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ABSTRACT

In 2018, the Norwegian fertilizer company & ARAbannounced that they are going to
buil d t he fulg-eldctdcoastondmous dntainer ship with support of the
Norwegian government and the cooperation of a few companies from Norwegian
maritime industry. This zero-emission autonomous ship would be operational in 2020.
This situation has made the Norwegian maritime shipping industry a pioneer.

The interest of the maritime shipping industry in the autonomous ship (AS) is caused
by the consequences of their intense activities on the environment. Being responsible
for almost 90% of the world trade has a negative side. The huge amount of fuel
consumption by logistics vessels has caused serious pollution and the future
predictions are much worse than the current situation. The maritime shipping industry
was looking for a solution that could reduce their negative effect on the environment
and give competitive advantages against harsh competition within the shipping
industry. It did not take a long time for them to realize the benefits of AS.

The aim of this research was to determine the effect of AS on the Norwegian maritime
shipping industry by focusing on competitiveness. Until now, the competitiveness of
AS was never the main topic for any research. Furthermore, the research was looking
for the challenges which AS can experience and the benefits which it can deliver. To
be able to do that, this research combined a different kind of research methods such
as exploratory, descriptive and explanatory researches. Moreover, the qualitative
research design has been chosen for this research because it was the most
convenient design to gain an in-depth understanding of AS and gain knowledge about
the behaviours of the stakeholders and their shared beliefs about AS. Primary data
collection is done by interviewing five key role players within the AS project. Secondary
data collection is done by online desk research.

The main findings were that AS will deliver competitiveness on three out of four

circumstances whi ch Porter (1985) ment i

competitive advant age s OadvalMomes eclateddacost, safsty, wi | |

environment, social sustainability and most importantly gender equality within the
international maritime shipping industry. The gender equality related to AS was also
the first time ever mentioned in this research. Furthermore, the most important issues
which AS experiences are the trust issues and international law which both have

O6presence of human factor on the shipdo i

Norwegian government to become a competitive country is pointed out.

Recommendations are made for further research related to trust issues, an especially
professional survey which is based on quantitative research design and includes all
stakehol derb6s opinions related to ASes
proactive measurements for gender equality within its future strategy.

Keywords: Autonomous ship, competitiveness, environment, maritime shipping,

gender equality.
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Chapter 1: Introduction

I n 2018 the Norwegian giant fertiliser

first fully electric autonomous and zero emission container ship will be
operational in 2020 and fully autonomous in 2022 with the cooperation of
Norwegian government and a few other Norwegian companies. In the same

year two Norwegian companies, Wilhelmsen and Kongsberg, established

wo r [ficsttagtonomouss hi ppi ng ¢ o mp avhigh will Masesskotee r | y 6

based command centres (Massterly, 2018).

This chapter of the research provides a complete overview of the conducted
study about autonomous ship (AS) and its competitiveness. It starts with shortly
mentioning some important happenings from AS history and some research
from the past few years. The background information about the effect of
globalization on the maritime shipping industry and its role within the world
trade will be mentioned afterward. Next, the environmental issues caused by
the maritime shipping industry will be mentioned. These issues stimulated
intense cooperation of the Norwegian government with the Norwegian maritime
cluster. Then, the reasons for the dissertation subject AS will be mentioned.
After that, the purpose of the research study along with the research aims and
objectives and the proposed methodology will be seen. Finally, an overview of
all the chapters which are included in this study will be mentioned at the end of

this chapter.

1.1. Background

Although, the history of the autonomous vehicle (AV) goes back to 1920s with
OLinriccan Wonder & ( Bi mbr ahipjsmentiohes jirst
i n t he 1970s i n t he book 0Ships
Schonknecht, during just past few years AS has received a lot of attention and
interest. There has been quite a bit research recently, including Johannes and
Van Rensburg (2018) who researched the impact of autonomous ships on the
containerized shipping. Benson, Sumanth, and Colling (2018) compared the
effects of traditional transportation technologies with technologies of AS.

Kretschmann, Burmeister and Jahn (2017) analysed the economic benefit of

and
and
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unmanned autonomous ships by comparing the costs with the conventional
bulk carrier. Ahvenjarvi (2016) focused on the human element within the AS.
Aro and Heiskari (2017) researched the technical and legal challenges of AS
which they called an autonomous vessel (AV). Although some of these studies
mentioned the competitiveness of AS briefly in their research, up to now there
has not been any research focusing just on the competitiveness of AS. To be
able to proceed further, an important event for the maritime shipping industry
has to be mentioned, which is related to the cause of major interest in to AS;

Globalization

Globalization was the turning point for the maritime shipping industry. It has
created possibilities to build a large network and enabled the shipping
companies to reach customers from all over the world. The world trade grew
by high demand, so maritime shipping grew too. Corbett and Winebrake (2008)
researched the impact of globalization on international maritime transportation.
Their research showed how globalization has significantly increased the
demands for maritime shipping and showed increasing by three times for
unitized cargoes since the beginning of globalization.

The maritime shipping industry became the lifeblood of global trade and is
responsible for around 90% of world trade transportation (Waters 2003 p.314,
UNCTAD 2017 p.X and DNV GL 2017 p.3). According to United Nations
Conference on Trade and Development (UNCTAD) world seaborne trade was
10.7 billion tons in 2017 and expected to grow with 3.2% until 2022. Parallel to
that, the world maritime fleet grew as well, which had a downside. The total fuel
used by ships also increased rapidly. Corbett and Winebrake (2008) mentioned
that world cargo vessels use approximately 200 million tons of fuel per year.
Concaweb6s ( mredealéed thate8@0andlionctons of fuel was used in
2012 by ships, figure 1. This causes air pollution and plays a role within global
warming by producing emissions such as nitrogen (NOX), Sulphur (SOX) and
carbon dioxide (CO2).



Total Marine Fuel Consumption
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Figure 1: Total Marine Fuel Consumption 2012. Source: Concawe (n.d.)

Although maritime shipping plays an important role with CO2 emission it was
not included under the 1997 Kyoto Protocol. International Maritime
Or gani AMOD i ¢ r2dstimated that 2,2% CO2 emission was caused by
maritime shipping in 2012 and this could increase by 50% and to 250% by
2050. Because of these environmental issues, UNCTAD and IMO regulations
were adjusted and the Paris Agreement from 2015 adopted by the maritime

industry.

To comply with international aims related to reducing Greenhouse Gas
Emissions, the Norwegian government adjusted its strategy. Under its strategy
Bl ue growt h f or (Gavernghenene,n2015),utheu Moevégian
government focused on the development of maritime autonomous vehicles. In
addition,t he Nor wegi an government establ
by the Ministry of Climate and Environment and contributes funds to reduce
Greenhouse Gas Emissions, develop energy and climate technology and
strengthen the security of supply (ENOVA, 2018). In 2018, ENOVA subsidized
a joint AS project of Norwegian maritime companies with $16 million.

shed



The Norwegian maritime cluster has become a pioneer in AS with full support
and cooperation of the Norwegian government. Although, in 2013 DNV GL (Det
Norske Veritas and Germanischer Lloyd) took the initiative with the research
project O6The ReVoltdé for el eeanttoibebailt
(DNV GL, n.d.). It had the intention to inspire others. After that, the biggest
Norwegian companies gathered their knowledge and experience together and
teamed up to build world first autonomous container ship which will be
operational in 2020. According to the International Transport Workers'
Feder at i(2018), thelselcénipanies are:

- YARA, the Norwegian fertilizer giant.

- VARD, the Norwegian global ship designer and shipbuilder.

- KONGSBERG, the Norwegian global technology corporation which
delivers high-technology systems and solutions to different industries such as
defence, oil and gas industry, merchant marine, and aerospace.

- WILHELMSEN, the Norwegian global maritime industry group.

1.2. Thereason for AS

The Norwegian maritime industry interest in AS or also known as Marine
Autonomous Surface Ships (MASS) is certainly not just related to
environmental benefits. They were looking for other advantages which could
give them competitive advantages. As far as back as 1985, Porter mentioned
three strategies that would give companies sustainable advantages. These are
cost leadership, differentiation and focus. With cost leadership, the companies
look for ways to lower their production or service costs. With differentiation, the
companies aim for uniqueness by trying to deliver high-quality products or
services or other services which customer will value, such as the speed of
delivery. The focus strategy has two types; cost focus and differentiation focus.
The companies try to reach a certain market either by focusing on costs or

focusing on differentiation, figure 2.

and
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With AS, the Norwegian maritime shipping companies expect to gain
competitiveness by reducing annual operating costs by 90% by eliminating fuel
and crew costs or reducing it dramatically. In addition, they are expecting to
reduce human error by 80 %. Baker &
that 80 to 85% of all maritime accidents are related to human error. However,
the Norwegian maritime shipping companies also aim to offer unique services
and products with AS, such as delivering products with no environmental side

effects.

1.3. The aims of the study

The aim of this research is to determine the effect of AS on the Norwegian
maritime shipping industry by focusing on competitiveness. Will the Norwegian
maritime shipping companies be rewarded for their interest and investments?
Will AS deliver competitive advantages to the Norwegian shipping companies

which are operating internationally?
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1.4. Research Question
Based on the research aims and objectives this research study will try to find
answers to the next questions:
- Would autonomous ships deliver competitive advantages to Norwegian
maritime shipping companies?
- Which factors affect the success of AS?
- What kind of competitive advantages can AS deliver to Norwegian

maritime shipping industry?

1.5. Outline of the research study

This thesis is formulated in five chapters which are included as an introduction
in the first chapter. The second chapter focusses on literature review by finding
published work related to dissertation subject and comparing those findings.
The third chapter presents the used methodology for collecting data and the
research design. The fourth chapter analyses the results and findings from
collected data by contributing discussion on the results. The final chapter
presents conclusions and recommendations after the analysis of the results
and evaluates the study and provides suggestions for further researches.



Chapter 2: Literature Review

i T Hiterature review is the part of the thesis where there is extensive reference to
related research and theory in your field; it is where connections are made between
the source texts that you draw on and where you position yourself and your research
amongt hese sources. o0 (Ridley, 2012)

The second chapter presents an extensive review of the literature related to the
dissertation subject, AS. To help the reader get a better overview of the topic,
this chapter will start with literature related to the maritime shipping
environment where AS will operate. Then, the connection between the
technology and the competitiveness will be mentioned. Next, AS related
literature will be used to explain what AS is and the levels of autonomy. Finally,
the literature which points out the challenges and issues of the AS will be
presented.

2.1. The maritime shipping environment
Globalization is the main factor of world shipping demand (UNCTAD 2018, p.3),
which caused rapid growth within the maritime shipping industry and

significantly increased maritime shipping activities.

In 2008, Corbett and Winebrake prepared a report for fiGlobal Forum on
Transport and Environment in a Globalising Worldo that was held 10-12
November 2008 in Guadalajara, Mexico. Although, their research focused
more on the environmental issues caused by the maritime shipping industry it
showed also the significant effect of the globalization on international maritime
transportation. Their research showed that transportation of the unitized
cargoes, especially containerized cargo and dry bulk, increased impressively

because of globalization (figure 3).
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Figure 3: The effect of globalization on unitized cargoes. Source: Corbett and Winebrake, (2808

Unfortunately, parallel to increased maritime activities the fuel consumption
increased also significantly (figure 4). Corbett and Winebrake (2008, p.16)
found that world cargo vessels use approximately 200 million tonnes of fuel per
year. According to IMO (2007) that could be 486 million tonnes in 2020. As
mentioned before, Concawe (n.d.) estimated that in 2012 all ships in the world
used 300 million tons of fuel. This situation caused and still causes huge
environmental issues such as producing nitrogen (NOX), sulphur (SOX) and

carbon dioxide (CO2) emissions.
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To be able to meet the objectives such as customers demand and
environmental regulation Corbertt and Winebrake (2008, p.25) recommended
sustainable intermodal freight transportation, which will require the cooperation

of maritime industry, governments, and academician.

Academicians such as Waters (2003, p.319) supported the idea of intermodal
transportation. He mentioned the goal of intermodal transport as using the
advantages of different transport modes with the aim to get a competitive
advantage. He made a ranking table to show the performance of each model
and gave an example of combining low-cost maritime shipping with flexible

road transportation (figure 5).

Rail Road Water Air Pipeline
Cost 3 4 1 5 2
Speed 3 2 4 1 5
Flexibility 2 1 4 3 5
Volume/weight limits 3 4 1 5 2
Accessibility 2 1 4 3 5

Figure 5: Performance table for transport modes (with 1 being the pedbrmance and 5 being the
worst). Source: Waters (2003, p.317)

However, Christiansen, Fagerholt, Nygreen, and Ronen (2007) found that the
rapid containerization, the information technology, and the harsh competition
changed the mar it i ouoean tsahspopgtionnntpdnsermbdals i ¢
transportation. They mentioned that the shipping companies had to become
total logistics providers to be able to compete with competitors. What this
means is that implementing intermodal transportation into the maritime

shipping industry was no more a free choice, but it was a compulsory action.

The intermodal transportation or intermodal supply chain (SC) had and has
costsaving advantages. However, Masl aril,
mentioned that intermodal SC requires significant changes in SC infrastructure
and high investments in technological solutions. With intermodal transportation

mode, the maritime shipping companies have customers, suppliers, materials,



partners, etc. all over the world. Figure 6 shows a simple example of intermodal
SC. Every link within that chain can create some problems. Having supply chain
links scattered all around the world brings challenges within management,

communication, inventory, international law, etc.

Activities in analysed intermodal supply chain
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Figure 6: The intermodal supply chain process for risk identification and analysis
Source: Masl ari |, B6)nj ac and Bago (2016, p

The maritime shipping industry is growing. The customer's behaviour and the
role of technology within the industry is changing. The customer is getting
greedy and expecting more; demanding lower costs, higher quality, shorter
delivery time, flexibility, best service and all of those with the lowest impact on
the environment. This is affecting the competition within the maritime shipping

industry.

The maritime shipping environment is very competitive and dynamic. The
customersédemand changes, supplier expectation vary, competition is fierce,
and international regulations are becoming more restrictive. To be able to fulfil
these expectations and survive the competition the maritime shipping
companies had to and still have to adapt, change, collaborate and innovate.

10



2.2. Technology, innovation and competitiveness

The intermodal transportation gave certain competitive advantages for a while,
but it lost its effect when all the competitors start to use the same modal. The
maritime shipping industry focused more on innovation and technology to gain
competitiveness and they expect to get that from AS. But, what is
competitiveness and its relation to technology?

Cambridge dictionary describes competitiveness as;

fithe fact of being able to compete successfully w
e t ¢Cambridge, n.d.)

and competitive advantage as;

ithe conditions that make a business more success

or a particular thing t(Eanbridgeanild¢ s it more successH

The best known person for its theories about competitiveness and technology

is Michael Eugene Porter, a Professor at prestigious Harvard Business School.

The name &éweb knbvenrird thei weorld of economy and business
strategies. Al t hough Porter wrote his article
Advant ag e, istheory i& QilBapplicable to present-day businesses. In

his theory, Porter explains the relation between technological innovations and
competitive advantages.

Porter highlights the importance of technology for competitiveness and its
significant role within the structural changes. However, he correctly argues that
often the connection between competitiveness and technological changes are
incorrectly interpreted. Assuming that, use of high tech will lead to high
profitability or high competitiveness is incorrect. As Porter (1985, p.60) pointed

out;

AfTechnol ogi cal change is not important for i
competitive advantage and industry structure. Not all technological change is
strategically beneficial; it may worsen a firm's competitive position and industry

attractiveness.o(Porter, 1995)

Samsung Galaxy Note 7 was a high-tech investment of Samsung which had

serious problems, including catching on fire. In the end, it cost Samsung

11



estimated $5.3 billion and its place of being global smartphone market leader
(Lee, 2016). Another example of high-techi nvest ment f ai |l u

which had a high price tag and serious privacy issues (Rosman, 2017).

Further, Porter concludes that all businesses use a different kind of
technologies and each of those technologies can deliver certain
competitiveness. He links those technologies to value chain activities (figure 7)
and suggests that technology is integrated into all those activities, which can
provide competitiveness by realizing low-cost or differentiation. Achieving
competitiveness by low-cost and differentiation is mentioned already during the
introduction.

-
r FIRM INFRASTRUCTURE i
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1 1
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Figure 7: Generic Value Chain. Source: Porter (1985, p.37)

The importance of innovation should not be overlooked. Porter (1990, p.75)
believes that organizations realize competitive advantage by innovating. Not
just by finding new things but also finding new methods for old things.
Moreover, he pointed out that businesses which are not innovating will be
taking over by competitors. Innovation is not just essential for the sustainability
of an organization but as Porter (1985, p.66) points out it can be also a powerful
tool to strike against deep-rooted competitors.

The crucial question that needs to be asked, now, is when the technology and

innovation can deliver competitive advantages. Porter (1985, p.64) mentions

four circumstances for that:

12



1. When the technology itself reduce the cost or creates differentiation
which is durable and difficult to imitate.

2. When the new technology affects the value chain activities in the way
that favours the business. In this case, the imitability of new technology
by competitors is not relevant, because the change will give the business
advantages of being a pioneer.

3. When the innovation or the technological breakthrough is pioneered by
business and that leads to fFirst-movero advantages, which will be
mentioned within the next paragraph. Again, in this case, the imitability
of new technology or innovation by competitors is not relevant.

4. When the innovation or technology affects the structure of the industry
in a positive way. Even it will be imitated by competitors within the same
industry. For example; new technology or innovation might improve the
position of sea transportation against road transportation.

Technological leadership and first-mover advantages
Porter (1985, p.68) concludes that there is a powerful relationship between

technological strategy and generic strategy, figure 8.

'Féchnolngical Strategy and Competitive
Advantage

Cost Advantage

pDifferentiation

Technological
Leadership

Pioneer the lowest-cost
product dasign

Be the first firm down
the learning curve

Create low-cost ways of
performing value ac-
tivities

Pioneer a unique prod-
uct that increases buyer
wvalue

Innowvate Iin other ac-
tivities to increase
buyer wvalue

Technological
Followerahlip

Lower the cost of the
product or value ac-
tivities by learning from
the leader’'s experience

Awvoid RE&D costs
through imitation

Adapt the product or
delivery system more
closely to buyer needs
by learning from the
leader’'s experieance

Figure 8: Technological leadership and followership. Source: Porter (1985, p.68)

He points out that generally, the technological leader will focus on
differentiation with its innovation while the follower will focus on cost. However,
he also implies that the situation can be totally opposite, dependent on the

| eader 6s choice and behaviour . The

13
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technological leader makes mistakes and follower takes advantage of it by
improving or solving that problem. Or if the leader prefers to focus on lower

cost with its innovation because of more advantages.

A question that needs to be asked, however, is how the organizations decide
to be a technological leader or follower. Porter (1985, p.68) impressively calls
attention to three factors which are affecting the decision of organizations to
establish their position related to certain technological change:

1. Sustainability of the technological lead; in this case, competitors cannot
imitate the new technology/ innovation, or the competitors cannot keep
it up with the leaders continues changes and updates. The smartphone
market is a good example of this situation.

2. First-mover advantages. Porter reveals the next advantages;

- Building a reputation as being the pioneer

- Securing a good position within the market

- Advantages related to switching costs

- Possibilities to choose the best distribution network

- The learning curve which delivers more knowledge about new technology

- Better access to certain facilities

- Having the power to standardize requirements for new technology

- To be able to protect the technology by a patent and better cooperation with
governments

- Possibility for high profits at the start phase

3. First-mover disadvantages. Porter mentions next disadvantages;

- Huge costs, such as investment costs, training costs, regularity costs etc.

- Unpredictable future demand

- Changes within customer demand

- Quick changes within technology

- Risks for low costs imitations

2.3. Autonomous ship and competitiveness
AFurther mor e, t he Meinidrimto dédine a Maitme Aujonceneud
Surface Ship as a ship which, to a varying degree, can operate independently of
human i nt @anshkcMaiitimeAuthority, 2018)

14
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The quotation from the Danish Maritime Authority which points out the decision
of IMO reveals how complex the subject AS is. UNCTAD (2018, p.89) admits
that the term AS still has not been clearly described. Different sources try to
describe AS in a different way from being operated by artificial intelligence
(Rouse, 2019) or b y advanced decision support systemso Wéterborne TP,
2011). However, most of them are agree that full AS do not have human
involvement (UNCTAD 2018, Blanke, Henriques and Bang (n.d.), Rolls- Royce
2016).

AThe situation i s per cei wrea whch dctioa ® $akesss ed an
made without any i nt er (Bamkeé, Hemngueb and Bangnmad) b ei ng

Nevertheless, academicians Blanke, Henriques and Bang from the Technical

University of Denmark (DTU) and the Danish Maritime Authority wrote the

r e p Apre-andlysis on autonomous shipsd6 f or t he D aduathodstyh Mar i
to clarify certain matters, issues, challenges and opportunities related to AS.

Moreover, they clearly defined some terminology related to AS (figure 9) and

the most importantly the autonomy levels configured from Lloyd& Register

(figure 10).

Terminology related to automatic steering, remote operation, remote monitoring and autononmy
Manual navigation The navigating officer gives the command for the wanted course and speed,
of merchant ships either to a helmsman or as an autopilot setting and for bridge navigation of
the ship's main engine. The navigating officer has electronic charts and own
position and course. A radar system shows other ships’ course and speed.

Automatic course Course steering takes place between encoded positions; the ship's autopilot
steering ensures that the ship goes from position A to B.
Decision-support Decision-support consists in planning a route and speed profile in order to

reach a port at a given time with a prediction of the sea and wind conditions
underway. More extensive decision-support could consist im guidance for the
navigating officer about the performance of an evasive action in narrow

waters.
Remotely operated | Remote operation is used about the possibility of remotely operating a point
navigation for the autopilot and the effect on the propulsion machinery.

Remote monitoring | Measured values from sensors in, for example machinery spaces, on course
and speed are shown in real time in an operation centre ashore or on board
another vessel. Full monitoring includes transmission of TV monitoring and
radar picture so that the operation centre has sufficient information about
the ship and its surroundings to be able to perform remotely-operated
nawvigation.

Partial autonomy The ship has systems for assessing the situation as well as the consequences
and advising the navigating officer about how to react. The navigating officer
iz not necessarily present on the ship's bridge in person.

Full autonommy The situation is perceived and assessed and a decision on which action to
take is made without any intervention by human beings.

Figure 9: Terminology related to AS. Source: Blanke, Henriques and Bang (n.d.)
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Description Operator role

AL 0: Manual steering. 5teering controls or set
points for course, etc. are operated manually.

The operator is on board or performs remote
control via radio link.

AL 1: Decision-support on board. Automatic steering
of course and speed in accordance with the
references and route plan given. The course and
speed are measured by sensors on board.

The operator inserts the route in the form of
"waypoints"” and the desired speed. The
operator monitors and changes the course and
speed, if necessary.

AL 2: On-board or shore-based decision support.
Steering of route through a sequence of desired
positions. The route is calculated so as to observe a
wanted plan. An external system is capable of
uploading a new route plan.

Monitoring operation and surroundings.
Changing course and speed if a situation
necessitates this. Proposals for interventions
can be given by algorithms.

AL 3: Execution with human being who monitors
and approves. Navigation decisions are proposed by
the system based on sensor information from the
vessel and its surroundings.

Monitoring the system's function and
approving actions before they are executed.

AL 4: Execution with human being who monitors
and can intervene. Decisions on navigation and
operational actions are calculated by the system
which executes what has been calculated according
to the operator's approval.

An operator monitors the system's functioning
and intervenes if considered necessary.
Monitoring can be shore-based.

AL 5: Monitored autonomy. Overall decisions on
navigation and operation are calculated by the
system. The consequences and risks are countered
insofar as possible. Sensors detect relevant elements
in the surroundings and the system interprets the
situation. The system calculates its own actions and
performs these. The operator is contacted in case of
uncertainty about the interpretation of the situation.

The system executes the actions calculated by
itself. The operator is contacted unless the
system is very certain of its interpretation of
the surroundings and of its own condition and
of the thus calculated actions. Overall goals
have been determined by an operator.
Manitoring may be shore-basad.

AL 6: Full autonomy. Overall decisions on navigation
and operation are calculated by the system.
Consequences and risks are calculated. The system
acts based on its analyses and calculations of its own
capability and the surroundings’ reaction. Knowledge
about the surroundings and previous and typical
events are included at a "machine intelligent” level.

The system makes its own decisions and
decides on its own actions. Calculations of own
capability and prediction of surrounding
traffic's expected reaction. The operator is
involved in decisions if the system is uncertain.
Overall goals may have been established by the
system. Shore-based monitoring.

Figure 10: Autonomy levels for ships. Source: Blanke, Henriques and Bang (n.d.)

Furthermore, they highlight the results of other known projects such as;

- Marine Unmanned Navigation through Intelligence in Networks (MUNIN)
is a collaborative research project and co-funded by the European
Commissions.

- Advanced Autonomous Waterborne Applications (AAWA) Finnish
project led by Rolls-Royce.

They revealed the benefits of AS as cost, safety, and environmental benefits,
which were also the main reasons for the Norwegian maritime industry to invest
in AS.

Burmeister, Bruhn, Rgdseth and Porathe (2014) came to a similar conclusion

with their research. They mentioned how harsh competition and international
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law related to the environment caught the attention of the maritime industry on
AS. They concluded that low operational costs to build efficient International
trade, low Greenhouse Gases to reduce environmental impact and high safety

were three main reasons for interest in AS.

According to ITF (2018, p.1), with AS the Norwegian maritime shipping
companies are expecting to gain competitiveness by reducing annual operating
costs by 90% by eliminating fuel and crew costs. However, this impressive but
illustrative result is based on electrical AS, which will have human involvement
at least until 2022. In addition,thec onst ructi on of AS ship 0

cost about three times more than a conventional ship of a similar size.

The results of the research done by Kretschmann, Burmeister and Jahn (2017)

showed that the expected present value (EPV) of the cost of owning and

operating the autonomous ship is $4.3 million lower than for a conventionally

manned ship over a period of 25-years. They compared the costs of AS with a
conventional bulk carrier. The MUNIN (n.d.) project conducted the same test

during its research and found potentially with $7 million over a 25-year period.

In both cases, both vessels assumed to use fossil fuel, which means full

electrical AS might have more lower costs and higher benefits. DNV GL 6 s
el ectrical and crewless AS project o6The
diesel -run vessels the AS could save more than one million dollar per year.

Among others who were in agreement about AS competitiveness through lower
cost s ar e Kobyl i Eski (2018) and Benson,
Kobylinski concluded that with AS not only will the crew cost be eliminated, but
also crew accommodation will be removed, and that space will be used as
cargo space. Besides that, by removing the deckhouse the air resistance will
be reduced. Benson, Sumanth and Colling (2018) research showed significant
decreases in costs by using autonomous ships. The comparison an
autonomous cargo ship to non-AS showed that the autonomous mode was

becoming quickly competitive and offering significantly lower prices.
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As seen above, the results of MUNIN project have many similarities with the
researches referenced. The MUNIN project is formed from eight education,
research and maritime institutions or organizations from Germany, Norway,
Sweden, Iceland and Ireland. Although, the results of MUNIN project also
reveal reduced operational costs, reduced environmental effects and increased
safety, the project highlights the fourth essential advantage of AS; social
advantages. According to MUNIN the maritime shipping industry experiencing
a shortage of seafarers due to the industry being unattractive. The career of
being seafarer is not attractive due to long journeys, isolation and being away
from family and friends. Remote-controlled AS could create new opportunities

in that case by offering seafarers working ashore.

Highlighted advantages of AS such as cost, safety, environment, and social
compatibility can strengthen the competitiveness of a company and can even
give possibilities to achieve that competitiveness either by cost strategy or

differentiation strategy.

2.4. Autonomous ship issues

Besides the mentioned sources there are many others who agree about the
benefits of AS. Both UNCTAD (2018) and IMO (n.d.) are mentioning the huge
benefits of AS. However, they also mention huge challenges with AS, such as
safety and security. The most important issues are international law and trust

issues, which will be mentioned in this report.

The reason for not focussing on technological challenges is that the general
view of the experts within the autonomous industry is that we do have the
technology to build AS already and solve the issues related to safety and
security. During the seminar of @he London Branch of the Nautical Instituted

September 2015, the attendees revealed that autonomous and unmanned
vessels are already operational on a smaller scale within the oil and gas
industry and defence industry (Hetherington, 2016). They referred to
Unmanned Aerial Vehicle (UAV) and Unmanned Underwater Vehicle (UUV).
The attendees pointing out that the technology of those small-scale
autonomous vessels could easily be used for AS. Levander (2017) also shared
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the same opinion regarding having the technology to build AS. In addition, he
reveals that the biggest challenge is the regulations that are uncertain if they
will allow AS to be operational. Aro and Heiskari (2017) concluded after their
research that AS would be possible to be operational in short time, but the
international laws and regulations are the main issues which are blocking the
progress of AS. The Ko b y |6 4.8 report mentioned also having the
technology for AS;

AfAccordi ng t o dnbféechgidanss theatdchnaqyy nedded to construct
and operate smart ships is already available or, at least, in the final stages of
devel opment. o0 (Kobyli ki, 2018)

Similar opinions were also observed during interview with C E O &rem the
Norwegian companies which are involved with AS. The results of these

interviews will be mentioned later.

The international maritime law

The current international maritime law and regulations do not allow AS to sail
in international waters (UNCTAD, 2018). These rules are related to rights and
obligations of the flag states, technical rules related to safety, security and
environment, and private rules covering liability. Mainly, the focus of these rules
is the human element on the board of the ship, which AS will not have it in the

future.

PietrzykowsKki (2@18) dseMehlfooyseatl andrasponsibility issues
within AS. Besides safety and security issues they mentioned also legal
aspects. They wrote about the importance of quick changes within international
maritime law and recommended that the category of autonomous ships should
be recognised at least on the basic level until major changes are done.
Although, AS and advanced technology seems to be difficult to be understood
by traditional maritime law, Van Hooydonk (2014) believes that maritime law is
well-armed against advanced technology. He concluded that maritime law can
still be applied for AS, it just must enter a new phase of development.
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It is indubitable that maritime law will change and include AS within the

regulations. However, that can take years. The article written by Cowan (2018)
mentions expertsdéd opinion about t he ti me
Japan Association of Marine Safety, Professor Hasebe believes that some

rules can be adjusted within three years. However, in case of controversial

ones we should not expect any changes within 10 years, according to Hasebe.

Itis crucial for the competitiveness of the Norwegian maritime shipping industry

that AS will be used for international routes. The Norwegian maritime cluster

includes large international shipping companies, which would like to reduce

their operating costs with AS and gain competitiveness.

Trust issues

AWhile the devel opment and use of autonomou:
still unclear whether this new technology will be fully accepted by Governments, and

particularly by the traditionally conservative maritime industry. There are legitimate

concerns about the safety and security of operation of autonomous ships and their

reliability. The diminishing role of seafarers and ensuing job loss are a particular

c 0 n ¢ (UNCTAD 2018, p. xi)

In addition to the international maritime law issues, the trust issue is one of the
biggest challenges that AS has to deal with. The concerns which are mentioned
by UNCTAD are recognisable within the maritime industry. Th e arArei cl e 0
autonomous ships the future?6 wr i Cawam(20b8y mentions the comment

of Maersk CEO Sgren Skou about AS. Skou comment the next:

il dondét expect we wil | 4B0emeteeliohgcantaiter ships s ai | é
wei ghing 200, 000 tonnes with¢owan,201i8 human be

Hetherington (2016) mentions in his article the observations of Craig Eason
d u r ithed.ondon International Shipping Week and Lloyds Register's report
on technology trendso . Ea s on o khe &ture shighs were still pictured
with accommodation facilities for crew and his questions about it received the

following answer;
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"the industry, and the public, are not ready for an image of a tanker, gas carrier or
large bulk vessel without one." (Hetherington, 2016)

The autonomous car had and still has similar challenges which AS is
experiencing. Both have cost, safety and environmental advantages as well as
technological issues, safety, law and regulations and trust issues. And while
the technology for autonomous self-driving cars is in operation, the same is true
for AS.

Dewalska-Opitekd 42 0 1 8 ) r eoeng ICenbumeiisd6 At ti tudes To
Autonomous Vehicleso f o ¢ u sudoemnous cars but also gives interesting
results which can be linked to AS. Her research based on 2017 and 2018
fDeloitte Global Automotive Consumer Studyowhich shows impressive results.
According to Dewalska-Op i t e k 6 s , yoeng e@sumdrs are more
interested in autonomous vehicles (AV), more enthusiastic and they have more

trust in AV than older consumers.

The most ground-breaking result which Dewalska-Opitek mentioned from the
results of Deloitte study is that the opinion of the consumer about the safety of
AV changing very quickly. Deloitte comparison of the results from 2017 and
2018 f or tFhleselbdoving das willndtbesafe6 i s a real eye
Many consumers from different countries looking more positive to AV than one

year ago, figure 11.

Japan Republic Balgium United United India Germany Canada South Southeast France Iealy China Brazil Maxico
of Korea Kingdom States Africa Asia

2017 B 2018

Figure 11: Percentage of consumers who thing fully autonomous vehicles will not be safe (2017
vs.2018). Source: Dewalska-Opitek (2018)
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However, DelGbbobbaée ARODEBOLt i v eshoipatse thaine r

consumer gets easily affected by media reports about accidents involved with
AV, figure 12.

UK 64 %%0
Metherlands 58%0

GErmanmy”

itahy 53%o

France 53%

Belguum 53%

Austria 51%

Figure 12: Percentage of consumers who feel that media reports of accidents involving AVs
have made them more cautious of the technology. Source; Deloitte 2019 Global Automotive

Consumer Study.

Literature research related to trust and AS did not deliver much data. However,
Roest ad ( 20 1The Validiey sfaraEixtended fiechnology Acceptance
Model (TAM) for Assessing the Acceptability of Autonomous Shipso tried to
focus on acceptance and trust issues related to AS. He did an online survey
among Norwegian seafarers and received 199 responses. However, only 140
of them were usable, according to Roestad. The result of this survey showed
that Norwegian seafarers had a negative opinion towards AS, which was not

surprising because of poorly prepared survey questions.

Roestad missed the essence of the subject in its report of 105 pages. The
findings may have been more applicable, realistic and certainly more positive
if he had used correct questions. Although his i nt r oduct i &n
Autonomous Shi p p. 10 2 gthewuwestiong seentkd written such that
the participants had to give feedback and opinion about a product such as a
drill or electrical toothbrush which they have been trying for the past 3 weeks.
Some examples of those questions are;
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- | plan to use autonomous ship in the future.

- | expect to use autonomous ship in the future

- Using autonomous ship will increase my productivity / my performance
| my effectiveness

- Getting autonomous ship to do what | want would be easy

The meaning and the final aim of AS is to operate without any intervention by
a human being. It has nothing to do with seafarer personal productivity or
performance. That applies also for the phase when AS will be remotely
controlled. AS is not a car rental company which individual is going to use in
the future based upon his positive experiences from the past. The survey would
have more positive results towards AS if Roestad asked the Norwegian
seafarer questions such as;

- What would you think about AS, if AS gave you the possibility to practise
exactly your profession or similar to that ashore between 9 a.m. and 5
p.m.?

- What would you think about AS if AS gave you the possibility to practise
your profession for 8 hours a day, then go to your family and have a nice
dinner with them?

- Would you like to control AS remotely from ashore where you even
sometimes could leave early to go to the dentist?

These examples might not be very professional questions, but they give a

better view of AS than Roestadds survey i
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Chapter 3: Methodology

To be able to explain the methodology of this research correctly and clear, the
7"edi t i on oResearthéMethodsdok Business Studentsd Saynders,
Lewis and Thornhill (2015) is used.

3.1. Research method
The aim of this research method is to make an effort to describe what AS s,
how is going to work, who are involved with it, why there is so much interest in
it, what is done until now, what are the plans for AS, what are expectations,
when and where it will be operational, etc. To be able to answer these
questions about a very complex subject as an AS, different types of research
were needed. Research types which will help to establish knowledge, theories,
predictions, explore the prime aspects, explain the issues and consequences

of the problem.

Saunders et al. (2015, p.174) concluded four types of research in their book:

- Exploratory research intends to explore or clarify the main issues.

Usually, questions start with O06What

- Descriptive research describes the case or the occasion or the situation.

Usually, questions start with 6 Wh 6 &Wh,at @Wher edr, & Mbw d 06

- Explanatory research which explains the causes and impacts of certain
problem and links between the factors. Usually, questions start with
OW® or O6Howo.

- Evaluative research which tries to evaluate the effectiveness of a certain

thing. That can be an organization or program or initiative or innovation.

Usually, questi onsé\Whyat &hd wéomécasedVh at 6

al so with o6Whi c hodWh eodr\Vehde.n 6 , O Whoo

However, they also pointed out that the combination of these research types is
possible and even in some cases it is wiser to combine them. They gave
examples of a combination of exploratory, descriptive and explanatory
researches. Doing research about the competitiveness of AS and its effect on

the Norwegian maritime shipping industry was very complicated because of its
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impact on the environment, stakeholders, shareholders, technology and its

prospects. As such, it took all research types to clarify all issues regarding AS.

To give an illustration of this complexity; during interviews with experts from the
industry exploratory research is used to gain insights information about issues.
Descriptive research was applied to describe what AS is and who is involved
and how they are involved with it. Explanatory research was used to explain
the relationship between international law and the competitiveness of AS or the
relationship between high fuel consumption by maritime ships and greenhouse
gas. Evaluative research was applied to find out the effect of AS on the cost

and safety.

3.2. Research design

i T h e meethoddogical choice is whether you follow a quantitative, qualitative or

mixed methods research design. Each of these options is likely to call for a different

mi x of el ements to achieve c (Bhuadersaetal.e20li5,n your
p.164)

The gqualitative research design has been chosen for this research as it was

the most convenient design to gain an in-depth understanding of AS. One of

the most important aims was to gain knowledge about the behaviours of the
stakeholders and their shared beliefs about AS. Saunders et al. (2015, p. 569)
mentioned three essential differences between quantitative and qualitative

data, figure 13.

Quantitative data Qualitative data

Based on meanings derived from Based on meanings expressed through
numbers words (spoken and textual) and images
Collection results in numerical and Collection results in non-standardised data
standardised data requiring classification into categories
Analysis conducted through the use Analysis conducted through the use of

of diagrams and statistics conceptualisation

Figure 13: Distinctions between quantitative and qualitative data. Source: Saunders, Lewis &
Thornhill (2015, p. 569)

Although the qualitative research design is used, the data from a few sources

based on the quantitative research design are also mentioned within this
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research. Deloitte Global Automotive Consumer Studies from 2017, 2018 and
2019 were based on quantitative research design. Benson et al. (2018)
research AA Quantitative Anal ysi s

Transporto i s obviously a guant it
quantitative data from these sources were already analysed by the source
itself. In this case, the aim was to find some trends and similarities within those
data, which can explain the huge interest in AS and possible competitiveness.
The Quantitative method is also not used for interviews with experts from the

industry, as the aim was not to come with statistical analyses.

3.3.  Qualitative research method
The qualitative research method, contrary to the quantitative research method,
is non-numeric data, figure 13. The qualitative research method is applied to
gain in-depth insights into the research subject. Generally expressed in words
and mainly focusing on examining ideas or theories. The qualitative research
method has advantages to gather a significant amount of data within a short
time and with fewer costs. However, it is more difficult to analyse qualitative
data due to the use of text and images. Qualitative data is usually gathered
through interviews, focus groups, case studies, observations and literature

review.

3.4. Research philosophy
The qualitative research method is often related to interpretivism according to
Saunders et al. (2015). Interpretivism is a philosophy that is used by social
science to value human interpretation, opinion, and ideas, figure 14. It
prioritizes human perspective and human interaction with its social field. It
believes that human beings and their social, behavioural, and cultural variables
cannot be studied quantitively. Interpretivism is based on data gathering by
observation of certain behaviour or occurrence, such as interviews and
observations. The biggest challenges of AS, such as trust issues, are related
to the human perspective on AS. The interpretive approach to this situation will

deliver more reliable and valid data
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Interpretivism

Complex, rich Theories and concepts Value-bound research Typically inductive.
Socially constructed too simplistic Researchers are part Small samples, in-
through culture and Focus on narratives, of what is researched,  depth investigations,
language stories, perceptions and  subjective qualit.‘-:lti\.fe methods of
Multiple meanings, interpretations Researcher analysis, butba range of
interpretations, realities New understandings interpretations key to e
Flux of processes, and worldviews as contribution

experiences, practices contribution Researcher reflexive

Figure 14: Interpretivism. Source: Saunders, Lewis & Thornhill (2015, p.136)

3.5. Data collection method
Data collection is a different kind of activity to collect necessary information for
research purposes. It is divided into two methods;

- Primary data collection methods

- Secondary data collection methods

Primary data

Primary data means the first-hand data gathered by the researcher him- or
herself in real-time. During this research just once the primary data collection
method in the form of face to face interview is used, figure 15.

Interviews
Standardised Non-standardised
I |
Interviewer-administered I |
questionnaires One to one One to man
(Chapter 11) y

Face-to-face Telephone Internet- Group Internet-

interviews interviews mediated interviews mediated
(electronic) (electronic)
interviews group interviews

1
Focus groups Focus groups

Figure 15: Forms of interview. Source: Saunders, Lewis & Thornhill (2015, p.392)

Face to face semi-structured interviews held with five Chief Executive Officers
(CEO) or Chief Operating Officers (COQ) or Senior Vice President (SVP) or
Vice Presidents (VP) from three Norwegian maritime companies, which are
direct or indirect involved with autonomous ship project. Although, the number

of interviewees was a relatively small sample size they all had and still have a
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key role within the AS project. The choice was made to interview one CEO and
one SVP of industrial investments from a Norwegian shipping company which
is investing heavily in the AS project. One CEO from the joint venture company
which can deliver some necessary technology for AS and operate AS. One
CEO and one COO from a merged Norwegian and Swedish international
shipping company which can be in the future potential customer forASor A SO s

services.

Interviewees received open-ended questions with a few key questions which

all interviewees had to answer or give an opinion about it. The open-ended

guestions create possibilities to get the real opinion of the interviewees. They

reveal reflections, perceptions and real behaviours towards the chosen subject.

The questions of the interview focused mostly on AS and its competitiveness.

The interviews are analysed to see some similarity within the answers which

are connected to expectation from AS&s co
about challenges of AS. The aim of the interview was to get a better view of
stakehol der 6s dtheitegpeaations fromit. AS an

In addition, all interviews are audio-recorded. Audio-recorded interviews have
many advantages and some disadvantages, figure 16. To reduce the
disadvantages of audio-recorded interviews;

- Before the interview date, the interviewees received anadj ust ed Ot}
participant i nformation sheetd withir
study, the purpose of the study, the interviewee's rights before, during
and after the interview, the procedure of analysing and using the data
from the interview, etc.

- The interviewees also received 6 Research participant
which again informed them of their rights, permission to interview them,
permission to record the interview, their anonymity and confidentiality,
etc.

- For each interview, approximately 30 minutes of time was reserved and
was also the time that was used. This time might seem short but
considering the busy agenda of each participant approximately 30

minutes was an important element for convincing them to participate.
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The audio-recordings are not transcribed because of time, budget and
linguistic limitations. The total time which is given for this research was
just 12 weeks. The total hours of five interviews were around 2,5 hours.
According to Saunders et al. (2015, p.572), for one-hour audio-
recording, at least 6 hours of transcription time is needed. While the total
number of interviews was just five, the decision was made to not use
excessive time with transcription and use the old-style method of
listening to the audio records a few times and making notes. These
notes then compared with the notes which are made during the
interviews to come to a reliable conclusion. In addition, the interviewer
and some of the interviewees were not native English speaker which
would give many challenges during transcription and increase the

necessary time of transcription.

Figure 16: Advantages and disadvantages of audio-recording the interview. Source: Saunders,
Lewis & Thornhill (2015, p.392)

The convenience sampling from Non-Probability sampling methods was used

in this case, figure 17. The interviewees were selected due to their availability

and willingness to participate. In addition, there was no intention to make any

statistical assumption from the sample. The effective network of the researcher

made it possible to invite five key role players within the AS industry in Norway

for the interview and resulted participation of all of them. Therefore there were

not any mon-responsedcase. The opinion of other key role players within the

industry gathered by using the secondary data collection method, such as their

interviews with newspapers.
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