Blockchain platform) and a remarkably increasing number of start-ups. The
works under the UN/CEFACT auspices is also an accelerating factor in blockchain technology development.

The blockchain technology has matured enough beyond crypto currencies or public, permissioneless platforms to
include more focussed, hybrid architectures and smart contracts for suitable maritime use cases like marine
insurance or maritime logistics and trade transactions.

Shipping digitalization research needs to address both a broad spectrum of maritime blockchain use cases,
beyond bill of landing or letter of credit transactions to more realistic and radically designed use cases, architectures
and alternative development environments, materializing the potential of blockchain for a new paradigm of
disintermediation/remediation and transparency. Furthermore, management perspectives need to be addressed; the
determinant factors of diffusion, platform economics, standardization economics and market acceptance viewpoints
can be further examined (Pilkington, 2016; Sternberg and Baruffaldi, 2018; Underwood, 2016).

Table 1. Shipping Digital Solutions

Digitalization Areas Digital Technologies-Solutions

Ship Operations-Autonomous Functions IoT, analytics, Al also 5G

Various levels of Autonomy for Ship Operations:
Navigation, Berthing, Collision Avoidance.

Shipping Commercial and Business Management Analytics, Al IoT

Operations Asset optimization, fleet planning, service planning,
Predictive maintenance, conditions monitoring,
situation awareness.

Trade and Logistics Functions IoT, analytics, blockchain
Cargo monitoring, Paperless Trade, Smart Contracts

Digital Platforms Analytics, Al

Internet of Ships Platforms & Smart Cargo Booking

Internet of Sea Services Platform Open Data Center for shipping companies,

shipbuilders, equipment manufacturers, IT
companies, weather information companies, and
digital solution providers.
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4. Digitalization Management: Concepts, Models and Practices
4.1. Digital strategy and business models

Digital business strategy has longitudinally and consistently been articulated along the merely “tactical and
operational” objectives of cost-reductions, quality improvements, process improvements or operational excellence,
as well as the objectives of supplier and customer engagement, insight and decision support aims. The research
streams of business models and digital innovation have enriched the discussion with new angles for new digital
product/service development, new value creation and digital value propositions, data monetization and the role of
business networks and digital platforms (Kane et al, 2015; Nylén and Holmstrom, 2015; Liere-Netheler, et al, 2018;
Teece, 2010; Zott et al, 2011).

Our research framework considered the expectations/drivers associated with the digitalization processes in
shipping; the identification of drivers is primarily relevant to the digitalization awareness phase, preceding the actual
development or adoption of technology. Drivers are understood as the perceived or expected business advantages
that result from embedding digital technology in shipping services, smart shipping systems or new business models,
like blockchain-enabled smart contracts and open, Internet of Ships platforms for data sharing and shipping services
(Liere-Netheler, et al, 2018).

Furthermore, we have included in our initial theoretical framework and respectively related interview questions
that addressed the value creation and digital business models aspects; in specific how the notion of value creation
resonates and is operationalized in the context of digital strategy in shipping, how it is understood by professionals
and to what extend it is a utilitarian, practice oriented construct that enables the actualization of digitalization
initiatives. Remarkably, in our field study, shipping organizations interviewees consistently avoided to respond to
related questions and prompts, contrary to the questions and prompts addressing the drivers and strategies for
digitalization that were regularly, eagerly discussed. Therefore, in our second iteration of the theoretical base
refinement, the academically, formally prescribed value creation and business model angle was omitted, from
further development and synthesis with the rest of the research lenses, as not relevant or rather overlapping with
adjacent concepts and management tools in practice-oriented shipping digitalization management.

In the sequence, in Table 2, we elaborate the main digitalization drivers that were validated or emerged through
our case studies, as pertinent constructs of shipping digital strategy and business models.

Table 2. Drivers of Shipping Digitalization

Digitalization Drivers Business Innovation Logic

Process improvements Smart shipping systems automate via self-management properties the
planning, and actual operation of technical, commercial and support
functions of shipping. Main perceived advantages are further
improvement in cost efficiency, as well as improvements related
with safety and shippers and business partners’ satisfaction. Major
innovations are: condition-based ship systems monitoring and
predictive maintenance, real time cargo monitoring and self-
adjustment of ship operations.

Cost Reduction Digitalization improves cost—efficiency in terms of a number of
application areas: more accurate energy consumption monitoring,
emissions monitoring, digital twin platforms for integrated ship
design and operation, predictive maintenance, cargo monitoring ,also
safer ship operations with various levels of autonomy.

Customer and Business Partners Expectations ~ 1he traceability of freight throughout the shipping and maritime
transport process, aligned with the whole supply chain and
production processes is essential for the quality levels demanded by
end customers. Shipping business is gradually aligned with this
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business model enabled by digitalization.

Workplace Improvement Autonomous ship technologies and functions, like autonomous
navigation, collision avoidance and berthing functions will improve
safety and business performance. Complex or risk entailing activities
can be performed by autonomous vessels and automated ports
infrastructures. Condition-based ship systems monitoring and
predictive maintenance, autonomous and self-managed ship.
operations directly contribute to these driver.

Vertical and Horizontal Integration Datafication at the tactical and operational level by analytics and

sensor technology can be integrated to enable top management level
cognitive applications and also feed back actions at the ship and
shipping management levels. Also, integration of the various digital
solutions used in the different stages of planning and ship and
shipping operations.

Data Monetization Models New business models arise form datification. Shipping industry
organizations have accumulated large and rich datasets of their
business, markets, customers, business partners and market
environment. Based on these data assets and advances in database,
cloud and visualization technology but foremost computational
techniques, shipping industry organizations may develop open data
platforms and data analytics based services and solutions to satisfy
old and new strategic objectives and business models.

Radical Innovations (i) Autonomous ships and (ii) blockchains are two radical
innovations for the shipping industry. New knowledge, new market
structures but also new sources of value can be designed, tested and
appropriated by competent actors. Incumbent, leading companies are
involved in “edge exploration” in both these radical innovation
fronts to secure an early mover position and control/leverage in
related markets.

Market pressure Competitors already use digital shipping technologies. It is
imperative to secure a competitive advantage with digital technology
and not lag behind the market standards.

Innovative digital shipping service and smart systems, result in a
dominant technology push force, and market competition, both
enabling digitalization. Shipping companies and maritime
organizations determine the particular models and practices to
generate value.

Innovation Push

Institutions Industry associations, regulation and standards organizations and

industry institutions play a role in setting norms, business and
technical standards of digitalization, acting as exogenous factors.
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4.2. Digitalization approaches and management practices

Success factors or the notions of enabling factors and determinants of shipping digitalization represent those
managerial areas that can be influenced in order to enact and steer digitalization management.

Our research framework considers those factors, as well. In particular, we examined the digital innovation
capabilities (i.e. leadership, data culture, resources), which may constitute managerial action items and ensure
positive digitalization outcomes (Ethiraj et al, 2005).

Based on the seminal works of Bharadwaj (2000), we initially view digital innovation capabilities as a construct
with six dimensions: digital infrastructure, digital business partnerships, digital business strategic thinking, digital
business process integration, structures and network orientation/connectivity.

In addition, we addressed the adoption of state of the art methodologies of innovation management, alongside
the mainstream shipping management operations; hence we examine the course of the various digitalization
activities and management practices along the different phases of the innovation process, namely digital opportunity
identification/ideation, digital initiative exploration and testing, and lastly, actual launching/operation of the digital
technology systems/services (Salerno et al, 2015).

Also remarkably, in our field study, interviewees mostly did not directly discuss these questions, however, they
did refer to management concepts and practices related with what the literature essentially denotes as digital
innovation capabilities, namely digital culture or digital leadership, partnerships and collaboration orientation, also
learning/market intelligence capability. This may be partly be ascribed to the fact that interviews were shipping
business middle managers, not highly exposed to business school or academic management and business
nomenclature, also the digitalization projects they are involved and we studied are mostly at the testing phase, not at
the actual commercial or operational phase; hence, the success of the initiatives can not be effectively assessed, at
this point, to a much lesser extent be correlated to particular management concepts and practices. Interviewees were
mostly keen to discuss aspects related with the approach taken as regards the innovation process of digitalization
systems development; therefore innovation process factors are also validated and maintained in the digitalization
management theoretical framework as relevant. Last, we include the generic notions of opportunities and barriers of
digitalization as appropriate prompts to address possibly missing aspects as regards the technologies and
digitalization management affordances and practices.

In the sequence, we elaborate the main digitalization management factors, entailing innovation process concepts,
digital capabilities notions and adjacent models and management practices overall, as were validated or emerged
through our case studies.

Re-conceptualizing capabilities for shipping digitalization

Extant literature on the digital innovation capabilities construct reveals that despite the numerous analyses that
address the new digital and data economy idiosyncrasies and heterogeneity of digital business environments and
business models, the innovation capabilities construct remains not drastically adapted to the digitalization context.

Strategic thinking is the common denominator in incumbent shipping companies’ cautious, incremental
digitalization projects and in radical innovation initiatives led either by cross-industry or governmental auspices and
leadership. The realization of the paradigm shift at the C-suite level, also the middle management level is critical. A
digital mindset is emergent, complementing established strategic-orientations and supported by a market intelligence
capability. Smart shipping systems and services, like ship equipment and cargo systems enhanced with sensors,
actuators, computing power, and connectivity (Porter and Heppelmann, 2014), also maritime ecosystem services,
integrate physical assets and resources into wider cyber-physical infrastructures and service systems. Apparently
shipping industry organizations which are engaged in digitalization, actively explore and basic premise that the
“basis of competition shifts from services to product and service systems and to systems of systems” (Porter and
Heppelmann, 2014). Although this shift attracts competitors from outside the industry, shipping companies and
other maritime organizations primarily still face competition threats from digitalization leaders, among the industry
competitors.
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Partnerships, Consortia and Joint Ventures are all becoming dominant business networks forms and technology
management strategies, appropriate to address the risks, uncertainties and knowledge dispersion regarding digital
technologies and solutions, like autonomous systems and smart shipping systems development and operation.

Heighted competition among shipping companies, liner alliances, national and regional clusters necessitate
certain post industrial era strategies for research and development, in particular as regards radical innovations, such
as autonomous vessels technology or blockchain platforms that require large industry support (i.e. in standards
development) and market acceptance, to materialize their benefits.

Appropriate structures are necessary and are implemented in the form of new departments (digital or smart
shipping ones), formalized cross departmental teams for digitalization projects development, also open innovation
forms with external partners of complementary knowledge and business expertise. Internal also external
collaboration is mostly the norm in digitalization processes.

Resourcing in terms of new data science, Al and programming skills, rather than pecuniary resources, is a
determinant factor of digitalization acknowledged in academic, empirical also practice-oriented endeavors. Shipping
is not an exception. Shipping industry organizations have accumulated large and rich datasets of their business
transactions, markets trends, freight rates, tariffs etc., also customers’ and business partners’ business behavior.

Based on these data assets and advances in database, cloud and visualization technology but foremost
computational techniques, shipping industry organizations may develop stronger data analytics capabilities to satisfy
their digital strategy objectives. Building this data (analytics) capability comes with the awareness, realization and
active exploration of business benefits stemming from datafication and data monetization models.

Last but not least, a resourcing capability, in terms of high cost vessels/fleets with autonomous functions
embedded in IoT enabled cyber physical systems is a relevant construct as well.

Innovation process

Digitalization is a continuous, non-linear process, although with relatively distinct phases, including the
awareness and realization of potential benefits of the digital technologies and models, exploration of emerging
services, systems, applications and business affordances, and eventually the actual implementation phase and
appropriation of digital technologies and business model. Digitalization as an innovation process entails the
continuous scanning of the shipping markets and competitors, but foremost today different markets for relevant
business models and practices to adapt (i.e. autonomous vehicles) or new needs (shortage of seafarers) and
opportunities even problems to solve and exploit. The ideation phase and project/system refinement in terms of
iterative filtering, design, testing and validation up to commercialization and launching entail appropriate project
management, design thinking and human resource management techniques and methodologies. Henceforth, an
innovation process is a demanding organizational routine, supported by a mix of related methodologies, which may
assist the uncertainty management of digitalization. Digitalization is different from previous technological
innovation trajectories, necessitating internal and external collaboration, networks and platforms as dominant
governance mechanisms. Therefore, shipping digitalization as a transformational process entails new management
tools to organize as a process. Best practices from other industries are already considered, adapted and it is observed
to be actively leveraged by leading shipping organizations.

Exploration vs. Exploitation

The innovative potential of shipping digital solutions, business models, and strategies is approached in view of
the potential to decrease transaction costs, better coordinate knowledge and further resources and generate economic
and social value by redefining the nature of valuable, rare, tangible and digital resources of shipping organizations.
The digital strategy imperative of shipping companies and maritime organizations is ultimately an endeavour of
balanced, portfolio strategy. The scope of digital transformation, the options for business model reinvention and
“edge exploration” along with the prioritization logic of short-term improvements vs. paradigmatic digital
technology projects and their strategy execution possibilities (partnerships, greenfield) entail different business
logics and management practices.
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In the following Table 2, we elaborate the main digitalization management concepts, models and practices that
were validated or emerged through our field research.

Table 3. Shipping Digitalization Management

Concepts, Models, Practices IS and Innovation Management Constructs

Digital Innovation Capabilities Strategic Thinking (Paradigm Shift and Digital Mindset),
Partnerships, Data Culture, Structures, Resourcing (Digital
Skillset, Autonomous Fleets, Smart Systems)

Innovation Process Practices State of the Art Methodologies, Market Intelligence, Agile
Development, Brainstorming- Delphi, Scenario Analysis

Explorative vs. Exploitative Innovation Mode Balancing Digitalization Portfolios

Collaborative-Open Innovation Model Network and Platform orientation vs. Industrial era
Technology Strategies

External and Internal Collaboration

Data Sharing vis a vis Data Ownership

5. Methodology and cases

In order to examine how digitalization transforms the shipping service, smart ships and smart shipping systems,
also the shipping companies’ management logics and practices, we studied five cases addressing different
perspectives of the shipping industry. For each case, we performed in-depth interviews with key interviewees who
were responsible for managing and implementing shipping and ship smart systems that involve IoT, big data and
analytics, Al or blockchain technologies. An interview script with three sections, namely shipping digitalization
strategy, and drivers, actual digitalization technologies and systems in development or use, and effectual
digitalization management approaches, guided the interviews. We typically started with a brief introduction of the
study rationale and the request that the interviewees generally portray the shipping digitalization technologies that
they consider important and how these are used and possibly shape new shipping strategies and business models,
also how the digitalization is affecting shipping markets structure, shipping companies’ and other stakeholders’
management practices. In the following, the interviewees were asked to describe in detail how the particular key
technologies of shipping digitalization enlisted are applied, used or offered by the interviewees’ company;
furthermore, to explain whether (and which) new functions, services are enabled by the digitalization projects or
platforms they are involved, to explain to which extent current processes embed or leverage the functions, and to
describe implications of the emergence of smart ship and smart shipping or blockchain technology with regards to
their organizations’ business processes and business models. In addition, the research protocol included the an
analysis of the innovation process and pertinent digital innovation capabilities enabled (or lack thereof) hindered
their organization’s digital transformation. Last, interviewees’ were asked to comment and assess the overall
potential, opportunities and challenges of shipping digitalization.

Due to the novelty of the shipping digitalization phenomenon, the companies/organization/consortia we
investigated were selected for two reasons: they are large, incumbent companies/organizations in the shipping
industry, well renown for business and technological excellence and strategic orientation for quality and innovation.
Henceforth, we ensured that the interviewees were engaged in shipping digitalization to an extent that merits an
investigation. The resulting set of interviewees was expected to provide us with a comprehensive and representative
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view of shipping digitalization logics, factors and approaches, as they are known experts in shipping management
business, information technology, or marine engineering, and their responsibilities include managerial as well as a
technical tasks. All interviews proceeded with cross-functional groups that involved experts from an array of
information technology, operations, smart shipping, marketing groups/departments/units or team members. We
henceforth ensured that the interviewees’ complementary perspectives would allow us to investigate how shipping
digitalization is shaped and is shaping the industry and individual companies’ and organization’s management
practices and strategies, as well as identify the technological trajectory of smart shipping services and autonomous
ship systems. Before conducting the interviews, we sent a two-page summary of the main interview questions (both
in English and Japanese) to each organization or contact person, whereas each interview lasted for about an hour.
All interviews were conducted face-to-face, at the studied organizations’ premises and were transcribed. One
interviews was conducted throughout in English, and the others were conducted mainly in Japanese and translated
simultaneously in English. Our research team consisted of two academics, and two postgraduate researchers, one of
them being a high level, civil servant, and expert in maritime transport matters.

We followed the principle of “emergence” from grounded theory. Henceforth, our research process encompassed
the research gap identification, the problem formulation, the case study design, and data collection, the framework
validation and furthermore iterative theory elaboration, as emerged from and anchored in our field research data. In
that sense, our study design was determined by our academic and professional experiences, predispositions and
perceptions about shipping digitalization, but also allowed for the emergence of new theoretical insights (Saldana,
2009).

Interviews were conducted in an open-ended and semi-structured manner, based on the script provided in
Appendix A. In addition, for triangulation purposes, secondary data was collected and analyzed, such as
presentation slides, companies’ presentation material, such as brochures and leaflets and additional material
provided by interviewees after the meetings. This information helped us to frame the digital technologies and
solutions’ features and affordances discussed, also digitalization management logics and practices investigated.

In the following the findings of our research are summarized in Table 4. Shipping Companies A and B present a
mostly converging portfolio of digitalization projects and initiatives, including smart applications for business and
technical operations, and participation in autonomous ship and blockchain platform research project and partnership.

The classification society organization is engaged in broad range of digitalization projects like software for ship
inspections and shipping companies business consulting, also a radical innovation digitalization project, developing
a dominant open, data sharing platform for the shipping sector.

Table 4. Study Findings

Case Digital Strategy Digitalization Management Challenges
Digitalization Technology and Drivers Models and Practices
Solutions
Shipping Company A Process Strategic Thinking N/A
Improvements Partnerships
Cost Reduction

Structures (spin off technology
Technology Push company)

Explorative vs. Exploitative
Innovation Mode

Shipping Company B Competition Strategic Thinking Technology Maturity
Process Partnerships Cost Efficiency
improvements

Structures (Smart shipping Standards
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Cost Reduction department)
Customers’ Internal and External
Expectations Collaboration

State of the Art Methodologies

Explorative vs. Exploitative
Innovation Mode

Classification Society Data Monetization Strategic Thinking -Paradigm Shift =~ Market Acceptance
Radical Innovation and Digital Mindset Standards
Open Data-Data Sharing Model
Network and Platform orientation
Internal and External
Collaboration
Strategic Thinking -Paradigm Shift
Autonomous Vessel Consortium Radical Innovation and Digital Mindset Cost-efficiency
Institutions Technology Maturity
Technology Push Internal and External Standards
Collaboration
Maritime Blockchain Consortium Radical Innovation Strategic Thinking -Paradigm Shift  Standardization
L and Digital Mindset
Institutions Market Acceptance
Technology Push Technology Maturity
Internal and External
Collaboration

6. Discussion and Conclusions

The main corps of shipping digitalization research, so far, primarily entails engineering analyses; thus, suitable
theoretical standings about the development and use of emergent digital technologies in shipping, as well as
organizational ramifications resultant from digital innovations are still lacking.

In our study, incumbent, leading shipping organizations, with proven digitalization activities and experiences,
were investigated. We have developed a tripartite model of shipping digitalization that examines three intertwined
pillars: digital technologies (IoT, big data analytics, Al, blockchain), digital solutions (smart shipping systems and
services), and digital business concepts, models and practices (digitalization drivers, capabilities and innovation
process and modes). We devised our theoretical model, it’s constructs and perspectives, based on principal IS and
Management literatures and contextualized and synthesized them so as to address and conceptualize the
idiosyncrasies of shipping digitalization and digital transformation, in the current digitalization trajectory phase.
Based on the field research findings, the extent of validation and the insights we gained with experts’ interviews, we
have developed a reference framework of shipping digitization areas, interlinked with digital strategic drivers and
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associated management models and practices. Our work contributes with an overarching model of digitalization,
which presents pertinent technological and managerial aspects to be further developed, enhanced and validated by
maritime studies’ scholars.

Our research has certain limitations, mostly inherent in qualitative research; our multi-case study findings are not
statistically representative; qualitative insights and digitalization management research directions, also the outline of
selected, pertinent and nuanced aspects of smart shipping systems and their transformative potential management
are examined. The research is based on the interviewees' descriptions, representing their subjective experiences, and
to a lesser extent to a hermeneutical phenomenology, which builds on the researcher's interpretations and critical
assessment of the experts’ experiences and standpoints. Furthermore, the research findings depend heavily on the
interaction between the researchers and managers/experts interviewed; hence a different research setting might lead
in different responses, data and pertinent observations and conclusions for the same organizations.

The different nuances and heterogeneity of the strategies, drivers, managements practices and challenges, in
shipping companies, maritime organizations like classification societies, or marine insurance companies, and radical
innovation development consortia, needs further elaboration. Cultural aspects are not addressed/assessed either, as
influencing factors. Digitalization barriers or shortcomings at the strategic, tactical and operational level as
correlated with the size of the shipping/maritime organizations were not detected (i.e. lack of investment hesitation,
technical or knowledge shortcomings).

Appendix A. Interviews Questionnaires

Interviews questionnaires were devised, and versioned according to the specific activities of the
companies/organizations investigated. In the following, we presented the questionnaire (Q1) for shipping
companies.

Al QI

Ri]
FFr B BNLEVC o 2 b DL T MR HARCRRL 72 6 0
. Introduction: Research Objectives, Team, Interview Protocol
G PHRHK. MEFIHEL &
In a semi-Structured Interview, the following blocks of questions will be discussed (with either the same person or different persons in
related departments, emphasizing the respective, detailed questions in blocks A-C):
UFDAH»S COEMIZODLBTET Y ¥/ S€THINEFRHTT .,
A. Digital strategies, business drivers and expected results.

AEREM . bYAx 2 OB, WS s h 2 R
. Which are the primary technologies you envisage as important for shipping digitalization (smart shipping)?

o communications, [oT, big data analytics, Al, blockchain, any other/all of them
WEDOWHRIL (Av—Fy vy EY7) OO T, EOHMARLEELEBbh 35,2 (P28, BfE. ToT. v 7
TR Al 7 ay 2 F 2 —)
HHORHICOWT, (A COHMMARLFERCL -T2 EMbh & 2?2 (P2, BfE, 10T, Ly /F—
ZoHi AL, 7 ay 2 F 2 —>)
Could you tell us a bit more about?
. How would you define digitalization (or smart shipping) in the maritime sector, today? What is it about primarily, as regards policy

and strategic objectives?
HEEFCEOT, BRI (Rv—byyEXT) 2EMETTI SN & T 2?7 TCEEHCHBIKERCHL THA TS
&,
R AL
. Are there any new strategies pursued (other than cost-efficiency, sustainability etc) with smart shipping?
A=Yy EXZIED EDF D HL G (AR, TS EEBRL 2IBRSRTL &I 0?2
@i =GO
. How would you delineate the value created with shipping digitalization?
o economic value, social value
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o  improving competitiveness, business efficiency, innovation, transparency, safety, regulatory compliance, economic
development

WEIEERALC &S VEES N 2R DL TEDE I BEHELTL & I »?
- REEIOMGE . AR ffEC D v T
S g SEBEA . PO EdG . B, e, 2> 7 54 Ty AL BERRL E
R £ 0 HE SN ZBFIMEE S & CHESMIEIC DLW TEDE I BEZTL & H»?  (FHie s RN
FHSNTWEY AT LENIERH D £ LIesHR T LS. )
Could you tell us a bit more about?
How would you expect digitalization to affect shipping markets in terms of consolidation of players, new dominant players, new
markets creation etc?
ERGG. Bl aXBE. Hica~—r v MIEA2ECHEL . BIREASEENT S CKETRECOLTED & Sl
Rran &4 m?
Wlfic & 0 EREGRH e x—7 1L =X —08Y, Hith~v—r v MAINAEHAIET 2 Bbh & 34?7 f
AT 247 > A0S WWRIEAT 7y t7r—LhEnbFondsnelvuid. )

How would you expect digitalization to affect shipping companies’ (your company also) business behavior, in terms of
o new shipping services/business models
o new management practices
HRIL IR ZE (B AR OMETEICRE THEC DL T, FiOBim»s &0 & S CHiffan +2?
CHL DX —ER/EY A RAET L
L DR AT
BRI E > THECE A v bRFT XY v PZOWTHATLES L,

Do you consider as a desirable/probable digitalization outcome the development of
o  Closed, few/dominant maritime digital platforms
o Open and common/interoperable digital platform(s)
BELO/MREO ORI SHE E L T TROBMOMIEE ML v &322
- PSS e DRUSTIE I 4 IR B 7 7 v b 7 4 — 4
<A =7 CILEMEER R A BRI 7 v b7 — 4 EED
W7 7y b7+ —2 08 L0 CAFR, B, 2 ORERAOHPD O THA T LS L,
Do you currently explore and/or already operate (pilot/at scale), smart shipping technology and operations, as regards

o Ship operations and Technical Management
. Navigation, Situation awareness
. Ship Equipment and Conditions Monitoring, Predictive Maintenance
. Energy Consumption Monitoring
. Environmental Regulations Compliance
o  Commercial Operations
. Asset Optimization
. Fleet Planning
. Service Planning
. Chartering
o  Crew Work and Training
o Autonomous Ship Project
B, TROBHCHEL T Av— vy E¥ 7 H B D0 THRARR P &2 0d 3 Tl (FaLssy o
BEAD LT & 42
- MVARIERT & Bty B
AR IR VLRE R
AEAR O B RO BAHL. TR Z A > 7 F >~ A
IANLF—HEOE=KY) 7
BRI A A i~
E ST
P O BRidfL
L= T
#—E AGTm
PR
B DAL & R
cHAM T By = 2 b
R EFL)
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Could you tell us a bit more about your flagship projects, related with the above?
FRUCEBEL ¢ BHOFE T a2 bOLTEIAL BHAE S 0,
HEEST . MR 10T 7° 5 v b 7 + — A+ SIMS(Ship Information Management System)Z& £ D7 0¥ =z 7 2 DL TH
RS0,
. Which are the digital strategies or digital business model your company plans or currently supports with the above
technologies/projects?
FROER/ZT oy 7 FORT, BEEAFEL Ty A, G BEAETEL To BRI £ iR e A 22T 0l
ENTTn?
LEOHEHO R T, RS SN Ty ke > TORHHE DL THRA T LS L,
. Is digital innovation part of your company’s overall strategy; Are related issues discussed at the highest level in the company?
TR EHE . AL ORI D T3 4?2 BET 28 . SO L NV THEmEn To & 372
fEHRA B3 2 SR SE I D0 T CTO % CI0 OZEEH OB 4 & BN TOMEMN T DL THA T LS L,

B.  Shipping 4.0, Autonomous Ship, Smart Shipping Technology

w

. Shipping4.0. HEFM. A~v— b v B2 7 Hilf
Related with the above, could you please briefly describe the main technical features of the flagship digitalization projects you are
currently developing or planning?

o  For each one, could you give us a description of the
L] main functional architecture
. technical architecture
. platforms and tools used for development
. main computational techniques/algorithms used? i.e.type of analytics / machine learning techniques per smart
shipping application implemented
FRGICBEL T BUEMFET & 2 FTEB T H 2 EAHIMMALT v Y 2 7 b O E A BT BRSBTS v
« 7 BERE I B
« BT
cHRCHERAENET 7y b7 —LBEUY -
CELFEERTNVTVR A, ThDBAT— Yy EYIOT TN =y a3y DT F YT 4 7 A E
wrox A7
TR EFL)
. Would you consider the above digital technologies/projects distinctly differentiated from other organizations’ initiatives? i.e. Maersk,
Kongsberg, Rolls Royce and other related smart shipping joint ventures
o Do you primarily differentiate in terms of
. technology and technical capabilities
. operational results
L] market positioning/scale
. other
LRCoEREN /7 oy = 7 ik MO A A =2 7 7 4 7 F % b B Maersk + Kongsberg * Rolls Royce % &2 & 2
A= by y EYZ BT 2AARELEYUMIIE L ELEZTHEITN?
T FC U T O DO TEIME > Tw & 452
- ik & Bt
- JHE R
CTHIGA Yy 3 = > 7
- 2O
TR EFL)
Could you tell us a bit more about?
. Which are the cyber security main concerns and solutions you consider?
YA N—F 274 BT ZBEHALZOMBEEOOTEDLILCBHEZLTL & I 5?2
TR EFL)

C. Digitalization Management: approaches, practices

C.EERM DB, Jrike ik
. How would you assess the maturity/business impact of the following technologies:
o Shipbuilding and system integration
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Autonomous ship research and development
Ship and Technical Management operations
Commercial and Business Operations

o Other/All
ROEHIC DO T, HOMALE/E YA ANDHEEED S HIFHIL & 42
CERE Y AT LA
< HEAE OB B FE
AT & O ELER
RS § ORI
©ZOM/FNRT
R EFL)

O O O

Could you tell us a bit more about?
How do you choose/prioritize your particular digitalization (smart shipping) projects? Did you follow a formal process to determine
and launch them i.e. brainstorming, Delphi etc
BEOWBRKZ ooz 2 b (Av— by vy E¥ ) 2EDE I CHEPIVBEMIL £ T7? TL—v A b=y 707
7y Aika s BT > TIREL . Lb B &L fon?

R EFL)

What is your company’s innovation process approach and milestones, as regards the:
o  Ideation (smart shipping opportunity discovery)
o  Experimentation (projects/operational areas’ design, testing),
o Acceleration (launching strategy)
TROHHCHL T BHOEFRBOEE v A VA b =2 TT »?
BB Av— by oy BV ORROFER)
c KB (e s MEREEORE . 7 AN
- Al 7 BUERRS)
FEOIEHHL T, FHEEcs L THe s ke 20RO HEE CEREHDIEL) 2 DR 7 v 7 I & O
FEDEIBELDTL 124?
CBEN Av—byy T OWEDFR)
- KB oy bERERORE. TR M)
- Al GF LU RS

What is your approach to smart shipping project/portfolio management, i.e. in terms of

o  Balancing breakthrough and mature digital technology projects (i.e. autonomous ship and vessel monitoring projects)
o  Financing
o  Risk Management
o  Change Management

TRHOEHEZDOWT, BHOAY— by vy b J T 37 av =zl MA— 74 )V ABERECODLTED LI 5T 70

—FER-o TV ET»n?

< WP & AL e EIRERT T e 2 2 b EDAT YR (AR oY 2 7 b ERMRERCET 2 —HEO T oY

=7 )

- WAL

- e R

- RRER

R EFL)

What is your management approach for implementing them, in terms of:
o  Responsible business unit
o new structures
o  roles assigned, and
o  technology or business alliances, networks you form respectively

TROmM»S. T 6 & FT 2 /2 OFHFILE T T 2?

- HATEH 2 FIEAM

L v g

< B0 HTH N AEE

BN E LG EYARALEDT SAT Y AL Ay T =2

Fio7ey =/ rERHCsCHusnTEE DO T, TRENfemEBHIS L E L,

Do you primarily conduct in house or collaborative, open innovation for the smart shipping projects?

Av—bry EYIUCHTET oY bOH I HNRMBHILFTECA =T > /R—v a v EfFo T ET
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»n?

(TR EFL)
Do you measure/benchmark the performance/results of the smart shipping projects implemented?
FEntAv—tyvy eyl d a7 oy =y ML T TERRAL R OWE/ KR & St S LT L & T2
Ax—btyyErZ 27y biiB T, RMEEFEHEN T & F 572
Do you primarily see the above as necessitating new business capabilities or exploitation of existing, incrementally improved
capabilities?
FRCO0LT HLOEFRIOLENE, H 2 TR IS S W LBTFRIOFEN, TCEbs2H2TH&T
»n?

(TR EFL)

What are the most critical digital innovation capabilities for shipping companies (in your company, also in general), as regards i.e.
o  Leadership, commitment to innovating with technology

o Quality or Market orientation

o Resourcing

o Network and Collaboration orientation
o  Culture

o  Other

DIFOH e, @B (FEih. —BNe) ws U 2R xt 4 2k 6 BEELFHAESEMTL & O 0?2
CHMERCET ) K-y 7 AR

- WEe TSR R

- YRR

< Aoy b7 — 2 LRI A

- Xtk

okl

GRFEFRL)

How would you see the procurement of digital technology in shipping companies to change in the future (make it or buy it or any
other options)
FERIIC L WIERAIC B U 2 EIMBINOHERA E D & S 0BT 2 e H2 & 727 (HHHZE. BA. 201

(TR EFL)
Could you tell us a bit more about (your company’s pathway/in general)
TROBEAC OO T, HiEP— i L T 3D LFFLIHRA TR L
The maritime software ecosystem is constantly expanding and improving. How do you see this development to affect your company’s
digitalization management (shipping companies in general also)?
MEREROY 7 b v 27 OEBREMEATIAL. BHELTOET. COL I LRRE. BHEOMRLERCHES 2
EFZEZETH? QEEXHAHR T FARKC? )

(TR EFL)

What are the major opportunities and benefits with digital technology (smart shipping) exploration/exploitation today?
RN (Av—tyy 7)) ORBEPHBCHT 2T 4F x> 2L A v METTT 52
(TR EFL)
What are the major obstacles of digital technology (smart shipping) adoption today
HRER (A~v— by v Er7) ORI T 2 ELBEFELTT T 5?2
TR EFL)
What are the main standardization issues you consider
AL 2 % ¥ 2 AL BT 2 BB T C ¥ 402
(TR EFL)
What are the main legal, regulatory issues you consider
AL 2 % 2 BRI BT 2 BB T C ¥ 42
(TR EFL)
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