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Abstract – ASVs started being developed 
exclusively for scientific purposes in the 1990’s. 
Scientists realised the advantages that an ASV 
presents both in terms of economic and human 
resources, but autonomy has always been an 
issue. To surpass this problem, an ASV must be 
able to extract energy from the available 
resources at sea: sun, wind and waves. The 
conversion of solar and wind energy into 
electricity is not new and the technology is well 
developed but converting wave energy into 
electricity for later use on board is a field where 
the technology is taking its early steps. Despite 
this, waves have been used to generate thrust 
since the late 1800’s and this is another way to 
increase the endurance of an ASV.  

The aim of this theoretical study is to evaluate 
the hypotheses of having an ASV capable of 
operating in the Atlantic coast of the 
Portuguese ZEE with limitless autonomy and an 
average operating speed of 3,5 Kt. To achieve 
this, a monohull ASV with 4,56X1,3X0,7 m is 
studied and equipped with devices capable of 
converting solar radiation, wind energy and 
wave energy into electricity.  

Keywords: Autonomous Surface Vehicle (ASV), 
Energy, Flapping Energy Utilization and 
Recovery (FLEUR), Monohull, Economic 
Exclusive Zone (EEZ). 

I. INTRODUCTION 

The EU Marine Strategy Framework Directive 

requires that each Member State develops a 

strategy for its marine waters reflecting the overall 

perspective of the marine region or sub region 

concerned that should result in the application of 

programs and measures designed to achieve or 

maintain good environmental status [1]. ASV’s are 

being used to carry those programs due to their 

versatility and low human and economic resources 

consumption.  

An Autonomous Surface Vehicle (ASV) is a vehicle 

that operates at the surface of the water without a 

crew [2]. It can be equipped with a great variety of 

equipment according to the mission needed to be 

executed and the operating environment. 

Nowadays, there is a large diversity of models, with 

different hull types and sizes. 

But despite the advantages, ASVs have faced 

major limitations in the endurance and speed. To 

surpass this problems, ASVs manufacturers 

developed larger and heavier ASVs with many 

batteries, capable of higher speeds but with limited 

autonomy and also developed smaller ASVs, with 

lower speeds, but capable of extracting energy from 

the resources of the sea and consequently with 

more autonomy.  

Liquid Robotics developed in 2007 the Wave Glider. 

This vessel was equipped with solar panels to 

extract energy which would be used by the 

electronic devices on board and was capable of 

using wave energy for basic propulsion, making its 

autonomy limitless. The propulsion was guaranteed 

by a submerged glider connected to the vessel 

through a tether [3]. 

MOST (Autonomous Vessels) Ltd also developed a 

long endurance ASV due to the ability of converting 

wave energy into propulsion [4]. It was called 

AutoNaut and uses the same principles as the wave 

powered boat developed by Herman Linden in 
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ASV in study 

Figure 1. Endurance vs Nominal Power in some developed 
ASVs and objective for the ASV in study. [4] 

1895. The AutoNaut is equipped with two flapping 

foils, one at the bow and the other at the stern that 

behave like a cetacean fin with the heave motion of 

the vessel. 

But the major innovation in wave energy occurred 

in 2015, when the Flapping Energy Utilization and 

Recovery (FLEUR) system was developed [4]. This 

system is able to convert wave energy into 

propulsion and power for later use on board, and 

depending on the kinematics of the system, it is 

possible to turn it into propulsion or energy 

generator mode. This is possible due to two pivot 

arms, one at the bow and the other abaft of the 

vessel, connected to a flapping foil and to a rotary 

damper, which allows the extraction of energy. This 

system will be presented further ahead.  

The ASV in study is a theoretical extension of 

previous work developed about ASVs and their 

capacity of extracting energy from the surrounding 

environment, mainly wave energy, with the goal of 

achieving an ASV design with high autonomy levels 

and nominal power (Figure 1).  

 

 

 

 

 

 

 

 

 

 

Five locations along the Portuguese EEZ, 100 

nautical miles from Viana do Castelo, Porto, 

Figueira da Foz, Lisbon and Vila Nova de Milfontes, 

were analysed and data was obtained from the 

Atmospheric Science Data Center (ASDC) of the 

National Aeronautics and Space Administration 

(NASA) and the Streamlining of Ocean Wave Farm 

Impact Assessment (SOWFIA). The data refers to 

the period between 1995 to 2004. 

II. Resource assessment in the Portuguese 

EEZ 

Since one of the objectives was to combine the 

energy resources available at the sea, solar 

radiation, wind energy and wave energy were 

assessed. 

Solar energy is defined by the amount of solar 

radiation that reaches the Earth’s surface (GES) [5]. 

Only 57% of the total amount of radiation that the 

sun emits reaches Earth’s surface since the rest is 

scattered by clouds, aerosols and also absorbed by 

the atmosphere. The GES in the locations of study is 

presented in Figure 2. 

 

Figure 2. Mean GES per month (kW/m2/day). 

As expected, when studying a location further 

South, the daily mean insolation increases and as 

shown in Figure 19, the minimum daily GES occurs 

in location I, that is the most Northern place of study, 

and the maximum is in location V, near the 

Southeast coast of Portugal. 

Wind energy is another type of renewable energy, 

consequence of solar radiation [6]. The heat from 

the sun is absorbed in different rates because 

Earth’s surface is made of very different types of 

water and land, creating different pressures that 

initiate air motion. During the day, the air close to 

the land heats up more quickly than the air above 

the water. This makes the warm air expand and rise 
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while the cooler air, which is heavier, will flow to take 

the warm air’s place creating wind. At night, this 

process is reversed because the air cools faster 

above land than above water. 

The power generated by the wind, Pw, depends on 

three parameters: volume (V), speed (U) and 

density (ρair) [7]. 

𝑃𝑤 =
1

2
‧ 𝜌𝑎𝑖𝑟‧ 𝐴𝑤‧ 𝑈

3 

Considering a cross section area of 1m2, the energy 

generated by the wind only depends on its speed. 

The wind speed data at 10m height was retrieved 

from SOWFIA, and corrected to hub height, that is 

close to 1m height [8]. 

The power generated by the wind is presented in 

Figure 3. 

 

Figure 3. Mean monthly Pw (kWh/m2/day). 

The progress of this graph was expected since wind 

speeds are higher in Winter and lower in Summer. 

It can also be concluded that the power generated 

by the wind is similar to the solar insolation, but with 

higher values in the Autumn and Winter months 

instead of the Summer months. 

The last resource evaluated in this work is wave 

energy. Waves are created when the wind blows 

over a section of water, transferring some energy 

into the waves, which means that waves are an 

indirect manifestation of solar energy [9]. Despite 

the energy transferred from solar radiation to waves 

is only about 0,01 to 0,1 W/m2, the fact that the 

oceans are colossal, leads to an average energy 

flux over a year that can reach 100 kW/m, since the 

energy reaches the coasts on the concentrated 

form of waves (Figure 4).  

 

Figure 4. World wave energy resource (kW/m). [9] 

The energy carried by waves depends on the wave 

period with the highest energy, Te, and mainly on 

the significant wave height, Hs [10]. 

𝑃𝑤𝑣 =
𝜌𝑔2

64𝜋
‧ 𝐻𝑠

2‧ 𝑇𝑒  (𝑊/𝑚) 

ρ: Water density (1025 Kg/m3) 

g: gravity acceleration (9,81 m/s2) 

The Hs and Te data in the locations of study was also 

provided by the wind and wave time series from the 

SOWFIA project. Figure 5 presents the energy 

generated by waves in the five locations of study. 

 

Figure 5. Mean Pwv per month (kWh/m/day). 

The analysis of Figure 5 shows that the trend of Pwv 

is similar to the trend of Hs, and this occurs due to 
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two reasons. The amplitude between locations is 

much bigger in the Hs parameter when compared 

to Te, and also because in wind power equation, the 

parameter Hs is squared while Te is a parameter of 

first degree. 

When comparing the three different types of energy, 

it is easy to understand that the energy generated 

by the sun and the wind is similar, but reaching 

higher values in different seasons. Despite waves 

being generated by the wind, the amount of energy 

on waves is much higher than wind energy. This 

happens due to the fact that the density of salt water 

is about 850 times the wind density and it proves 

that there is a huge potential for wave energy and 

that ASV’s development should focus on the 

exploitation of this resource as primary energy 

source [9]. 

III. Mission Requirements 

To be able to perform a great variety of scientific 

missions, the ASV in study will have to be equipped 

with a lot of devices for data collection and 

measurement, as well as the communication and 

system devices. The energy demands of the 

equipment, EE, were determined assuming a data 

collection and transmission at each 10 seconds and 

a nominal voltage of the system of 12V, leading to 

an EE of 0,48 kWh/day. Mission requirements also 

include a preliminary design of the hull as well as a 

preliminary propulsion calculation in order to 

choose a motor to determine the total energy 

demands, EV. A hull with 4,56 m length, 1,3 m 

breath and 0,7 m depth and 0,015 m thickness 

made of E-Glass Polyester is designed. The weight 

of the ASV without batteries, Mhe, is 401,86 kg and 

therefore, a 45 lbs Minn Kota Riptide Transom 

motor is chosen [11, 12, 13]. This lead to an Ed of 

6,53 kWh/day. 

 

IV. Energy generation 

Transforming solar radiation into energy is possible 

by using solar cells that are capable of converting 

energy in the form of light into electricity [14]. The 

electricity is generated when the photoelectric effect 

occurs, that is, when a silicon atom absorbs enough 

energy from the sunlight and consequently releases 

an electron which will search for a free place to land. 

The chosen panel is a Suaoki 100W Flexible Solar 

Panel with an efficiency, ηp up to 25%. The hull has 

enough area to carry 5 panels, and therefore, the 

total area of panels, AT, is 2,8 m2. The amount of 

energy converted by the panels, ES, is determined 

by the product between the mean solar insolation in 

the panels, which is GP, ηp and AT and will be 

presented in Figure 6 alongside the energy 

generated by the wind turbine. 

Wind turbines are able to convert wind energy into 

electric power by converting kinetic energy of 

moving air into mechanical energy using 

aerodynamic rotor blades and by the conversion of 

that mechanical energy into electricity through a 

generator [15]. The Betz Law states that a turbine 

is not able to convert more than 57% of the total 

wind energy passing through the rotor blades [16], 

and each turbine has a power coefficient, CP, that 

represents the conversion efficiency at each wind 

speed. The chosen turbine is the Zephyr AirDolphin 

GTO Z-1000-250, specially designed for harsh and 

marine environments. By using the CP data 

presented in [17], it was possible to know the 

amount of energy converted by the turbine in the 

locations of study. The energy generated is the 

product of CP and Pw. Figure 6 presents the energy 

generated by the wind turbine, solar panels and 

both combined. 



 

 

Figure 6. Mean energy generated by wind turbine, solar 
panels and wind turbine and solar panels combined 

(kWh/day). 

These energy conversion do not meet the Ed of the 

ASV, and therefore, wave energy conversion plays 

a major role in the goal of having a long endurance 

ASV. 

Wave energy conversion into on-board power is a 

new field of study and the technology is not yet 

stable, but is very promising. The device chosen for 

wave energy conversion is the FLEUR system, 

already introduced in I. 

This system is capable of generating thrust and 

power, the generation of either one or the other will 

depend on the flapping foil kinematics heaving and 

pitching. When in propulsion mode the foils are not 

allowed to heave independently of the vessel, they 

can only pitch, and therefore, no power is recovered 

[4]. 

The motion of the foils is expressed by: 

𝛴𝑀𝜃 =  
𝑀𝑐

4⁄ − 𝑘𝜃‧ 𝜃 − 𝜁𝜃 ‧ 𝑤𝜃 → 𝑀𝜃 = 𝑘𝜃‧ 𝜃  

Mθ: Angular momentum of the foil. 

Mc/4: Hydrodynamic moment about the 

hydrodynamic centre of the foil, one quarter of the 

chord from the leading edge. 

kθ: rotational spring stiffness of the foil (Nm/rad). 

ζθ: damping constant of the foil (Nm/rad/s). 

ωθ: angular speed of the foil (rad/s). 

Since the foils have no damping constant, the 

angular momentum of the foil only depends on θ 

and kθ. 

The motion of the pivot arm can be expressed with 

the following equation: 

𝛴𝑀𝛷 =  𝐹𝛷‧ 𝑎 − 𝑘𝛷‧ 𝛷 − 𝜉𝛷‧ 𝑤𝛷 → 𝐹𝛷‧ 𝑎 = 𝜉𝛷‧ 𝑤𝛷  

MΦ: Angular momentum of the pivot arm. 

FΦ: Force applied by the flapping foils to the pivot 

arm (N).  

a: length of the pivot arm (m). 

kΦ: foil’s rotational spring stiffness (Nm/rad). 

ζΦ: damping constant of the foil (Nm/rad/s). 

ωΦ: angular speed of the pivot arm (rad/s). 

Unlike the foils, the pivot arm has no rotational 

spring stiffness and therefore, the momentum of the 

pivot arm depends only on ζ and Φ. 

𝑃 =  𝜏‧𝜔 = 𝐹𝛷‧𝑎‧𝜔𝛷 = 𝜁𝛷‧ 𝜔𝛷
2 

P: Power generated by the pivot arm (W) 

τ: Torque generated by the pivot arm 

The motion of the flapping foils and the arm is 

presented in Figure 7. 

 

Figure 7. Schematic of the FLEUR system for ASV 

propulsion and power generation. (Adapted from [4]). 

This system has not been tested in a marine 

environment yet and its tests have been carried in 

a towing tank, with the majority of them carried with 

Hs constant and equal to 0,08m where a frequency 
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of 0.8 Hz was acknowledged as the optimum 

frequency. This frequency leads to a Te of 1,25 s. 

To determine the efficiency of the system, ηwv, it 

was calculated the Pwv passing through the foils, 

who have a total span of 1m, which is 3,92 W. The 

averaged energy extracted by the FLEUR system 

at 0 Kt was 0,15 and 0,47 W for the forward and aft 

foil respectively, leading to an efficiency of 3,8 and 

12%respectively. Although these efficiencies are 

low, taking into account that waves carry a massive 

amount of energy, the power generated is still very 

promising. In the determination of the energy 

generated by the FLEUR system in the ASV in 

study, Ewv, it was decided to test multiple 

efficiencies, ηwv, because this technology is still in 

early development and the ASV in study would be 

bigger and heavier and operating with significant 

wave heights higher than 10m and wave periods 

that can range from roughly 5 to 20 s, which leads 

to different hydrodynamics forces and motions.  The 

ηwv tested correspond to 20, 50 and 80% of the 

efficiency of the FLEUR system in the experiments 

conducted, with the 20% scenario considering only 

the aft foil, since the forward foil has an efficiency 

very low. The energy extracted from wave energy is 

the product between ηwv in each scenario and the 

average Pwv in the locations of study (Figure 8). 

 

Figure 8. Mean Ewv with different FLEUR efficiencies 
(kWh/day). 

With the average energy extracted from each 

resource available, it was evaluated the average 

energy available in the ASV with the hybrid 

renewable energy system, as depicted in Figure 9, 

as well as the minimum value available in five 

different scenarios, with three of them considering 

the three resources available at sea with the FLEUR 

efficiency of 20, 50 and 80% and two of them 

considering only the FLEUR system with 50 and 

80% efficiency, depicted in Figure 10. These 

scenarios were labelled H20, H50, H80, W50 and W80 

respectively. 

 

Figure 9. Mean Et with different FLEUR efficiencies (kWh/day). 

 

Figure 10. Mean minimum energy generated (Eg) in the five 
scenarios considered (kWh/day). 

Figure 8 shows the importance of wave energy in 

the ASV in study, since the energy generated when 

considering a hybrid renewable energy system is 

very similar to an ASV equipped only with the 
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FLEUR. But despite the massive impact of wave 

energy in the energy generated, Figure 9 proves 

that solar and wind energy are very important during 

the Summer months. By comparing the H20 with the 

W50, it is clear that despite waves carrying much 

more energy than wind and solar radiation, the 

decrease of Hs during the Summer leads to a 

minimum energy generated in W50 lower than in H20. 

In the H80, it can be concluded that Eg is always 

bigger than Ed, which means that the ASV is able to 

operate as long as it is needed. But this does not 

happen in the other scenarios considered, and 

therefore, the use of batteries is imperative. To 

know the battery bank size, it was necessary to 

know the maximum energy deficit in each location 

and scenario, where Edf is the energy deficit. 

𝐸𝑑𝑓 = 𝐸𝑔 − 𝐸𝑑  (𝐾𝑤ℎ) 

Table 1. Energy deficit in each location and scenario (kWh). 

Lowest energy deficit per location and 
scenario (kWh). 

Location 
Scenario 

H20 H50 W50 W80 

I -10,84 -1,02 -5,74 -1,39 

II -8,45 0,00 -7,20 -2,14 

III -8,27 -0,15 -6,73 -2,21 

IV -5,63 -0,40 -6,32 -2,67 

IV -5,56 -0,22 -9,51 -3,51 

 

By analysing Table 1, it can be concluded that when 

considering the hybrid renewable energy system, 

the biggest limitation is the location further north, in 

this case, location I. It can also be concluded that 

further south, the energy required from the batteries 

would be smaller. 

When developing the ASV by using only wave 

energy, the results are the opposite. Location I 

needs the lowest energy from the batteries with 

location V being the one with the lower energy 

deficit. This was expected due to the higher Hs in 

the North of Portugal, and reinforces the importance 

of solar and wind energy.  

Values lower than -6 and -5 kWh occurred only 10 

and 18 times divided by all five locations during the 

10 years of data in the H20 and W50 respectively. As 

a consequence this will be the reference value for 

the battery bank in these scenarios and in the H50 

and W80 the reference value will be the lowest Edf. 

Taking into account the depth of discharge, DOD, 

and the temperature factor, f, a battery capacity per 

scenario was achieved (Table 2) [18]. 

Table 2. Battery capacity needed in each scenario. 

Scenario H20 H50 W50 W80 

Energy deficit 
(kWh) 

-6 -1,02 -5 -3,51 

Battery capacity 
needed (Ah) 

1083 184 903 634 

 

The batteries chosen are the Smart Battery SB300 

12V 300AH and SB260 12V 260 AH. The number 

of batteries needed to fulfil the Ed, as well as the 

weight increase due to the batteries is presented in 

Table 3.  

Table 3. Battery bank capacity and respective influence 

on the ASV’s weight. 

Scenario H20 H50 W50 W80 

Number of 
batteries 

4 1 3 3 

Battery bank 
capacity (Ah) 

1200 300 900 780 

Battery bank 
weight (kg) 

172,4 43,1 129,3 108,9 

Mhe (kg) 410,86 365,86 

M (kg) 583,26 453,96 495,16 474,76 

 

V. Propulsion 

The propulsion is a very important field in every 

ASV since it conditions the speed at which it can 

operate. To determine the propulsion, it is 



necessary to know the hull’s dimensions as well as 

its coefficients (Table 4 and 5) [19]. 

Table 4. Hull’s dimensions in each scenario. 

Scenario M (kg) 
∇ 

(m3) 
T (m) 

LWL 
(m) 

Lpp 
(m) 

BWL 
(m) 

H20 582,62 0,57 0,27 4,37 4,24 1,02 

H50 453,32 0,44 0,23 4,33 4,20 0,94 

H80 410,22 0,4 0,21 4,32 4,19 0,95 

W50 494,52 0,48 0,24 4,34 4,21 0,98 

W80 474,12 0,46 0,235 4,34 4,20 0,95 

 

Table 5. Hull’s coefficients and areas. 

Scenario CB,WL AWL CWL AM CM CP AS 

H20 0,47 3,68 0,82 0,17 0,63 0,75 4,54 

H50 0,47 3,34 0,82 0,12 0,55 0,85 4,05 

H80 0,48 3,31 0,84 0,11 0,55 0,88 3,96 

W50 0,47 3,44 0,81 0,14 0,61 0,77 4,15 

W80 0,48 3,35 0,81 0,13 0,59 0,81 4,10 

 

With the hull’s dimensions and coefficients known, 

it is necessary to determine the ASV’s total 

resistance (RT). This value is mainly influenced by 

the vessel’s speed, displacement and hull design 

and can be separated into three parameters: air 

resistance (RA), frictional resistance (RF) and 

residual resistance (RR) [19]. 

The air resistance depends on the vessel’s speed 

(V) and cross-sectional area above the water (Aair) 

and is determined according to the following 

equation: 

𝑅𝐴 = 0,9 ‧ 1
2⁄ ‧ 𝜌𝑎𝑖𝑟 ‧ 𝑉

2‧ 𝐴𝑎𝑖𝑟  (𝑁) 

RF and RR depend on how much of the hull is below 

the water, since the water is being stopped by the 

ASV and reacts on the ASV with a dynamic 

pressure and consequently, a dynamic force.  

RF, as the name indicates, occurs due to the friction 

between the hull and the water and increases with 

AS and fouling. RR comprises wave resistance (RW), 

that is the energy loss due to the waves created by 

the ASV in its propulsion, and also eddy resistance 

(RE), which is the energy loss due to flow separation 

that creates eddies, mainly at the aft end of the 

vessel. 

The source resistances (R), either frictional or 

residual, can be calculated: 

 𝑅 = 𝐶‧ 𝐾 (𝑁)  

C: Dimensionless resistance coefficients. 

K: Reference force – Force which the 

dynamic pressure of water with the vessel’s speed 

exerts on the hull’s wetted area (N). 

 𝐾 =  1
2⁄ ‧ 𝜌 ‧ 𝑉2‧ 𝐴𝑠 (𝑁)  

The coefficient can be the frictional coefficient (CF) 

or the residual coefficient (CR), depending on which 

resistance must be calculated. The total resistance 

in each scenario is presented in Figure 11. 

 

Figure 11. Resistance curve in each scenario. 

The trend of the resistance curve was expected 

since H20 has the heaviest ASV which leads to a 

bigger resistance. With the resistance determined, 

the propulsion can be calculated with the formulas 

presented in Figure 12 and the efficiencies 

presented in Table 6. 
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Figure 12. The propulsion of a ship – theory. [57] 

Table 6. Efficiencies of the ASV in study. 

ηH ηB ηO ηR ηS 

1,1 0,65 0,65 1,0 0,99 

 

With the efficiencies determined, PB was calculated 

and its propulsion curve is presented in Figure 13. 

 

Figure 13. Propulsion curve in each scenario. 

As expected, the propulsion curves follow the same 

path as the resistance curves, since the propulsion 

depends on the resistance. Table 7 presents the 

maximum and average speed in each scenario. 

This results were determined by performing a linear 

regression in the interval [3, 4] knots and [4, 5] knots 

respectively and calculating the value that would 

correspond to the average and maximum amp draw 

of the motor.  

Table 7. ASV’s maximum and average speed in each 

scenario (m/s). 

Scenario H20 H50 H80 W50 W80 

Maximum 
Speed (m/s) 

4,54 4,70 4,73 4,66 4,67 

Average 
Speed (m/s) 

3,72 3,86 3,89 3,89 3,79 

 

With the present hull and propulsion design, the 

ASV in study is able to perform to speeds up to 4,73 

m/s, depending on the scenario. This speed will 

probably increase due to the FLEUR being able to 

generate thrust. Table 7 also presents the speed 

considered when the energy demands of the motor 

were calculated. 

VI. ASV Design 

This chapter will only present a possible design of 

the ASV, combining all the information studied. In 

this design, the devices for energy generation are 

already implemented in the ASV, as well as the 

electric motor. The wind turbine and the motor were 

placed near the stern and the solar panels placed 

on top of the ASV. The FLEUR system hydrofoils 

were fixed to the hull abaft and beneath the bow 

through a rigid pivot arm. Figure 14 and 15 are the 

views of the possible design of the ASV. 

 

Figure 14. ASV possible design. 
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Figure 15. ASV side view. 

VII. Conclusions 

The ASV in study achieved the goal of being able to 

perform scientific missions with almost limitless 

endurance by introducing devices capable of 

converting the energy available in solar radiation 

and wind and wave energy. During the ten years of 

energy data studied, the ASV designed only needed 

to stop and charge its batteries five days which is 

irrelevant in the time period considered. An ASV 

capable of sailing for long periods of time without 

stopping is no longer an ambition, but something 

attainable due to the FLEUR system. The best 

source of energy in the sea are waves and with an 

improved technology in wave energy conversion 

and propulsion, ASVs can get bigger, faster and 

have limitless autonomy. This technology is 

essential for the development of long endurance 

ASVs and the improvement of it should be an 

objective not only for ASVs, but also for naval 

industry and for the energy used daily in our cities. 

The potential of wave energy is huge, and having a 

technology with high energy conversion could prove 

to be a future step into a sustainable world, and a 

sustainable country, since Portugal has one of the 

biggest EEZs of the world with great energetic 

potential. 

 

 

VII. Further Work 

The hull design studied was only preliminary and 

this should be an object of study for further ASV 

development since it is a very important parameter 

for speed and energy consumption. The hull design 

can be the difference between a low or high 

resistance force. The resistance forces generated 

by the wind turbine should also be studied in the 

future as well as the interaction between the 

propeller and the aft foil, since they are close 

positioned and there is no conclusion regarding if 

this would be beneficial or harmful for the 

propulsion. Also the shade produced by the wind 

turbine on the solar panels must be taken into 

account, as it reduces the total area exposed to 

solar radiation. 

The control of navigation and devices is not studied 

in this dissertation, and this opens a large field of 

study and development. Since ASVs are 

autonomous, they need to be able to perform their 

missions on their own, and this makes the control 

field a huge part of ASV development. As ASV get 

bigger and faster, navigation control will also be 

very important to avoid collisions and accidents as 

well as the control of equipment to manage the 

energy available in the best way possible. 

As understood during this study, weight, propulsion, 

endurance are all connected and achieve the 

optimum point between them is of extreme 

importance to be able to transform the ASV in study 

into a real one. In one of the scenarios studied, it 

was achieved energy levels that would allow the 

ASV to perform without batteries and with lighter 

weight but this had its consequences in the top 

speed achieved in a low energy day.  

This optimum point must take into account not only 

the parameters referred above, but also the relation 

cost/benefit. 
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