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Nowadays, two of the main research fields in the naval industry are the introduction of autonomous shipping 
and greener alternatives for the propulsion and power generation systems. This thesis has two objectives 
that are closely related. The first is to analyse the differences from the point of view of the naval architect 
between an autonomous vessel and a conventional one. The second goal is to scrutinize which propulsion 
system and electric power generation configuration is the most advantageous in terms of economy, 
environmental and autonomous operation. 

In the present, there are conceptual advances in relation to autonomous navigation and tangible advances in 

relation to low emissions propulsion. Several autonomous ships concepts have been developed, although 

these have not been yet launched in production, mainly because of the restrictions imposed by classification 

societies. Due to many obstacles in terms of legislation to allow autonomous ships to operate in international 

waters, the first model tests have been carried out in closed national waters. In relation to low emissions 

propulsion, there are currently multiple examples of newbuilt ships or retrofit that have propulsion systems 

designed to reduce the corresponding emissions.  

In the work developed, the two research fields are developed for two different ships, operating in two 

different scenarios. Both the scenarios are chosen in order to be considered realistic. 

The first case study is a small autonomous container carrier, designed to transport containers arriving to the 
port of Lisbon to a logistic platform (Plataforma Logística de Lisboa Norte), located in Castanheira do 
Ribatejo, sailing through the Tejo river. The vessel’s main dimensions, estimated from statistical regressions 
based on a ship database, are of 77.6 m length overall, 15.0 m breadth, 10.0 m depth and 4.9 m draught, 
with a cargo capacity of 100 empty containers (97 at 14 tonnes) and the service speed of 7 knots. 

The second scenario is the transport of passengers in a river connection between Cais do Sodré and 
Montijo. Considering that currently, there are two ferries operating this route with different capacities, 
depending on the operating hours, a forecast is made to access the capacity requirements for this route. The 
larger ferry is chosen as the case study and its main dimensions, estimated from statistical regressions 
based on a ship database using a capacity for 560 passengers, are of 49.5 m length overall, 13.0 m and 3.1 
m depth and the service speed of 19.2 knots. 

For both case studies, the modifications between an autonomous vessel and a conventional are revised, as 
well as the propulsion system and electric power generation configurations with more benefits, both 
economic, environmental and of autonomous navigation compatibility. 
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1. Introduction 
Maritime transportation is the world’s leading form of 

product transportation all around the globe. Because of 

that, it should keep up with the more advanced 

technologies concerning the sector’s efficiency and 

environmental impact. Currently, one of the most relevant 

progress is being made towards the development of 

autonomous ships. Autonomous ships are the main 

alternative to inland road transportation which currently is 

not a sustainable option for the cargo transportation 

sector due to high costs, environmental emissions, road 

congestion, noise and accidents. This new type of 

navigation brings many benefits, mainly economic, 

environmental and in terms of safety.  

Autonomous ships do not require space to be used as 

crew accommodations freshwater tanks or sewage 

systems, among others, which result in more room 

available for cargo capacity. Also, there would be no 

costs associated with crew salaries, which represent the 

main economic benefit for shipping companies (Batalden 

et al., 2017).  

The extra hull space in an autonomous can also be 

useful for a better adaptation to alternative green energy 

and propulsion systems, which can be beneficial to the 

environment (MarineLink, 2019). Autonomous ship 

operations will encourage ship operators to carry out their 

voyages at a much lower speed, without the increased 

cost associated with the crew. This slow steaming 

voyages would reduce the fuel consumption and 

therefore, decrease the emission associated do them, 

(Rødseth & Burmeister, 2015). Also, the lack of sewage 

systems results in less pollution entering the ocean.  

Finally, nowadays, 80% of the maritime accidents occur 

due to human failure. This kind of accidents would be 

avoided with autonomous shipping. Besides that, the 

implementation of an autonomous short sea shipping line 

would decrease land transportation and increase road 

safety.  

Despite all the advantages, there still are some 

hindrances regarding the introduction of autonomous 

ships in the shipping industry. The main one is regarding 

the classification societies, which impose not only a 

minimum number of crew members on board but also the 

obligation of assisting nearby ships in distress. 

Autonomous ships cannot comply with such regulations 

and therefore, adaptations need to be made to these 

rules.  

While it is not possible to operate these ships in 

international waters, all the progress and corresponding 

sea trials must be developed in closed waters, where the 

flag states are free to regulate ships and their activities 

(Batalden et al., 2017). 

Nowadays, protecting the environment is a crucial matter 

in any design table, since a new building ship that is 

pollutant could not expect a rentable lifetime period. 

Ship’s environmental impact start by aggravating global 

warming because of carbon emissions. This climate 

changes causes the temperature to increase which lead 

to the melting of glaciers, compromising polar life forms 

and increasing sea levels around the globe. At a more 

advanced level, it also leads to draughts and heat waves 

which are conducive to extremely hard to fight fires.  

Sulphur emissions when combined with water and air 

forms sulphuric acid, which is the main component of 

acid rains. These type of rain causes deforestation and 

can lead to health issues. Nitrogen emissions also 

contribute to the increase of acid rains and corresponding 

health issues, since it is an irritant gas. These gases also 

have a significant larger global warming potential than 

carbon and are central to the formation of fine particles. 

Particle matters emissions also have a harmful impact on 

the populations, mainly by increasing respiratory 

diseases which could lead to premature deaths. 

The shipping industry is currently responsible for 2.4% of 

greenhouse gas (GHG) emissions (Winnes et al., 2015). 

According to the International Maritime Organization 

(IMO) Conventions, present ships must be built with a 

reduction of GHG emissions of 15%. By 2020 the 

reduction should be of 20% and then 30% by 2025 (Lee 

& Nam, 2017). IMO has also stated that by 2050, the 

industry’s carbon emissions must be reduced to half the 

value registered in 2008. Translated into numbers, this 

means that the emissions by that year should not exceed 

470 million tonnes of carbon. This is proven to be a 

difficult challenge, since the trends indicate, in that year, 

a value of Carbon Dioxide (CO2) emissions of 3,000 

million tonnes (Stopford, 2019).  

Regarding Sulphur Oxide (SOx) emissions, the 

International Convention for the Prevention of Pollution 

from Ships (MARPOL) sets its emissions at 0.5%, not 

only in Emission Controlled Areas (ECA) zones, but 

globally (Panasiuk & Turkina, 2015). This means that by 

2020, ships are only allowed to use fuel oil on board with 

a SOX content of less than 0.5%.  



2. State of the Art 
The first steps towards the automation of shipping started 

to happen 8 years ago with the introduction of research 

projects regarding unmanned ships and the development 

of visions from a future where autonomous ships would 

be a reality, with the intentions of introducing and 

inspiring shipowners to this new concept. 

In 2013, DNV GL initiated a research project called the 

ReVolt. The ReVolt is an autonomous ship concept, fully 

battery powered. It has a length of 60 metres, a cargo 

capacity of 100 TEUs, a deadweight of 1,300 tonnes and 

an operational range of 100 nautical miles. It was 

designed to operate a shortsea route in the coastal area 

of Norway at a speed of 6 knots. The main propulsion 

would be provided by two azipod units with two bladed 

propellers and the manoeuvrability carried out by a 

retractable bow thruster. The required battery capacity 

was of 2,300 kWh for average weather and 5,500 kWh 

including bad weather and had a power requirement of 

53 kW for calm waters and 132 kW for average weather. 

The estimated charging time at the port would be of 2 

hours, although it would depend on the charging 

infrastructures (Alfheim et al., 2018). 

In 2017, Norway’s Wilhelmesen, in a partnership with the 

international technology group Kongsberg, created the 

world’s first autonomous shipping company. The 

company’s first vessel design will be the world’s first zero 

emissions and autonomous container feeder. The vessel 

is called YARA Birkeland and it has a length of 72.4 

metres, a deadweight of 3,200 tonnes and a 120 TEUs 

cargo capacity. The ship’s mission is to sail between 

three ports along the south coast of Norway. The battery 

pack on board will have a capacity between 7,000 and 

9,000 kWh. The ship is equipped with two azipod units of 

900 kW each and for manoeuvring two tunnel thruster of 

700 kW each (www.yara.com, 2020).  

The vessel is expected to reduce 40,000 diesel powered 

truck journeys per year. YARA Birkeland will first be 

delivered in 2020, where it will evolve from manned 

operations to fully autonomous by 2022, always 

supported by the three SCC. At the time of writing, the 

hull has already been developed and delivered in Norway 

(Figure 1), however the production was interrupted due to 

the pandemic. 

 

Figure 1. Yara Birkeland, (www.yara.com, 2020) 

The first remotely operated vessel developed was the 

Svitzer Hermond, tested in 2017, in a Copenhagen 

harbour. The project was a partnership between Rolls-

Royce, towage operator Svitzer and the search engine 

company Sequencing Initiative Suomi (SISu). The tug 

carried out several manoeuvres controlled by a captain in 

a SCC, (RINA, 2019). 

In 2018, the multimodal operator Samskip in partnership 

with Norway’s Research Council, the Norwegian Energy 

Agency (ENOVA) and the company Innovation Norway, 

started to develop the Seashuttle project, (Figure 2). The 

project is an autonomous, emissions-free containership. 

The vessel was designed to carry out a short sea route 

between Oslo, Poland and the western coast of Sweden, 

and it is expected to reduce the value of 2,000 truckloads 

that pass through the ports of Norway every day. The 

vessel’s main propulsion system will use hydrogen fuel 

cells (Moore, 2019). 

 

Figure 2. Seashuttle (www.safety4sea.com, 2020) 

3. Case Study Scenarios 
In order to better understand the viability and impact of 

the implementation of autonomous shipping with low 

emissions in Portugal, two ships with different missions 

are studied. For each of these ships, the modifications 

towards autonomous navigation are analysed, as well as 

the most suitable propulsion and electric power 

generation systems. Regarding the propulsion system, 

nine different configurations are considered. In order to 

know the most advantageous, two different aspects need 

to be taking into consideration, the economic component 

and the environmental impact. The different propulsion 

system and electric power generation configurations to 

be assessed are the following: 



1. 4-Stroke Diesel Engine; 

2. 4-Stroke Diesel Engine with Scrubber; 

3. Dual Fuel; 

4. Diesel-Electric; 

5. Dual Fuel-Electric; 

6. Hybrid Diesel-Electric; 

7. Hybrid Dual Fuel-Electric; 

8. Pure Electric; 

9. Hydrogen Fuel Cells. 

The ship’s hull shape is not completely independent from 

the propulsion system. In this study however, the hull will 

remain constant for all the different configurations in 

order to find the most advantageous alternative. 

Therefore, the capital costs (CAPEX) and 

operational costs (OPEX) to be calculated for each 

configuration are only relative to the propulsion system 

and electric power generation, since the remaining costs 

would be constant, independently from the 

configurations. 

Regarding the environmental impact, it can be quantified 

in three different manners, considering the Global 

Warming Potential, the Environmental Ship Index or 

simply by calculating the noxious gases emissions in 

grams per round voyage. 

In order to determine the most suitable propulsion system 

in terms of costs and environmental impact, two different 

rankings are created for each ship. Depending on each 

entities’ interests, more importance is given to the 

economic or environmental features. Even though no 

specific entity is trying to be represented in this study, 

more importance has been given to the environmental 

impact component, since it is more urgent to protect the 

planet at this point, than trying to find the more rentable 

propulsion system configuration. 

For the container carrier, the economic component is 

developed considering the cash flow outcome relative to 

the propulsion system and power generation expenses.  

The parameters considered are said cash flow results 

and each gases’ emission individually. The points 

attributed do each of these parameters are normalised 

between 0 and 100, considering the maximum and 

minimum values.  

A weight of 30% is assigned to the cash flow outcome. 

Because of the NOx emissions significantly higher GWP, 

a weight of 25% is attributed to this parameter. The 

remaining 45% are distributed 15% for CO2, 18% for 

SOx and 12% for PM emissions. 

The second ranking considers as parameters the 

expenses cash flow, the ESI and CO2 and PM emissions 

individually. Again, each parameter’s points are 

normalised between 0 and 100, considering the 

maximum and minimum values. A percentage of 35% is 

attributed to the cash flow result points. The ESI points 

attributed are the same as the ESI score, since it ranks 

from 0 to 100. Because the ESI does not recognise CO2 

and PM emissions, only a weight of 30% is attributed to 

its corresponding points. The remaining 35% are 

distributed 20% and 15% to the CO2 and PM emissions 

respectively. 

Each parameter’s score is then obtained by multiplying 

the obtained points by the corresponding weight and the 

final score calculated by adding up each parameter’s 

score. Finally, the configurations are then ranked by the 

obtained final score. 

Regarding the passenger ferry, the same two rankings 

are developed using a similar process as for the 

container carrier. The first ranking uses as parameters 

the propulsion system’s and power generation CAPEX 

and OPEX, and each gases’ emissions individually. The 

scores are also normalised from 0 to 100, considering the 

maximum and minimum values. A weight of 10% and 

20% is attributed to the CAPEX and OPEX respectively. 

The remaining 70% are also divided similarly to the 

container carrier second ranking, 25% to the NOx 

emissions, 15% CO2, 18% for SOx and 12% for PM 

emissions. The second ranking considers the mentioned 

CAPEX and OPEX, as well as the ESI CO2 and PM 

emissions, also normalising the scores from 0 to 100, 

considering the maximum and minimum values. A weight 

of 10% and 25% is attributed to the CAPEX and OPEX 

respectively. The remaining 65% are divided similarly to 

the container carrier first ranking, 30% to the ESI, 20% to 

CO2 emissions and 15% to PM emissions. 

Again, each parameter’s score is obtained by multiplying 

the obtained points by the corresponding weight and the 

final score calculated by adding up each parameter’s 

score. The configurations are ranked by obtained final 

score. 

  



4. Results 

4.1. Container Carrier 
The rankings obtained for the container carrier case study are 

the following: 

Table 1. Container Carrier Propulsion System 

Ranking 1 

1º Hydrogen Fuel Cells 79 

2º Pure Battery-Electric 70 

3º Hybrid Diesel Electric 63 

4º Hybrid DF Diesel Electric Gas Mode 63 

5º 4-Stroke Diesel w/ Scrubber 58 

6º Dual Fuel-Electric Gas Mode 45 

7º Dual Fuel Gas Mode 39 

8º Diesel Electric 34 

9º 4-Stroke Diesel 33 

 

Table 2. Container Carrier Propulsion System Ranking 2 

1º Hydrogen Fuel Cells 75 

2º Pure Battery-Electric 65 

3º Hybrid DF Diesel Electric Gas Mode 52 

4º Dual Fuel-Electric Gas Mode 51 

5º 4-Stroke Diesel w/ Scrubber 51 

6º Dual Fuel Gas Mode 46 

7º Hybrid Diesel Electric 44 

8º Diesel Electric 42 

9º 4-Stroke Diesel 40 

 

4.2. Passenger Ferry 
The rankings obtained for the passenger ferry carrier 

case study are the following: 

Table 3. Passenger Ferry Propulsion System 
Ranking 1 

1º Pure Battery-Electric 95 

2º Hydrogen Fuel Cells 80 

3º Hybrid DF Diesel Electric Gas Mode 56 

4º 4-Stroke Diesel w/ Scrubber 46 

5º Dual Fuel-Electric Gas Mode 44 
 
 6º Hybrid Diesel Electric 41 

7º Dual Fuel Gas Mode 41 

8º Diesel Electric 25 

9º 4-Stroke Diesel 23 

 

Table 4. Passenger Ferry Propulsion System 

Ranking 2 

1º Pure Battery-Electric 94 

2º Hydrogen Fuel Cells 75 

3º Hybrid DF Diesel Electric Gas Mode 51 

4º Dual Fuel-Electric Gas Mode 44 

5º Dual Fuel Gas Mode 42 

6º Hybrid Diesel Electric 40 

7º 4-Stroke Diesel w/ Scrubber 37 

8º Diesel Electric 29 

9º 4-Stroke Diesel 27 

 

5. Ship Design 

5.1. Container Carrier 
For the container carrier, the propulsion system 

configuration ranked first for most economical and 

environmentally friendly is the hydrogen fuel cells 

alternative. However, this alternative has an increased 

volume requirement and arrangement difficulty. 

Furthermore, both compressed gas and liquid hydrogen 

tanks have fixed cylindrical shapes and can only be 

accommodated in cuboid volumes, which increases even 

more the arrangement complexity. Since both 

autonomous containers being developed at the moment 

are equipped with a pure electric battery propulsion 

system and this configuration obtained second place in 

both rankings, this alternative is used in the model 

developed to access the container’s feasibility in terms of 

draft and trim for both cargo and unloaded conditions.  

In order to develop an autonomous ship, it is of best 

interest to simplify the navigation operations to the 

maximum, which means remove any systems that are not 

crucial for the ship’s navigation. These include the ballast 

system or the bilge system. However, there are still 

essential systems to be considered. These include the 

firefighting system, the anchoring system, the mooring 

system. 

The first step is to develop a hull shape with the capacity 

of carrying the proposed 100 TEUs, and that fits the 

propulsion system components and the remaining 

systems equipment. The main challenge is to arrange all 

the ship’s lightweight elements in the hull so that the 

vessel is capable of operating ballast free in both cargo 

and unloaded conditions.  



 

Figure 3. Container's Arrangement 

The propulsion system components are already defined 

in the in the section where the best configuration is 

discussed and these include the batteries, main 

switchboard, frequency converters, azipod units and bow 

thruster. 

The required battery capacity obtained in the calculations 

is 1,460 kWh, however it was obtained considering only 

the propulsion system requirements, the reefer 

containers power and the emergency power. The final 

battery capacity had to include also the navigation 

systems power and remaining power consumers such as 

the lighting and navigation equipment. The final battery 

capacity obtained is of 2,000 kWh. The specific weight of 

the proposed battery is between 11-30 kg/kWh and the 

specific volume around 38 l/kWh, both at system level 

(MAN Energy Solutions, 2019). The system level includes 

not only the weight of the cells, but also the weight of 

cooling, racks and remaining adjacent equipment. After 

consulting several lithium-ion batteries catalogues, the 

specific weight value considered is of 15 kg/kWh.  

The batteries are placed in an accessible location without 

obstacles in the way for when it is to be replaced, 

represented in green in Figure 4 

 

 

Figure 4. Container Carrier's Battery Access 

The total electric motor capacity is of 180 kW and it is to 

be divided between two azipod units installed at the stern 

of the ship. For the manoeuvring operations, a 150-kW 

bow thruster is equipped, thus completing the main 

elements to be fitted in the ship’s hull.  

 

The propulsion system parameters are updated upon 

each hull form modification. The mooring system can also 

be mitigated with the introduction of self-mooring units at 

both piers 

An autonomous ship has different levels of autonomy. 

Before the ship is able to operate at more advanced 

levels, where it sails completely unmanned, it first needs 

to perform trials and complete voyages at lower 

autonomy levels. This means that the initial operations to 

be performed by the ship will have human presence on 

board, providing decision making support to the 

navigation system at an early stage and evolving to the 

simple monitoring of the operations with the possibility to 

intervene. At a more advanced stage, the navigation 

assistance and monitoring are to be carried out from the 

SCC. 

The ship is then equipped with a small navigation bridge 

from where the operators can assist the navigation in the 

initial navigations. The bridge has access to the 

machinery room to allow maintenance or repair actions to 

the electric equipment such as the main switchboard or 

the frequency and remaining equipment. 

In general, a ship’s ballast system has two main 

functions. The first is to assure a minimum draft, avoiding 

transverse stability issues. The second, is to assure that 

the ship’s trim is acceptable, which means to guarantee 

the full immersion of the propeller blades and not to 

exceed the maximum draft imposed by the depth of the 

waterway.  

In this work, it was assumed to be a reasonable choice 

for an autonomous ship to be ballast free. For the ship to 

be able to sail in unloaded condition without requiring 

ballast, the buoyancy centre must be moved further back 

to the aft part of the ship. To do so, the hull is shaped in 

order to become slenderer at the bow. With these 

modifications, the ship’s trim in unloaded condition 

becomes acceptable without the requirement of a ballast 

system. However, in cargo condition, it caused the ship to 

have negative trim, which not only would increase the hull 

resistance but could also eventually lift the azipod units 

out of the water. To avoid this negative trim condition, the 

cargo holds location was moved further aft. After several 

attempts, the hull is shaped and compartmentalized in 

order to have a valid trim in both cargo and unloaded 

condition, without a ballast system, Table 5. The ship’s 

material chosen is steel, at a density of 7.9 t/m3. 

 



Table 5. Container Carrier Final Drafts 

Condition Aft Fwd  

Unloaded 1.97 0.93 [m] 

Cargo 3.14 3.17 [m] 

 

 

Figure 5. Container Carrier 3D model 

After completing the model of the container carrier, the 

required propulsive power is calculated again for the new 

hull using the same method. The obtained value is 

slightly less than the initial estimative and it does not alter 

the battery and azipod capacities significantly. 

5.2. Passenger Ferry 
After ranking the different propulsion system 

configurations, the results show that a pure electric 

battery powered ship is the most advantageous solution 

both economically and environmentally for the 

autonomous passenger ferry. Further on, a 3D model of 

the vessel is created in order to access the feasibility of 

the vessel, mainly in terms of draft and trim for with or 

without passengers’ conditions. 

 

Figure 6. Passenger's Seats Distribution 

The volume and weight characteristics of the batteries 

are the same as the ones used in the container carrier 

case. The specific weight of the proposed battery 

considered is of 15 kg/kWh and the specific volume of 

38 l/kWh, both at system level (MAN Energy Solutions, 

2019). After developing the model with the initial battery 

capacity obtained, the required propulsive power is 

recalculated using the new hull created and the lightship 

estimation.  

The new required propulsive power is significantly higher 

than the initially estimated. Therefore, the corresponding 

required battery capacity is also higher, which causes an 

increase in the ship lightweight and consequently, in the 

required propulsive power. To annul this spiral, a new hull 

shape must be developed, the most efficiently possible, 

in order to reduce resistance and consequently, reducing 

the required propulsive power and the ship’s lightweight.  

The new required propulsive power is significantly higher 

than the initially estimated. Therefore, the corresponding 

required battery capacity is also higher, which causes an 

increase in the ship lightweight and consequently, the 

required propulsive power increases again. To annul this 

spiral, a new hull shape must be developed, the most 

efficiently possible, in order to reduce resistance and 

consequently, the required propulsive power, hence 

reducing the ship lightweight.  

After several optimization attempts to the ship’s hull, the 

iterations between the ship’s resistance and battery 

capacity can only be completed if the batteries are 

charged to 85.5% of their capacity, instead of the 80% 

considered in the container carrier case. This 5.5% 

increase to the recommended 80% maximum charge can 

have as consequence the shortening of the battery’s 

lifetime period. 

The weight of the batteries represents approximately half 

of the ship’s total lightweight. Because of that, the ship’s 

centre of gravity depends mainly in the location of the 

batteries. To assure that the ferry operates with 

acceptable trims with or without passengers on board, it 

is crucial that the longitudinal centre of the battery is 

located close to the ship’s longitudinal centre of 

buoyancy, thus placing the batteries near midship. On 

the other hand, the batteries need to be placed in a 

location of easy access for when needed to be replaced, 

whereby no passenger spaces can be located above 

them. 

 

Figure 7. Passenger Ferry Battery Access 

 



Regarding the autonomous navigation, as described in 

the previous section, in the beginning the operations will 

be carried out at lower autonomy levels, which means 

there is human presence on board supporting the 

navigation system, whether in the decision making 

process or at the more advanced stage of simply 

monitoring with possible intervention. In order for these 

crew members to carry out their functions, the passenger 

ferry is equipped with a navigation bridge, situated in a 

location where it does not interfere with the battery 

replacing operation.  

 

Figure 8. Passenger Ferry 3D model 

The material of hull of the ferry chosen is aluminium, at a 

density of 2.7 t/m3. The resultant drafts are present in 

Table 6. 

Table 6. Passenger Ferry Final Drafts 

Condition Aft Fwd  

Empty 1.45 1.12 [m] 

Full Occupation 1.51 1.33 [m] 

6. Discussion of Results 

6.1. Container Carrier 
The configuration that obtain the first place in both 

rankings is the Hydrogen Fuel Cells, pushing the Pure 

Battery Electric configuration to the second place. Both 

these configurations have zero emissions, whereby the 

only advantage one could have over the other is 

economical. The increase in costs over 20 years are of 

630% for the Hydrogen Fuel Cells and 890% for the Pure 

Battery electric, which correspond to an increase in costs 

of around 7 and 9 times more, respectively. 

6.2. Passenger Ferry 
In this case study, the Pure Battery-Electric and 

Hydrogen Fuel Cells configurations have also obtained 

the maximum points in the environmental impact 

parameters, whereby the economic parameters settled 

the first and second place. Since the batteries and fuel 

cells both have short lifetime periods, the corresponding 

acquisition costs are accounted for in the OPEX.  

Therefore, these configuration’s CAPEX only included the 

price of the frequency converters and electric motor. This 

means there is a significant reduction in this parameter 

comparing to the traditional 4-Stroke Diesel Engine 

option, of 85%.  

On the other hand, the OPEX for these two 

configurations increases significantly, making this the 

more relevant economic parameter. The increase in 

OPEX for the Pure Battery-Electric alternative is of 

around 35% and for the Hydrogen Fuel Cells of around 

470%. Consequently, the first place in both rankings is 

occupied by the Pure Battery-Electric configuration and 

the second place by the Hydrogen Fuel Cells alternative. 

7. Conclusions and 

Recommendations 

7.1. Conclusions 
This dissertation approached two different topics, 

autonomous shipping and low emissions propulsion, and 

how these two areas of study complemented each other.  

The initial phase of the study was to understand the 

different characteristics of an autonomous ship 

comparing to a traditional manned vessel and the 

modifications to be made to the hull layout. On the other 

hand, the greener alternatives for propulsion and electric 

power generation were also studied in terms of costs, 

environmental impact and general functioning. Upon that, 

nine different configurations were chosen to be analysed 

inserted in realistic scenarios. 

Further on, two diverse case study scenarios were 

defined, an autonomous container carrier and an 

autonomous ferry, both operating inland realistic routes. 

The routes were considered to be carried out in closed 

waters since there are still no rules regarding 

autonomous ships implemented in international waters.  

With the proposed voyages plans, the variations of 

capital and operational costs, associated with each of the 

propulsion and electric power generation alternatives 

were quantified, as well as the different environmental 

impact for each of these configurations. 

After quantifying these parameters, two rankings for each 

case study were created with different selection criteria. 

In both rankings, more weight was chosen to be 

attributed to the environmental impact than to the 

economic parameters. In the first ranking the 

environmental parameters were each individual gases’ 

quantified emissions. In the second raking, the 

parameters were the ESI and the quantified emissions of 

the gases that did not influence the ESI.  



The economic parameters are different for the two case 

study scenarios but the same between the two rankings.   

In both rankings, the propulsion system configurations 

obtained as the most advantageous economically and 

environmentally are the Hydrogen Fuel Cells and the 

Pure Battery Electric, for both case studies, although in 

reverse order. This convergence suggests that these are 

the most suitable alternatives. Between these two 

alternatives, it was concluded that the best option for an 

autonomous ship would be to have a Pure Battery 

Electric propulsion system. 

It is feasible to design a Pure Electric cargo ship, with low 

service speed and with a round voyage plan that allows 

the batteries to be recharged between voyage legs. For 

this case study, the size of the battery pack required fits 

easily in the hull layout and the corresponding weight 

does not compromise neither the cargo capacity nor the 

draft and trim of the ship.  

In principle, an autonomous cargo ship does not require 

a superstructure for the crew. However, for the initial 

operations in which the autonomy level will still be low, a 

small navigation bridge needs to be fitted, for an onboard 

operator to support the navigation, through monitoring, 

decision making assistance and possible intervention.  

It was assumed as an advantageous characteristic of an 

autonomous container ship to be ballast free, since 

ballast handling operations require decision making and 

actions carried out by crew members or the existence of 

automated systems with additional costs.  

 

For the second case study, although it is feasible, it is 

more challenging to develop a Pure Electric ferry. Even 

though the first pure electric ship was a car ferry, this had 

to operate voyage legs of 3 nautical miles with charging 

between each of them whilst in the proposed case study, 

the voyages legs are of 8 nautical miles, without charging 

between them and at a significant speed of 19.2 knots. 

Increasing speed and displacement result in the need for 

a larger battery capacity, which increases the ferry’s 

lightweight and consequently, the required propulsive 

power and, in a circle, the required battery capacity 

increases as well. The solution to break this loop is to 

develop a hull that is as efficient as possible, install the 

lightest battery packs possible, or to complete fewer 

round voyages between each battery charge. 

 

Regarding the ship’s general layout, since the battery 

pack represents a significant part of the ship’s total 

lightweight, it must be placed closer to midship, in order 

to assure there is no trim issues. 

 

Some of the configurations for both vessels obtained 

negative ESI values, which means that these do not 

comply with the minimum requirements of this 

classification method.  

On the other hand, these ranking attributes significant 

points to improvements recorded over the years, which 

cannot be accounted for in calculations for a new building 

ship. 

For the container carrier, all the configuration’s attained 

EEDI values lower than the corresponding reference 

values. For the passenger ferry, most of the 

configuration’s attained EEDI were larger than the 

corresponding reference value. This is due to the fact that 

the attained EEDI values were calculated considering the 

new required propulsive power. This new value was 

estimated considering the pure battery electric 

configuration, in which the weight of the batteries causes 

the displacement to increase and consequently, the 

required propulsive power to increase as well, resulting in 

a larger attained EEDI.  

To note that other propulsion system configurations 

obtained interesting results, specially the 

Hydrogen Fuel Cells, however, for this alternative to be 

more viable, the hydrogen storage systems still need to 

be more developed, in order to provide for a safe and 

sustainable autonomous operation.  

The work was focused on the attempt to determine the 

benefits of autonomous shipping in terms of economy, 

safety of operation and environmental impact. It also 

raised the opportunity to have an increased knowledge of 

the new alternatives in ship propulsion, their functioning 

and most important, to quantify how much the 

environmental impact would be reduced. Finally, it was 

identified the most suitable alternative for the propulsion 

of an autonomous vessel and the alterations to be made 

to the general layout of the ship, to be adapted both to 

autonomous operations and to the selected propulsion 

system.   

7.2. Paths for Future Research 
Both the autonomous shipping and low emissions 

propulsion topics, addressed in this study, still have a 

margin of progression to be developed.  

Regarding autonomous shipping, the next step is to 

develop a model without any bridge for operator on 

board. This would mean that the progress in autonomous 

navigation had already been made to a point where the 

autonomy level reached a point where there is no human 

presence on board required. At this stage, all the 

monitoring, decision making support or interventions 

would be made from the SCC. 



Regarding the low emission propulsion topic, it would be 

relevant to better analyse the configurations which 

obtained the better score, Pure Battery Electric and 

Hydrogen Fuel Cells. This means, access all the costs 

associated with the propulsion system at a more detailed 

level and, also to review better all the components 

associated with that propulsion system alternative and 

how those components would fit adequate in the ship’s 

hull layout. Regarding Hydrogen Fuel Cell, it would be 

relevant to investigate the different hydrogen storage 

systems, liquid and compressed, and to assess in a more 

detailed way the costs and hazards associated to them. 

Finally, there are new green alternatives to provide 

electric power to the ship that are emerging and are also 

economical and environmentally friendly, like the use of 

hydrogen as a combustion-based prime mover, the 

installation of solar panel on cargo ships or the use of 

wind propulsion. 
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