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Rapid technological development, wireless communication, and monitoring, growing environmental awareness, 
alternative fuels, and harsher regulations are continuously pressuring maritime transportation and shipbuilding. The 
maritime sector is exploring ways to reduce cost and emissions but at the same time to increase safety and energy 
efficiency. Autonomous shipping is an emerging topic, where technical, economic, safety, and environmental 
aspects are still not mature enough to significantly increase the percentage of autonomous vessels in the global fleet. 
The reduced crew onboard brings savings and a lower risk of human-induced errors that can lead to human casualties 
and environmental disasters. However, autonomous vessels monitored from the shore require a high-quality and 
reliable communication system. The technologies needed for autonomous navigation already exist and it is necessary 
to find the optimal way to combine their safety, reliability, feasibility, and cost-effectiveness. Short-sea shipping is 
an ideal candidate for developing and testing new technologies due to shorter routes, low energy demand, and 
frequent port calls. The Croatian part of the Adriatic coastline with numerous islands and developed tourism activity 
is extremely sensitive to congestion and marine pollution. This paper presents the analysis of Croatian maritime 
accident reports to assess whether the accident would have happened if the ship had been autonomous, and once the 
accident had happened - would its consequences have been different. 
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1. Introduction 
The maritime industry is following the trend of 
increased autonomy and digitalisation applied in 
aviation, automotive, military, and chemical 
industries. It is expected that autonomous ships 
will positively affect all three pillars of 
sustainability (Jovanović et al. 2021, 2022): 

1. The economy (Costs savings by 
reduction of ship energy consumption, 
and lower operating costs), 

2. Society (Sector growth, economic 
competitiveness, the resilience of the 
supply chain, air quality in the area, 
potential to increase safety), 

3. The environment (Reduced fuel 
consumption, reduced emissions, 
performance improvements and 
efficiency gains). 

There is widespread autonomy levels 
classification within the aviation and automotive 
sectors, but International Maritime Organisation  
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(IMO) has defined four autonomy levels 
regarding Maritime Autonomous Surface Ship 
(MASS) (MSC 2021). In the literature, the terms 
autonomous and unmanned are used, therefore it 
is important to clarify the difference between 
them. Autonomous represents that the ship can 
perform a set of pre-defined operations with no or 
reduced assistance from a bridge crew, while 
unmanned means there is no crew presence on the 
ship’s bridge. Although the autonomous and 
unmanned ships can be applied for numerous 
purposes and differ in design and functionalities, 
basic elements that must be included in every 
autonomous and unmanned ship are (Liu et al. 
2016): 

� Guidance, Navigation, and Control 
(GNC) system: onboard computers 
and software in charge of managing the 
entire ship. GNC consist of path 
planning, collision avoidance (Vagale 
et al. 2021a, 2021b), situation 
awareness (Porathe et al. 2014), 
environment perception, station 
estimation, etc. 

� Communication system: wireless 
communication and data transmission 
with ground station or other ship via 
internet or satellite, depending on ship 
and route complexity, and also 
uninterrupted communication between 
ship systems. 

� Data collection equipment: a variety of 
sensors and actuators (cameras, 
RADAR, LIDAR, IMU, GPS, etc.) 
(Balestrieri et. al 2021). 

� Ground station: control station that can 
be located, depending on application 
and complexity, on a mobile device, 
other ship, or onshore facility. Within 
the MUNIN project, Shore Control 
Centre (SCC) has been proposed and 
described (Ramos et al. 2018). 

All above-mentioned elements are 
interconnected and malfunction of one of these 
elements can lead to the breakdown of the ship. 
Survey conducted by van Cappelle et al. (2018) 
analysed technology readiness for remote, 
unmanned, and autonomous operations. Results 
indicate that technology is mature enough and 
the next step is to sucessufuly implement it on  

ships to increase autonomy and reduce crew. 
Costs savings and changes in the design of the 
unmanned autonomous bulk carrier are outlined 
by Kretschmann et al. (2017). Besides crew 
savings, improved energy efficiency, safety and 
hull optimization are expected. Jovanović et al. 
(2022) simultaneously investigated the 
applicability of autonomous shipping and 
alternative power options for the Croatian ferry 
fleet. Both economical and environmental 
benefits are outlined, with the electricity-
powered autonomous ship being most attractive 
from both points of view. Peeters et al. (2020) 
provided a solution for road-based freight 
transport in Europe by employing unmanned 
inland cargo vessels. Guidelines are also given 
for design, control, and interaction with other 
vessels and the environment (Peeters et al. 
2020). A systematic literature review was 
conducted by Wróbel et al. (2020) to identify 
the research direction for autonomous and 
unmanned merchant ships. Results indicate that 
previous research mainly addresses technical 
issues, while organizational, legal, and social 
issues remain unexplored. Projects and concepts 
such as MUNIN (MUNIN, 2016), Yara 
Birkeland (YARA, 2017), ReVolt (The ReVolt, 
2015), Rolls-Royce (Poikonen, 2016), and 
AUTOSHIP (AUTOSHIP, 2018). 
The Croatian Adriatic coastline is susceptible to 
pollution and accidents due to high traffic load 
intensity, especially during the tourist season. 
Perčić et al. (2020a) investigated the 
environmental and economic potential of 
electrification illustrated on Croatian ro-ro 
passenger ships concluding that electrification 
has a minimum carbon footprint and is 
economically feasible. Life-Cycle Assessment 
(LCA) and Life-Cycle Cost Assessment 
(LCCA) are performed by Perčić et al. (2020b) 
for three ro-ro passenger ships operating in the 
Adriatic Sea, where diesel, electricity, 
methanol, dimethyl ether, natural gas, 
hydrogen, and biodiesel are considered. Results 
also indicate that electricity is the most 
favourable solution from the environmental and 
economic points of view. 
Perčić et al. (2022a) investigated the 
applicability of different fuel cell types powered 
by zero-carbon fuels, hydrogen and ammonia, 
in the Croatian ferry fleet. Taking into account  
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that current ship energy efficiency models do 
not consider alternative fuels as a power option, 
Perčić et al. (2022b) formulated the energy 
efficiency and emission index and calculated it 
for the Croatian ro-ro passenger fleet. Vladimir 
et al. (2022) performed research on the modular 
concept in the design of small passenger vessels 
for the Mediterranean, concluding that the 
modular concept optimizes the design process 
and allows for environmental and comfort 
aspects to be taken into account early in the 
design process. 
This paper aims to:  

i. provide an overview of the relevant 
literature regarding the safety of 
autonomous and unmanned shipping, 

ii. based on literature review assess the 
impact of autonomous and unmanned 
shipping on the likelihood and 
consequences of maritime accidents, 

iii. analyse the potential impact of 
autonomous shipping on Croatian 
maritime safety based on Croatian 
maritime accident reports in period 
2017-2021. 

It is important to clarify that only known causes 
and types of accidents are taken into account. In 
further research new types of causes and accidents 
need to be considered, bearing in mind 
differences between conventional and 
autonomous shipping. 
The remainder of the paper is structured as 
follows. After an introduction, a review of 
autonomous ship safety is given in Section 2.  
Methodology is presented in Section 3 and results 
are given in Section 4. Finally concluding 
remarks are drawn in Section 5. 

2. Review of autonomous ship safety 
One of the driving forces behind the development 
of autonomous and unmanned ships is that they 
are expected to decrease maritime accidents 
related to human error. However, it should be 
noted that autonomy will bring out new types of 
accidents related to the implementation of 
advanced technologies, transitions between 
automatic and manual control, situation 
awareness, etc (Porathe et al. 2018). Rødseth and 
Tjora (2014) presented system architecture for an 
unmanned merchant ship, developed within 
Maritime Unmanned Navigation through  

Intelligence in Networks (MUNIN) project. For 
MUNIN autonomy is constrained and Shore 
Control Center (SCC) is crucial for successful 
operation. Unmanned ship systems are classified 
into 10 functional groups and Hazard 
Identification (HazId) method is suggested to 
assess the risks (Rødseth and Tjora 2014). 
Rødseth and Burmeister (2015) performed HazId 
for an unmanned merchant ship and identified 65 
main hazards of which several were classified as 
unacceptable (interaction with other ships; error 
in detection of small objects; propulsion system 
breakdown; heavy weather manoeuvring; 
collision in low visibility). Fault Tree Analysis 
(FTA) and Event Tree Analysis (ETA) are 
employed to assess hazards for unmanned 
underwater vehicles, with a focus on human and 
organisation factors (Thieme et al. 2015). The 
results indicate that the risk in autonomous 
underwater vehicle operation can be reduced by 
applying the risk management framework. A risk 
model for autonomous marine systems utilizing 
the Bayesian belief network to assess the human–
autonomy collaboration performance, was 
developed by Thieme and Utne (2017), outlining 
that the reliability of autonomous functions and 
situational awareness have the highest probability 
of malfunction. Starting with the cause root of a 
potential accident, Wróbel et al. (2016), 
established a three-level safety model. Beginning 
with an accident event, to which unmanned 
vessels are susceptible, accidents are divided into 
navigation, engineering, stability and other 
related. Both manned and unmanned systems with 
different autonomy levels are considered by Utne 
et al. (2017).  
Emphasis is on safety assessment that includes the 
whole lifecycle of an unmanned ship, suggesting 
that uncertainties and knowledge gaps should be 
taken into account rather than probability. 
Also, online risk model, developed as part of the 
unmanned ship, should provide improved 
performance during the testing and verification  
phase. Five categories (unsafe acts, preconditions, 
unsafe supervision, organisational influences, and 
external factors) of the accident causes are applied 
in research conducted by Wróbel et al. (2017) to 
assess the potential impact of unmanned vessels 
on maritime transportation safety, outlining the 
benefits and drawbacks that unmanned vessels 
have regarding maritime transportation safety.  
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The System-Theoretic Process Analysis (STPA) 
framework is used to create a preliminary risk 
assessment of remotely-controlled merchant 
vessels to provide design recommendations 
(Wróbel et al. 2018). 55 risk influencing factors, 
categorised into four categories (human, 
technology, environment, ship), that can affect 
navigational safety of autonomy level 3 MASS 
are defined by Fan et al. (2020). Taking into 
account the lack of knowledge and experience, 
complexity and limited ability for verification of 
autonomous systems, Utne et al. (2020) presented 
an online risk model. The online risk model is 
developed by combining STPA and BBN. By 
integrating an online risk model and ship control 
systems, Johansen and Utne (2022) demonstrated 
that improvements can be achieved for both safety 
and costs. Yang and Utne (2022) showed that a 
combination of different risk analysis methods 
can contribute to the improvement of an online 
risk model. Table 1 provides an overview of risk 
analysis methods used for the safety assessment 
of autonomous and unmanned ships. 
 
Table 1. Overview of reviewed literature on the safety 

of autonomous and unmanned ships. 

Risk Method Literature 
Bayesian  
Belief Network 
(BBN) 

Thieme and Utne (2017); 
Wróbel et al. (2016); Utne et 
al. (2020); Johansen and 
Utne (2022) 

Event Tree 
Analysis (ETA) 

Thieme et al. (2015); Wróbel 
et al. (2016) 

Fault Tree 
Analysis (FTA) 

Thieme et al. (2015) 

Hazard 
Identification 
(HazId) 

Rødseth and Tjora (2014); 
Rødseth and Burmeister 
(2015) 

Preliminary 
Hazard Analysis 
(PHA) 

Yang and Utne (2022) 

Procedural Hazard 
and Operability 
Analysis 
(HAZOP) 

Yang and Utne (2022) 

Risk management Thieme et al. (2015) 
System-Theoretic 
Process Analysis 
(STPA) 

Wróbel et al. (2018); Utne et 
al. (2020); Johansen and 
Utne (2022); Yang and Utne 
(2022) 

What if Wróbel et al. (2017) 
 

3. Methodology 
A maritime accident is an event or a sequence of 
events that resulted in i) death, injury or loss of a 
person from the ship, ii) loss or damage of the ship 
or other marine infrastructure, iii) damage to the 
environment (EMSA 2021). Accident types 
considered in this paper are: 

1. Collision, 
2. Damage/loss of equipment, 
3. Fire/explosion, 
4. Flooding, 
5. Grounding, 
6. Contact, 
7. Loss of propulsion power. 

 
Methodology (Fig. 1) of this paper is adopted 
from Chen et al. (2013) and Wrobel et al. (2017). 
 

 

Fig. 1. The methodology flowchart. 

Following literature review presented in 
Section 2 effect of autonomous ships on the 
likelihood and consequences of the accidents is 
given in Table 2 and  

Table 3. Taking into account findings from 
Table 2 and 
Table 3 and reports on Croatian maritime  
accidents in the period 2017-2021 impact of 
potential autonomous and unmanned ships on 
Croatian maritime safety is assessed.Some 
limitations regarding methodology used in this 
paper should be borne in mind. Firstly, it is 
assumed that same accidents affect manned and 
unmanned ships. Secondly, implementation of 
autonomous and unmanned ships will introduce 
new types of accidents in maritime transport, and 
this types need to be identified. 
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4. Results 
Globally cargo ships are involved in the majority of 
maritime accidents (45 %), followed by passenger 
and fishing vessels. Regarding accident type, loss of 
propulsion power and fire/explosion are most often. 
Human action is a cause of 53% of maritime 
accidents, followed by system/equipment failure 
(35%) (EMSA 2021). Wrobel et al. (2017) 

conducted extensive research on the impact of 
unmanned vessels on maritime transportation safety. 
Applying results from that research and knowledge 
acquired from an extensive literature review given in 
Section 2, Table 2 and  
Table 3 presents the relationship between maritime 
accidents and the effect of autonomous ships on the 
likelihood and consequences of the accident. 
 

 

Table 2. Relationship between the accident type and effect of autonomous ships on the likelihood of the accidents. 

Accident type Effect of autonomous ships on the likelihood of the accidents 

Collision Assuming that sensor fusion provides timely detection and avoidance, the 
likelihood of accidents involving autonomous ships is expected to decrease. 

Damage/loss of 
equipment Unknown. 

Fire/explosion 
The likelihood of a fire accident depends on the cause of the fire (crew 
mistake or crew-non related e.g. insufficient maintenance, technical failure, 
cargo self-heating, etc.). 

Flooding Wrobel et al. (2017) concluded that in most cases likelihood would be 
neutral. 

Grounding 
Grounding accidents are predominantly caused by crew lack of attention or 
improper passage plan. Wrobel et al. (2017) concluded that unmanned 
shipping would decrease grounding accidents. 

Contact Proper sensor fusion is expected to decrease contact accidents. 

Loss of propulsion power Unknown. 

 

Table 3. Relationship between the accident type and effect of autonomous ships on the consequences of the 
accidents. 

Accident type Effect of autonomous ships on the consequences of the accidents 

Collision Depending on the impact collision left on the ship, in the aftermath of the 
accident ship may or may not need the assistance of the shore crew. 

Damage/loss of 
equipment Unknown. 

Fire/explosion Lack of crew disables prompt actions to stop the fire. 

Flooding Wrobel et al. (2017) concluded that in most cases consequences would be 
greater for the unmanned ship. 

Grounding Depending on hull damage, ship re-floating can be achieved remotely or in 
case of greater damage, shore assistance is needed. 

Contact Depending on the impact contact left on the ship, in the aftermath of the 
accident ship may or may not need the assistance of the shore crew. 

Loss of propulsion power Unknown. 
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Reports on Croatian maritime accidents in the 
period 2018-2021 are acquired from Air, 
Maritime and Railway Accident Research 
Agency (AIN). 25 maritime accidents, involving 
29 ships are analysed. Results are illustrated on 
Fig. 2. 

 
Fig. 2. Croatian maritime accidents by a) ship type, b) 
accident type, c) accident severity, 2018-2021. (Data: 

AIN) 

Passenger ships are involved in 48% of Croatian 
maritime accidents, followed by cargo and fishing 
vessels. Regarding accident type, grounding is 
most often with 36% followed by fire/explosion 
with 20%, collision with 16% and contact with 
12%. 56.4 % of accidents were less serious, and 
only 6.4 % were very serious. 

Taking into account findings stated in Table 2 
and  
Table 3, the implementation of autonomous 
shipping could improve the Croatian maritime 
safety regarding grounding, collision and contact 
accidents. As the majority of fire accidents from 
this research were not caused by crew member  

mistakes, the consequences of these accidents 
would be greater in the case of autonomous 
shipping. The impact of autonomous shipping on 
flooding accidents, in Croatian case 8%, is neutral 
but consequences would be greater because like 
in fire/explosion cases, prompt crew actions are 
needed. Although in the Croatian case only 8% of 
accidents are loss of propulsion power, as it is 
25.7% globally, for now, the likelihood and 
consequences of these types of accidents for 
autonomous ships are unknown. 

5. Conclusion 
Research on autonomous and unmanned shipping 
has gained strong momentum in the last few years, 
leading to the conclusion that implementation of 
autonomous and unmanned ships is only a matter 
of time, despite all technical, social and legal 
concerns. One of the major concerns is the safety 
of autonomous shipping and the effect that will the 
removal of the crew have on it. Although it is often 
stated in the literature that human error as a cause 
of maritime accidents can be eliminated with the 
implementation of autonomous and unmanned 
ships, it should be taken into account that humans 
also program autonomous systems and participate 
in autonomous operations from a remote control 
centre. That’s why it is of crucial importance to 
correctly assess and address all risks. 
In this paper maritime accidents are investigated 
and the effect of autonomous and unmanned 
shipping on their likelihood and consequences is 
considered. Accidents like collision, contact, and 
grounding are expected to decrease due to a variety 
of sensors. The likelihood of fire/explosion and 
flooding accidents occurrence depends on the 
cause, but consequences are greater because there 
is no crew onboard to act. 
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