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The shipbuilding industry has historically shaped global trade, logistics, research, and cultural
globalization. It was instrumental in exploring and colonizing new continents, thereby signifi-
cantly shaping our society. Today, it's essential to consider the industry's current transfor-
mations and speculate on what shipbuilding might look like in the 22nd century.

This study is dedicated to exploring the possible futures of shipbuilding over a long-range time
horizon of 70 -100 years. This thesis applied futures research methods to data collected using
OpenAl tools and explored possible transformative pathways within the industry. The research
offers potential future scenarios and delineates change pathways from external pressures and in-
ternal shifts within the shipbuilding system. Additionally, the study highlights the possible ap-
plications and implications of utilizing OpenAl technology in a research context.

The analysis of shipbuilding incorporates the Multi-Level Perspective (MLP) concept, viewing
the industry as a system involving ten groups of key actors. This structure guided the data col-
lection process for the input of the research. The primary research process adheres to traditional
futures research methods, which include horizon scanning, systems thinking, scenario building,
and causal layered analysis (CLA). Furthermore, the methodology was expanded to incorporate
Al-assisted techniques. This includes using Al technology for automated data collection and a
separate pathway using ChatGPT-4 for computer-generated scenarios and CLA narratives de-
velopment. The outcomes from both methodologies are compared, and additional literature re-
search about the applicability and implications of using Al in futures studies.

The research has identified critical external drivers of change, originating from fields such as
technology, energy, and social development, as well as internal drivers, including biotechnology
and diversifying floating structures. The external drivers could influence the future direction of
shipbuilding, while the internal factors represent potential changes originating from within the
industry. The constructed scenarios are designed to stimulate discussion and provide context for
future developmental trajectories of shipbuilding.
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Foreword

I started writing this thesis in 2018. My original topic and area of interest revolved around
practical strategic foresight applications. I wanted to find a space where I could use my
professional expertise to explore a future studies perspective on it. I have over 20 years
of experience in IT-related shipbuilding areas, which determined my main focus. Since
then, the idea of the thesis evolved gradually around thoughts about the futures of ship-
building IT systems, a narrow focus on CAD/CAM (Computer-Aided Design and manu-
facturing) systems and the drawingless building process, business-oriented strategic fore-
sight topics, and similar. Due to personal reasons, I had to postpone my studies until 2022
while keeping the topic in mind and mulling it over with professional shipbuilding activ-
ities. During this gap, I collected many industry-related articles and discussions, directly
and indirectly, related to the topic. For research purposes, this material was systematized
and allocated in the conceptual framework to later serve as a basis for data collection and

analysis.

When I wrote this introduction in January 2023, I found myself in a completely changed
world. From wild card events in the scenarios anticipated in 2018, a global pandemic and
war in Ukraine became a reality in the last two years. It dramatically affected millions of
lives, significantly changed our society, triggered profound transitions, and impacted the
global economy. A war of aggression started by Russia in Ukraine reshaped European
security and policy for the next decades. Something considered a black swan, an event
with a significant impact but diminishing probability, became a reality. Witnessing
changes of such magnitude is a unique but unfortunate reminder of changes that con-
stantly happen in our world and shape the future. From the comfort thinking of 2018,
these tectonic shifts were mere points of possible change, while mainstream business-as-
usual scenarios seemed significantly more probable and deserving of attention. This
change reflected more attention given to wild card events and provided a fresh influx of

updated analytical data for the thesis.

Preparing this thesis, I decided to focus on a significantly broad topic — researching vi-
sions and transitions for the shipbuilding industry, considering its global context and in-
terconnected nature. At the same time, the pragmatic strategic foresight approach was
replaced by a broader transition exploration with a significantly longer timeline perspec-

tive.



In 2023, we are witnessing another tectonic shift that has the potential to revolutionize
our lives — OpenAl. Having a limited research capacity, I used available newest IT pos-
sibilities (such as OpenAl engines) and tried to keep futures exploration as a primary
target mind. OpenAl use was limited to scouting and analyzing the data. This approach
added another perspective to the research and opened a discussion about the applicability

of such methods and future research methodology.



1 Introduction

International waterways connect all continents and most societies in the world. For cen-
turies humankind relied on sea trade and transport, applying the most advanced technol-
ogy and adapting to changes. Shipbuilding is perhaps one of the oldest industries in hu-
man history, enabling Viking seafaring adventures and Columbus explorations. Ship-
building significantly affected society throughout human history, intertwined society de-
velopment and globalization, trade enablement, industrialization, and IT advancements

with design and innovation.

Many generations of shipbuilders shaped the processes, practices, and the high rate of
innovations adopted ahead of any other industry. In the last century, the construction of
ships underwent several significant changes that enabled bigger ships to be built in a
shorter time. These changes were related to the use of materials, such as welded steel
structures and mechanical engineering, as well as ongoing energy transition for new fuel
types and longer voyages distances enabled by it. This practical development is an out-
come and a reason for global trade development and numerous social changes, such as
accessibility of goods from cheaper producers and enablement of remote regions sea ex-
ploration, alongside the higher degrees of cultural mix from different regions and wider

traveling.

How will the shipbuilding industry and society co-evolution develop in the 22™ century?
Will a technological breakthrough cause transitions, or will technology have to catch up
and adapt to changing global society — climate, society needs, and business imperatives
overall, not only in a selected region? Typically, research in this area falls into one of
three categories — focused business strategic research, fueled by commercial imperatives
and stretched for 5-10 years, general academic research, aiming to establish the back-

ground and find underlying theoretical foundations; or policy-making support.

The present thesis applies futures studies and foresight methodology to explore the futures
of commercial shipbuilding in a long-range timeline towards the beginning of the 22"
century. The selected timeline stretches over the horizon of 70-100 years, intending to
elaborate on significant shifts in the industry and establish if these shifts are likely to
come from inside the industry ecosystem or are more likely to be imposed from larger
global systems. Is it possible to expect a similarly significant impact, such as global trade

and mobility, as in the previous century? It is explorative research aiming to scout societal
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and global natural background complexity. The defined goal of the research is narrow
and practical, while concepts and methods are selected from more general academic ap-
proaches. The research has certain limitations described in the definition of the research
area. Besides the primary goal of answering the question about the future of shipbuilding,
it attempts to provide a framework that can be used for applied futures exploration in

similar socio-technical areas.
1.1 Background

Sea technology has many applications: growing algae for pharmaceutical and food pur-
poses, fishing, oil and wind fields energy exploitation, shipping, and shipbuilding. Ship-
building is an industry area often regarded primarily as a technology development and
application area. Shipbuilding affects society by directly employing a significant work-
force, influencing global trade and mobility, and enabling exploration of sea potential and
the blue economy. Mainly being technology and business-driven, it has an artistic part in
defining how the floating constructions look and fit in the natural landscape and a timeless

question about the interaction of humanity and nature, or more specifically, the sea.

The world's merchant fleet accounts for about 102,000 vessels, with 1450 mGT' and
roughly 3000 new builds or over 55 mGT yearly (Clarksons Research, 2022). Setting
aside navy ships, cruise liners, and other passenger vessels, the shipment of goods by sea
accounts for about 80% of global trade (The European Community Shipowners’
Associations, 2017). The shipbuilding industry, excluding shipping, equipment manufac-
turing, and related fields, globally employs nearly 5 million? people, predominantly in
coastal areas involved directly in the construction of vessels. Indirect employment, in-
cluding equipment manufacturers, design, and research fields, can be estimated five times
higher. The global shipbuilding market in 2021 is estimated to be about 154 billion U.S.
dollars (Statista, 2021), which can be compared to about half of the GDP of a country
like Finland. However, a bigger picture would reveal significantly higher numbers for the
share of sea technology in the global economy and a directly or indirectly involved pop-

ulation.

' mGT — mega Gross Tonn, shipping measure of a ship’s internal volume, 1450mGT is equial about 4.5
billion m?

2 Estimation based on the data about 285 active shipyards globally in 2021 (Statista, 2021)
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Technology historically plays a paramount role in floating constructions. Understanding
hydrodynamics in shipbuilding, and owning its success to centuries of experiments, can
be compared to its significant role for society in inventing the wheel. Traditionally, ship-
building rapidly uses all technological innovations ranging from chemical protection of
hull structures to fuel cells and electric propulsion. Every vessel encapsulates a significant
amount of technology that requires the technological potential to create, operate and
maintain. While every subsequent generation of vessels uses new technology, each ves-
sel's life cycle stretches for about 30 years of exploitation. Technology might change sig-
nificantly during this cycle, calling for upgrade or retrofit projects and large-scale recy-

cling (Bruce, 2021).

The global society and culture were influenced by ships and the ability to travel long-
distance by water, which they brought to humankind. Traveling is not a primary reason
for shipbuilding, compared with the possibility of transporting freight. However, trans-
porting large quantities of goods influence the globalization of trade, and various explo-
ration missions — Arctic research, sea life observations, and even cruising contribute to
cultural evolution. Different purposes of floating constructions, such as primarily ships,
are closely intertwined with shipbuilding development. Enabling different types of sea-
going vessels have an underlying reason for the need for such vessels, making it impos-
sible to distinguish the reason from the consequence in this case. Ocean and sea surround
people and impact their lives directly and indirectly. There are many aspects of the blue
economy, which include the influence of changes at sea due to climate change and the
human ability to understand and coexist with the sea. However, these are not the focus of

the present research, which only considers shipbuilding.

At the beginning of the 21% century, shipbuilding underwent a rapid digital transfor-
mation. Unmanned vessels are expected to set off for their first voyages in years, with the
first attempts already existing. The restricting environmental regulations push forward
innovations in design solutions and technology. At the same time, geopolitical changes
and the change of generation of engineers influences the industry. Intensifying technology
and innovations face holding due to a lack of skilled workforce, while shipbuilding in-
creasingly shifts to Asian countries and loses its presence in Europe. These changes are
visible now, and the immediate effect on the future can be traced with high certainty.
These are some of the high-probability developments in the near future, which are evident

for people embedded in the industry. This research aims to explore significantly lower
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probability events on a longer time horizon. The long-range timeline selected for this
research explores the high complexity of low probability ranges, and more extensive

scope of possibilities.

Considering the multitude of shipbuilding’s impacts and scale, this research aims to pro-
vide a structured snapshot of the current status, a systematized set of scenarios and visions
based on a socio-technical transition concept, and a possible framework for future uses in

similar research.
1.2 Research questions

The nature of futures studies, the subject's complexity, and the above considerations

should be considered, while the research focus defines the questions to be explored.
The following research questions are identified:

1. What is the shipbuilding industry's present state from systems thinking per-

spective?

2. What are possible futures scenarios for the industry in a long-range time hori-

zon?

3. What are the possible main transformations in shipbuilding, and will a techno-
logical breakthrough originate from the industry itself, or will technology have

to catch up and adapt to changing external systemic shifts?

The selected strategy for answering the research questions includes finding the relevant
conceptual framework to identify the industry's primary structure and transition path-

ways, collecting data for horizon scanning, and analyzing and interpreting the data.
1.3 Research design

This research was designed to have a broad perspective on the selected industry as a sys-
tem, incorporated into larger societal and technological systems, and having a long time

horizon.

It starts with a selected conceptual framework selection, its applicability to the subject,
and alignment with the research focus. The conceptual framework — Multi Level Perspec-

tive (MLP) helps to select corresponding methods and data collection process design by
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identifying main actors and their interaction patterns. It guides the selection of data

sources and sets expectations for how scenarios should be built.

The methodology part defines which method of future research will be employed at what
stage, how these are aligned, and how the process fits together to be applied to data col-
lection and analysis. The main outline of the research is based on the framework for col-
lecting the input, analyzing it, making prospection, and interpretation. As a foundation
for the data collection, main actor groups in shipbuilding are defined based on the MLP
framework, which guides the selection of data sources. The horizon scanning method was
applied using automated data collection using OpenAlI® elements for collecting and mak-
ing a primary analysis of the data. For analysis and interpretation of data, systems think-
ing, scenario building, and causal layered analysis (CLA) methods were employed. An
additional arm of research followed the same steps using OpenAl tools to later compare
the results with the ones obtained manually. Additionally, the implication of selected

methods to obtain results and sets boundaries for the research area are outlined.

The data collection part describes how data was collected and analyzed, what sources
were used, and what technology was used for each research step. The data collection for
horizon scanning employed a hybrid mode of exploration — a guided use of OpenAl, a
novel emerging possibility in futures studies. It enabled significantly higher volumes of
information to be processed and automatically summarized. However, it required atten-
tion to outlining the data and prompts used and additional methodological grounds for

applicability.

The results chapter summarizes the obtained results for each part of the research, and the
discussion chapter elaborates on the main findings, answers the research questions, and

outlines the possible future research directions.

3 OpenAl refers to technology developed by the company with the same name, the technology is used in

ChatGPT-4 tool and Bing search tool.
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2 Conceptual framework

The primary approach of this research is based on a multi-level perspective on socio-
technical transitions. It incorporates the main requirement for reliable explorative fore-
sight work — a multi-discipline perspective (Bell, 2004) and provides a practical system

perspective of large-scale and long-term changes.

This chapter starts with an overview of the Multi Level Perspective (MLP) and the typol-
ogy of transition processes. Further, future research methodology is added to considera-
tion. The last part presents a more comprehensive perspective, where waves of transitions

fit into the historical perspective.
2.1 Multi-level perspective (MLP) framework

Frank Geels initially developed the multi-level perspective approach in the research arti-
cles: (Kemp, 1994), (Rip & Kemp, 1998) (Geels, 2002) and later works (Geels, 2010),
(Geels, 2011) and (Geels, 2014). By original design, the framework addresses the socio-
technological transitions, focusing on sustainability. However, it was applied to many
different systems: energy, transport, urban futures, and more. It constitutes a transition

process in three main layers: landscape, regime, and niche.

The landscape layer represents the most stable structure — the existing state of things, and
it 1s a mixture of the political and economic landscape, historically and socially stable
way of doing things, and time-proven technology that has been in use for a long time. The
regime is a more dynamic layer. It consists of existing practices and the ways of process
organization. Niches are the most dynamic places for incubating new ideas and practices
(Geels, 2002). Presumably, these appear and frequently disappear, often making little im-

pact on the system as a whole.

The MLP framework is beneficial for futures studies and foresight in industrial transitions
as it provides a holistic view of the change process, taking into account the diversity of
actors, their roles, and the dynamics of change and innovation (Geels F. W., 2005). By
understanding the interactions between these layers, researchers and practitioners can bet-
ter anticipate and prepare for potential shifts and disruptions in socio-technical systems

(Loorbach, 2007).
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One of the key strengths of the MLP framework is its ability to account for the complexity
of industrial transitions and the co-evolution of technology, society, and policy (Geels &
Schot, 2007). This makes MLP particularly relevant for addressing sustainable develop-
ment challenges and the need for systemic change across various industries (Markard,
2012). Moreover, the MLP framework has been widely applied in futures studies and
foresight research, specifically in analyzing and understanding the dynamics of various
technological transitions, such as energy systems (Verbong, 2010), transport (Geels F.
W., 2012), and urban water management (Brown, 2013). The framework has also been
employed in strategic niche management studies, which focus on nurturing radical inno-

vations at the niche level to foster more sustainable transitions (Kemp R. S., 1998).

The MLP is visually presented in Figure 1, adapted from Geels (2002, p 1263) to repre-
sent the framework visually. It places niche innovations, socio-technical regimes, and
landscapes in the timeline and highlights their interaction dynamic.

Increasing structuration

of activities in local practices
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Figure 1 MLP framework, adapted from Geels 2002.
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The MLP framework gives a multi-perspective image of the change process, considering
the diversity of actors and their roles and dynamics of change and innovation. It provides
a holistic view of intertwined actors and their existing and future impact on the system in
change over time. The established landscape layer in shipbuilding would represent indus-
try regulators, such as classification societies and partially large shipyards; the regime
layer would consist of various naval architecture firms, technology providers, etc., and
startups and innovations would represent niches. The borders can not be drawn explicitly;
however, the primary type of players can be presented using the framework. The changes
on the landscape level mainly originate from the outside of the system. These are, for
example, sustainability requirements caused by climate change concerns and imposed on
shipbuilding by various policies and governance. Innovations, like new propulsion types
or shapes of the hull constructions, can, given sufficient momentum and an opening in
the regime cracks, enter the regime level and even become a landscape. For example, this
happened with the use of 3D models and CAD/CAM/CAE, which unlocked high levels
of complexity in engineering and became a landscape practice from a novel innovation

some 30 years back.

This approach makes it possible to make a “map” of existing actors in different levels —
landscape, regime, and niches. Such a map of actors for the shipbuilding was created and
used for data collection in the “data collection and analysis” part. It represents the system
under consideration in the systems thinking method and for analyzing and examining the

interconnections between the actors.
2.2 MLP and signals classification in horizon scanning

MLP is generally perceived as a suitable framework for different futures studies and a
“system model of how the interaction between multiple analytical levels can influence a
development process.” (Vdhdkari N., 2020, p. 2). Based on an assumption about the
groups of main actors on each layer of the MLP and their role, one can draw a parallel
ranking of the futures trends accordingly. While landscape represents the most stable
layer, actors are expected to be most sensitive to megatrends type of futures scenarios. At
the niche level, it is natural to expect a high concentration of weak signals which would
emerge and disappear under pressure from the higher levels. The borders can not be ex-
plicitly defined, and the appearance of different types of signals on different levels can
not be excluded. However, this comparison appeared helpful for the research, as it pre-

sents a possibility to identify and sort signals collected at the stage of horizon scanning.
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Classification in

: 5 MLP framework
horizon scanning

Mega trends Landscape

Regimes and
practices

Trends

Weak signals Niches and
innovations

* Wild cards might appear at any level * Unexpected significant changes are not
accounted for

Figure 2 Futures signals aligning with the MLP concept framework

At the stage of collecting signals from a large sample of groups of actors in the selected
system, the classification of signals becomes useful. Regarding ideas about futures sig-
nals, Naisbitt's discussion centered around monitoring the current landscape for 'signals'
of change, which he grouped into broader trends or 'megatrends' (Naisbitt, 1990). He sug-
gested that understanding these trends made anticipating significant shifts in society, the
economy, and technology possible. The 'signals' Naisbitt looked for were often manifest
in social, economic, and political changes and were drawn from various sources, includ-

ing newspapers, academic journals, and industry reports.
2.3 Transitions

Creating a static snapshot of the current status of the shipbuilding industry is only one
step along the process. Dynamic development of the system constitutes the change and
the field of futures research. Geels research provides a perspective on changes happening
inside the system, which emerge from within the system itself or under pressure from
external systems - “Niche-innovations may breakthrough more widely if external land-
scape developments create pressures on the regime that lead to cracks, tensions, and win-

dows of opportunity” (Geels, 2010, p. 8).

Transitions represent the impulses for change that can become scenario paths, reflect
trends of different magnitudes, and also are linked with types of scenarios. This part out-
lines the typology of transitions and provides the analogy between the typology of tran-

sitions and Dator’s scenario archetypes.
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2.3.1 Typology of transitions

Multi-level perspective (MLP) on transitions delineates five distinct typologies of transi-
tion pathways, which are influenced by the interplay between the three levels of the socio-
technical landscape (Geels, 2002). Each pathway illustrates a unique scenario of change

based on the degree of landscape pressure and the maturity of niche innovations.

e Reproduction process: This transition pathway transpires when there is little ex-
ternal landscape pressure, defined as 'regular change' by Geels and Schot (Geels
& Schot, 2007) and Suarez and Oliva (Suarez, 2011). In such a scenario, the ex-
isting socio-technical regime maintains its dynamic stability, reproducing itself
with little alterations. This means that the established norms, rules, and practices

continue to dominate without significant disruptions.

e Transformation path: A transformation path occurs when there is moderate land-
scape pressure, which Suarez and Oliva term as 'disruptive change'. This pressure
arises when there are impending changes in the socio-technical landscape, but
niche-innovations, or new technological solutions emerging at the fringes, are not
yet adequately developed. In response, regime actors, the dominant entities up-
holding the prevailing regime, adjust the direction of developmental paths and

innovation activities.

e De-alignment and re-alignment path: This pathway unfolds when landscape
change is sudden, divergent, and substantial, characterized as 'avalanche change'
(ibid). These escalating regime issues may cause regime actors to lose confidence,
triggering a de-alignment and erosion of the regime. If niche-innovations are un-
derdeveloped, no straightforward substitute is available. This scenario opens mul-
tiple niche innovations to coexist, vying for attention and resources. Eventually,
one niche-innovation outperforms the others, providing the basis for re-aligning a

new regime.

e Technological substitution: Technological substitution occurs when there is in-
tense landscape pressure — typified by 'specific shock', 'avalanche change', or
'disruptive change' (ibid) — at a time when niche innovations are sufficiently ma-
ture. Under these conditions, the developed niche innovations gain momentum
and replace the existing regime, leading to a significant shift in the socio-technical

landscape.
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e Reconfiguration pathway: This pathway involves symbiotic innovations that can
co-exist with existing technologies incorporated initially into the regime to ad-
dress localized issues. These innovations then stimulate further changes in the

regime's underlying architecture.

This typology provides a comprehensive framework for understanding the complex dy-
namics of socio-technical transitions, acknowledging the interdependencies between
landscape pressures, regime stability, and the emergence of innovative alternatives. Tran-
sitions likely do not happen as isolated events but as a sequence of transition pathways.
Furthermore, when landscape pressure manifests as 'disruptive change', a series of transi-
tion pathways might ensue, starting with a transformation, followed by a reconfiguration,
and possibly culminating in substitution, de-alignment, and re-alignment (Geels & Schot,

2007).

Enforced transitions occur under external influence, and such are transitions targeting
sustainability. Sustainability transitions are goal-oriented or target the purpose, while
many historical transitions were “emergent” or based on exploring commercial opportu-
nities related to new technologies (Smith, 2005). Sustainable transitions, or often so-
called eco-friendly, require additional support from policy or regime and landscape as

they often are not cost-beneficial (Geels F. , 2011).
2.3.2 Types of transitions and types of scenarios in futures studies

Comparing the topology of transitions in Geels' multi-level perspective and Jim Dator's
archetypes of scenarios allows observing these models' differing approaches to envisage
possible future states and similarities in classifying transitions and scenarios. Both ap-
proaches explore potential changes and transitions. They do so from different perspec-
tives and with varying levels of detail. Geels' MLP typologies offer a detailed model for
understanding transitions within socio-technical systems, while Dator's scenario arche-

types offer a broader, more holistic view of potential future developments.

Jim Dator proposed four generic alternative futures or scenario archetypes (Dator, 2009).
He suggested that most descriptions of the future could be classified into one of these four

categories, which serve as a helpful tool for futures studies and strategic foresight.
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Continued Growth: This scenario assumes the future will be a quantitatively expanded or
extrapolated version of the present. It posits that current societal values and trends, such
as technological progress, economic growth, and increased living standards, will continue

to develop and intensify. Essentially, it's the "business as usual" scenario.

Disciplined Society: This future depicts a world where resources are limited, and growth
is not sustainable, requiring society to adopt a disciplined approach to resource usage. It
envisions a future where sustainability is prioritized, with society making conscious de-
cisions to limit consumption and population growth to maintain the equilibrium of the

global ecosystem.

Collapse: This future is often the result of continued growth or the refusal to adopt the
disciplined society model until it's too late. It suggests a decline or a complete breakdown
of the current socio-political and ecological system due to environmental disasters, soci-

etal unrest, economic crises, or pandemics.

Transformational Change (Ecological/Consciousness Change): This scenario involves
fundamental societal changes, often involving new technologies or shifts in conscious-
ness. It includes scenarios where society is drastically altered by technological changes
such as artificial intelligence, space travel, or a radical shift in human consciousness or

spirituality.

Figure 3 compares the two approaches: previously discussed comparison of the MLP
framework and futures signals typology (Figure 2) and stereotypical Dator’s scenarios,
adapted from Dator, 1979 (Dator, 2009). From this perspective, transformational scenar-
10s are most interesting to explore, as these provide an area of future changes outside of
normal development or decline and collapse paths. These types of scenarios were selected

for the exploration study of the research.
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Figure 3 Parallels between the typology of transitions in the MLP framework, typology of futures

signals, and Dator's Four Futures scenario archetypes.
2.4 Broader perspective and deep transitions

In addition, the following elements of futures research theories and research complement
the main framework: a broader perspective on transitions based on the Techno-economic
paradigm (Perez, 2002), (Perez, 2010), (Perez, 2015) and deep transitions perspective
(Schot & Kanger, 2018).

The link between technological innovation and long cycles of economic development,
theorized by Schumpeter (1939) in his theory of economic development, is common to
the most widely accepted theoretical frameworks within long-wave researchers. Kon-
dratieff’s (1935) type long-wave patterns and Schumpeter’s (1939) clusters of innovation
are the constituting elements of the techno-economic paradigm (TEP) shift framework
developed by Freeman and Perez (1988), where great surges of development induce so-
cioeconomic transformation effects across all economic activities and provide the key
driving force of each long cycle of economic development (Freeman, 2009, and Perez,

2010).

Carlota Perez and Christopher Freeman developed the Techno-Economic Paradigm
(TEP) shift framework in 1988. The framework focuses on the cyclicality of technologi-
cal revolutions and the socioeconomic changes that they cause. According to it, there have

been five key techno-economic paradigms in history:

1. The Industrial Revolution (1780s - 1840s)
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2. The Age of Steam and Railways (1840s - 1890s)

3. The Age of Steel, Electricity, and Heavy Engineering (1890s - 1940s)
4. The Age of Oil, Automobiles, and Mass Production (1940s - 1980s)
5. The Information and Telecommunications Age (1980s - Present)

These revolutions are driven by a powerful new technological system transforming the
economy and society. The techno-economic paradigm shift can be divided into two

phases: installation and deployment.

The installation phase involves the introduction and diffusion of new technologies. This
period often includes financial speculation and can lead to a financial bubble as investors
chase the perceived profits of the new technology. The deployment phase begins after a
financial crash and recession when the new technologies are broadly adopted throughout

the economy and lead to a period of growth and prosperity.

Perez also highlights that each techno-economic paradigm shift is not only a process of
creative destruction but also a process of institutional adjustment. Each new technology
creates new winners and losers and challenges existing social norms and regulations. This
often leads to social tensions and conflicts that can only be resolved through institutional

changes that realign the socio-economic system with the new techno-economic paradigm.

Various scholars and futurists have proposed potential themes for the sixth wave. One
notable proposition comes from the work of Paul Mason that the sixth wave could be
characterized by the pervasive use of information technology to decentralize and democ-
ratize economic production (Mason, 2015). Others suggest that the sixth wave will be
driven by resource efficiency and clean technology as society confronts the limits of nat-
ural resources and climate change (Moody, 2010) and intelligent technologies and signif-
icant advances related to sustainable development and ecological balance triggered at

large by climate change (Wilenius, 2018).

The actual form of the sixth wave will depend on a wide range of factors, including tech-
nological breakthroughs, socio-economic changes, and policy decisions. Therefore, these
predictions provide thought-provoking insights but are inherently uncertain and specula-

tive.
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Additionally, the theory of Deep Transitions provides a perspective on the systemic and
long-term changes in the socio-technical systems that structure economic and social ac-
tivity (Schot & Kanger, 2018). It speculates that the shifts in meta-rules, such as resource
and energy efficiency, trigger changes in sustainability and inequality, causing socio-

technical changes.

These theories and models are a simplification and generalization. However, it might help
understand the transitions over the long time horizon and have a similar composition with
the MLP framework on a bigger scale selected for this research. Considering MLP on
ample time intervals, such as the one selected for the research, it can be expected that
there would be one of several high amplitude shifts that would redefine the future of

shipbuilding, or at least these can become the main narratives for the scenarios.
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3 Methodology

The selected methodology approach for the research is based on the adapted Generic
Foresight Process (GFP) developed by Voros and includes a selection of foresight re-
search methods: environment and horizon emerging trends scanning, systems thinking
CLA, and scenario building (Voros J. , 2003). The adopted framework and corresponding
methodology for each part are presented in Figure 4.

Environment and

. _ Inputs
horizon scanning
Analysis -
Systems thinking, o
CLA, scenarios Interpretation | &
(ofe]
: ~
Prospection
Summary of results
Discussion outputs

Figure 4 Adapted Generic Foresight Process and methodology of research map on the left side

to match with futures studies methods.

In the following chapters, each methodological step is elaborated, and the workflow for
the research is presented. In the last part of this chapter, the overall workflow of the re-
search is outlined. Further, the methodology is used to guide data collection and analysis.
In the following chapter, the process performed in the study for data collection is de-
scribed, and its deviation from the standard practices, such as using Al engines, is high-

lighted where applicable.
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3.1 Workflow of research steps

To clarify the research workflow, the steps described in the methodology approach are
collected and presented in Figure 5. The main steps, input, analysis, prospection, and in-
terpretation, from the General Foresight Process constitute the body of the research. An
additional arm of the research process was made to use data as input for automated pro-

cesses executed by OpenAl technology elements.

The first two steps, focus and data collection, correspond to the input part of the GFP.
The preliminary analysis of collected data and systems thinking methods form the analy-

sis part of the GFP, scenarios — prospection part, and CLA the interpretation.

Identification of data
sources

Subject
Timeline

Driving forces Litany (data collected
on previous step)

Systemic changes Discussion

Critical uncertainties

Scenarios

Collection of data

Collection of additional

data for system
Mapping system’s Implications

structure

Scenarios logic
Scenarios

Nature

Discourse limitations

Methaphor impact of
selected
methodology
and data

Boundaries

Data collection

Causal Layered Analysis

System dynamics

collection
’ Comparison of
manually made

analysis and
results from

ChatGPT-4
CLA and scenarios build by ChatGPT-4 >

Figure 5 An overall workflow of data collection and analysis steps based on the selected meth-

odology.
The steps taken on every part of the research are described as follows:

e Focus: identification of the subject of the research, timeline for the horizon of the
future, boundaries of the subject from systems thinking perspective, mapping sys-

tem structure and dynamics

e Data collection: identification of data sources based on the system’s structure,

collection of data, and collection of additional data

e Scenarios: Based on data collected, driving forces are identified along with critical

uncertainties and scenarios logic created, which is tested against wild card events

e CLA: each scenario narrative is interpreted for four layers: litany, systemic

changes, discourse, and metaphor
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e Discussion: comparison of the results obtained with manual and automated anal-
ysis, discussion about the overall results, summarizing the findings for the re-

search questions, and outlining the limitations.

An additional arm of the research originated from an emerging possibility of using Al
engines, such as ChatGPT-4. Data collected in the first two steps were used as input for
ChatGPT-4 to generate scenarios and analyze these. The aimed result was to compare the
results of such an automated analysis with manually produced results and draw conclu-
sions if such a method can have a potential for future methodology. The resulting com-

parison and discussion are presented in the results and discussion chapters.

ChatGPT-4 is a novel technology that became publicly available only a few months be-
fore this thesis was written. The following chapter discusses additional methodological

implications for such automated data collection and handling.
3.2 Input: Environment and Horizon scanning

Collecting the data for futures research is perhaps the most challenging part of the pro-
cess. The unique nature of the futures is prone to speculations, biases, or even dreams,
which affect the selection criteria and might significantly impact the outcome. A typical
approach is often inherited from the social studies field and includes interviews, Delphi-
type study, or the least structured horizon scanning. The last was selected as the primary
method for data collection in this research. Its use and implications are explained in the

further chapters.

Environmental and horizon scanning is a method used in futures studies to systematically
identify and monitor emerging trends, developments, and events that may influence an
organization, sector, or issue (Hiltunen, 2008). By exploring the external environment,
this method helps anticipate potential opportunities and challenges, enabling better stra-

tegic decision-making and preparedness. Here's a short description of the method:

e Identify the scanning focus: Determine the scope and objectives of the scan-
ning process, which may include specific sectors, geographical areas, or

themes relevant to the issue under study (Choo, 2001).

e Gather information: Collect data from various sources, such as news articles,

reports, scientific publications, blogs, and social media, to identify emerging
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trends, developments, and events (Hiltunen, 2008). Use a combination of man-
ual searches and automated tools or algorithms for efficient scanning (Cinca,

2009).

e Analyze and synthesize findings: Review the collected information to identify
critical patterns, signals, and potential implications for the issue under study
(Schoemaker, 2009). It may involve using qualitative or quantitative analysis

techniques, depending on the nature of the data.
Limitations and constrains of this method include the following four implications:

e Information overload: The vast amount of available information can be chal-
lenging to manage, making it difficult to identify relevant signals and trends

amid the noise (Hiltunen, 2008).

e Subjectivity and bias: The scanning process may be influenced by the subjec-
tive perspectives and biases of the individuals conducting the scanning, which

can affect the interpretation and prioritization of findings (Choo, 2001).

e Limited predictability: Environmental and horizon scanning cannot predict the
future with certainty, and it can be challenging to anticipate the timing, scale,

or impact of emerging developments (Voros J. , 2001).

e Resource constraints: The scanning process can be time-consuming and re-
source-intensive, which may limit its feasibility or effectiveness for some or-

ganizations or contexts (Schoemaker, 2009).

Environment scanning provides a critical review of the existing situation landscape. In
futures studies, obtaining data from the series of workshops (such as in the Delphi study
process) or via participatory guided discussions performed in iterative rounds is often
considered central. These methods originate from societal studies methodology and are
based on a cornerstone assumption that individuals have the most significant impact on
societal processes. For this research, the selected approach differs. Considering the indus-
trial changes on a large scale, extended range of time horizon, and intention to identify
scenarios, the approach focused on the main groups of actors was selected. When consid-
ering changes to happen in the next century in the field where the impact of any single
company is irrelevant, it is unlikely to expect the opinion or mindset of single individuals

to make an impact. Focusing instead of it on actors from the main layers, as identified in
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the multi-level perspective conceptual framework, promises more relevant results. This
consideration is in line with the “systemness” challenge — the criticality of considering

the “co-influencing of micro and macro layers of reality” (Derbyshire, 2016, p. 47).
3.3 Analysis: Systems thinking

Once the data sample is collected and the main limitations are defined, the first step for
analyzing the data will be built on systems thinking principles. It helps to define on a
general level the focus of the research and its relations with the broader systems that en-

capsulate it, such as more extensive societal or technological systems.

The analysis step of the methodology focuses on mapping the linkages between identified
elements and identifying critical interdependences, accessing their impact on the possible
transitions. Systems thinking is an approach that emphasizes the understanding of com-
plex issues by examining the interconnections, feedback loops, and dynamics between
the components of a system (Senge, 1990). Applying systems thinking to futures studies
can facilitate the exploration of complex, uncertain, and interconnected issues by consid-
ering the relationships between different factors and trends and potential unintended con-

sequences. Below is a description of the main steps of the process:

e Define the system's boundaries: Define the scope of the system under study,
including its components, stakeholders, and the interactions between them
(Meadows, 2008). It involves determining what is inside and outside the sys-

tem and identifying the relevant time horizon for the futures study.

e Mapping the system's structure: Develop a visual representation of the system
by mapping its components and their relationships, such as causal loop dia-
grams or stock and flow diagrams (Sterman, 2000). It helps to identify the key

drivers of change, feedback loops, and leverage points within the system.

e Analyze system dynamics: Investigate the system's behavior over time by ex-
amining the patterns of change, such as growth, decline, oscillation, or chaos
(Ford, 2009). It can involve using system dynamics modeling and simulation
to explore how different factors and feedback loops interact and affect the sys-

tem's behavior (Forrester, 1961).
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Applying this methodology to the data collected at the “input” step would produce struc-
tured information about the research subject and indicate the foundation for prospection

and interpretation steps described in the next subchapters.
3.4 Prospection: Scenario building

The data collected for the input and structured in systems thinking manner provide a foun-
dation for prospection. Scenario building was selected as a relatively straightforward and

simple-to-execute method for it.

Scenario building is a method in futures studies that facilitates the exploration of alterna-
tive futures by constructing plausible and consistent narratives of potential developments
(Schwartz, 1991). It helps to think systematically about uncertainties, test assumptions,
and consider the implications of different future contexts. The following steps describe

the scenario-building method as it is applied:

e The scope and objectives: Outline the focus and purpose of the scenario-build-
ing exercise, such as identifying key uncertainties, exploring strategic options,
or fostering organizational learning (van der Heijden, 1996). The definition of

the research area chapter outlined the scope and objectives of the research

e Driving forces: Conduct research and engage stakeholders to identify the key
factors, trends, and uncertainties that will likely shape the future of the issue
under study (Bradfield, 2005). Data collected on the input, analysis, and inter-

pretation steps will be used as input for this stage.

e C(ritical uncertainties: Among the identified driving forces, determine the most
critical uncertainties with the greatest potential impact and uncertainty
(Ramirez, 2016). These uncertainties will form the basis for constructing dif-
ferent scenarios or the axes for scenarios. Data from the input and analysis

stages will be used for this stage.

e Scenario logics: Create a set of distinct and plausible scenario logics by com-
bining the critical uncertainties in different ways (Schwartz, 1991). It can be
done by using tools such as axes of uncertainty or morphological analysis
(Ritchey, 2006). For this research, axes of uncertainty were selected as primary

logic.
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e Scenarios: Flesh out each scenario logic into a coherent narrative that describes
a possible future, including key events, developments, and the relationships
between driving forces (van Notten, 2003). The narratives should be engaging

and easy to understand, to help envision and internalize the possible futures.

e Implications and strategic options: Analyze each scenario to identify the impli-
cations for the issue under study and explore potential strategies that could be
effective across multiple scenarios (Chermack, 2004). Additionally, this step

tests scenarios for wild card events to outline the main uncertainties.

An additional consideration is that from the point of view of futures studies, it is consid-
ered essential to monitor and update scenarios continuously - regularly review and update
the scenarios to account for new information, changing conditions, or shifts in driving
forces (van der Heijden, Scenarios: The Art of Strategic Conversation (2nd ed.), 2005).
However, this step is not feasible as part of the one time research. It would be more ben-

eficial for the continious foresign efforts perspective.

Once scenarios and main narratives are created, these are interpreted using Causal Lay-

ered Analysis, described in the following chapter.
3.5 Interpretation: Causal Layered Analysis

Causal Layered Analysis (CLA) is a futures studies methodology developed by Sohail
Inayatullah (Inayatullah S., 1998), which allows researchers to uncover the deeper layers
of meaning and assumptions behind the events and trends they observe. CLA is structured
around four layers: litany, social causes, discourse/worldview, and myth/metaphor. Here's

a brief description of the main steps involved in CLA:

Litany: The litany is the surface level of the issue under investigation, consisting of visible
events, trends, and problems (Inayatullah S. , 1998). This layer usually represents quan-

titative data and is often presented in media headlines.

Social Causes: The next layer delves into the systemic or structural causes behind the
litany. These are the economic, political, and social factors that contribute to the events

or trends observed at the litany level (Inayatullah S. , 2004)

Discourse/Worldview: The third layer identifies the dominant discourses or worldviews

that shape how the issue is understood and framed. It includes the values, beliefs, and
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ideologies that underpin the social causes and drive the actions of individuals and organ-

izations (Riedy, 2008).

Myth/Metaphor: The deepest layer of CLA explores the myths, metaphors, and narratives
that underlie the discourses and worldviews. These fundamental stories shape our collec-

tive understanding of the issue and guide our actions.

After examining all four layers, insights were gathered to envision alternative futures
(Inayatullah S. , 2008). These could involve different combinations of social causes, dis-
courses, and myths, leading to various possible outcomes. The summary of this step

would represent the result of the research.

The following subchapter outlines the considerations regarding using OpenAl technology

in data collection and analysis.
3.6 Use of OpenAl

In this research, elements of OpenAl were used sparingly, guided by selected methodol-
ogy, and at the final stage of generating CLA analysis and building scenarios for compar-
ison purposes. A side goal of the research is to address questions about the applicability

of such methodology and the possibilities of using it in futures studies.

The concept of Al and related questions, such as “Can computers think?” (Rockwell,
2017), emerged before computers became mainstream around 1950, The academic dis-
cussions about the applicability and implications of Al or Deep Learning started at about
the same time, with increased attention from 2000 forward when the use of Big Data came
under the spotlight due to increased computational possibilities and the maturity of soft-
ware to handle it. With the arrival of ChatGPT-4 - a novel possibility for anybody to try,
it is a new level of discussion of the possibility of using it for data collection or analysis,

especially in future studies.

The use of OpenAl (the technology behind the ChatGPT-4 and technology embedded in
the Bing search engine) and other artificial intelligence (AI) technologies in futures re-
search has several methodological implications to consider and an emerging need to de-
velop a robust methodology for these. These implications stem from the nature of Al, its
capabilities, limitations, and potential ethical concerns (Makridakis, 2018). By acknowl-

edging and addressing these methodological implications, it is possible to harness Al's
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power to enhance future research while minimizing potential pitfalls and ethical concerns

(Russell, 2015).

The following characteristics were highlighted in the academic literature regarding the

use of Al in the research.

Data-driven analysis: OpenAl and similar Al technologies rely heavily on data for
generating insights, predictions, and recommendations (Goodfellow, 2016). Con-
sequently, the quality and representativeness of the data used in training these Al
models can significantly impact the research outcomes (O'Neil, 2016). It is desir-
able to use reliable, diverse, and comprehensive data sources to avoid biases and
inaccuracies (Mittelstadt, 2016). For the tools like OpenAl and ChatGPT-4 it is
not possible to control or even to list data used for the training of models, unless,

it is used in a mode where input is given.

Transparency and explainability: Al models, particularly deep learning models
like OpenAl, can be considered "black boxes" due to their complex and non-trans-
parent nature (Castelvecchi, 2016). It can make it challenging for researchers to
understand and explain the rationale behind Al-generated outputs (Arrieta, 2020).
One should acknowledge these limitations and explore ways to improve the ex-
plainability and interpretability of Al-based futures research (Gilpin, 2018). As
referred to in the first point, while having reliable information about the model is
impossible, limiting the bias by guiding the algoritm or aligning it with the se-
lected methodology is possible. This thesis addresses it by mimiting input on the

collected and analyzed data for the automated building of scenarios and CLA.

Uncertainty and unpredictability: While AI technologies have shown remarkable
capabilities in various fields, they may not accurately predict future events or
trends, especially in cases of significant uncertainty or rapidly changing contexts
(Taleb, 2007). Researchers should be cautious about over-relying on Al-generated
predictions and consider incorporating multiple perspectives and methods to ac-
count for potential uncertainties and unforeseen developments (Miller, 2006). As
mentioned in the previous point, this consideration was mitigated by using

OpenAl only as a tool alongside the selected research design methodology.

Ethical considerations: The use of Al in futures research raises several ethical

concerns, such as data privacy, algorithmic bias, and the potential misuse of Al-
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generated insights (Crawford, 2016). Researchers should carefully consider these
ethical implications and develop appropriate strategies to address them, such as
adopting privacy-preserving data practices, ensuring algorithmic fairness, and
promoting responsible Al use (Floridi, 2018). This consideration should be ad-

dressed in cases of more extensive or unguided use of OpenAl.

e Integration with other research methods: Al can complement traditional futures
research methods by providing data-driven insights, pattern recognition, and sce-
nario generation (Sutskever, 2014). However, Al should not replace human ex-
pertise and intuition (Davenport, 2016). Researchers should strive to integrate Al
with other research methods and approaches, leveraging the strengths of both hu-
man and machine intelligence to produce more robust and reliable futures research
outcomes (Clemen, 1999). As explained in the previous parts, these circumstances
were explicitly addressed in the research design and methodology selection. For
comparison, the second arm of the research provided more free Al-generated out-

comes, which were later compared and discussed in the last part of the thesis.

e Continuous learning and adaptation: AI models, including OpenAl, require ongo-
ing training and fine-tuning to stay up-to-date and maintain their relevance and
accuracy (LeCun, 2015). Researchers should be prepared to invest time and re-
sources in updating and refining AI models as new data, knowledge, and insights
emerge (Mitchell, 2014). The current ChatGPT-4 version's cut-off date for
knowledge is September 2021 (OpenAl, 2023). However, the Bing Al search en-
gine, which uses the same technology, allows searching online pages. The last
possibility was used for data collection purposes. It is impossible to exclude that
the previous prompts influenced the data obtained and that the data would change
over time. The prompts are indicated where applicable to address these chal-
lenges, and information retrieval data is mentioned. While these are significant
considerations, I would like to add that similar can be mentioned for any other
research data: information is updated online on websites continuously, people
change their views under the influence of many factors, etc. Hence, this appears

to have a limited or neglectable impact for future research.

OpenAl and ChatGPT-4 are recent developments that have significant implications for
futures studies and the future overall. OpenAl is a research lab that aims to create and

ensure the safe and beneficial use of general and superintelligent AI ChatGPT-4 is the
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latest version of its large language model, which can generate complex and coherent texts

on various topics and tasks, such as writing essays, summarizing articles, composing

emails, creating websites, and more. These developments provide an exciting opportunity

to simplify laborious tasks and invoke criticism and calls to exercise caution (Future of

Life Institute, 2023). Many notorious figures in the IT world signed the letter to pause the

development of more potent than ChatGPT-4 Al tools due to high uncertainty and diffi-

culty estimating such technology's impact (ibid).

However, the impacts of using such technology can be positive. Some of the possible

positive implications of using OpenAl and ChatGPT-4 for futures studies, summarized

by ChatGPT-4, are listed below:

Enhancing the creativity and diversity of scenario generation by producing novel
and plausible narratives of alternative futures based on user inputs or prompts.
ChatGPT-4 can also generate scenarios based on images, such as how ports would

change if these would adopt smart connection technologies.

Improving the quality and rigor of scenario analysis by providing relevant and
factual information from various sources, such as academic papers, news articles,
reports, etc. ChatGPT-4 can also cite its sources and provide references for further

reading, making it a valuable co-pilot for the research.

Facilitating the communication and dissemination of scenarios by generating en-
gaging and accessible texts or visuals for different audiences and purposes, such
as reports, presentations, blogs, podcasts, etc. For example, in this thesis, the
prompt asked ChatGPT-4 to summarize a scenario in a few sentences and make a

CLA analysis for each scenario.

Using OpenAl and ChatGPT-4 for futures studies also poses specific challenges and risks,

such as:

Introducing biases and errors in scenario generation and analysis by relying on
incomplete or inaccurate data or reflecting their creators' or users' preferences or
agendas. For example, ChatGPT-4 may generate scenarios skewed towards cer-
tain regions, cultures, ideologies, or interests, ignoring or misrepresenting im-

portant factors or perspectives. ChatGPT-4 may also produce texts or images that



35

are misleading, false, or even harmful. However, similar possibilities arise from

possible lobbying or biases of research participants of data selection.

e Reducing the critical thinking and reflexivity of scenario practitioners and users
by replacing human judgment and intuition with automated outputs or creating a
false sense of confidence or certainty in the scenarios. For example, users may
uncritically accept or adopt the scenarios generated by ChatGPT-4 without ques-
tioning their assumptions, implications, or alternatives. Users may also overesti-
mate the validity or reliability of the scenarios based on the apparent sophistica-

tion or authority of ChatGPT-4.

e Affecting scenario practice's ethical and social responsibility by raising new di-
lemmas or issues regarding the ownership, control, use, and impact of Al for fu-
tures studies. For example, who is accountable for the quality and consequences
of the scenarios? How can the privacy and security and reliability of the data and
users be protected? How can the fairness and inclusiveness of the scenarios be

ensured?

Therefore, using OpenAl and ChatGPT-4 for futures studies requires careful considera-
tion and evaluation of their potential benefits and drawbacks and their alignment with the
values and goals of futures studies. As a secondary goal of this research, it appears essen-
tial to carefully outline these considerations, indicating where and how OpenAl was used

and listing possible questions for further research.
3.7 Ethical considerations

The use of Al tools in this thesis was conducted in line with the “Guidelines for respon-
sible research” by the Finnish National Board on Research Integrity, reflected in FairUTU
ethics guidelines (UTU, 2023), and guidelines for the use of artificial intelligence (UTU,
2023). Concerning these guidelines, the use of tools based on Al is described explicitly
in each case it was used, references for the tool are indicated where applicable, and limi-

tations of the results obtained are outlined in each part and the discussion of the results.
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In addition to the direct use of the OpenAl elements, this thesis was checked for grammar

accuracy with the automated tools — MS Word spell checker and Grammarly*,

4 Al based grammar check tool: Free Grammar Checker | Grammarly



https://www.grammarly.com/grammar-check
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4 Data collection and analysis

This chapter describes the data collection and analysis process performed based on the
conceptual framework and methodology methods presented in the previous chapters. The
chapter is structured in three main parts: definition of the research focus, data collection,

and data analysis. The overall process follows the steps presented in Figure 5.
4.1 Definition of the research focus

For achieving tangible results in the research, it is essential to define the area included in
the horizon scanning, its borders, and the areas not included. The definition of the research
area for this thesis includes three main parts: industry or the subject of the research, a

timeline for futures research, and the nature of the study.

The definition of the research area is linked with a discussion of the applicability of the
Multi-Level Perspective Framework (Geels, 2010), used for the methodology of the re-
search, in a critique of the framework discussion in “drawing boundaries and defining the
topic of analysis” (Geels, 2011, pp. 30-31) and “identifying agency” (ibid) as an integral

part of the framework application.

The following parts describe and justify the selection of research focus from the perspec-

tives of subject, timeline, nature, boundaries, and systems thinking approach.
4.1.1 The subject of the research — commercial shipbuilding

This research primarily concentrates on commercial shipbuilding, excluding naval or
other marine technological impacts, such as those typically included in the blue economy.
Naval activities, being distinctly guided by specific societal, political, and military needs,
possess divergent priorities and processes. In most cases, naval shipbuilding is distinct
from commercial shipbuilding, with unique shipyards, equipment providers, and other

associated processes.

For the purposes of this research, the shipbuilding industry incorporates some aspects of
offshore structures, such as jack-up rigs, offshore platforms, and other floating constructs
like artificial islands. These floating constructions are typically produced at commercial

shipyards and are subject to similar economic, societal, and business influences. This lim-
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itation helps define the system within which shipbuilding operates and is further exam-
ined in the conceptual framework portion of the thesis, utilizing a systems thinking ap-

proach.

Focusing exclusively on one industry allows contextualizing it within global changes
while leveraging expertise and experience in the field. It also offers a concentrated per-
spective on the system directly related to shipbuilding, its interaction with worldwide
shifts, and opportunities to identify key players and transition paths. It's crucial to note
that the research views shipbuilding as an industrial activity, symbolizing an amalgama-

tion of technology, manufacturing, transportation, societal, and cultural factors.
4.1.2 The timeline for the research — long-range futures

The selected timeline of the research stretches to the 22nd century. It aims for long-range
futures over 80-100 years from today without defining a particular year or horizon. This
definition challenges a sufficiently open perspective to explore possibly significant shifts.
Additionally, it is expected to help avoid biases and ambiguities based on the author’s

deep connection with today’s state of industry knowledge.

Throughout the modern history of shipbuilding, there were the following significant
change phases related to technology: the use of iron in shipbuilding, the use of steel, and
riveting technology, the introduction of propulsion instead of steam engines, the substi-
tution of rivets with weld hull constructions and use of double bottom technology, and
Computer Aided Engineering/Design/Manufacturing (CAE/CAD/CAM?) and IT systems

driving digitalization. Schematically these are presented in Figure 6.

> Computer Aided Engineering (CAE), Computer Aided Design (CAD), Computer Aided Manufacturing
(CAM)
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Figure 6 The time horizon for the research and significant time marks from the past

Over the past century, shipbuilding has undergone substantial changes, especially in its
societal role, primarily spurred by technological advancements. Several significant mile-
stones in the history of shipbuilding include using steel for hull construction, the shift
from rivets to welded hull manufacturing, the advent of Computer Aided Design (CAD)
technology, and most recently, digital transformation. These breakthroughs have signifi-

cantly altered the landscape of shipbuilding.

During this time, shipbuilding has transitioned from a craft reliant on manual labor to a
fully-fledged industrial activity. This evolution has led to drastic alterations in ship design
and construction, driven by the desire or necessity to create different types of vessels
(Bruce, 2021). While identifying the specific actors and interrelationships behind these
changes is beyond the scope of this research, it is undeniable that these advancements

have fundamentally impacted the industry's trajectory.

An interesting pattern can be discerned from examining historical shifts in shipbuilding:
a cycle of significant changes seems to occur every 50-70 years. The most recent active
phase of substantial transition in shipbuilding production processes is primarily linked to
the introduction of CAD/CAM systems and the broader impacts of digital transformation
within the industry. These shifts will likely continue to influence shipbuilding in the fore-
seeable future, a point that is explored further through the research's conceptual frame-

work and systems thinking perspectives.
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Setting a future timeline extending into the 22nd century offers a span of over 100 years,
comparable to the previous phase during which significant industry transformations oc-
curred. This timeline is sufficient for forecasting the industry's future, where significant

changes in technology and socioeconomic landscapes are anticipated.
4.1.3 The nature of the research — explorative using OpenAl

The primary objective of futures research is exploration. Rather than determining the most
likely or preferred scenarios for the future, the thesis aims to sketch out conceivable pos-
sibilities. This research adopts an open-minded, visionary outlook bolstered by a long-
term research focus, domain expertise, and a forward-thinking approach. Given the de-
fined scope and timelines of the research, its nature encompasses systems thinking, fu-

tures research methodologies, innovation, and deep transition theories.

This study's data collection approach is based on horizon scanning using OpenAl tech-
nology. It was also used for preliminary data analysis to summarize and categorize col-
lected data. Furthermore, the collected data was used for manual scenario building and
CLA and, in a second arm of the research, to analyze with ChatGPT-4. However, as a
relatively new tool, questions arise about its applicability and effects on methodology,

discussed in Chapter 3.6.
4.1.4 Boundaries of the research

The research subject, timeline, and nature outlined above determine the scope of the sys-
tem under study. This encompasses the shipbuilding industry and primary stakeholders
directly involved in commercial ship construction, including ship design firms, shipyards,
classification societies, and IT and technology providers. Additionally, it touches on sev-

eral adjacent industries, such as IT and digital technology development.

Furthermore, the system exists within broader techno-social, political, and economic sys-
tems, including national and international economies, global technology development,
and others. Most mega-trends are closely tied to societal development and evolution, and

multiple interconnections with other industries are anticipated.
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The chosen system for studying shipbuilding is expansive, and the research timeline
stretches towards 22" century. Consequently, immediate, drastic changes are not antici-
pated. Instead, a slower development trend and extended adaptation period are expected,

with wild card events likely having relatively short-term impacts.

4.1.5 Mapping system’s structure and dynamics - Data from actor groups for

the shipbuilding ecosystem

The data collection's starting point was identifying actors on different layers. Having a
conceptual model for this search provided a foundation where search criteria could be set
based on a specific group of actors. Understanding the main actors on all ecosystem levels
is essential for systematically gathering information. Therefore, before collecting data, a
map was made for the main groups of players in the shipbuilding industry and a short

overview of the surrounding systems.

Ship owners/operators

Policy and regulations
Landscape
Academia and A
research
Shipyards organizations
Techn9lugy and Regimes and
SUIE TS Classification .
providers <ocieties practlces
Y o
J Niches and
IT and solution RED projects innovations

Ship design !
companies providers

Startups

Figure 7 Main ten groups of actors in the shipbuilding ecosystem

Due to the global nature of the shipbuilding industry, it is difficult to estimate the total
number of involved actors worldwide, as well as ship owners and operators. These players
operate primarily on the business landscape, keeping close relations with policymakers,

such as local and national level governments and alliances. Several regulators, such as
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IMO and classification societies, act globally in the shipbuilding ecosystem and are visi-
ble to identify their positions. The structured map of the actors, presented in Figure 7

aligned with the expected trends, provided a canvas for data collection.

Based on the classification above, the following 10 groups of actors were selected for

data collection:

1. Policy and regulations

2. Shipowners and operators

3. Shipyards

4. IT and solutions providers

5. Classification societies

6. Academia and research organizations
7. Technology and equipment providers
8. Ship design companies

9. R&D projects

10. Startups

Appendix 1 and a list of References for online horizon search sourcesReferences for
online horizon search sources summarise data sources used for each group and actor
within the group, data collected using BingAl, and a summary with identified main topics
for each group. For each of the groups, several primary sources of data were selected. The
selection was based on field experience. For example, the most prominent regulators are
a few and well-known in the shipbuilding industry. But in some cases, an additional
search was performed, for example, to select the biggest shipyards from the list of about
300 total, which would be distributed globally and represent different types of activities
preferred. The last two groups — R&D projects and Startups, were handled without iden-

tification of the sources, only as a general search through all current projects.
4.2 Data collection
4.2.1 Collecting data using Bing and OpenAl

The data collection and horizon scanning stage was initially planned as manual desk re-

search or an industry survey, requiring considerable effort. However, the approach
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changed once Microsoft published the OpenAl-driven search engine — Bing, which can
run on ChatGPT-4 (Microsoft Bing Blogs, 2023). A detailed table with the list of all

identified groups is collected and presented in Annex A, together with all data collected.

The initial selection of Al-powered tools for data collection seemed like a natural evolu-
tion of search engines. Instead of Google searching and scouting the web pages of selected
actors, use an engine that can scan the page and search for particular patterns and word
combinations. However, the power of linguistic models in ChatGPT-4 added a new di-
mension to the research. Conversation-based search allows redefining search queries, nar-

rowing down the patterns, and immediately sorting and analyzing these.

From a practical perspective, this allowed for a significant time reduction. Checking every
source one by one and scanning it for mentions about future related trends was performed
by a search query. The prompts mainly focused on requests to scan the source webpage
and other mentions of the actor on the internet and list them in a professional or informa-
tive tone, medium-long lists of found mentions about the future, trends, visions, and stated
opinions about the future of shipbuilding, long term trend and industry development. Pub-
lications describing visions or lists of trends the actor identifies for the future were in-
cluded in the search. In some cases, when the returned lists were too small or contained
completely irrelevant data, additional clarification questions were added to refocus the
search or to identify more specific trends. The assumption was that data published on the
websites would contain mentions about the actor’s aspirations or speculations about the

industry's future.

An additional search for wild card events and weak signals was performed as a separate
query to make a broad view possible. However, in the analysis stage, it was supplemented
with industry observations mentioned separately. Methodological implications of this

way of collecting data are discussed in the methodology chapter.
4.2.2 Grouping and analyzing data

In the data collection step, the data was collected for each actor and further summarized
for every group of actors, summarized in groups, and grouped and sorted by popularity.

The results of this step are presented in Appendix 2.
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Three further analysis was made: clustering by topics, grouping by topics, and grouping
by relevance. The first two helped to identify the main groups of the topics deriving from
the data collected, which were similar in both cases with only minor variations. The last
analysis, sorting the signals by relevance, was used for further analysis. It showed how
often a particular topic was mentioned and by which group, providing a basis for ranging

signals according to their potential magnitude.

This potentially time-consuming operation is enormously simplified by technology. Col-
lected and summarized data was further used for two different paths — for manual analysis
and input to request ChatGTP-4, as outlined in the overall design of the research process

steps shown in Figure 5.

An additional search was done for weak signals and wild card events using Chat GPT-4,
based on the assumption that these trends can appear from any other societal, technolog-
ical, or other system or industry. Utilization of the ChatGPT-4 linguistic model appears
to be especially suitable for this type of task, as it requires analyzing and structuring given
input data. It is possible to lift the concern about the correctness of data and its unknown

collection mechanisms by using the given input of the data.
4.3 Data analysis

The data analysis was performed in the following steps: analysis and grouping of col-

lected data, scenario building, and CLA analysis.

The collected data was represented in the form of a summary of trends per each actor in
every group (Appendix 1), with an exception for R&D projects (group 9) and Startups
(group 10). A free search was performed for the last two groups, such as “find all listed
R&D projects supported by EU/UN/National institutions and bodies targeting develop-
ment in shipbuilding” and “list startups companies active in shipbuilding”. Further on,
the findings were summarized separately for each group using the ChatGPT-4. For ex-
ample, the prompts for this analysis were used: “using the data set provided, make a sum-

mary of trends mentioned”.

For further analysis, the data from all groups were used in ChatGPT-4 with the following
prompts: “Group data by clusters, group data by topics and relevance”. The outcome of
this analysis is summarized in Appendix 2. The grouping by relevance presented the most

concise summary and was used further as input for building scenarios.
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Manual qualitative data analysis was used for building scenarios described in the results
section. It was additionally enhanced by testing each scenario against wild card events

and by performing CLA analysis for each scenario.

The second arm of the research included using ChatGTP-4 to build scenarios and to make
CLA for each scenario as a designed step in the research, presented in Figure 5. Compared
to a straightforward methodology based on GFP, this was an additional step to test how
well ChatGPT-4 can handle the data and build analysis and prospection based on the

given input.

As the technology behind OpenAl is closed, it is impossible to elaborate on how the
linguistic model performed the analysis and the possible impact on previously used

prompts in the data collection stage.
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5 Results

This chapter summarizes the research findings and presents the conclusions drawn. The
first section presents the outcomes gathered through the horizon scanning process, which

serve as the basis for analysis using the previously described methodology.

The research findings can be segmented into four primary components: a current snapshot
of the industry, signals identified, and scenarios derived from analysis, along with their

corresponding CLA narratives.

This chapter is followed by a discussion of the findings and the applicability of the results
and suggests potential areas for future exploration. The two sets of results are then com-

pared, with the ensuing findings discussed.

5.1 The snapshot of the industry at present

The process of data collection, grounded in the chosen methodology, and the resultant
outcomes are outlined in Appendix 1 and 2. Due to the significant amount of data, only
the summary trends, categorized by type of trend, are presented in Table 1, which is an

overall result of all collected data and preliminary analysis of it to range signals.

Based on the MLP and data collection methods, collected data from selected groups of
actors are structured in this summary based on grouping and sorting by the number of
reoccurrences. Based on the conceptual framework and methodology, it is assumed that
primarily mega trends are mentioned by actors on the landscape level, while weak signals

can be found on the niche level of corresponding actors.

The table with data summary represents the shipbuilding industry's current snapshot and
perception of the forces shaping the future by its main actors. A significant impact can be
expected from the technology (in digital data use, design, and manufacturing), climate
change impact, alternative energy, or societal changes on a high level, such as growth

orientation or sustainability focus.
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Table 1 Summary of driving forces, based on collected data and categorized by scale in prelimi-

nary data analysis using ChatGPT-4.

New technolo-

gies (in IT, de-

sign, manufac-

turing)

Climate change
Regulations or

trade changes

Alternative en-

ergy

nected shipbuilding
and shipping
Integration of de-
sign, construction
and operations
Mass customization
Cyber governance
and security
Sustainability of op-
erations and ships
Carbon recapture
Ammonia, Hydro-
gen, green fuels (as
numerous refer-
ences and proto-
types exist)

Renewable energy

Megatrend Trend Weak signal Wild card
Digitalization Automation Alternative fuels Large-scale infrastruc-
Al Smart and intercon- | Autonomous tech- | ture failures

nology

Digital twins
Additive manufac-
turing

Smart ports

Trade patterns and
routes
Cybersecurity

shifts in workforce

Major cybersecurity
breach

Breakthrough in alter-
native propulsion
technology

New advanced materi-
als

Regulatory shifts
Sudden economic cri-
sis or collapse
Discovery of new
trade routes
Significant and sud-
den climate change
Major geopolitical
conflict

Pandemic or global

health crisis

A deeper view into the data unveils expectations from more elaborated trends: digitaliza-

tion, integration and automation, security impacts, expectations for sustainable building

and operations of the vessels, named alternative energy sources, such as ammonia, hy-

drogen, or similar. Weak signals further identify possible changes and add several new

options, such as digital twin technology for automated connection between digital assets

(ships, shipyards, ports) and their physical twins, changes in trade patterns and routes,

and autonomous technology, such as autonomous shipping and operations or additive

manufacturing, entailing cybersecurity shifts. The area of wild cards outlines several ste-



48

reotypical drastic events — the usual expectations for natural disasters, ecological catas-
trophes, or other sudden changes. The last two parts: weak signals and wild cards, are

discussed further in the following chapters.
5.1.1 Additional data for weak signals

Besides the data obtained from the analysis of the overall data scope, additional data was
collected for weak signals by performing a search with prompts: “list weak signals for
shipbuilding development in coming 100 years” or “scan all available research papers
mentioning the future of shipbuilding and group all developments which are mentioned
as emerging”. This search was done without restricting the sources, unlike the data pre-
sented in Appendix 1 and Table 1, which was restricted to the sources related to the groups
of actors based on the MLP framework classification. The search was performed simul-
taneously with horizon scanning data collection and possibly can be affected by the pre-
vious search prompts. The additional weak signals are shown in Table 2 Weak signals.
These trends are relatively small and not visible; however, they have the potential to be-

come significant over time.

Table 2 Weak signals found by Bing search using OpenAl

1. Increasing interest in alternative fuels: The growing focus on alternative fuels such
as hydrogen, ammonia, and biofuels suggests a potential shift in the industry's approach
to powering ships, which may have significant implications for future ship designs and

propulsion systems.

2. Growth in remote and autonomous technologies: The development of remote and
autonomous technologies for ships, such as remote monitoring, diagnostics, and auton-

omous navigation, could potentially reshape the way ships are operated and maintained.

3. Adoption of digital twin technology: The increasing use of digital twins, which are
virtual replicas of physical assets, could indicate a shift towards more data-driven de-

cision-making and predictive maintenance in the shipbuilding industry.

4. Expansion of 3D printing and advanced materials: The growing interest in 3D

printing and advanced materials for shipbuilding suggests that these technologies could
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become increasingly important for the construction and maintenance of ships in the

future.

5. Emergence of smart ports: The development of smart port technologies, such as
automated container handling and tracking systems, could have implications for ship

design and operations, as well as the broader maritime industry.

6. Changes in trade patterns and routes: Shifts in global trade patterns and the open-
ing of new shipping routes, such as the potential melting of Arctic ice, could affect the

types of vessels required and the overall demand for new ships.

7. Increased focus on cybersecurity: The growing emphasis on cybersecurity in the
maritime industry could suggest that securing vessels and their data will become an

increasingly important aspect of shipbuilding and operations.

8. Shifts in the workforce: The increasing need for skilled workers who can adapt to
new technologies and processes may indicate a shift in the types of skills and training

required in the shipbuilding industry.

Additional weak signals were listed based on the industry observation to make the scope
as complete and diverse as possible. The weak signals below complement the ones in
Appendix 1 and 2, Tables 1 and 2, and the need to list these additional signals came from
the qualitative review of the data obtained in the previous steps. These are based on my
experience of systemic changes in the industry and observations of numerous discussions
in the shipbuilding forums and conventions, as well as newbuilding project focuses,

which are relevant to the future of shipbuilding.

e Technological synergy: There is a growing trend to use ready technological
units in the design and construction of ships, such as water purification units or
storage arrangement units, etc. If it continues to grow and gain momentum, it
might become possible to have significantly more synergy between shipbuilding
and other industries, such as process plants, logistics, energy production, water
treatment etc. Such development would impact shipbuilding from a perspective
of more accessible adaptation of new technology and cheaper maintenance, lead-
ing to a less unique approach to shipbuilding and making seagoing simpler for

society.
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Immersive technologies: Due to hardware and software development, current
development and adaptation of Virtual/Augmented/Mixed Reality (VR/AR/MR)
technologies in design and manufacturing in shipbuilding are low and modest.
However, if reaching full potential is possible, these can drastically change the
design and digital twin application, providing an immersive virtual environment

for engineering and manufacturing and impacting the industry.

Diverse floating constructions: airports, energy facilities, living quarters:
Shipbuilding is already now used to develop and construct floating constructions
drastically different from typical vessels. These are floating hotels, power plants,
liquified gas terminals, and nuclear power plants. It can even become a main-
stream phenomenon if this trend gains momentum and demand supported by cli-

mate change and population increase processes.

Use of biotechnology: Biotechnology in shipbuilding is limited to searching for
ways to fight the elements or bio-organisms. If new synergies are found, it can
drastically impact shipbuilding by finding new floating shapes for the vessels or
enables for movement and propulsion, such as the one observed in water spiders
or magnetic drives, for example. Additional inspiration can originate from bio-

mimicry, nautical observations, and synergies of sea organisms.

Arctic Resources and Exploration: This is not a clear signal for outsiders in
the industry, but more and more countries are building arctic fleets and research-
ing the region. Expectations are to get more knowledge, explore potential re-
sources and prepare for a climate change impact that forces human life to migrate
away from heated-up areas around the equator where human life is becoming
more and more challenging to support. It might be that the impact of climate
change will trigger more development in this area, and an increase in arctic ex-

ploration and adaptation will become visible.

5.1.2 Additional data for wild cards

Similarly to the weak signals, the wild card events data was done in the following steps:

collected from the defined groups of sources for main actors groups using Bing (Appen-

dix 1), summarized by ChatGPT-4 (Appendix 2 and Table 1), complemented by addi-

tional free search (Table 3) and by industry observations.
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Wild card events, collected additionally for the ones originating from the horizon scan-
ning, are presented in Table 3. These were listed as results of the prompts: “List sudden
big changes that might impact the futures of shipbuilding” and “What are the unexpected

events that have the potential to make a large impact on shipbuilding in the 22" century.”

Table 3 Wild card events, based on ChatGPT-4 search

1. Major Geopolitical Conflict: A large-scale military conflict or war could surge de-

mand for naval vessels, significantly impacting the shipbuilding industry.

2. Breakthrough in Alternative Propulsion Technologies: A sudden breakthrough
in alternative propulsion systems, such as nuclear fusion or advanced renewable energy
solutions, could transform how ships are powered and built, rendering existing tech-

nologies obsolete.

3. Significant Climate Change Impact: Drastic changes in the world's climate could
lead to rising sea levels, more frequent and severe storms, and alterations to shipping
routes. This could require the development of new ship designs to adapt to these chang-

ing conditions.

4. Pandemic or Global Health Crisis: A global health crisis, such as a pandemic,
could disrupt global supply chains and labor availability, significantly impacting the
shipbuilding industry.

5. Major Cybersecurity Breach: A large-scale cyber attack on a prominent ship-
builder or the industry as a whole could lead to significant financial losses, disrupted

operations, and reputational damage, potentially altering the competitive landscape.

6. Regulatory Shifts: Sudden changes in international regulations, such as more strin-
gent environmental requirements or new safety standards, could force the shipbuilding

industry to adapt quickly or face severe penalties and financial consequences.

7. Discovery of New Trade Routes: The opening of new trade routes, such as the
potential melting of Arctic ice or the development of new canals, could change the

dynamics of global shipping and the types of vessels needed, impacting shipbuilders.
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8. Breakthrough in Advanced Materials: The development of new, revolutionary
materials with superior properties could enable the construction of lighter, more dura-

ble, and energy-efficient ships, disrupting traditional shipbuilding practices.

9. Large-Scale Infrastructure Failures: Major failures in critical maritime infrastruc-
ture, such as ports, canals, or locks, could lead to significant disruption in global ship-

ping, affecting the demand for new vessels.

10. Sudden Economic Crisis or Collapse: A sudden global economic crisis or the
collapse of major economies could significantly impact the demand for new ships and

the overall health of the shipbuilding industry.

The following observations can be done for several wild cars listed — several appear to be
listed as trends (or even megatrends) and, simultaneously, as wild cards. At the mega-
trends level, climate change is a relatively slow-developing phenomenon, while at the
wild card level, it is listed as a significant and sudden high-impact event. The same can
be said about new technologies, energy, regulations, or the discovery of new routes. These
are the same forces but with different development paths — instead of paced and expected

process, these can escalate or make a sudden slowdown as unfolding.

An additional signal was identified for the list, as explained below. This event is external

to the shipbuilding industry and can turn the industry around or even eliminate it.

A drastically new and economically feasible method of transportation: new technol-
ogy enabling transportation or mass or energy to long distances with economically feasi-
ble impact. Some steps in this direction are already appearing, for example, quantum tel-

eportation awarded by Nobel Prize in 2022 (The Nobel Prize Foundation, 2022).
5.2 The scenarios for the future of shipbuilding

The data and analysis from the previous step and scenario-building methodology make it
possible to create future scenarios. For this purpose, the two main axes represent distinct
different development directions. These were selected to be technology development and
social development. The middle point is considered a ‘business as usual’ development

scenario — this slow unfolding changes, some setbacks, and some breakthroughs. This
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space, selected for scenario building, aligns with the described methodology of develop-
ment pathways and transformational scenarios being a primary target for the exploration
research. For technology development, the range goes from setbacks in the use and adap-
tation of technology to advance disruptive technology with smooth adaptation into the
use. For the societal axe, the space ranges from fragmented and profit or growth-oriented

to an aligned, conscious, and responsible society.

The four distinctive scenarios were developed using the defined space, as presented in the

following chapter.
5.2.1 Scenarios for the futures of shipbuilding

These dimensions and scenarios are presented in Figure 8 Scenarios.

Aligned

conscious and

responsible
3: Slow change and insignificance 1: HighTech and responsible
Slow change or even loss in achieved Highly sophisticated smart shipbuilding, using
technology leads to loss of importance of the immersive technology and Al for design, new
industry and unability to support societies, materials in construction, alternative fuels for
regional centers of shipbuilding will remain propulsion, robotics and smart construction
only in few regions (most likely Asia) and will systems.
be highly standartised and volumized. =

@
o
Setback in use and 2| technology Advanced
adaptation disruptive

4: Fragmentation and deglobalization 2: Militarization of shipbuilding
Setback in use of technology and High end technology in shipbuilding in society
fragmentation of society would lead to full of conflicts would lead to potentially high
significant descrease of new builds and big role navy would play, and significant change
scale of retrofit or existing fleet to extend its towards high technology not supporting
use harmonization of society

Fragmented,
profit oriented

Figure 8 Scenarios summary prepared by analyzing the data

Scenario 1: HighTech and responsible: Highly sophisticated smart shipbuilding, using
immersive technology and Al for design, new materials in construction, alternative fuels

for propulsion, robotics, and intelligent construction systems.

Accelerated development of technology and sustainable goals of society are favorable
conditions for the development of shipbuilding. It enables space for exploration and ad-
aptation of new technology and probably design. Most likely, biotechnology will be used

on an increasing scale (adopting ships to co-exist with marine life).
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In Scenario 1, the shipbuilding industry is experiencing significant technological ad-
vancements and a strong focus on sustainability. With the rapid development of immer-
sive technology and Al, smart shipbuilding has become highly sophisticated. Design pro-
cesses are now enhanced by virtual simulations and data-driven decision-making, result-
ing in efficient and optimized ship designs. New materials are being used in ship con-
struction to ensure durability and environmental responsibility. These materials are care-
fully selected to reduce the industry's ecological footprint and promote sustainability. Ad-
ditionally, alternative fuels are being embraced for ship propulsion, reducing emissions

and contributing to a cleaner environment.

Robotics and intelligent construction systems have revolutionized shipbuilding, allowing
for more precise and efficient construction techniques. Automation and advanced systems
enable faster assembly and increased productivity while maintaining high-quality stand-

ards.

The accelerated development of technology and society's sustainable goals have created
favorable conditions for shipbuilding to continuously explore and adapt to new technol-
ogies. Biotechnology will likely play a growing role in shipbuilding, enabling the coex-
istence of ships and marine life. Through biotechnological applications, ships are de-
signed and built to minimize their impact on the marine ecosystem, prioritizing environ-

mental stewardship.

In this scenario, the shipbuilding industry is at the forefront of technological innovation
and sustainability, striving to align with societal demands and environmental concerns.
The combination of intelligent shipbuilding, immersive technology, Al, alternative fuels,
robotics, and biotechnology integration ensures a high-tech and responsible approach to

ship construction, contributing to a more sustainable maritime industry.

Scenario 2: Militarization of shipbuilding: High-end technology in shipbuilding in a
society full of conflicts would lead to a potentially high role the navy would play and

significant change towards high technology not supporting the harmonization of society.

In Scenario 2, the shipbuilding industry is driven by militarization and a society marked
by conflicts. High-end technology dominates shipbuilding, fueled by the demands of the
Navy and its increasing role in addressing these conflicts. This shift towards militarization
brings about significant changes in the industry, with a strong emphasis on advanced

technology that mainly focuses on supporting or fighting geopolitical instability.
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The need for cutting-edge technology and sophisticated naval vessels drives the ship-
building sector. The navy's requirements push for continuous advancements in shipbuild-
ing, focusing on advanced weaponry systems, intelligence capabilities, and enhanced per-
formance. This demand drives innovation in the industry, leading to the development of
highly specialized and technologically advanced ships. The militarization-focused ship-
building scenario may result in a divergence from other societal goals and priorities. The
focus on high-end technology for military purposes may limit the industry's attention to
sustainability and environmental concerns. While technological advancements may oc-
cur, the broader harmonization of society, such as environmental sustainability or social

equity, might not be prioritized in this scenario.

In this context, the shipbuilding industry plays a crucial role in supplying naval vessels
that meet the demands of a conflicted society. The advancements in shipbuilding technol-
ogy enhance military capabilities, but they may not necessarily contribute to the overall

well-being or the collective goals of society outside of the defense sector.

Scenario 3: Slow change and insignificance: Slow change or even loss in achieved tech-
nology leads to loss of importance of the industry and inability to support societies, re-
gional centers of shipbuilding will remain only in a few regions (most likely Asia) and

will be highly standardized and volumized.

In Scenario 3, the shipbuilding industry experiences slow change or even regression, re-
sulting in a loss of significance and the inability to support societies effectively. This
stagnation in technological advancement and industry relevance leads to a concentration
of shipbuilding activities in a few regions, with Asia likely being a dominant player.
These regions establish themselves as regional centers for shipbuilding, characterized by
high standardization and large-scale production, and the current process that can be ob-

served clearly.

In this scenario, the shipbuilding industry faces challenges in keeping up with technolog-
ical advancements and adapting to changing demands. The lack of innovation and slow
progress inhibits the industry's ability to support societal needs effectively. As a result,
the industry's importance diminishes, and its contributions to broader economic and social

development become limited.

With limited technological advancements, shipbuilding activities became highly stand-

ardized and focused on mass production. The emphasis on volume over customization
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restricts the industry's ability to cater to specific regional or individual needs. The ship-
building process becomes more streamlined and less adaptable to unique requirements,

reducing the industry's flexibility.

Regional shipbuilding centers, particularly in Asia, maintain their dominance due to their
established infrastructure, expertise, and large-scale production capabilities. These re-
gions become the primary suppliers of ships to global markets, leveraging their standard-
ized and efficient manufacturing processes. However, this concentration of shipbuilding
activities in a few regions can result in losing diversity and competitive dynamics within

the industry.

Scenario 4: Fragmentation and deglobalization: Setbacks in the use of technology and
fragmentation of society would lead to a significant decrease in new builds and a big scale

of retrofits of existing fleets to extend their use.

In Scenario 4, setbacks in the use of technology and the fragmentation of society contrib-
ute to a significant decrease in new shipbuilding projects. Instead, it focuses on retrofit-
ting existing fleets to extend their operational lifespan. This scenario reflects a trend to-
wards deglobalization, where regional or national priorities take precedence over global

cooperation and innovation.

The shipbuilding industry experiences setbacks in adopting and utilizing advanced tech-
nologies due to various factors, such as economic challenges, political fragmentation, or
a lack of collective vision. These setbacks hinder the industry's ability to invest in new

builds and lead to a decline in the construction of new vessels.

As a result, the industry shifts its focus toward retrofitting existing fleets. Retrofitting
involves upgrading and refurbishing older vessels to enhance their capabilities, improve
efficiency, and meet changing regulatory requirements. This approach allows shipowners

to extend the useful life of their existing assets rather than invest in new constructions.

The fragmentation of society also plays a role in this scenario. Political, economic, or
social divisions lead to declining global cooperation and collaborative efforts in the ship-
building industry. Countries and regions prioritize their interests, reducing international

collaboration and knowledge-sharing.
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This scenario highlights a shift away from the globalization of the shipbuilding industry,
with a more localized approach taking hold. Regional or national priorities guide deci-
sion-making, and shipbuilding activities become more concentrated within specific re-
gions. Innovation and technological advancements become more limited as resources are

allocated to retrofitting existing fleets rather than developing new vessels.

The next chapter aims to test each scenario for wild card events and find how these can

change the path or impact the development.
5.2.2 Testing scenarios implications

The scenarios defined in the previous step are based on megatrends, trends, and weak
signals from the data collected and analyzed. Wild card events represent a separate group
that can not be fully accounted for in the scenarios themselves but can change or redirect
it. The Table 1 below lists all identified wild card events, including those in the data
sample, in the free search, and added from the industry observation. The impact for each
scenario is shown as an additional explanation for trajectory change or marked as “X’ if

it represents the already described path and would only impact the pace of development.

Table 4 Testing scenarios implications against wild card events

Wild card 1. HighTech and | 2. Militari- 3. Slow 4. Fragmen-
events / Impact | responsible zation of change and | tation and
on scenarios shipbuilding | insignifi- deglobaliza-
cance tion
1. Major Geopo- | Change of path- X Significant X
litical Conflict way toward sce- setback on
nario 2 commercial
shipbuilding,
but push for-
ward for
navy
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2. Breakthrough

in Alternative

X X Change of Change of
the path to- the path to-

Climate Change

Impact

Propulsion ward Sce- ward Sce-
Technologies nario 1 nario 2
3. Significant Acceleration of Refocusing Further slow- | Similar effect

the development | efforts under | ing down and | as in scenario

and new tech pressure and | possible dis- | 3.

adoption enforced aster scenario
change to of loss of the
scenario 1 industry or

the opposite,
accelerated
development
and change
of path to

scenario 1

4. Pandemic or
Global Health

Crisis

Small impact in the form of disruptions of logistic chains and work
processes (like what happened during covid) or, if the scale is a

drastically bigger — threat to humanity

5. Major Cyber-

security Breach

It would present an obstacle for all scenarios. Depending on the
magnitude, it might completely stop the development, slow it down

or be something that will not change the pathway.

6.  Regulatory
Shifts

The changes in regulations can not significantly affect any of the
scenarios, as these are an integral part of society's priorities changes,

which are represented in the axes for scenarios.

7. Discovery of
New Trade

Routes

Can make shipbuilding more profitable and imposes higher de-
mands on ice-classed vessels, but will not significantly alter any of

the scenarios
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8. Breakthrough
in Advanced

Materials

Will accelerate the building process and conditions, potentially
making a high impact and providing a path from the change from
inside to encapsulating systems — global trade, transportation and

society.

9. Large-Scale
Infrastructure

Failures

It would present an obstacle for all scenarios. Depending on the
magnitude, it might completely stop the development, slow it down

or be something that will not change the pathway.

10. Sudden Eco-
nomic Crisis or

Collapse

It would present an obstacle for all scenarios. Depending on the
magnitude, it might completely stop the development, slow it down

or be something that will not change the pathway.

11. Drastically
new and eco-
nomically feasi-
ble way of trans-
portation of

goods (teleport)

Can make the whole industry obsolete.

The testing of scenarios provides a possibility to see changes on a described path for each

and how, under external influence, these cases be redirected to one another trajectories.

It provides a less linear and more holistic view of the futures and accounts for inconsist-

encies and disturbances that might change the logic of scenarios.

The next step aims to describe each scenario using the CLA method to find underlying

causes, views, and metaphors.

5.3 CLA narratives for the scenarios

Each scenario is presented in this part based on four layers of the CLA method, listing

litany, systemic causes, worldview, and metaphor narratives separately.

Scenario 1: HighTech and Responsible

e Litany: Adopting highly sophisticated technology, immersive technology, Al,

and alternative fuels in shipbuilding.
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e Systemic Causes: The accelerated development of technology and the growing
societal focus on sustainability goals create favorable conditions for the ship-

building industry.

e Worldview: Recognition of the potential of advanced technology and sustaina-
ble practices to shape the future of shipbuilding, considering environmental

stewardship and innovation as integral components.

e Metaphor: Harmonious interaction between humans and the environment, re-
flecting the adoption of responsible practices and the potential for coexistence

with marine life through biotechnology.

Scenario 2: Militarization of Shipbuilding

e Litany: The militarization of the shipbuilding industry, focusing on high-end

technology, sophisticated weaponry systems, and the navy's role.

e Systemic Causes: Societal conflicts and tensions drive the demand for advanced

military capabilities and technology in shipbuilding.

e Worldview: Prioritization of defense and national security, valuing the navy's
role and the technological superiority of military vessels, potentially at the ex-

pense of broader societal goals and harmonization.

e Metaphor: Shipbuilding symbolizes national power, emphasizing the need for

strength and superiority in a competitive and conflict-ridden world.

Scenario 3: Slow Change and Insignificance

e Litany: The slow change and potential loss of importance in the shipbuilding

industry, with little technological advancements and decreased new builds.

e Systemic Causes: Economic challenges, lack of collective vision, or external

factors hindering shipbuilding's progress and innovation.
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e Worldview: A pessimistic perspective, perceiving the shipbuilding industry as
stagnant and struggling to keep pace with changing demands and technological

advancements.

e Metaphor: Shipbuilding as an industry caught in a cycle of stagnation and irrel-
evance, potentially reflecting societal attitudes towards the industry and its per-

ceived significance.

Scenario 4: Fragmentation and Deglobalization

Litany: The fragmentation and deglobalization of the shipbuilding industry, character-

ized by decreased new builds and a focus on retrofitting existing fleets.

Systemic Causes: Regional or national priorities take precedence over global coopera-
tion, leading to a more fragmented and localized approach to shipbuilding and gradually

losing global expertise.

Worldview: A shift towards nationalism and protectionism, emphasizing regional or na-

tional interests in shipbuilding and economic activities.

Metaphor: Shipbuilding reflects regional identities and economic self-sufficiency, po-

tentially highlighting the importance of local industries and a sense of autonomy.

This step concludes the analysis of shipbuilding futures based on the research's main
branch. The other arm explores a similar process assisted by ChatGPT-4 technology and

compares the results in the discussion part.
5.4 Scenarios and CLA generated by ChatGPT-4

The second arm of the research process consisted of building scenarios and CLA for each
scenario using the ChatGPT-4. Based on the data collected from the groups of actors, the
prompt used was: “Using the same input and dataset, build distinctively different scenar-
ios for the future of shipbuilding in the 22" century” and “Using the data input and sce-
narios generated, create CLA analysis for each of the scenarios”. The results of this pro-

cess are presented in Tables 5 and 6.
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Table 5 Scenarios, generated by ChatGPT-4

Scenario 1: Digital and Green Revolution

In this scenario, the shipbuilding industry fully embraces the digital revolution and green
technologies. Ship designs are optimized for energy efficiency, and advanced materials
are used to create lightweight, durable vessels. Alternative fuels, such as hydrogen and
ammonia, are widely adopted, powering a new generation of zero-emission ships. Digital
twins and advanced automation revolutionize shipyards, while Al-driven systems opti-
mize logistics and maintenance. The industry becomes highly sustainable, with minimal

environmental impact, and leads the way in addressing climate change.

Scenario 2: Global Cooperation and Standardization

In the 22nd century, global cooperation in the shipbuilding industry results in the creation
of a unified regulatory framework and common standards. This facilitates the sharing of
best practices, technologies, and resources, fostering innovation and collaboration across
borders. The industry benefits from a global workforce, diverse perspectives, and access
to cutting-edge technology. Environmental regulations are harmonized, accelerating the
adoption of green technologies, alternative fuels, and sustainable practices. This scenario

leads to a more competitive, innovative, and sustainable global shipbuilding industry.

Scenario 3: Naval and Defense Dominance

In this scenario, the focus of the shipbuilding industry shifts predominantly towards na-
val and defense applications. Governments around the world invest heavily in develop-
ing advanced maritime capabilities to secure their interests and maintain global stability.
As a result, the industry sees a surge in demand for high-tech, specialized naval vessels,
leading to rapid advancements in military shipbuilding technology. Although environ-
mental and sustainability concerns remain, the primary driver for innovation is military
applications, leading to a more secure but potentially less eco-friendly shipbuilding in-

dustry.
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Scenario 4: Decentralized and Localized Shipbuilding

The shipbuilding industry of the 22nd century becomes increasingly decentralized and

localized, driven by factors such as regionalism, economic shifts, and climate change.

Countries and regions focus on developing their own shipbuilding capabilities to address

local needs and secure their supply chains. This leads to a diverse ecosystem of small-

scale, specialized shipyards, each catering to specific markets and requirements. Innova-

tions in modular and customizable ship designs enable these shipyards to adapt to vary-

ing demands. Although this scenario promotes self-reliance and resilience, it may result

in slower adoption of global environmental standards and technological advancements.

Table 6 CLA analysis, using ChatGPT-4

1: Digital and
Green Revolu-

tion

2: Global Coop-
eration and

Standardization

3: Naval and
Defense Domi-

nance

4: Decentralized
and Localized

Shipbuilding

Litany

The shipbuilding
industry is un-
dergoing a major
transformation

driven by digital
technologies and

green initiatives.

The shipbuilding
industry is mov-
ing towards
greater coopera-
tion and standard-

ization

The shipbuilding
industry is be-
coming increas-

ingly focused on

naval and de-
fense  applica-
tions

The shipbuilding
industry is be-
coming more de-
centralized and

localized
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tech-savvy mari-

time transport

ulations,  stand-
ards, and sustaina-

bility

turbulent global

waters

Rapid advance- | The interconnect- | Rising geopoliti- | Regional eco-
ments in technol- | edness of global | cal tensions, se- | nomic develop-
ogy, along with | markets, regula- | curity concerns, | ment, supply
. increasing tory  pressures, | and the strategic | chain resilience,
Eﬂ awareness and | and the need for | importance  of | and adaptive
% concern over en- | efficient, innova- | maritime defense | strategies in re-
% vironmental 1is- | tive practices are | are driving this | sponse to climate
:%, sues, are driving | driving this trend | focus change and global
this transfor- economic  shifts
mation are leading to this
decentralization
There is a global | There is a belief | Governments There is a belief
consensus that | that global collab- | and societies be- | in the value of lo-
sustainability oration and stand- | lieve in the ne- | cal  autonomy,
and digital inno- | ardization can | cessity of strong | self-reliance, and
g vation are not | foster innovation, | maritime defense | resilience, cou-
§ only necessary | competitiveness, | capabilities for | pled with an un-
& but beneficial for | and sustainability | national security | derstanding of the
the industry, so- | in the industry and global stabil- | unique needs of
ciety, and the ity local markets and
planet environments
The shipbuilding | The shipbuilding | The shipbuilding | The shipbuilding
industry  sails | industry is  a | industry trans- | industry is an ar-
into the digital | united fleet, work- | forms into a | chipelago of di-
_ future, pioneer- | ing together to | mighty armada, | verse, self-reliant
% ing a new era of | navigate the wa- | ensuring security | shipyards, each
ﬁ sustainable and | ters of global reg- | and stability in | serving its local

waters and adapt-
ing to the tides of

change
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These results are further discussed in the next chapter and compared with the convention-

ally created results from the previous parts.
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6 Discussion about the main findings

This chapter describes the discussion about the results listed in the previous chapter. The
discussions are structured to start with the main findings, a comparison of manually and
automatically obtained findings, limitations originating from the research design and
methods, findings for the research questions, and outlining directions for possible future

research.
6.1 Discussion about the results

The main results of the research are data from the analysis of horizon scanning, scenarios

developed, and CLA narrative to the scenarios.
6.1.1 Summary snapshot for the current state of shipbuilding

Based on the summary of collected data and additional research for weak signals and wild
cards, the following snapshot of the shipbuilding industry can be drawn. The shipbuilding
is currently in a transformation process. Under economic pressures and technological
changes, the number of shipyards globally decreases while building vessels becomes
more advanced and automated. This means that the ships built are evolving gradually
with a slow expected time from concept development through approval and adaptation to
take 10-20 years. The reality of shipbuilding demonstrates that new drastic changes, such
as autonomous ships or hydrogen-powered ships, which were enthusiastically presented
some 5-10 years ago as concepts, are only expected to be in operation in the coming 5-10

years.

Another area for possible changes can be expected if a breakage of landscape-level and
niche innovation in this area are aligned. Two examples of such processes are climate
change, new energy sources for propulsion, and digitalization and Al. However, it is im-
possible to distinguish if the change in landscape causes these innovations and if any of

these have high enough potential to break through the regime to become the landscape.

Considering this data from a systems thinking perspective, most of the driving forces
come from outside the defined system. It leaves shipbuilding under the influence of ex-
ternal pressures shaping and defining future development paths. A more focused exami-
nation reveals smaller magnitude signals coming from within the industry, which have

the potential to reshape the industry and impact external systems. These can be smart
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technology connecting digital twins, ports infrastructure, and autonomous shipping, and
the development of new materials based on shipbuilding needs which might revolutionize
other uses for the society — these can be from structural materials, such as graphene, or
materials to handle functioning of systems inside the vessels. Biotechnology is a particu-

lar case where new developments can bring drastic changes.
6.1.2 Manually developed scenarios and CLA

The four scenarios mentioned above present distinct visions of the future for the ship-
building industry. While each scenario represents a different trajectory, there are some

similarities and differences among them:

Technological Innovation and Sustainability vs. Militarization: Scenario 1 envisions a
future where shipbuilding embraces technological innovation and sustainability as key
drivers. In contrast, Scenario 2 focuses on the militarization of shipbuilding, prioritizing
high-end technology for military purposes. The key difference lies in the industry's em-
phasis on sustainability and harmonization with society in Scenario 1, while Scenario 2
emphasizes the navy's demands and conflicts, potentially at the expense of broader soci-

etal goals.

Technological Stagnation vs. Slow Change and Insignificance: Scenario 3 highlights a
scenario of technological stagnation and loss of significance for the shipbuilding industry.
In contrast, Scenario 4 depicts a future where setbacks in technology and fragmentation
lead to a decrease in new builds, with a focus on retrofitting existing fleets. The main
difference is that Scenario 3 portrays a lack of progress and industry decline, while Sce-

nario 4 still sees activity in retrofitting and extending the use of existing vessels.

Globalization vs. Fragmentation and Deglobalization: Scenario 3 and Scenario 4 show-
case contrasting trends in terms of globalization. In Scenario 3, the concentration of ship-
building activities in a few regions (likely Asia) emphasizes the dominance of certain
players, potentially suggesting a more globalized industry. However, Scenario 4 focuses
on fragmentation and deglobalization, with regional or national priorities taking prece-
dence over global cooperation. This leads to a decrease in new builds and a more localized

approach.
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Sustainable and Responsible vs. Mixed Environmental Impact: Scenario 1 highlights a
focus on sustainability and responsible shipbuilding practices, such as the use of alterna-
tive fuels and immersive technology. In contrast, Scenario 2 emphasizes the militarization
of shipbuilding, which may have a mixed environmental impact depending on the specific
military applications. Scenarios 3 and 4 do not explicitly address sustainability but can be
interpreted as having potential implications for environmental impact depending on the

extent of technological advancements or retrofits.

The scenarios differ in their visions for the shipbuilding industry, ranging from techno-
logical innovation and sustainability to militarization, technological stagnation, or frag-
mentation. Key factors differentiating the scenarios include the industry's alignment with
sustainability goals, the navy's role, technological progress, global or regional focus, and

the degree of international cooperation.
6.1.3 Automatically developed scenarios and CLA

The “second arm” of the research, which used the ChatGPT-4 for a complete analysis,
was done after the manual work of scenario building and causal layered analysis was
done. In bare seconds, using input from the data collection step, it was possible to get a
coherent set of analyses according to the correct methodology, which was very close to

the results obtained manually.

This exploration triggered literature research about the implications of using Al tools in
foresight and clarifying possible pitfalls, as presented in the methodology. It can be noted
that results obtained this way could provide significant help and synergy with a tradi-

tional, manual way for performing futures studies.

Several observations can be made from the automated scenarios. It is impossible to iden-
tify if the logic of the scenarios was similar to the logic of axes in the manual process, but
it appears that one dimension was the same — technology development. All four scenarios
are optimistic, without the dichotomy of growth/decrease inevitably in the case of sce-
nario axes. From this perspective, the scenarios resemble the stereotypical ones less and
are more exciting and provoking. Perhaps these are even closer to the optimistic human

nature of thinking about the futures from a positive expectation perspective in general.
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6.2 Comparison of manually made analysis and result from ChatGPT-4

A comparison of the obtained analysis - scenarios and CLA, shows that manually created
results are more strictly structured and somewhat limited in the growth/decrease dichot-
omy and quadrant approach. The scenarios appear to fall into stereotypical cases, despite
being intentionally focused on transformational pathways. However, these are distinctive,
follow a different narrative path, and have a different metaphor level of underlying causes.
Automatically created scenarios and CLA are more provoking and less structured, leaving
more space for imagination and interpretation. There were no explicitly notable miscon-
ceptions or false facts. However, these are impossible to pinpoint for such vaguely de-

fined areas as futures studies.
6.3 Conclusion about the discussion about the futures of shipbuilding

From a simple question about the futures of shipbuilding, the obtained results and analysis
provide a clearer image and transformational pathways for the industry. The following

external transformations can affect it most significantly: technology, energy, and society.

Technological development can include anything from new technology in robotics to new
technology for welding or connecting materials to Al and digital twins development. It
seems that the field is vast and primarily external to the industry. It is unlikely to expect
significant innovation to originate from the shipbuilding and further make an impact on

the broader landscape than the other way around.

The energy transition is already an ongoing transformation under pressure from society’s
sustainable goals and aspirations. This constitutes new propulsion and alternative fuel

uses for shipbuilding, such as ammonia, hydrogen, thorium salts, wind, and solar energy.

Society’s development impact shipbuilding in many ways. As the industry is global, it
might become under unbearable pressure in case of a trend toward independence and
militarization or any change in globalization policies. It affects high levels, such as soci-
eties or nations’ development, and lower levels, such as a need for highly qualified engi-

neers and workers and an overall ability to have a sufficient workforce.

Any shit in these areas would impact all levels of the MLP framework for shipbuilding
and potentially cause breaks in the landscape and the emergence of new niches (applica-

tion in shipbuilding), which will affect the regime and lead to a new status-quo situation.
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Additional weak signals appear to have significant potential for the industry's transfor-
mation: biotechnology and new materials. Biotechnology can transform the industry if
new ways of interaction between humans and water can be found, such as mimicking the
aqua life organisms for the movement on water, a possibility to breathe in the water, or
new materials for ships or their internal systems to function in a water environment. The
new materials are similar areas but from a chemical or technological perspective, without
relation to living organisms. This potentially can be the materials similar to graphene,
which can withstand high pressures, be light, and have a small volume. Investigation of
these signals further can bring more insights into these areas and potentially trigger faster

development and more significant impact.

The next subchapters outline the limitations of the results that originate from the selected

concept and methodological frameworks and data collection and analysis methods.
6.4 Limitations originating from research design and methods

Future-oriented research can be beneficial for both industry and society. However, its
adoption is often hindered due to the complexity and duration of academic processes.
This research demonstrated that a sturdy, simplified methodology guided by industry ex-
perts, and possibly assisted by Al tools, is a viable approach. Compared to a social studies
approach focusing on multi-actor data collection through interviews, expert-led research,
supported by a robust methodology, seems more fitting for the industry. It offers a signif-
icantly quicker research preparation time and is less resource-intensive, prioritizing data

quality and usefulness for specific objectives.

This research's primary data collection relied on online sources, assuming that the infor-
mation quality aligns with that obtained from expert opinions or interviews. The justifi-
cations for this approach include the long-range future and complex industry setting,
where individual opinions or aspirations may not reliably predict transitional change. In-
stead, institutional visions aggregate and strengthen diverse opinions with organizational

influence and are deemed more trustworthy.

Although the selection of sources might be perceived as biased or random, it's based on
industry expertise, considering the actor's industry position, history, and location. The

chosen method is comparable to interviewing industry experts, which often depends on
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the availability and personal connections. Despite the research's limited data due to re-
source constraints, applying OpenAl technology for data search and summarization mit-
igated this factor. A more exhaustive data collection approach could yield more compre-
hensive results, incorporating all visible actors (approximately 300 shipyards and a simi-
lar number of other actors worldwide). This extensive data collection, feasible through

larger research teams or OpenAl usage, would require a well-defined search methodol-

ogy.

Systems thinking contributes a complex perspective to scenario development. It considers
the subject of research (shipbuilding) as a system within broader systems (e.g., political,

economic, technological), influencing scenario-building.

The research scope focusing on one industry also greatly influenced the results. A broader
focus, such as "global transportation futures", could have led to less constrained and po-
tentially more interesting findings. Additionally, a narrow research scope than "explora-

tion" would yield different results.

The novelty of this research lies in the use of Al tools for data collection, analysis, and
foresight exercise execution. However, the applicability and effectiveness of this technol-
ogy, such as ChatGPT-4, are yet to be thoroughly evaluated and researched. Key consid-
erations include data reliability, understanding deep learning algorithms, and potential

risks associated with data tampering.
6.5 Findings for the research questions and hypothesizes

For the research questions identified at the beginning of the research project, the follow-

ing conclusions can be made:

1. What is the shipbuilding industry's present state from systems thinking per-

spective?

The present state of shipbuilding is a system with relatively clearly defined borders and
defined main groups of actors within the system. The structure of this system fits well
with MLP framework layers and the dynamic between the layers. It is a highly developed
state, with an established landscape and slow dynamic of appearance and disappearance
of new actors or changes in the use of technology. Horizon scanning showed most signals
influencing the system from a macro level, and additional analysis was needed to identify

the signals that could potentially change the shipbuilding from the inside.
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A detailed summary is presented in chapter 5.1 of the results section.

2. What are possible futures scenarios for the industry in a long-range time hori-

zon?

The projected scenarios for the industry were constructed using data gathered through
two distinct methods: industry insights, explorative foresight methods, and an automated
approach using OpenAl. The manually derived scenarios, based on expert views and fore-
sight methods, are as follows: "High-Tech and Responsible", "Militarization of Ship-
building", "Slow Change and Insignificance", and "Fragmentation and Deglobalization".
These scenarios align with conventional scenario planning as they utilize the growth/de-
crease dichotomy along selected axes: technological development and societal develop-

ment.

In contrast, the scenarios generated automatically by OpenAl include "Digital and Green
Revolution", "Global Cooperation and Standardization", "Naval and Defense Domi-
nance", and "Decentralized and Localized Shipbuilding". Despite their apparent similar-
ity, these two sets of scenarios show significant differences. The automatically generated
scenarios do not strictly adhere to the traditional quadrant-based logic of scenario plan-
ning, nor are they confined by the growth/decrease dichotomy. This suggests a more nu-
anced and complex set of possible futures for the industry, breaking away from the con-

straints of traditional scenario planning, which comes with considering the use of Al

3. What are the possible main transformations in shipbuilding, and will a techno-
logical breakthrough originate from the industry itself, or will technology have

to catch up and adapt to changing external systemic shifts?

The key findings of this research suggest that external forces, including technological,
energy, and societal shifts, hold considerable potential to bring about significant changes
in the shipbuilding industry. Any substantial or even minor alterations in these global
systems could dramatically impact all players within the industry, from landscape-level
entities to the regime and niche actors. The emergence of weaker signals inside the in-
dustry, such as the potential application of biotechnology and the development of new

floating structures, is noteworthy.
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Biotechnology in shipbuilding presents an innovative way of interacting with aquatic life.
This could involve emulating sea creatures for maritime navigation or developing novel
materials that could revolutionize the buoyancy of floating structures. Additionally, the
advent of new types of floating constructions could initiate a new era in shipbuilding,
fundamentally changing its societal role. Rather than focusing solely on the utilitarian
task of creating vessels for sea transportation, the industry could transition into a sector
that supports life on the water. These potential developments hint at the exciting possibil-

ities for the future of the shipbuilding industry.

The framework employed in this research offered the advantage of a streamlined, practi-
cal structure that facilitated rapid analysis. It alleviated time and effort constraints, allow-
ing for comprehensive desk research, and using OpenAl further boosted time efficiency.
However, it also necessitated additional exploration into the applicability of new tools

and the careful handling of data and analysis.

There might be a notion that a more extensive application of the manual scenario-building
method could have enhanced the accuracy of the results. However, this idea could be
misguided, considering that the defined objective of this research was to look at a long-

range horizon that inherently holds a high degree of uncertainty.

Interestingly, the utilization of automated analysis produced findings that were thought-
provoking and closely aligned with the results obtained manually. This suggests that au-
tomated analysis can be a viable and efficient tool for generating meaningful insights in

such research contexts.
6.6 Directions for further research

The conclusions drawn from this study highlight several potential areas for extended in-

vestigation, as presented below.

e In-depth investigation of identified transformational signals: The research pin-
pointed two signals that may potentially revolutionize the industry from within.
The potential of biotechnology and related innovative materials and various float-
ing constructions in the shipbuilding industry warrants deeper exploration. This
could potentially ignite significant advancements and strengthen the industry's

progression. Such a study would delve into the specifics of these transformative
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signals and their potential impact on the industry, providing further insight into

potential disruptive innovations.

Implementing regular scenario follow-ups: The necessity of regular follow-ups on
scenario planning at different levels — including policy-making, regulation, and
individual actors — was recognized during this research. It is in line with a meth-
odology of scenario approach in futures studies. However, this element fell out-
side of the scope of this thesis. It is suggested that the industry could greatly ben-
efit from adopting such a practice. Currently, futures studies are not widely used,
except for practical strategic foresight or high-level policy-making, leaving sub-
stantial room for improvement in the future readiness of organizations at all levels.
This follow-up process could involve systematic checks and updates on these sce-
narios to align them with the ever-evolving industry context. Such task appears

feasible for regulating and policy-making bodies in shipbuilding, such as IMO.

Creation of an efficient and practical methodology for industry research: The re-
search underlined the positive impact of increasing futures awareness within or-
ganizations. However, traditional academic research methods can be slow and
costly, restricting their widespread use in industry settings like commercial ship-
building. Consequently, a more practical and streamlined methodology would be
beneficial. Although this new methodology might provide less precision, it could
potentially be more than sufficient for practical application, enhancing future re-
search participation and promoting an increased awareness of future trends in var-

ious industries, thus leading to wider societal benefits.

Comparative evaluation of expert-led research and traditional data collection:
This research employed an expert-led approach to data collection and analysis, a
method that could potentially be prone to bias. Comparing the findings of this
research with the results of a study performed with traditional research can pro-
vide more reliable information about the applicability of the methods used. It, in
turn, can provide a better perspective on the data collection method for futures

studies.

Scrutinizing the reliability of Al-supported and automated data collection: The
study made use of Al-assisted and automated data collection methods, leading to

the need for further scrutiny of their reliability. Given that tools like ChatGPT-4
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are relatively new and lack extensive documentation, it is vital to conduct addi-
tional investigations to evaluate their efficacy and applicability, especially within

the domain of futures studies.

Utilizing Al assistance for global industrial foresight generation: The research
demonstrated that Al assistance could yield promising results. It incorporated the
use of Al in a collaborative approach to generate foresight on global industrial
topics, applying data collection and analysis frameworks. Future research should
further explore the potential of Al in shaping and enhancing foresight in various

industries.
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7 Conclusions

The futures of shipbuilding in the 22" century seemed a difficult-to-envision abstract
question, which was examined using futures research methods and employing novel
OpenAl technology elements. These techniques do not give xpcit answers but rather pro-

vide structured food for thought with reliability limitations.

The hybrid mode of using OpenAl technology allowed for collecting and analyzing large
amounts of data for research input and automated analysis. Each step of the research in-
cluded an elaboration of applicability for the use of Al and an additional branch of the
research path to make Al-generated scenarios and CLA narratives. The overall conclusion
is that Al can effectively help in similar research tasks. However, it requires special at-
tention for the methodology and design of the research, as well as close supervision of a

specialist to ensure the relevance of the results.

The results generated using Al were compared with those obtained in hybrid mode and it
can be concluded that both are relevant and present interesting perspectives for the futures

of shipbuilding discussion.

The resulting data, analysis, scenarios, and CLA interpretation show a diversity of possi-
ble paths the industry can take—from high-tech and responsible society to fragmentation
and deglobalization. The following main changes can be expected from external systems,
such as the development of technology, energy sources, and society, and internal for ship-

building, such as biotechnology use and diversity of floating constructions.
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Organization
(imo.org)

tions to achieve carbon neu-
trality and energy effi-
ciency, multi-point design
optimization, alternative
fuels, digitalization, auton-
omy, modularity, market de-
mands, global regulatory
network, smart shipping,
Shipyard 4.0, new technolo-
gies, automation, data ex-
change, optimization of ves-

sel design and construction

data, indicating its relevance to the maritime industry.
It is often associated with other themes such as auto-
mation, data exchange, and Shipyard 4.0.

Regulations to achieve carbon neutrality and energy
efficiency: The maritime industry is under pressure to
reduce its carbon footprint, and regulations are being
introduced to achieve this. Energy efficiency is also
important to reduce operating costs and comply with
regulations.

Smart shipping: Smart shipping refers to the use of ad-

vanced technologies such as sensors, data analytics,

Source | Website Signals Summary by ChatGPT4 Summary of main topics by
ChatGPT4 for the group
Group 1: Policy and regulations
IMO International | CO2 zero emissions, regula- | Digitalization: This topic appears several times in the | Digitalization
Maritime

Carbon neutrality and energy effi-
ciency regulations

Smart shipping

New technologies

Automation

Market demands

Regulations

European leadership and competi-
tiveness

Ocean economy

Workforce

Renewable energy



https://www.imo.org/en
https://www.imo.org/en
https://www.imo.org/en
https://www.imo.org/en
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Source | Website Signals Summary by ChatGPT4 Summary of main topics by
ChatGPT4 for the group
SEA Sea Europe - | European leadership and and automation to improve efficiency, safety, and sus- | Maritime defence and security
The Ship- competitiveness in innova- | tainability in the maritime industry. Mass customization
yl\:rd'% tion and digitalization, green | New technologies: The maritime industry is constantly | Ship finance
ﬁnt and snart ships, renewable evolving, and new technologies are being introduced Offshore activities
Association | energy, maritime defence to improve efficiency and reduce emissions. Examples | Developing navy
of Europe and security, cooperation, include wind-assisted propulsion, hybrid propulsion, Biotechnology
workforce and multi-point design optimization.
OECD | Home page - | Cooperation and infor- Automation: Automation is another topic that appears
OECD mation exchange in indus- frequently in the data. It is often associated with digi-
try, market demands, gov- talization and smart shipping, and can improve effi-
ernments regulations, ocean | ciency, safety, and productivity.
economy, safety and envi- Market demands: The maritime industry is influenced
ronment regulations, tech- by market demands, such as the need for eco-friendly
nology uptake, ship finance, | and energy-efficient ships. This drives innovation and
competitiveness new technologies.
ASA Asian Net-zero emissions industry | Regulations: Regulations are a key driver of change in

Shipowners'

Association

transition, smart shipping,
shift from mass production

to mass customization, digi-

the maritime industry, particularly in relation to emis-
sions and safety.

European leadership and competitiveness in innovation



https://www.seaeurope.eu/
https://www.seaeurope.eu/
https://www.seaeurope.eu/
https://www.seaeurope.eu/
https://www.seaeurope.eu/
https://www.seaeurope.eu/
https://www.seaeurope.eu/
https://www.oecd.org/
https://www.oecd.org/
https://asianshipowners.org/
https://asianshipowners.org/
https://asianshipowners.org/

89

Source | Website Signals Summary by ChatGPT4 Summary of main topics by
ChatGPT4 for the group
talization, automation, en- and digitalization: The European Union is promoting
hanced productivity and leadership and competitiveness in innovation and digi-
safety talization to improve the maritime industry's effi-
SAJ The Ship- eco-friendly, energy effi- ciency, safety, and sustainability.
builders’ As- | ient ships, hybrid propul- Ocean economy: The ocean economy is a growing sec-
%m sion, autonomous ships, dig- | tor, and the maritime industry plays a key role in this.
(sajn.or.jp) italization, wind-assisted Cooperation and information exchange between indus-
propulsion, new technolo- try, governments, and other stakeholders is important
gies, regulations, enhancing | to promote sustainable growth.
engineernig capabilitues, di- | Workforce: The maritime industry requires a skilled
versifying types workforce to operate and maintain ships, and there is a
Ko- KOSHIPA - | lJower emission ships, cli- need to attract and retain talent in the sector.
shipa The Korea | ate change, automation, Renewable energy: Renewable energy is becoming
Offshore & . . ) . . .. . .
Shinbuildin data integration, smart ship- | more important in the maritime industry, with a focus

Association

ping, cyber governance, se-
curity, adapt to changeed
market and regulations,

strong regional dominance

on wind, solar, and other sources of clean energy.
Maritime defence and security: Maritime defence and
security are important issues, particularly in relation to

piracy and terrorism.



https://www.sajn.or.jp/e
https://www.sajn.or.jp/e
https://www.sajn.or.jp/e
https://www.sajn.or.jp/e
https://www.sajn.or.jp/e
http://www.koshipa.or.kr/eng/koshipa/koshipa3/index.jsp
http://www.koshipa.or.kr/eng/koshipa/koshipa3/index.jsp
http://www.koshipa.or.kr/eng/koshipa/koshipa3/index.jsp
http://www.koshipa.or.kr/eng/koshipa/koshipa3/index.jsp
http://www.koshipa.or.kr/eng/koshipa/koshipa3/index.jsp
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Source | Website Signals Summary by ChatGPT4 Summary of main topics by
ChatGPT4 for the group
by Asian shipbuilding, gov- | Shift from mass production to mass customization:
ernment support, lined in- The maritime industry is moving towards mass cus-
dustries tomization to meet the diverse needs of customers.
Ship finance: Ship finance is an important aspect of the
CANSI | ChinaInter- | High-end ships, LNG, de- maritime industry, and there is a need for innovative
national Ma- | o eloping navy, subsidies to financing models to support investment in new tech-
rinf" P (?rtfg‘ support shipbuilding nologies and infrastructure.
Shipbuilding Offshore: Offshore activities such as oil and gas explo-
Fair (china-
<hip.com ration and renewable energy production are important
CSIC China Ship- | Developing non marine to the maritime industry.
building In- products, technological de- Developing navy: The development of naval vessels is
d“—Str:’Ci velopment, offshore, renew- | &0 important aspect of the maritime industry, particu-
oration . . . . .
pcsijm.cn able energy, biotechnology larly for countries with strategic interests in the sea.
) Biotechnology: Biotechnology has potential applica-
tions in the maritime industry, such as in aquaculture
and the development of new materials.
Group 2: Shipowners/operators
AP About A.P. | Global integration of logis- | Sustainability: Sustainability appears several times in | Sustainability
Moler- | Moller- tics, digital twin technology, | the data, indicating its importance to the logistics and | Digitalization
Maersk ﬁ[ global flow of goods Innovation and new technologies



http://en.china-ship.com/
http://en.china-ship.com/
http://en.china-ship.com/
http://en.china-ship.com/
http://en.china-ship.com/
http://en.china-ship.com/
http://www.csic.com.cn/n73/n78/n85/index.html
http://www.csic.com.cn/n73/n78/n85/index.html
http://www.csic.com.cn/n73/n78/n85/index.html
http://www.csic.com.cn/n73/n78/n85/index.html
http://www.csic.com.cn/n73/n78/n85/index.html
http://www.csic.com.cn/n73/n78/n85/index.html
https://www.maersk.com/about
https://www.maersk.com/about
https://www.maersk.com/about
https://www.maersk.com/about
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MSC Global Con- | New design and technology, | shipping industry. This includes efforts to reduce car- | Automation
tainer Ship- | iy ersification for big and bon emissions and adopt eco-friendly technologies. Climate change
ae | MSC smaller shipyards and ships, | Digitalization: Digitalization is also a key topic in the | Green solutions
sustainability, low carbon logistics and shipping industry. This includes the use LNG
emissons of advanced technologies such as IoT, Al, and block Globalization
COSC | Cosco Advanced technologies, au- | chain to improve efficiency and sustainability. Sustainability challenges
O SHIPPING 1 {smation, lower emissions, | Innovation and new technologies: The logistics and Personalization of services
Lines climate change, large scale | shipping industry is constantly evolving, and new tech- | Green fleet
globalization nologies are being introduced to improve efficiency Renewable fuels
CMA CMA CGM | | Logistics solutions, solu- and reduce environmental impact. This includes digital | Cyber governance and security
CGM A global tions to respect people and twins, 3D printing, and hybrid propulsion. Market fluctuations
Group plaerin the planet, liquefied natural | Automation: Automation is another topic that appears | Uncertainty in regulations
fﬁ;_ gas, biomethane, biofuel, frequently in the data. This includes the use of ad- Shipyard 4.0
gistics solu- | accelaration innovation and | vanced technologies to improve efficiency and reduce | Low carbon emissions
tions. (cma- | digitalization, IoT, Al, block | human error. Diversification
cgm.com) chain technology Climate change: Climate change is a major challenge Smart and connected ships
Hapag- | Our Sustainability for the logistics and shipping industry, and efforts are
Lloyd Company - being made to reduce emissions and adopt sustainable
Hapag-

practices.



https://www.msc.com/
https://www.msc.com/
https://www.msc.com/
https://www.msc.com/
https://lines.coscoshipping.com/home
https://lines.coscoshipping.com/home
https://lines.coscoshipping.com/home
https://www.cma-cgm.com/
https://www.cma-cgm.com/
https://www.cma-cgm.com/
https://www.cma-cgm.com/
https://www.cma-cgm.com/
https://www.cma-cgm.com/
https://www.cma-cgm.com/
https://www.cma-cgm.com/
https://www.hapag-lloyd.com/en/company.html
https://www.hapag-lloyd.com/en/company.html
https://www.hapag-lloyd.com/en/company.html
https://www.hapag-lloyd.com/en/company.html
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ONE - | Home |ONE | Climate change, smart ship- | Green solutions: Green solutions refer to efforts to re-
Ocean | (one ping, 3D printing, cyber duce the environmental impact of the logistics and
line.com) .. e . . .
Net- governance and security, in- | shipping industry, including the use of alternative fuels
work tegration of advanced tech- | and electrification.
Express nologies, automation LNG: LNG is a specific type of alternative fuel that is
Ever- EVER- Digitalization, decarboniza- | becoming more common in the shipping industry due
green GREEN tion, globalization to its lower emissions.
LINE (ever- .. .. .. . .
Line - Globalization: The logistics and shipping industry is
green-
line.com highly globalized, with goods and services flowing
HMM | HMM Eco-friendly technology across borders. This presents both opportunities and
(hmm21.co digital twins platform, inno- challenges for the industry.
m) vation Sustainability challenges: Sustainability challenges re-
Carni- | Home Sustainability, eco-friendly fer to the specific issues that the logistics and shipping
val Carnival energy-saving technology industry must address in order to reduce its environ-
Corpo- Corporation mental impact. This includes reducing emissions, im-
& pl . . . .
ration S proving fuel efficiency, and adopting sustainable prac-
R 7] N . . . tices.
oyal | Home - Climate neutrality, LNG, in-
Carib- | Roval novation Personalization of services: Personalization of services
bean Caribbean refers to efforts to tailor logistics and shipping services
Group



https://www.one-line.com/en
https://www.one-line.com/en
https://www.one-line.com/en
https://www.evergreen-line.com/
https://www.evergreen-line.com/
https://www.evergreen-line.com/
https://www.evergreen-line.com/
https://www.evergreen-line.com/
http://www.hmm21.com/cms/company/engn/index.jsp
http://www.hmm21.com/cms/company/engn/index.jsp
http://www.hmm21.com/cms/company/engn/index.jsp
https://www.carnivalcorp.com/
https://www.carnivalcorp.com/
https://www.carnivalcorp.com/
https://www.carnivalcorp.com/
https://www.royalcaribbeangroup.com/
https://www.royalcaribbeangroup.com/
https://www.royalcaribbeangroup.com/
https://www.royalcaribbeangroup.com/
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NCLH | Norwegian | Sustainability, innovation, to the needs of individual customers, improving effi-
_Nor- Cruise Line | oy, technologies, automa- | ciency and reducing waste.
. Holdings . . . ;
wegian tion,, hybrid propulsion, fuel | Green fleet: The green fleet refers to a fleet of ships
Ltd. NCLH)
(nelhltd.com cells, global presence, per- | that are designed to be eco-friendly, using sustainable
) sonalization of services, en- | fuels and technologies.
vironment challengies Renewable fuels: Renewable fuels, such as biomethane
DFDS | European Green fleet, alternative and biofuel, are becoming more common in the logis-
Sea- Cruises and fuels, reduce carbon foot- tics and shipping industry as a way to reduce emis-
Ferry Cross- ) .. :
ways ] print, sty, logistics, new sions.
ings | Pas-
technologies, green fuels, Cyber governance and security: Cyber governance and
senger Fer-
ries | DFDS | smart and connected ships, security are important issues for the logistics and ship-
automation, data exchange, | ping industry, particularly as more advanced technolo-
shipyard 4.0 gies are introduced.
Tal- Main - Renewable fuels, uncer- Market fluctuations: Market fluctuations are a chal-
linkSilj Tallink & tainty in regulations, market | lenge for the logistics and shipping industry, as
Silja Li ) .
a Line HAE fluctuations, technology de- | changes in demand and supply can affect profitability.
velopment Uncertainty in regulations: Regulations related to sus-
Norled | Norled-we | Green solutions, hydrogen | tainability and emissions are constantly evolving, cre-
AS move people

along the



https://www.nclhltd.com/
https://www.nclhltd.com/
https://www.nclhltd.com/
https://www.nclhltd.com/
https://www.nclhltd.com/
https://www.nclhltd.com/
https://www.dfds.com/en
https://www.dfds.com/en
https://www.dfds.com/en
https://www.dfds.com/en
https://www.dfds.com/en
https://www.dfds.com/en
https://www.tallink.com/
https://www.tallink.com/
https://www.tallink.com/
https://www.norled.no/en/
https://www.norled.no/en/
https://www.norled.no/en/
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coast - ating uncertainty for the logistics and shipping indus-
Norled try.
Fjordl | About Green solutions, electrifica- | Sty: STY refers to Shipyard 4.0, an approach to ship-
Fjordl - tion building that uses advanced technologies such as digi-
Fjord] tal twins and automation.
Low carbon emissions: Low carbon emissions are a
key goal for the logistics and shipping industry, with a
focus on adopting sustainable technologies and fuels.
Diversification: Diversification refers to efforts to ex-
pand the types of ships and services offered by the lo-
gistics and shipping industry, improving efficiency and
reducing environmental impact.
Smart and connected ships: Smart and connected ships
use advanced technologies to improve efficiency and
safety, such as sensors and data analytics.
Group 3: Shipyards
China | China Ship- | Market distortions, excess Sustainability: Sustainability is a key topic in the ship- | Sustainability
Ship- building In- capacity, green growth, ping industry, with a focus on reducing greenhouse Innovation and advanced technol-
build- M global value chain and ship ogies
poration



https://www.norled.no/en/
https://www.norled.no/en/
https://www.fjord1.no/eng
https://www.fjord1.no/eng
https://www.fjord1.no/eng
http://www.csic.com.cn/n73/index.html
http://www.csic.com.cn/n73/index.html
http://www.csic.com.cn/n73/index.html
http://www.csic.com.cn/n73/index.html
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ing cor- | (csic.com.en | finance practices, 3D print- | emissions and adopting environmentally friendly prac- | Decarbonization
pora- ) ing technology tices. Smart shipping
tion Innovation and advanced technologies: The shipping Digitalization
Mitsubi | Mitsubishi | Climate change, smart ship- | industry is constantly evolving, and new technologies | Navy ships
shi Heavy In- ping, ocean economy, safety | are being introduced to improve efficiency and reduce | Global value chain and ship fi-
Heavy Zlizt;;elswl;ti regulations, technology up- | environmental impact. This includes 3D printing tech- | nance practices
Indus- | . take, ship finance, new de- | nology, autonomous navigation, and virtual twin tech- | Environmental regulations
tries —(mh i.com) sign and manufacturing nology. Excess capacity

technology, innovation, per- | Decarbonization: Decarbonization is a major challenge | Green growth

formance, variety of type of | for the shipping industry, and efforts are being made to | Ocean economy

vessels, navy ships reduce emissions and adopt sustainable practices. This | Technological synergy
Hyun- | Welcometo | New value for humankind, | includes the use of ammonia fuel, energy-efficient Ammonia fuel
dai HD Hyundai sustainability, smart ship- ships, and data analytics and Al Supply chain disruptions
Heavy M building, inclusive, innova- | Smart shipping: Smart shipping refers to the use of ad- | Renewable energy
Indus- di;;tzj ke tive technologies, autono- vanced technologies such as sensors, data analytics, Conversion projects
tries mous navigation, liquid hy- | and automation to improve efficiency, safety, and sus- | Complex offshore structures

drogen, intelligent robotics
and solutions, self-driving
massive-scale transoceanic

voyage, incorporating the

tainability in the shipping industry.
Digitalization: Digitalization is also a key topic in the
shipping industry. This includes the use of advanced

technologies to improve efficiency and reduce human



http://www.csic.com.cn/n73/index.html
http://www.csic.com.cn/n73/index.html
https://www.mhi.com/
https://www.mhi.com/
https://www.mhi.com/
https://www.mhi.com/
https://www.mhi.com/
https://www.mhi.com/
https://english.hhi.co.kr/
https://english.hhi.co.kr/
https://english.hhi.co.kr/
https://english.hhi.co.kr/
https://english.hhi.co.kr/
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global network, new ship-
building materials, ammonia
fuel, reducing greenhouse

emissions, climate change,

Green growth: Green growth refers to efforts to pro-
mote economic growth while reducing environmental

impact, including in the shipping industry.
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technology of the 4th indus- | error, such as digital shipyards and virtual twin tech-
trial revolution 14, cost and | nology.
revenue performance, ad- Navy ships: Navy ships are an important aspect of the
vanced technology, automa- | shipping industry, particularly for countries with stra-
tion, greener vessels, infra- | tegic interests in the sea.
structure, navy ships con- Global value chain and ship finance practices: The
tracts with government sup- | shipping industry is highly globalized, with complex
port value chains and finance practices. This presents both
China mEmM T | Advanced technologies and | opportunities and challenges for the industry.
State W5 545 | automation, new ship de- Environmental regulations: Environmental regulations
Ship- A signs, LNG carriers, large related to emissions and sustainability are constantly
build- | (chinaships.c | containers, icebreakers, en- | evolving, creating uncertainty for the shipping indus-
ing om) vironmental regulations, try.
Corpo- supply chain disruptions Excess capacity: Excess capacity is a challenge for the
ration shipping industry, as it can lead to market distortions
DSME | DSME Technological synergy, and reduced profitability.



https://www.chinaships.com/
https://www.chinaships.com/
https://www.chinaships.com/
https://www.chinaships.com/
https://www.chinaships.com/
https://www.dsme.me/
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smart shipping, connected Ocean economy: The ocean economy is a growing sec-
and optimized design and tor, and the shipping industry plays a key role in this.
manufacturing, data ex- Technological synergy: Technological synergy refers
change to the integration of different technologies to improve
Sam- Welcome To | Digital shipyard, smart yard, | efficiency and reduce environmental impact in the
sung Samsung digital transformation, vir- | shipping industry.
Heavy in- . . . .
Heavy B eav. - tual twin technology, Ammonia fuel: Ammonia fuel is becoming more com-
ustries.
Indus- (samsungshi, model-based systems, effi- | mon in the shipping industry as a way to reduce emis-
tries com ciency, sions.
Sumi- | Sumitomo Decarbonization, ammonia- | Supply chain disruptions: Supply chain disruptions can
tomo Heavy In- fueled vessels, sustainabil- | affect the shipping industry, particularly during times
dustries, Ltd. | . . .. . .
Heavy o ity, energy-efficient and en- | of crisis or economic uncertainty.
(shi.co.jp)
Indus- vironmentally friendly, digi- | Renewable energy: Renewable energy is becoming
tries tal technologies, automa- more important in the shipping industry, with a focus

tion, advanced design, opti-
mization of ship perfor-
mance, reduce emissions,
data analytics and Al col-

laboration of stakeholders

on wind, solar, and other sources of clean energy.
Conversions projects: Conversion projects refer to ef-
forts to retrofit existing ships with new technologies to

improve efficiency and reduce emissions.



http://www.samsungshi.com/eng/default.aspx
http://www.samsungshi.com/eng/default.aspx
http://www.samsungshi.com/eng/default.aspx
http://www.samsungshi.com/eng/default.aspx
http://www.samsungshi.com/eng/default.aspx
http://www.samsungshi.com/eng/default.aspx
https://www.shi.co.jp/english/index.html
https://www.shi.co.jp/english/index.html
https://www.shi.co.jp/english/index.html
https://www.shi.co.jp/english/index.html
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Fin- Fincantieri | | Digitalization of production, | Complex offshore structures: Complex offshore struc-
cantierj | HomePage innovation, sustainability, tures are an important aspect of the shipping industry,
Group increase in Navy in West particularly in relation to oil and gas exploration and
Europe and Asia-Pacific renewable energy production.

Meyer | MEYER Innovation, sustainable
Group Group | ships, Digital, Green, Col-

Three Ship- .

weds 17,000 laborative

Employees

(meyer-

werft.de)
Van- Home - Innovation, sustainability,
couver | Seaspan environmental footprint,
ship- complexity, variety of ves-
yards sels, conversions projects
Dry Drydocks Decarbonization, innova-
Docks | World tion, sustainability, complex
World offshore structures, green

and smart ships

Lam- Home — renewable energy

Lamprell Plc



https://www.fincantieri.com/en/
https://www.fincantieri.com/en/
https://www.meyerwerft.de/en/company/the_meyer_group/index.jsp
https://www.meyerwerft.de/en/company/the_meyer_group/index.jsp
https://www.meyerwerft.de/en/company/the_meyer_group/index.jsp
https://www.meyerwerft.de/en/company/the_meyer_group/index.jsp
https://www.meyerwerft.de/en/company/the_meyer_group/index.jsp
https://www.meyerwerft.de/en/company/the_meyer_group/index.jsp
https://www.meyerwerft.de/en/company/the_meyer_group/index.jsp
https://www.seaspan.com/
https://www.seaspan.com/
https://www.drydocks.gov.ae/en/default.aspx
https://www.drydocks.gov.ae/en/default.aspx
https://www.lamprell.com/
https://www.lamprell.com/
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Group 4: I'T/Solutions providers
Sie- Siemens Shipyard 4.0, digitalization, | Digitalization: Digitalization is a key topic in the ship- | Digitalization
mens automation, data exchange, | building industry, with a focus on using advanced Shipyard 4.0
paperless technologies to improve efficiency, reduce costs, and | Automation
Das- Wearethe | Digital transformation, col- | improve environmental sustainability. Data exchange
sault 3DEXPERL- | 13ph0rative business, connec- | Shipyard 4.0: Shipyard 4.0 refers to the use of ad- Advanced technology
ENCE com- . .. . . .. .
Sys- tion in value chain, innova- | vanced technologies such as digital twins, automation, | Digital transformation
pany | Das-
temes tion, standartization, modu- | and data exchange to improve efficiency and reduce Collaborative business
sault Sys-
témes larity,low-impact desi costs in the shipbuilding industry. Environment regulations
temes y p gn g y g
(3ds.com) Automation: Automation is a key aspect of Shipyard Fuel efficiency
Aveva | AVEVA- Advanced technology, ro- 4.0, allowing for improved efficiency and reduced Data-driven solutions
Global botics, immersive technol- costs. Digital twins
Leader in In- .
dustrial Soft. ogy, additive manufactur- Data exchange: Data exchange is an important aspect | Immersive technology
ware ing, Al, environment regula- | of Shipyard 4.0, allowing for the sharing of infor- Additive manufacturing
tions, fuel efficiency mation between different stakeholders in the shipbuild- | Advanced materials
SSI SSI» Em- quick ROI, integration, col- 1ng process. Operationa] aglhty
p ing th : .
OWEIRETE | laboration, reuse of data, se- | Advanced technology: Advanced technology such as | Modularity
Business of . .
o cure flexible connection, robotics, immersive technology, and additive manufac- | Paperless
Shipbuilding
(ssi-corpo- adaptive scalable platforms, | turing are being used in the shipbuilding industry to

rate.com)



https://www.siemens.com/global/en.html
https://www.3ds.com/
https://www.3ds.com/
https://www.3ds.com/
https://www.3ds.com/
https://www.3ds.com/
https://www.3ds.com/
https://www.3ds.com/
https://www.aveva.com/en/
https://www.aveva.com/en/
https://www.aveva.com/en/
https://www.aveva.com/en/
https://www.aveva.com/en/
https://www.ssi-corporate.com/
https://www.ssi-corporate.com/
https://www.ssi-corporate.com/
https://www.ssi-corporate.com/
https://www.ssi-corporate.com/
https://www.ssi-corporate.com/
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digital transformation, em- | improve efficiency and reduce costs.
powering with new software | Digital transformation: Digital transformation refers to
and expertise the process of using digital technologies to transform
Cadmat | 3D design & | Data-driven, digital twins, business processes, improve efficiency, and reduce
ic information automation, networked op- | costs.
%gm erating model, Al, machine | Collaborative business: Collaborative business refers
ﬁ learning, technology to the use of partnerships and collaboration to improve
Napa Home — Data-led solutions, effi- efficiency and reduce costs in the shipbuilding indus-
NAPA ciency, voyage monitoring, | Y-
safety, fuel efficency, analy- Environment regulations: Environment regulations re-
sis platforms lated to emissions and sustainability are a key concern
Hexa- | Hexagon - Digital transformation, data- for the shipbuilding industry.
gon Empowering | q.iva0 performance and in- Fuel efficiency: Fuel efficiency is an important aspect
an autono- tegration, digital twins for of the shipbuilding industry, as it can help reduce oper-
mous, Sus- . . . . N
oo fo. | design and execution, opera- ating costs and improve environmental sustainability.
wre | Hexa. | tional agility, environmental Data-driven solutions: Data-driven solutions are being
gon stability used in the shipbuilding industry to improve effi-
Kongs- | Kongsberg | Digital solutions, unlock ciency, monitor voyages, and analyze performance.
berg Digital - Op- | {atues of dat a, vessel-to- Digital twins: Digital twins are digital models of phys-
digital grate your cloud data infrastructure, ical assets that are used in the shipbuilding industry to

assets



https://www.cadmatic.com/en/
https://www.cadmatic.com/en/
https://www.cadmatic.com/en/
https://www.cadmatic.com/en/
https://www.cadmatic.com/en/
https://www.napa.fi/
https://www.napa.fi/
https://hexagon.com/
https://hexagon.com/
https://hexagon.com/
https://hexagon.com/
https://hexagon.com/
https://hexagon.com/
https://hexagon.com/
https://kongsbergdigital.com/
https://kongsbergdigital.com/
https://kongsbergdigital.com/
https://kongsbergdigital.com/
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smarter, advanced simulation, digi- improve design and execution.
safer and talization Immersive technology: Immersive technology, such as
greencr . . . . . . . .
virtual design and simulation, is being used in the ship-
Auto- | Autodesk| | Advanced robotics, immer- building industry to improve performance and effi-
desk 3D Design. | give technology for virtual ciency.
Engineering ) . .
design and simulation, de- | Additive manufacturing: Additive manufacturing, or
& Construc-
tion Soft- sign optimization, improved | 3p printing, is being used in the shipbuilding industry
ware performace and efficiency, | ¢, improve efficiency and reduce costs.

green ships, redusing emis-
sions, additive manufactur-

ing, advanced materials

Advanced materials: Advanced materials are being
used in the shipbuilding industry to improve perfor-
mance, reduce emissions, and improve environmental
sustainability.

Operational agility: Operational agility refers to the
ability of shipbuilders to quickly adapt to changes in
the market, technology, and regulations.

Modularity: Modularity refers to the use of standard-
ized, interchangeable components in the shipbuilding
process, allowing for greater efficiency and flexibility.
Paperless: Paperless refers to the move towards digital

record-keeping and communication in the shipbuilding



https://kongsbergdigital.com/
https://kongsbergdigital.com/
https://kongsbergdigital.com/
https://www.autodesk.com/
https://www.autodesk.com/
https://www.autodesk.com/
https://www.autodesk.com/
https://www.autodesk.com/
https://www.autodesk.com/
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industry, allowing for greater efficiency and reduced
costs.
Group 5: Classification societies
Associ- | Safer and Harmonization of certifica- | Decarbonization: Decarbonization is a key topic in the | Decarbonization
ation of | Cleaner tion and regulation, digitali- | maritime industry, with a focus on reducing green- Digitalization
Classi- lecsm - zation, decarbonization, in- | house gas emissions through the use of alternative Innovation
fication novation fuels and digital technologies. Alternative fuels
Socie- Digitalization: Digitalization is also a key topic, with a | Multi-point optimization of design
ties focus on using advanced technologies such as Al and | Enhanced safety
(TACS) data-driven solutions to improve efficiency and reduce | Development of naval vessels
DNV DNV.com - | Multi-point optimization of | costs. Digital platform for ship design
When trust design, lower emissions, al- | Innovation: Innovation is a driving force in the mari- and classification
% ternative fuels, digitaliza- time industry, with a focus on developing new technol- | Offshore wind industry
tion, automation, Al, ogies and processes to improve efficiency and reduce | Dredging

smarter operations, en-
hanced safety, development
of naval vessels, security

challengies

environmental impact.
Alternative fuels: Alternative fuels such as biofuels,
ammonia, and LNG are being explored as ways to re-

duce emissions in the maritime industry.

Reducing CO2 emissions
Smart logistics

Carbon capture technology



https://iacs.org.uk/
https://iacs.org.uk/
https://iacs.org.uk/
https://iacs.org.uk/
https://www.dnv.com/
https://www.dnv.com/
https://www.dnv.com/
https://www.dnv.com/
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LR Lloyd’s Zero-carbon fuel, decarbon- | Multi-point optimization of design: Multi-point opti- Remote surveying
Register — ization, data-driven technol- | mization of design refers to the use of advanced tech- | Green technology
ﬁn ogy, efficiency, innovation | nologies to optimize vessel design, reducing emissions
and advisor and improving efficiency.
services Enhanced safety: Safety is a top priority in the mari-
(Ir.org) time industry, and new technologies such as automa-
ABS American Offshore wind industry, tion and Al are being used to improve safety and re-
ls;reitof dredging, coastal and water- | duce the risk of accidents.
ABS) Ea way, digitalization and de- Development of naval vessels: The development of na-
gle.org carbonization, digital tech- | ya] vessels is an important aspect of the maritime in-
nology adoption, reducing dustry, with a focus on using advanced technologies to
greenhouse emissions improve performance and reduce environmental im-
Bureau | Home Biofuels, digital platform pact.
Veritas BL@ for ship design and classifi- | Digital platform for ship design and classification:
e cation, energy efficiency, Digital platforms are being developed to improve ship
smart ships, digitalization, | design and classification, using advanced technologies
connectivity, alternative such as Al and data analytics.
fuels Offshore wind industry: The offshore wind industry is
ClassN | ClassNK reducing CO2 emissions, a growing sector, and the maritime industry plays a
K evolution of ocean-related

key role in supporting it.



https://www.lr.org/en/
https://www.lr.org/en/
https://www.lr.org/en/
https://www.lr.org/en/
https://www.lr.org/en/
https://www.lr.org/en/
https://www.lr.org/en/
https://ww2.eagle.org/en.html
https://ww2.eagle.org/en.html
https://ww2.eagle.org/en.html
https://ww2.eagle.org/en.html
https://ww2.eagle.org/en.html
https://group.bureauveritas.com/
https://group.bureauveritas.com/
https://group.bureauveritas.com/
https://www.classnk.com/hp/en/index.html
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business, smart logistics, Dredging: Dredging is an important aspect of the mari-
digital technology, data dt time industry, with a focus on improving navigability
China | ChinaClas- | NG as a transitional fuel and reducing the risk of accidents.
Classi- | sification for decarbonization, Ammo- | Reducing CO2 emissions: Reducing CO2 emissions is
fication Socicty nia, carbon capture technol- | @ key goal of the maritime industry, with a focus on
Society (eesoraen ogy, remote surveying, digi- | using advanced technologies and alternative fuels to
talization, offshore con- achieve this.
structions, data services Smart logistics: Smart logistics refers to the use of ad-
Korean | KoreanReg- | Ammonia, green fuels, vanced technologies to optimize the movement of
Regis- ister green technology, digitaliza- | 800ds and reduce waste in the maritime industry.
ter threhn tion Carbon capture technology: Carbon capture technol-

ogy 1s being explored as a way to reduce emissions in
the maritime industry.

Remote surveying: Remote surveying allows for the
inspection of ships and offshore structures without the
need for physical presence, improving efficiency and
reducing costs.

Green technology: Green technology refers to the use

of environmentally friendly technologies to reduce



https://www.ccs.org.cn/ccswzen/
https://www.ccs.org.cn/ccswzen/
https://www.ccs.org.cn/ccswzen/
https://www.ccs.org.cn/ccswzen/
https://www.krs.co.kr/eng/
https://www.krs.co.kr/eng/
https://www.krs.co.kr/eng/
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emissions and improve sustainability in the maritime
industry.
Group 6: Academia and research organizations
NTNU | Norwegian | Industry 4.0, sustainability, | Sustainability and Environment: This theme covers re- | Sustainability
University efficiency of supply chains, | search in areas like alternative fuels, emission reduc- Digitalization
ﬁ standardization, modulariza- | tion, energy-saving, and sustainable use of the sea, in- | Innovation
nology - tion engineer-to-order, flexi- | dicating a trend toward mitigating the environmental Alternative fuels
NTNU bility, innovation, custom- impact of maritime operations. Automation
ized solutions, automation, | Digitalization and Advanced Technologies: Research | Integration of design, production,
digitalization, integration of | in the use of digital twins, cloud computing, ICT inte- | and after-sales service
design, p, production after- | gration, smart ship technologies, and digital operation | Cloud computing and data sharing
sales service, supply chain support underscores an industry-wide shift towards platforms
management leveraging digital technology for efficiency and opti- Standardization and modulariza-
NMRI | National Optimal design and perfor- | mization. tion
Maritime

Research In-
stitute

nmri.go.j

mance, alternative fuels, in-
ternational collaboration,
risk assessment for maritime
scenarios, cloud computing,
data sharing platforms, open

innovation, cooperation

Autonomous and Intelligent Systems: The focus on au-
tonomous surface ship systems, intelligent upgrades,
and safety enhancements through advanced tech falls
under this theme. It underlines the continuous pursuit
of increased automation and intelligence in maritime

systems for improved safety and efficiency.

Autonomous surface ships sys-
tems and business models

Risk assessment for maritime sce-
narios

Open innovation and cooperation

Clean, smart, and safe shipping



https://www.ntnu.edu/
https://www.ntnu.edu/
https://www.ntnu.edu/
https://www.ntnu.edu/
https://www.ntnu.edu/
https://www.ntnu.edu/
https://www.nmri.go.jp/en/
https://www.nmri.go.jp/en/
https://www.nmri.go.jp/en/
https://www.nmri.go.jp/en/
https://www.nmri.go.jp/en/
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Japan Japan Ship | Autonomous surface ships Innovative Engineering and Design: This encompasses | Energy islands and floating air-
Ship Technology systems and business mod- | optimal design and performance, exploration of vari- ports
Tech- ﬁon els, digital twins, advanced | ous types of ships, and modularization engineer-to-or- | Labor shortage and competition
nology (istra.ip) technologies adaptation der. It showcases a focus on innovation in design and | with China
Re- from other sectors, sophisti- | production to create superior maritime vessels and sys- | Technology development and in-
search cated production manage- tems. telligence upgrade
associ- ment, ICT, cloud services, Efficiency and Supply Chain Management: This theme
ation safety and environment reg- | includes sophisticated production management, effi-
ulations cient supply chain management, and various opera-

MARI | Maritime Clean, smart and safe ship- | tional improvements, indicating an ongoing push to-
N Research In- ping, sustainable use of sea, | wards improving operational efficiency within the

stitute Neth- . . . . g -

crlands | floating airports, energy is- | shipbuilding industry.

MARIN lands Education and Professional Training: This involves
KSOE | HD Korea net-zero carbon emissions, preparing future professionals for the emerging trends

Shipbuilding
& Offshore
Engineering
(ksoe.co.kr)

eco-friendly ships, smart
ship technology, hydrogen
energy, offshore wind
power, labor shortage, com-
petition with China, envi-

ronmental regulations

and technologies in the shipbuilding industry, an es-
sential focus for academic institutions.
Collaboration and Standardization: The potential drive

for international collaboration and standardization, in-



https://www.jstra.jp/en/
https://www.jstra.jp/en/
https://www.jstra.jp/en/
https://www.jstra.jp/en/
https://www.jstra.jp/en/
https://www.marin.nl/en
https://www.marin.nl/en
https://www.marin.nl/en
https://www.marin.nl/en
https://www.marin.nl/en
http://www.ksoe.co.kr/en/
http://www.ksoe.co.kr/en/
http://www.ksoe.co.kr/en/
http://www.ksoe.co.kr/en/
http://www.ksoe.co.kr/en/
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SDARI | timssaar | technology development, tegral to the implementation of new technologies, ena-
oL s various types of ships, intel- | bles shared growth, development, and uniformity
Fisitbi
ligence upgrade, energy sav- | within the industry.
(sdari.com.c 8 bg gy Y
ing, emission reduction,
n)
smart ship innovation, new
energy technology, digital
operations support, ammo-
nia, low-carbon
Group 7: Technology and equipment providers
ABB Electric, Au- | sustainable shipping, elec- Sustainable shipping: Sustainable shipping is a key Sustainable shipping

tomated and
Digital solu-
tions for the
marine in-

dustry | ABB

tric propulsion, data-driven,
integrated solutions, off-
shore wind installations, au-
tonomous and cooperative
operations, hydrogen based
shore power systems, CO2

capture

topic in the maritime industry, with a focus on reduc-
ing environmental impact and improving the sustaina-

ble use of resources.

Electric propulsion: Electric propulsion is a growing
area in the maritime industry, with a focus on reducing

emissions and improving efficiency.

Electric propulsion

Data-driven and integrated solu-
tions

Offshore wind installations
Autonomous and cooperative op-

erations



http://www.sdari.com.cn/#/index
http://www.sdari.com.cn/#/index
http://www.sdari.com.cn/#/index
http://www.sdari.com.cn/#/index
https://new.abb.com/marine
https://new.abb.com/marine
https://new.abb.com/marine
https://new.abb.com/marine
https://new.abb.com/marine
https://new.abb.com/marine
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Wirt- | The global | Electric shipping, hybrid Hydrogen-based shore power sys-
sila leader in in- ships, autonomy solutions, Data-driven and integrated solutions: Data-driven and | tems
nova- o . . . . o
. hol fleet optimization, decar- integrated solutions are being used in the maritime in- | CO2 capture
tive technol-
: bonization, sustainable dustry to improve efficiency and reduce costs. Hybrid ships
ogies and
lifecycle so- | fuels, simulation, training Fleet optimization
lutions for Offshore wind installations: Offshore wind installa- Decarbonization
the marine tions are a growing sector in the maritime industry, Integration of advanced technolo-
and energy . . .
with a focus on supporting renewable energy. gies
markets
s Sustainable materials
Wirtsila
wart- Autonomous and cooperative operations: Autonomous | Advanced propulsion systems and
sila.com) and cooperative operations are being explored as a marine engines
GEA GEA marine | Increase of demand for na- way to improve efficiency and reduce the risk of acci- | Net-zero carbon solutions
and naval fes . .. . :
. val vessels, transition from | dents in the maritime industry. Fuel alternatives and reduced fuel
solutions

mission-specific platforms
to multirole functionality for
surface and subsurface ves-
sels, environmentally
friendly power, electric pro-

pulsion, integration of ad-

Hydrogen-based shore power systems: Hydrogen-
based shore power systems are being explored as a

way to reduce emissions in the maritime industry.

use



https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.wartsila.com/
https://www.gea.com/en/marine/index.jsp
https://www.gea.com/en/marine/index.jsp
https://www.gea.com/en/marine/index.jsp
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vanced technologies, Al, ro- | CO2 capture: CO2 capture is being explored as a way
botics, digitalization in de- | to reduce emissions in the maritime industry.
sign and operations,
emergin markets in middle | Hybrid ships: Hybrid ships are being explored as a
east and Africa way to reduce emissions and improve efficiency in the
maritime industry.
Kongs- | Kongsberg | integrated systems for en-
Maritime . :
ber e ergy and operations, unique C . e
£ 4 P d Fleet optimization: Fleet optimization is a key aspect
Mari- vessel concepts for different o . . )
of the maritime industry, with a focus on improving ef-
time types of vessels, fuel transi- . .
ficiency and reducing costs.
tion, fuel alternatives, re-
duced fuel use, platform for . C .
P Decarbonization: Decarbonization is a key goal in the
enabling vessels optimal op- e . .
£ P P~ | maritime industry, with a focus on reducing green-
erations . .
house gas emissions through the use of alternative
Cater- | Caterpillar| | Systainable materials, envi- )
_ fuels and advanced technologies.
pillar | Catemillar | opmental impact, recucled

and renewable materials,
hybrid and electric propul-

sion, robotics, automation

Integration of advanced technologies: The integration

of advanced technologies such as Al robotics, and



https://www.kongsberg.com/maritime/
https://www.kongsberg.com/maritime/
https://www.caterpillar.com/
https://www.caterpillar.com/
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Rolls Marine | Advanced propulsion sys- | digitalization is being explored as a way to improve ef-

Royce Rolls-Rovee | opns and marine engines, | ficiency and reduce costs in the maritime industry.

marine autonomous shipping, net-

zero carbon solutions, sus-

tainable fuels

Sustainable materials: Sustainable materials such as re-
cycled and renewable materials are being explored as a
way to reduce environmental impact in the maritime

industry.

Advanced propulsion systems and marine engines: Ad-
vanced propulsion systems and marine engines are be-
ing explored as a way to improve efficiency and re-

duce emissions in the maritime industry.

Net-zero carbon solutions: Net-zero carbon solutions
are being explored as a way to reduce emissions and

improve sustainability in the maritime industry.

Fuel alternatives and reduced fuel use: Fuel alterna-

tives and reduced fuel use are being explored as ways



https://www.rolls-royce.com/products-and-services/power-systems/marine.aspx
https://www.rolls-royce.com/products-and-services/power-systems/marine.aspx
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to reduce emissions and improve efficiency in the mar-
itime industry.
Group 8: Ship design companies
Salt Salt Ship innovation, advanced mari- | Innovation: Innovation is a key aspect of the maritime | Innovation
Ship Design - time technology, offshore industry, with a focus on developing new technologies | Advanced maritime technology
Design Home wind, flexibility, collabora- | and processes to improve performance and reduce en- | Offshore wind
tion in shipbuilding, sero vironmental impact. Flexibility
emissions, alternative fuels, | Advanced maritime technology: Advanced maritime Collaboration in shipbuilding
digitalization, big data ana- | technology is being explored as a way to improve effi- | Zero emissions
lytics, optimization of ship | ciency and reduce environmental impact in the mari- Alternative fuels
design and operations time industry. Digitalization
Ghe- Ghenova In- | increasing demand for naval | Offshore wind: Offshore wind is a growing sector in Optimization of performance and
nova genieria - vessels, from mission-spe- | the maritime industry, with a focus on supporting re- safety
CHEROVA cific to multirole, domi- newable energy. Increasing demand for naval ves-
% nance of Asian shipbuilding | Flexibility: Flexibility is an important aspect of the sels
genieria que maritime industry, particularly in relation to adapting | Energy efficiency

trabaja tanto

anivel

nacional

to changing regulations and market demands.
Collaboration in shipbuilding: Collaboration between
different stakeholders in the shipbuilding industry is

Environmentally friendly ships

Eco-friendly ships



https://www.saltship.com/
https://www.saltship.com/
https://www.saltship.com/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
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como inter- being explored as a way to improve efficiency and re- | Sustainability
nacional of- duce costs. Specialized vessels
reciendo ser- .. .. . .
o , Zero emissions: Zero emissions is a key goal in the
vicios multi-
o maritime industry, with a focus on reducing environ-
disciplinares
de ingenieria mental impact through the use of alternative fuels and
y consulto- advanced technologies.
ria. Alternative fuels: Alternative fuels such as hydrogen
and ammonia are being explored as ways to reduce
‘ . . emissions and improve sustainability in the maritime
Knud Customized | enery efficiency, environ-
industry.
E. Han- | Yesseldes | ment friendly, adaptable to Y
sign - . ) Digitalization: Digitalization is being used in the mari-
sen changins regulations and
KNUD E. _ .| time industry to improve efficiency and reduce costs
HANSEN markets, offshore wind, dig-
— . . through the use of big data analytics and optimization
(knudehan- | ital technologies, data ana-
. o of ship design and operations.
sen.com) lytics, optimized perfor-
Optimization of performance and safety: Optimization
mance, safety, collabora-
) ) of performance and safety is a key focus in the mari-
tion, expertise
: — time industry, particularly in relation to improving ef-
VARD | Vard Marine | Zero emissions, smart ves-
ficiency and reducing the risk of accidents.
Marine | Ine-[Naval | oo1¢ autonomous systems, Y 8

Architects &

Marine En-

gimeers

digitalization, data analytics,

Increasing demand for naval vessels: There is an in-

creasing demand for naval vessels, particularly with a



https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://ghenova.com/en/
https://www.knudehansen.com/
https://www.knudehansen.com/
https://www.knudehansen.com/
https://www.knudehansen.com/
https://www.knudehansen.com/
https://www.knudehansen.com/
https://www.knudehansen.com/
https://vardmarine.com/
https://vardmarine.com/
https://vardmarine.com/
https://vardmarine.com/
https://vardmarine.com/
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optimization of perfor- transition from mission-specific to multirole function-
mance, safety, specialized ality and a dominance of Asian shipbuilding.
vessels Energy efficiency: Energy efficiency is a key focus in
C-Job | ASustaina- | Sustainability, greenhouse the maritime industry, particularly in relation to reduc-

ble Maritime
Industry
Within One
Generation -
C-Job Naval

Architects

emissions, energy effi-
ciency, robotics, automa-
tion, eco-friendly ships, in-
novation, increase of de-

mand for navy vessels

ing greenhouse gas emissions and improving sustaina-
bility.

Environmentally friendly ships: Environmentally
friendly ships are being explored as a way to reduce
environmental impact in the maritime industry through
the use of robotics, automation, and innovation.
Eco-friendly ships: Eco-friendly ships are being ex-
plored as a way to reduce environmental impact in the
maritime industry through the use of innovation and
advanced technologies.

Sustainability: Sustainability is a key focus in the mar-
itime industry, with a focus on reducing environmental
impact and improving the sustainable use of resources.

Specialized vessels: Specialized vessels are being ex-



https://c-job.com/
https://c-job.com/
https://c-job.com/
https://c-job.com/
https://c-job.com/
https://c-job.com/
https://c-job.com/
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plored as a way to improve efficiency and reduce envi-
ronmental impact in the maritime industry through the

use of advanced technologies and innovation.

Group 9: R&D projects

https://nextg
en.imo.org/

Developing low-carbon or
zero-carbon fuels and pro-
pulsion systems

Improving energy efficiency
and reducing emissions
from existing ships
Enhancing port infrastruc-
ture and logistics to support

green shipping

Green Technologies: Developing and implementing
clean technologies for ships, including alternative
fuels, energy-efficient ship designs, and green propul-
sion systems to reduce greenhouse gas emissions and
other pollutants.

Energy Efficiency: Promoting energy-efficient prac-
tices across the maritime industry, such as optimizing
ship operations, improving vessel routing, and using
advanced materials to reduce weight and fuel con-
sumption.

Digitalization and Innovation: Encouraging the adop-
tion of digital technologies, such as loT, Al and data
analytics, to improve ship performance, optimize
maintenance, and enhance safety.

Sustainable Ports and Infrastructure: Promoting the de-

Green Technologies

Energy Efficiency

Digitalization and Innovation
Sustainable ports and architecture
Regulatory Framework
Collaboration and knowledge
sharing

Education and capacity building



https://nextgen.imo.org/
https://nextgen.imo.org/
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velopment of sustainable port infrastructure and opera-
tions, including the use of renewable energy sources,
waste management, and improved port logistics.
Regulatory Framework: Supporting the development
of'a comprehensive regulatory framework that encour-
ages sustainable shipping practices and addresses the
environmental challenges faced by the maritime indus-
try.

Collaboration and Knowledge Sharing: Facilitating
collaboration and knowledge exchange among stake-
holders, including governments, shipping companies,
technology providers, and research institutions, to ac-
celerate the transition towards a sustainable maritime
industry.

Education and Capacity Building: Enhancing the skills
and expertise of maritime professionals to better ad-
dress the challenges of sustainable shipping, through
education and training programs, as well as sharing

best practices and innovative solutions.

Group 10: Startups
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Building capacity and rais-
ing awareness on maritime
decarbonisation
autonomous vessels

green technlogies

digital platforms

modular design

smart maintenance

Green Technologies: Many startups are concentrating
on developing environmentally-friendly technologies
for the maritime sector. This includes alternative fuels,
such as biofuels, hydrogen, and ammonia, as well as
hybrid and electric propulsion systems, to reduce emis-
sions and minimize environmental impact.
Autonomous Vessels: Startups are exploring autono-
mous navigation technologies, which can lead to the
development of self-navigating ships. These technolo-
gies involve advanced sensors, Al, and communication
systems that allow vessels to operate without human
intervention, improving efficiency and safety.
Digitalization and IoT: Digitalization is a key focus for
startups in the shipbuilding industry. They are devel-
oping solutions that integrate IoT devices, data analyt-
ics, and machine learning to optimize ship design,
maintenance, and operations. This helps in monitoring
vessel performance in real-time, enhancing decision-
making, and reducing costs.

Advanced Materials and 3D Printing: Startups are

Green Technologies

Autonomous vessels
Digitalization and IoT

Advanced materials and 3D print-
ing

Robotics and automation
Cybersecurity

Virtual reality

Port and supply chain optimiza-

tion
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working on new materials and 3D printing techniques
to improve ship design and construction. Advanced
materials, such as composites and lightweight alloys,
can reduce weight and improve fuel efficiency, while
3D printing can be used to manufacture complex com-
ponents faster and more cost-effectively.

Robotics and Automation: The application of robotics
and automation is another focus area for startups in
shipbuilding. They are developing solutions that auto-
mate various stages of ship construction, inspection,
and maintenance, leading to increased efficiency, re-
duced labor costs, and improved safety.
Cybersecurity: As ships become more connected and
reliant on digital technologies, startups are developing
innovative cybersecurity solutions to protect vessels
and their critical systems from cyber threats.

Virtual Reality (VR) and Augmented Reality (AR):
Some startups are focusing on the use of VR and AR

in shipbuilding for design, training, and maintenance
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purposes. These technologies can help visualize com-
plex ship designs, train employees on new processes,
and provide remote assistance during maintenance ac-
tivities.

Port and Supply Chain Optimization: Startups are
working on solutions to optimize port operations and
global supply chains. This includes technologies for
smart ports, such as automated container handling and
tracking systems, as well as tools for better planning

and routing of maritime transportation.
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Clusters approach

Grouping by topics

Grouping by relevance

Cluster 1: Digitalization and Technology

Group 1: Digitalization and Innovation

Group 1: Highly Relevant

Digitalization Digitalization Digitalization
Smart shipping Smart shipping Sustainability
New technologies New technologies Decarbonization

Automation

Automation

Climate change

Digital transformation

Advanced technology

Alternative fuels

Data-driven solutions

Digital transformation

Automation

Digital platform for ship design and classification

Shipyard 4.0

Environmental regulations

Digital twins

Data-driven solutions

New technologies

Shipyard 4.0

Digital twins

Renewable energy

Advanced technology

Immersive technology

Smart shipping

Additive manufacturing

Additive manufacturing

Market demands

Immersive technology

Cloud computing and data sharing plat-

forms

Integration of design, production, and after-sales ser-

vice

Integration of design, production, and af-

ter-sales service

Group 2: Moderately Relevant

Advanced materials
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Cluster 2: Sustainability and Environmental Reg-

Operational agility

Integration of design, production, and after-

ulations sales service
Modularity Shipyard 4.0

Sustainability Paperless Ocean economy

Carbon neutrality and energy efficiency regulations | Technology development and intelligence | Workforce
upgrade

Decarbonization Regulations

Climate change

Group 2: Sustainability and Environ-

ment

Advanced materials

Green solutions

Mass customization

Renewable energy

Carbon neutrality and energy efficiency

Maritime defense and security

regulations
Environmental regulations Sustainability Developing navy
Green growth Decarbonization Offshore activities

Reducing CO2 emissions

Climate change

Supply chain disruptions

Carbon capture technology

Green solutions

Cyber governance and security

Sustainable shipping

Renewable energy

Risk assessment for maritime scenarios

Sustainable materials

Environmental regulations

Environmentally friendly ships

Green growth

Group 3: Emerging or Niche Relevance
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Eco-friendly ships

Low carbon emissions

Diversification

Biotechnology

Cluster 3: Alternative Fuels and Energy Sources

Reducing CO2 emissions

Technological synergy

Carbon capture technology

Digital twins

Alternative fuels

Sustainable shipping

Immersive technology

LNG

Sustainable materials

Additive manufacturing

Renewable fuels

Environmentally friendly ships

Autonomous surface ships systems and busi-

ness models

Ammonia fuel

Eco-friendly ships

Open innovation and cooperation

Hydrogen-based shore power systems

Energy efficiency

Energy islands and floating airports

Offshore wind installations

Remote surveying

Offshore wind industry Group 3: Alternative Fuels and Energy | Carbon capture technology
Sources
Offshore activities Sustainable materials
Energy islands and floating airports LNG Hydrogen-based shore power systems

Renewable fuels

Net-zero carbon solutions

Cluster 4: Maritime Industry Challenges

Ammonia fuel

Specialized vessels

Offshore wind industry

Market demands

Offshore activities
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Regulations

Offshore wind installations

Globalization

Hydrogen-based shore power systems

Sustainability challenges

Energy islands and floating airports

Personalization of services

Green fleet

Group 4: Market and Business Factors

Market fluctuations

Uncertainty in regulations

Market demands

Excess capacity

Regulations

Supply chain disruptions

European leadership and competitiveness

Conversion projects

Ocean economy

Complex offshore structures

Workforce

Labor shortage and competition with China

Global value chain and ship finance prac-

tices

Mass customization

Cluster 5: Naval and Defense

Ship finance

Supply chain disruptions

Maritime defence and security

Conversion projects

Developing navy

Complex offshore structures

Development of naval vessels

Labor shortage and competition with

China
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Navy ships

Increasing demand for naval vessels

Group 5: Naval and Defense

Cluster 6: Cooperation and Business Models

Maritime defence and security

Developing navy

European leadership and competitiveness

Navy ships

Ocean economy

Development of naval vessels

Workforce

Increasing demand for naval vessels

Ship finance

Global value chain and ship finance practices

Group 6: Cooperation, Security, and

Risk Management

Mass customization

Open innovation and cooperation

Cyber governance and security

Collaborative business

Risk assessment for maritime scenarios

Autonomous surface ships systems and business

models

Remote surveying

Collaborative business

Cluster 7: Security and Risk Management

Autonomous surface ships systems and

business models

Open innovation and cooperation

Cyber governance and security
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Risk assessment for maritime scenarios

Group 7: Specialized Technologies and

Solutions
Remote surveying

Biotechnology
Cluster 8: Innovative Solutions and Concepts Technological synergy

Advanced maritime technology

Innovation Smart logistics
Biotechnology Green technology
Technological synergy Enhanced safety

Advanced maritime technology

Fleet optimization

Shipyard 4.0

Electric propulsion

Advanced materials

Net-zero carbon solutions

Operational agility

Fuel alternatives and reduced fuel use

Modularity

Specialized vessels

Paperless

Enhanced safety

Smart logistics

Green technology

Clean, smart, and safe shipping

Specialized vessels
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