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A B S T R A C T

The maritime industry is under increasing pressure to decarbonise, presenting an important pathway of trans
forming the power systems from conventional marine fuels to electric-based. This study proposes an innovative 
solution to support maritime decarbonisation through the integration of a floating solar clean energy harnessing 
and wireless power transfer (WPT) technology for electric vessels. The paper presents the design and experi
mental tests of the integrated system specifically, based on a model of an electric yacht. This study provides an in- 
depth analysis of application of floating solar to provides an off-grid wireless power transfer system that can scale 
for larger vessels such as ferries. The off-grid modularity proposed enables scalable, flexible, and sustainable 
energy delivery for maritime applications and decarbonisation with specific attention to challenges in WPT 
alignment and environmental condition. Simulations using ANSYS Maxwell were performed to model the 
magnetic field interactions and ascertain the optimal power transfer efficiency. Subsequently, a reduced-scale 
prototype system was designed, built and tested in a wave tank. The experimental results demonstrated effi
cient wireless charging with an average efficiency of 82 %, and the docking system proved effective in main
taining alignment even when the ship has wave-induced motions. The findings support the feasibility of using 
floating solar WPT systems for maritime vessels and pave the way to larger-scale studies.

1. Introduction

The global maritime industry is one of the largest contributors to 
greenhouse gas (GHG) emissions, primarily due to its reliance on fossil 
fuels for propulsion [1]. As the world shifts towards sustainable energy 
solutions, the decarbonisation of maritime transport has become a 
pressing priority to reduce greenhouse gas emissions [2]. Electric pro
pulsion for vessels, including yachts and larger vessels like ferries, is 
seen as a promising solution [3]. By replacing conventional combustion 
engines with electric motors powered by renewable energy, the mari
time sector can significantly reduce its environmental impact. However, 
the widespread adoption of electric vessels faces several critical chal
lenges, especially in terms of charging infrastructure, which must be 
efficient, safe, and adaptable to the dynamic conditions at sea. The 
successful expansion of electric fleets depends on the availability of 
efficient, zero-emission charging systems, which can operate indepen
dently of the existing port grid, given capacity constraints [4,5]. The 

infrastructure required to support the charging of fully electric vessels is 
still lacking. Traditional plug-in charging systems are susceptible to 
environmental degradation, such as corrosion and physical wear, and 
pose operational challenges in maritime settings where alignment and 
safety are crucial.

Wireless Power Transfer (WPT) technology offers a potential solution 
to the charging challenges faced by electric vessels. Unlike traditional 
charging systems that require physical connections, WPT allows for 
energy transfer without direct contact between the power source and the 
vessel. This eliminates the risks associated with electrical connectors in 
marine environments, such as corrosion, wear and tear, and safety 
hazards. The WPT technology provides a potential solution to this 
challenge by enabling contactless, automated charging that can with
stand harsh maritime conditions [6]. Moreover, WPT systems can be 
fully automated, allowing for seamless, hands-free charging processes 
[7]. The technology is particularly advantageous for vessels that operate 
in ports or marinas, where docking and charging occur frequently [8]. 
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Additionally, the integration of renewable energy sources into the 
charging infrastructure is essential to achieving true decarbonisation in 
maritime transport [9]. Karimi et al. [10]conducted review of shore-to- 
ship charging systems including wired, wireless, and battery swapping 
solutions, focusing on the power system architecture and control stra
tegies for efficient charging. Their research focuses on shore-based 
charging infrastructure for battery-powered ships, emphasizing power 
system architecture and control mechanisms in port environments. In 
addition, challenges in shore-based power systems and their dependency 
on grid availability was also discussed. Mahdi et al. [11]provide a 
comprehensive review of shore-to-ship and shipboard power converters, 
highlighting advancements in conductive connections, frequency con
verters, and semiconductor technologies such as SiC and GaN. Their 
work focuses primarily on the grid-connected architectures for large 
ships and the potential for modular converters in high-power applica
tions. Rong et al. [12] investigate a capacitive power transfer (CPT) 
technology, particularly the design and optimization of a five-plate 
coupler, achieving high efficiency in high-power applications. While 
their work offers valuable insights into the efficiency and performance 
of CPT systems, their work did not experiment with the docking process 
or the charging arm of WPT for maritime applications. The laboratory 
test did not include the charging process of the boat, which has its 
unique characteristics. Therefore, there is a need for a sustainable, off- 
grid wireless power transfer (WPT) solution that eliminates reliance 
on shore-based charging infrastructure, particularly for remote maritime 
operations. By addressing these challenges employing floating solar 
systems, it would contribute to the advancement of autonomous, and 
sustainable maritime electrification.

A floating solar power plant consists of individual photovoltaic (PV) 
panels, with which the scale is flexible as the total panel number can be 
fine-tuned according to the power requirement. The modular design 
makes floating solar farms easy to install and flexible in shape and 
location, with high applicability to the water space inside and outside 
the harbour of a port [13]. A key challenge in supporting the electrifi
cation of maritime vessels is the limited capacity of existing electrical 
grids at ports [14], which are often unable to handle the high-power 
demands of charging multiple electric vessels simultaneously. To 
address this, the integration of floating solar power plants presents a 
promising alternative [15]. Floating Solar (FS) systems provide renew
able energy directly at the point of use, thereby reducing the reliance on 
the grid and overcoming existing capacity limitations. The deployment 
of floating solar panels on water surfaces, such as port basins, offers an 
efficient way to harness renewable energy while making optimal use of 
available space. By combining floating solar with WPT systems, ports 
can create a self-sustaining charging infrastructure for electric yachts 
and ferries. It can significantly contribute to the decarbonisation of the 
maritime sector and ensuring a reliable energy supply without placing 
additional strain on the grid. While some progress has been made in 
developing WPT technologies for smaller vehicles like electric cars, the 
maritime environment introduces additional complexities. Furthermore, 
the lack of a robust and adaptable docking system further limits the 
practicality of WPT systems for yachts and larger vessels.

In WPT systems, maritime applications however, introduce addi
tional complexities such as wave-induced motion, tidal variations, and 
unpredictable weather conditions [16]. While WPT for small-scale ves
sels has promising results, there is limited research on systems devel
oped and the challenge of alignment in dynamic maritime environments 
have not addressed. Moreover, there is an urgent need in research on 
integrating WPT systems with renewable energy sources, such as 
floating solar farms, which could provide a self-sustaining solution for 
charging electric vessels. The integration of a robust docking mechanism 
that can ensure precise alignment between the transmitter and receiver 
is key to overcoming the limitations of existing systems. This paper seeks 
to address these gaps by introducing a novel floating solar WPT (FSWPT) 
docking system tailored for electric yachts charging. This paper aims to 
design, simulate, and experimentally evaluate a WPT system specifically 

for yachts and exploring its potential scalability for larger vessels. We 
design of a small-scale prototype with a novel mechanical alignment 
mechanism to maintain efficient charging is subjected to induce waves 
to assess the performance of the system. ANSYS simulations were con
ducted to evaluate the magnetic field and coupling coefficient between 
the transmitter and receiver coils to identify the optimal conditions for 
maximum power transfer. A complete 50 W prototype FSWPT system 
was developed and tested experimentally to demonstrate the function
ality of the system in a wave tank as shown in Fig. 1. This paper presents 
several key contributions to the field of maritime electrification and 
WPT technology for maritime applications. 

I. The design and implementation of a floating solar-powered WPT 
system providing a scalable and flexible solution for maritime 
charging infrastructure.

II. Proposed a grid independent system approach based on floating 
solar charging for the wireless charging system as a path for 
maritime decarbonisation applications.

III. Introduce a novel docking mechanism that includes an automatic 
gate, designed to address the misalignment challenges faced 
during wireless charging of yachts in dynamic maritime 
conditions.

IV. Design a novel robot arm that improve transmitter and receiver 
alignment to enhance power transfer in maritime harsh 
environments.

V. We experimentally validate the system’s effectiveness simulating 
real-world conditions using a wave tank, providing valuable in
sights on how the FSWPT can be applied not only to yachts but 
also applicable to vessels or ferries.

The rest of the paper is organized as follows; Section 2 provides a 
detailed description of the methodology, including the design of the 
docking system, the simulation setup using ANSYS Maxwell, and the 
experimental procedures. Section 3 presents the results of the simula
tions and wave tank experiments, focusing on power transfer efficiency 
and system alignment. Section 4 offers a discussion of the results, 
highlighting the system’s potential scalability for larger vessels such as 
ferries and addressing the key challenges and limitations identified 
during the study. Finally, Section 5 concludes the paper by summarizing 
the key findings and proposing future research directions, particularly in 
optimizing the docking system for open-water applications and inte
grating renewable energy sources into the maritime WPT infrastructure.

2. Methodology

An iterative design methodology that incorporated simulations and 
prototyping was adopted in this project. The methodology consists of 
designing the docking and alignment system, simulation of power 
transfer efficiency, and experimental testing of the system prototype in a 
wave tank.

2.1. Yacht and docking system design

In this study, we modified a high-performance, ready-to-run Yacht 
model from Heng Long Salina RC Speed Boat and tested it in the WPT 
system. The modifications allow the Yacht include fitting the WPT 
receiver, battery with its management system, and other electronic 
components to enable alignment and efficient power transfer under 
simulated maritime conditions, thereby expanding its application to
wards experimental research in sustainable marine power solutions. The 
Yacht model with 705 mm length, a beam of 195 mm and a height of 
310 mm originally designed for speed and manoeuvrability in controlled 
water environments which makes it suitable for this research. The 
electric boat can reach a maximum speed of 30 km/h, powered by a 
2000 mAh, 8.4 V Ni-MH rechargeable battery, providing a runtime of 
10–15 min with a range of up to 250. Fitted with dual high-performance 
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Fig. 1. FSWPT 50 W system block diagram.

Fig. 2. Docking system design CAD model and prototype.
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motors for enhanced power and controlled with 2.4 GHz radio trans
mitter includes a waterproof compartment for added durability. The 
WPT receiver was integrated with the boat to allow wireless charging 
when docked in the docking system proposed in Fig. 2.

The successful implementation of a WPT system in maritime envi
ronments requires precise alignment between the transmitter onshore 
and the receiver onboard the yacht. To address this challenge, a docking 
system was designed, incorporating an automatic gate and a novel ro
botic arm with a transmitter holder to ensure precise alignment during 
charging. The automatic gate is a key feature of the docking system, 
providing a secure method for guiding the yacht into the correct position 
for charging. This system minimizes the risk of misalignment between 
the WPT transmitter and receiver, which can drastically reduce charging 
efficiency. Fig. 2 shows the CAD model and the fabricated docking 
system design. The dock is made up of polystyrene with 40 mm thick
ness, 400 mm width, and 600 mm length which the WPT charging arm 
robot and automatic gate is mounted on. The floating solar, WPT system, 
charging arm, and dock were assembled on a wave water tank to 
demonstrate the WPT alignment charging and docking process. A small 
scaled 50 W charging system procedure is designed and demonstrated. 
This reduced-scale system allows to test the core principles of wireless 
power transfer (WPT) in a controlled environment before scaling up to 
larger systems. Although the power transfer is limited to 50 W, it serves 
as a critical starting point for understanding the behaviour of WPT 
systems in dynamic maritime conditions. The circuit and mechanical 
designs are appropriately scaled to match the experimental setup and 
the specifications of the small-scale boat, which is designed to operate in 
the lab’s wave tank. The mechanical alignment mechanism as shown in 
Fig. 2 was designed in Autodesk Fusion 360. The components were 3D 
printed using a CREALITY 3D printer. The 3D printing process allowed 
for rapid prototyping and iteration, ensuring that each component was 

optimised for strength, precision, and durability.
A key challenge in WPT systems for maritime environments is the 

alignment of the transmitter and receiver, particularly in the presence of 
wave-induced motion as reported in [17]. To solve this, a three degree of 
freedom (3-DOF) robotic arm fitted with tension springs was developed 
to hold and position the WPT transmitter. The robotic arm was designed 
to dynamically adjust its position in response to waves mechanically 
using springs, ensuring that the transmitter remains aligned with the 
receiver throughout the charging process. The transmitter holder is 
fitted to the arm and can move in four direction enabling real-time ad
justments that compensate for minor shifts in the yacht’s position due to 
environmental conditions. The fitted spring absorbs any minor impacts 
or shifts caused by wave motion, ensuring that the receiver remains 
aligned with the transmitter throughout the charging process. The server 
motor enables WPT engagement, and disengagement of the charging 
process. The complete video of the docking and charging process can be 
found in the supplementary section. The WPT transmitter and receiver 
CAD model skitch and prototype are shown in Fig. 3. The transmitter 
coupling charging mechanism was fitted with four 10 mm diameter N52 
magnets which are transitioned using the servo motor to align with the 
magnets at the receiver during the charging process. The receiver holder 
was designed, 3D printed and fitted on the boat for use in the experi
mental prototype. The WPT specification is presented in Table 1.

The series-series (SS) WPT topology is adopted due to its suitability 
for high frequency wireless power transfer as reported in [18] and [19]. 
A typical series-series compensated WPT system is shown in Fig. 4. The 
capacitors C1, C2 and inductance L1, L2 are used to tune the circuits to 
their resonant frequencies, maximizing power transfer efficiency. The 
mutual inductance M indicates the degree of coupling between the 
transmitting and receiving coils. In the equivalent circuit diagram, Vs 
represents the source voltage where jω term represent the complex 

Fig. 3. WPT transmitter and receiver CAD model sketch and prototype developed.
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impedance of the components in the primary and secondary side as 
given by Equations (1) and (2). Equation to represent the boat side. 

Vs = (R1 +Rs + jωL1 +
1

jωC1
)I1 + jωMI2 (1) 

0 = (RL +R2+jωL2 +
1

jωC2
)I2 + jωMI1 (2) 

Where Rs represent the resistance of the source and R1 correspond to 
the resistances in the primary circuit, R2 represents the resistance in the 
secondary circuit and RL models the boat battery as electrical load 
connected to the receiver. The currents I1 and I2 represent the current 
flowing through the primary and secondary circuits, respectively. At 
resonance frequency, the capacitive reactance cancels out the inductive 
reactance. Thus, the resonance condition is given by Equations (3) and 
(4) resulting in reduced power losses. 

Vs = (R1 +Rs)I1 + jωMI2 (3) 

0 = (RL +R2)I2 + jωMI1 (4) 

The total impedance of the primary circuit Z1 and secondary circuit 
Z2 considering the resistances, inductance, and capacitance is given by 
Equations (5) and (6). 

Z1 = R1 +Rs + jωL1 +
1

jωC1
(5) 

Z2 = RL +R2+jωL2 +
1

jωC2
(6) 

Substituting Equations (5) and (6) into Equations (1) and (2) gives 
Equation (7) and (8) and solving for I1 and I2 through Equations (9), 
(10), and (11) gives Equations (12) and (13). The input power of the 
wireless power transfer transmitter at the docking side is given Equation 
(14) and Equation (15) represent the input power at the boat side. 

Vs = Z1I1 + jωMI2 (7) 

0 = Z2I2 + jωMI1 (8) 

I2 = −
jωMI1

Z2
(9) 

Vs = Z1I1 +
jωM(−jωMI1)

Z2
(10) 

Vs = I1

(

Z1 +
ω2M2

Z2

)

(11) 

I1 =
VsZ2

Z1Z2 + ω2M2 (12) 

I2 = −
jωMVs

Z1Z2 + ω2M2 (13) 

Table 1 
WPT specifications.

Parameter (Unit) Value

Switching frequency (kHz) 85
Diameter of Coil (mm) 50
Diameter of Hole Inside (mm) 5
Thickness of Coil (mm) 3.5
Diameter of Wire (mm) 1.2
Litz Wire 0.08 mm × 105 Strands
Self-Inductance (µH) 24
Quality Factor 20
Number of Turns 20
Resistance (Ω) 0.0467
Capacitance (µF) 27.55
Magnetic Shielding Thickness (mm) 0.6

Fig. 4. WPT with series-series resonance compensation network and equivalent circuit.
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Pinput docking = VsI1 = Vs

(
VsZ2

Z1Z2 + ω2M2

)

(14) 

Pout boat = I2
2RL =

(ωMVs)
2RL

Z2(Z1Z2 + ω2M2)
(15) 

Equation (16) can be used to calculate the resonant frequency (fo) as 
a function of inductance and capacitance. A WPT coil inductance de
pends on the number of turns (N), coil circular radius (R), the perme
ability of empty space (μo), the relative permeability (μr), and the G.M.R 
of the wire (r) as shown in equations (17). 

f =
1

2π
̅̅̅̅̅̅
LC

√ (16) 

Lo = N2
oRμoμr[ln

(
8R
r

)

− 2] (17) 

Where Lo represent the self-inductance of the coils for load matching 
between transmitter and receiver. The primary capacitance can be 
calculated considering the secondary inductance, secondary capaci
tance, and primary inductance as shown in equation (18). The coupling 
coefficient (k) is given by equation (19) ranges from 0 ≤ k ≤ 0.5 for a loss 
coupling [18]. These provide an estimate of the degree of magnetic 
coupling existing between two inductors where (M) is the mutual 
inductance. The quality factor (Q) is given by equation (20) which can 
be used to measure the efficiency of the resonant circuit as a ratio of 
inductive reactance to resistance on the primary and secondary sides 
where ω = 2πf. Maximum efficiency can be calculated using equation 
(21) considering the coupling coefficient and quality factors of the pri
mary and secondary sides, or currents through the primary and sec
ondary sides with load resistance, primary and secondary resistances as 
shown in equation (22). The optimum efficiency can also be calculated 
using equation (23), where U is the merit figure that needs to be 
maximal for a better efficiency and Q1 and Q2 are primary and secondary 
quality factors. These equations provide the basis of designing optimised 
WPT. 

C1 =
L2C2

L1
(18) 

k =
M
̅̅̅̅̅̅̅̅̅̅
L1C2

√ (19) 

Q =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

ωL1

R1
, ForPrimarySide

ωL2

R2
, ForSecondarySide

(20) 

η =
k2Q1Q2

(1 +
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
1 + k2Q1Q2

√
)

2 (21) 

η =
I2
2RL

I2
1R1 + I2

2R2 + I2
2RL

(22) 

ηopt =
U2

1 +
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
1 + U2

√ , where U2 = k
̅̅̅̅̅̅̅̅̅̅̅
Q1Q2

√
(23) 

The schematic diagram presented in Fig. 5 illustrates the control 
circuit of a docking and WPT system, using a microcontroller to manage 
multiple servo motors. The circuit is configured with three servo motors 
(J1, J2, and J3) that are connected to the digital output pins of the 
controller, allowing for precise actuation control. J1 is associated with 
the WPT indicated in Fig. 4, J2 is associated with the robotic movement 
of the WPT arm based on Fig. 3, and J3 is associated with the automatic 
gate based on Fig. 2. Each servo motor receives a pulse signal and is 
powered by a 5 V supply. Additionally, two push-button switches (S1 
and S2) are included in the circuit, interfaced with pull-down resistors 
(R1 and R2, each 220 Ω) to ensure accurate state readings, preventing 
floating inputs. These switches provide manual control inputs to the 
controller for initiating specific docking actions. Furthermore, the cir
cuit incorporates two LEDs indicators (LED1 and LED2), each emitting 
red light, which serves as visual indicators for docking status or system 
alerts. These LEDs are connected in series with current-limiting resistors 

Fig. 5. Simplified automatic gate, docking and WPT system control circuit schematic diagram.
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(R3 and R4, each 220 Ω) to protect them from excessive current. The 
LEDs are controlled via digital output pins of the controller, which al
lows them to illuminate based on the system state, providing feedback to 
the user. The entire system operates on a 5 V power supply, which is 
distributed to the components appropriately.

This control circuit effectively integrates servo motors, user input 
switches, and visual indicators to create a robust docking system, 
demonstrating the integration of mechanical actuation and feedback 
control through a microcontroller-based architecture. The power system 
circuit schematic shown in Fig. 6 represents the FSWPT which integrates 
components for efficient power conversion, storage, and management. 
The power generation section of the system is the FSS connected to a 
KLD solar charge controller (Mod1), which regulates the charging pro
cess and ensures safe charging of the 12 V. The solar charge controller 
has distinct connections for the solar panel, battery, and load, effectively 
controlling the power distribution based on the availability of solar 
energy and the battery’s state of charge. The 12 V battery serves as the 
primary energy storage unit, supplying power to an inverter (M2), which 
converts direct current (DC) from the battery into high frequency 
alternating current (HFAC) for the WPT transmitter (L1) and receiver 
(L2). The receiver output is then fed to a rectifier (M3)fitted with a blue 
LED indicator that converts the AC back to DC, which is connected to a 
boost converter component within the boat system battery management. 
The boost converter (XL6009E1) is employed to further increase the 
voltage as required for specific downstream components, optimizing 
energy utilization and providing appropriate power levels. The system 
also includes a battery charging level indicator (LED1), connected via a 
current-limiting resistor (R1, 10kΩ), which functions as a visual indi
cator of the operational status of the boat battery. The motor (M4) 
driving the boat is powered by an 8.4 V. A diode (D1, 1 N4001) is 
included to prevent reverse current flow, thereby protecting the com
ponents from potential damage.

The power system circuit provides a comprehensive solution for 
energy conversion, storage, and distribution, effectively integrating 
renewable energy sources and maintaining operational stability through 
careful voltage and current management. The complete specifications of 
the simplified FSWPT power circuit system and control circuit are pre
sented in Table 2.

2.2. ANSYS simulations

The simulations conducted using 2024R2 ANSYS Maxwell provided 
valuable insights into the magnetic field interactions between the WPT 
transmitter and receiver with the magnetic coupling transitioning design 
discussed in Fig. 3. In addition, it provides sensitivity to misalignment as 
well as ensures that no magnetic field interference. The WPT system was 
modelled as a series of transmitter and receiver coils designed to operate 
at a frequency of 85 kHz. In addition, the simulation aimed to evaluate 
the magnetic coupling between the transmitter and receiver coils and to 
identify the optimal alignment conditions for maximum power transfer. 
Key parameters included the distance between the transmitter and 
receiver, the degree of misalignment, and the strength of the magnetic 
field. The simulation results provided insights into the effects of 
misalignment on power transfer efficiency, helping to optimise the 
design of the docking system and alignment mechanisms. Fig. 7 shows 
the coil simulation including the magnetic shielding. The results showed 
that the magnetic field was well-contained within the transmitter, 

Fig. 6. FSWPT simplified power circuit system schematic diagram.

Table 2 
Complete system specifications.

Schematic Label Part Type

FSWPT System Circuit 
Design

Battery 12 V, LIPO- 
2000 mAh

Floating Solar Energy Storage

8.4 V, 1000 mAh Boat Battery
3.0–30 V Boost Converter
D1 Diode
L1, L2 Litz Wire of Transmitter Coil, 

Receiver Coil
<10 mA, 5–30 V DC Charging indicator
M4 DC Motor (Boat Drive)
Mod1 KLD Solar Charge Controller
Part1 Floating Solar Panel, 50 W
R1 10kΩ Resistor

Control Design Microcontroller Arduino Uno (Rev3)
AD002 Basic Servo J1, J2, J3
LED1, LED2 Red LED − 5 mm
R1, R2, R3, R4 220 Ω Resistor
S1, S2 Pushbutton
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minimizing the risk of electromagnetic interference (EMI) with other 
onboard components as shown in the simulation video provided in the 
supplementary material. This containment is essential for maintaining 
safety and functionality in real-world maritime environments, where 
multiple electronic systems operate in proximity. The coupling coeffi
cient k must be determined by simulation.

The simulation of the magnetic field is presented in Fig. 8. The heat 
map (Fig. 8a) of the magnetic field intensity during power transfer. It 
can be observed that the magnetic field remains contained between the 
two ferrite shields, ensuring that these transmitters and receivers can be 
used safely in the prototype. The ferrite shielding is sufficient, and none 
of the other devices in the vicinity of the WPT will be affected by this 
magnetic field. This information is useful for the design of the prototype, 
as it allows other components to be placed within a few centimetres of 
the WPT without interference. To assess the optimal working range 
between the transmitter and the receiver in terms of the efficiency for 
the WPT, the coupling coefficient k was calculated for distances be
tween. The curve representing the value of k as a function of distance is 
shown in Fig. 8(b). The value of the coupling coefficient decreases as the 
distance increases. From the value of k, the simulated optimal efficiency 
is determined using equation (8) to compare with the experiment effi
ciency, which will be presented in Fig. 11(d).

2.3. Assembly and experimental setup

The complete system prototype was assembled and tested in a wave 
tank at Cranfield University. The WPT experiment was conducted with 
calm water and under different wave amplitudes (A) from 0.001 m to 
0.010 m at an interval of 0.002 m with a frequency of 0.5 Hz and run 
time of 90 s in a wave tank. The wave tank has a width of 1.5 m, a height 
of 2 m, and a water depth of 1.9 m that contains a wavemaker which 
mimics coastal wave activities based on the ship model [20]. The pri
mary goals of the experiment were to assess WPT efficiency based on the 
magnetic coupling mechanism proposed in Fig. 3, and the docking sys
tem stability to wave as well as evaluate the performance of the auto
matic gate and robotic arm in maintaining alignment during wave- 
induced motion. A video showing the WPT with an induced wave can 
be found in the supplementary section. During the experiment, real-time 
data on power transfer efficiency, alignment accuracy, and system sta
bility were collected. The robotic arm’s ability to adjust the transmitter’s 

position dynamically was monitored, and the power transfer efficiency 
was measured continuously throughout the charging process. Data from 
the proximity sensors on the automatic gate and robotic arm were 
analysed to assess how well the system maintained alignment in chal
lenging conditions. Fig. 9 presents the experimental setup with a floating 
solar panel integrated with an electric boat in a controlled wave tank 
environment. This allows the study of the floating solar charging system 
performance in varying scenarios. A sun simulator, providing a light 
intensity of approximately 1000 lm, is positioned above the setup to 
emulate sunlight, facilitating realistic testing conditions for the floating 
solar panel and its integration with the electric boat system.

Fig. 10 depicts the docking system experimental setup, designed to 
assess the interaction between the electric boat and the docking mech
anism. The setup includes a floating solar panel, which supplies energy 
to the system, and a water tank to simulate realistic conditions. The 
electric boat features a battery level indicator to monitor its power 
status, ensuring that the boat docks appropriately when recharging is 
necessary. Motion sensors are employed to detect the boat’s approach, 
and a coupling arm guides the boat into the docking position. The dock 
includes an automatic gate that manages the boat’s entry and exit. This 
setup provides a comprehensive platform for studying the docking 
process, power transfer efficiency, and the coordination between the 
boat and docking components, thereby validating the system’s func
tionality under controlled experimental conditions.

The wave performance data collected on the boat and WPT coupling 
arm were obtained using two wave motion sensors. The sensor recorded 
acceleration, angular position, and angular velocity data in the X, Y, and 
Z directions on the WPT coupling arm and another for the boat, 
providing a comprehensive dataset for analysing the system’s behav
iour. The acceleration data were recorded in units of gravity (g) after 
which the data were processed using Python to determine the corre
sponding forces acting on the components. The recorded acceleration 
values were converted from (g) to meters per second squared (m/s2) 
with a factor of 9.80665 m/s2. The forces in the X, Y, and Z directions 
(Fx, FyandFz,) were then calculated using Newton’s second law of motion 
F = ma. Where a is the acceleration and m is the mass of the boat or WPT 
robotic charging arm. These calculated forces were then plotted over 
time to visualize the dynamic effects of wave interactions and to show 
how the components responded to wave-induced motion on both the 
boat and the coupling arm. In addition, a plot of angles and angular 

Fig. 7. ANSYS Maxwell interface for electromagnetic interference simulation.
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velocities X, Y, and Z directions over time are also plotted. The angles 
provided insights into the changes in orientation due to wave distur
bances, while the angular velocities captured the rate of change in 
orientation, highlighting the rotational dynamics. The acceleration data, 
after conversion, were also plotted to show how the components 
responded to wave-induced motion. These plots, allowed for a 
comprehensive analysis of the system’s behaviour under varying wave 
conditions, providing insights into the forces, orientations, and dynamic 
responses of the FSWPT system. This ensured that the WPT system 

remained effective under challenging conditions, validating the stability 
and robustness of the design.

3. Results

This section discusses the performance of the WPT with and without 
FSP, calm-water tests, and wave tests of the FSWPT system. The calm 
test considers the performance of the WPT charging mechanism, and the 
wave test considers simulated marine environmental conduction with 

Fig. 8. Electromagnetic field simulation (a) magnetic field intensity (b) power transfer coupling coefficient.

Fig. 9. Overview of the experimental setup.
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induced waves.

3.1. Calm-Water tests

Fig. 11 (a) to (d) shows the WPT experimental test performance 
between the transmitter and receiver over different distances. In 
Figure (a), the variation of input and output voltage and current with 
respect to distance is depicted. The result show that while the voltage 
remains stable, the current decreases as the distance between the 
transmitter and receiver increases. This indicates a reduction in power 
transfer efficiency as separation grows. Similarly, Figure (b) shows the 
variation in power input and power output across different distances. It 
can be observed that power decreases as the distance increases, which is 
consistent with the expected performance of WPT systems, where effi
ciency declines at greater distances due to weaker coupling. Figure (c) 
presents the WPT efficiency of the docking system, comparing the per
formance of the full system integrated with direct connection to a 
floating solar (FS) and without the FSP (battery only). The results 
indicate that the efficiency remains high for both cases up to 9 mm, 
beyond which a significant drop in efficiency occurs, particularly for the 
system without the FS. This demonstrates the beneficial impact of the PV 
energy storage to maintaining efficient charging in the absent of solar 
irradiance or at night. Figure (d) compares the experimentally measured 
efficiency with simulated values as a function of distance. The trends for 
both experiment and simulation are in good agreement, showing a high 
efficiency up to approximately 8 mm, after which there is a notable 
decline. The consistency between experimental and simulated results 
validates the model’s accuracy in predicting the system’s magnetic field 
interactions between the WPT transmitter and receiver. These figures 
demonstrate that the optimal operational range for efficient power 
transfer is maintained at less than 8–9 mm distance, highlighting the 

critical role of distance and shielding in the performance of WPT in the 
docking systems.

Fig. 12 (a) and (b) shows the forces experienced in different com
ponents of the docking system during wireless, focusing on the boat and 
the WPT coupling arm, respectively. In Figure (a), the time series of 
forces in the X, Y, and Z directions acting on the boat is the actual time 
when the data is recorded. After the boat dock, it was observed that 
there are significant variations in forces during different phases of WPT 
operation, including engagement (E), disengagement (DE), up to the 
boat leaving the dock (LD) after disengagement. Specifically, the fluc
tuations indicate transient forces encountered on the boat when the 
WPT robotic arm on the docking station engages, disengages, and 
eventually when the boat leaves the dock. The stabilization between E 
and DE is when the WPT charging is takes place once the boat is securely 
docked. These force patterns are crucial for ensuring precise positioning 
and minimizing impact during the docking process. Similarly, Figure (b) 
represents the forces in the X, Y, and Z directions acting on the WPT 
coupling arm. The engagement (E), disengagement phase 1 (DE1), and 
disengagement phase 2 (DE2) are indicated on the plot, showing vari
ations in forces corresponding to these different stages. During DE1, the 
aligning magnets demagnetize, disrupting the alignment between the 
WPT receiver and transmitter, leading to notable force changes in the X, 
Y,Z direction. In DE2, the arm retracts back while the automatic gate 
opens, allowing the boat to leave the dock, resulting in additional force 
variations. The stabilization of forces following these peaks is critical for 
maintaining a stable coupling between the boat and the docking station, 
ensuring effective WPT. The analysis of these force profiles provides 
insight into the dynamic interactions between the boat and coupling 
arm, highlighting areas that may require further design optimization to 
achieve smoother engagement and docking stability.

Fig. 10. Docking system setup.
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3.2. Wave tests

The plots in Fig. 13 (a) to (f) shows the analysis of the docking sys
tem, focusing on the accelerations, angular velocities, and angular po
sitions for both the boat and the WPT coupling arm. (a) and (b), shows 
the acceleration experienced by the boat and WPT coupling arm in X, Y, 
and Z direction during the WPT charging process. For the boat, the 
phases of WPT engagement (E), disengagement (DE), and boat leaving 
the dock (LD) are highlighted, reflecting the acceleration experienced by 
the receiver attached to the boat during these stages. For the WPT 

coupling arm, the transmitter experiences engagement (E), docking 
engagement (DE1) where the magnetic coupling transition occur, and 
arm disengagement (DE2) after charging the boat. These acceleration 
profiles demonstrate how both the boat and arm respond to external 
forces, with noticeable spikes during disengagement phases. Figures (c) 
and (d) illustrate the angular velocities of both the boat and the WPT 
coupling arm. The boat undergoes changes in angular velocity during 
engagement, docking engagement, and leaving the dock, while the arm 
experiences changes during DE1 and DE2. These variations in angular 
velocity highlight how the system dynamically adjusts its orientation 

Fig. 11. Experimental WPT performance (a) voltage and current, (b) power transfer, (c) efficiency based on system with and without FS, (d) efficiency based on 
simulation and experiment.

Fig. 12. WPT charging process forces (a) boat, (b) WPT coupling arm.
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during docking and disengagement. Figures (e) and (f) display the 
angular positions for both components, capturing how the boat and arm 
adjust their orientation throughout the docking process. These data 
provide valuable insights into the system’s ability to maintain effective 
wireless power transfer (WPT) coupling during docking operations, 
ensuring proper alignment despite the external forces acting on the boat 

and arm during engagement and disengagement due to the robotic 
movements.

Figs. 14 and 15 show the forces in the X, Y, and Z directions acting on 
both the boat and the WPT coupling arm under different wave ampli
tudes (A) from 0.001 m to 0.010 m. Fig. 14(a) and (b) show the forces on 
the boat and the WPT coupling arm at a wave amplitude of 0.001 m. 

Fig. 13. WPT charging process accelerations, angular velocities, and angular positions for boat, and coupling arm.
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Since the wave amplitude is very small, there is no noticeable wave 
settling (WS) effect, and the forces remain relatively minimal and stable. 
The variations in force indicate only minor disturbances due to the small 
wave amplitude, resulting in limited impact on the boat and coupling 
arm. Throughout this period, the WPT system continued to charge 
effectively, with no visible decoupling or misalignment. As the wave 

amplitude increases to 0.002 m, shown in Fig. 14(c) and (d), the WS 
effect becomes more apparent, and the forces acting on the boat and 
coupling arm increase. The time periods corresponding to wave settling 
are indicated, highlighting the fluctuations in forces during this stage. 
The increased wave amplitude leads to more pronounced variations in 
indicating greater interaction between the boat, coupling arm, and the 

Fig. 14. Forces acting on boat and WPT coupling arm for wave amplitudes of 0.001 m to 0.004 m.
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surrounding water due to wave dynamics. Despite these increased 
forces, the WPT system maintained effective charging with no visible 
decoupling or misalignment. In Fig. 14(e) and (f), the wave amplitude is 
further increased to 0.004 m, resulting in even more significant force 
variations. The WS effect is clearly visible, and the forces acting on both 

the boat and the WPT coupling arm are higher compared to the lower 
wave amplitudes. The peaks in forces during the wave settling periods 
illustrate the increasing impact of larger waves on the stability and 
alignment of the boat and coupling arm. However, even under these 
conditions, the WPT system continued to operate effectively, with no 

Fig. 15. Forces acting on boat and WPT coupling arm for wave amplitudes of 0.006 m to 0.01 m.
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observable decoupling or misalignment. This analysis highlights that as 
the wave amplitude increases, the forces exerted on the components also 
rise, necessitating careful consideration of wave dynamics in the design 
and operation of the docking system to ensure stability during WPT 
operations, while still maintaining effective charging performance.

Fig. 15 (a) to (f) represent the forces in the X, Y, and Z directions 
acting on both the boat and the WPT coupling arm under different wave 
amplitudes. Figures (a) and (b) show the forces on the boat and WPT 
coupling arm at a wave amplitude of 0.006 m. The wave settling (WS) 
effect is clearly visible, indicating that the increased wave amplitude has 
a considerable impact on both the boat and the coupling arm. The forces 
exhibit noticeable variations, reflecting the dynamic interaction be
tween the boat, coupling arm, and the waves. As the wave amplitude 
increases to 0.008 m, shown in Figures (c) and (d), the WS effect be
comes more pronounced, and the forces acting on the boat and coupling 
arm increase accordingly. The larger fluctuations in force illustrate that 
the system is subjected to more significant disturbances, leading to 
increased interaction between the boat and coupling arm. Despite these 
forces, the WPT system remains operational without decoupling or 
misalignment, and effective charging is maintained throughout this 
phase. In Figures (e) and (f), the wave amplitude is further increased to 
0.010 m. At this amplitude, notable separation of approximately 0.005 
m was observed. However, based on the experimental efficiency plots in 
Fig. 11 (c) to (d), the WPT efficiency can be maintained up to 10 mm. 
The WS effect is clear, and the forces experienced by both the boat and 
the WPT coupling arm are significant. Despite the observed separation, 
the WPT system continues to charge effectively, indicating that the 
coupling mechanism remains functional within the allowable efficiency 
range. This analysis highlights the robustness of the WPT system under 
increasing wave amplitudes and separation, demonstrating that the 
system can sustain efficient power transfer even under challenging 
conditions, provided the transmitter and receiver separation remains 
within the 10 mm.

4. Discussion

Shipes electrification and integration of renewable energy sources 
into WPT systems for maritime application complements the industry’s 
shift toward decarbonisation. By utilizing renewables such as FS with 
energy storage systems, ports can provide a clean and reliable energy 
supply for electric and hybrid vessels. This approach not only reduces 
reliance on carbon-intensive fuels but also aligns with the global push 
for energy diversification in the maritime sector. The following sub
section discusses the scalability, impact and future research direction 
FSWP for maritime applications.

4.1. Scalability

The use of floating solar technology for maritime applications has 
several advantages, particularly in contexts where land availability is a 
concern [21]. The integration of a floating solar power plant with 
wireless charging technology approach offers a scalable and flexible 
solution that can be implemented across various port locations. The 
independent solar plants will not add a capacity burden to the port grid, 
overcoming the existing capacity limit. However, comprehensive study 
for of the maritime environment, solar harnessing and energy storage 
plan is requited which necessitate cost impact assessment and environ
mental impact analysis. While this study focused on electric yachts, the 
WPT system’s design and results can be scaled to larger vessels such as 
ferries. Ferries, with larger energy requirements and more substantial 
wave induced motion, present a unique challenge for WPT systems, but 
the fundamental principles demonstrated in this paper are applicable. 
The scaling factor Q is determined by the length ratio between the real 
yacht and the experimental yacht given in Equation (24). The average 
length of 14.1 m for the real yacht was reported by [22], providing a 
realistic baseline for our scaling factor calculations. 

ScalingfactorQ =

(
Lreal

Lmodel

)

=

(
14.1
0.705

)

= 20 (24) 

Where Lreal is represent real yacht length and Lmodel represent the 
yacht in this research. The scaling factor Q can also be expressed in terms 
of the forces acting on the real yacht is given in Equation (25). This 
scaling shows the significant increase in forces acting on real yacht and 
emphasises the need for robust structural components. This linear 
scaling illustrates the increase in forces as vessel mass increases. Docking 
robotic arms and WPT receivers must be designed to manage these 
significant forces. Meanwhile, wave heights encountered by vessels can 
also be scaled by Equation (26). 

Freal = Fmodel × Q2 (25) 

Arealwave = Q × Arealwave (26) 

As wave amplitude (A) increases, forces due to waves also increase. 
Advanced stabilization mechanisms would be required to maintain 
proper alignment during docking in open sea conditions. Scaling the 
WPT system from the experimental 50 W system to larger system in
volves several system adjusting based on power demands, efficiency and 
transfer distance. Real yacht requires more power, and the separation 
between transmitter and receiver will also increase. To determine the 
required battery capacity for real yacht, we analyse the relationship 
between the battery capacities of the model yacht and a typical full-sized 
yacht based on Equation (27). The model yacht uses a 2000 mAh bat
tery, and based on industry standards, a larger yacht may require a ca
pacity of around 500Ah to meet operational needs. 

λrealpower = λmodelpower × Qα (27) 

500Ah = 2Ah × 20α 

α =

(
log(250)
log(20)

)

=

(
2.3979
1.3010

)

= 1.84 

Where λmodelpower and λrealpower represent the battery capacity of model 
yacht and real yacht respectively. The scaling exponent α is determined 
to be 1.84, indicating that for real yacht, the required battery capacity 
grows significantly, reflecting the increased energy demands of larger 
vessels. This scaling approach can help in designing WPT systems for 
larger maritime applications, ensuring they meet energy needs effec
tively. The same approach can be adopted for other vessel and ferries. 
However, it’s important to note as vessel or ferry size increases, power 
demands increase, making the FSWPT system design optimisation more 
crucial to scale it up. WPT systems for larger vessels may require 
enhanced efficient measures, such as optimised coil designs to ensure 
efficient energy transfer. Three basic design adjustments are necessary 
as follows to scale the experimental results for larger vessels. 

• Structural Reinforcement: Docking arms and WPT receivers must 
be structurally reinforced to manage the increased forces due to 
vessel length and mass.

• Advanced Stabilization Systems: Docking systems will require 
active stabilization to manage larger wave amplitudes and maintain 
proper WPT coupling in challenging conditions.

• Power Optimization: Larger vessels, require significantly higher 
power outputs, and WPT systems must be optimised to minimize 
power losses during transfer over greater distances.

4.2. Impacts and future work

The integration of WPT with FS, into port infrastructure represents a 
significant step forward in the electrification of maritime operations. 
This research emphasizes the potential of WPT technology in reducing 
emissions, enhancing energy efficiency, and supporting the global 
transition to sustainable energy systems. The FSWPS maximise the 
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utilisation of water surfaces for solar energy harvesting and eliminates 
the need for land area or disruptive activity on ports. The WPT elimi
nates the need for expensive underwater cabling, although FS practical 
implementation faces significant challenges as reported in the following 
research [23–26]. The efficiency of WPT systems remains a critical 
limitation as reported in [27], as energy transmission losses increase 
with distance due to marine environment factors, potentially under
mining the economic and environmental benefits of the system. More
over, while FS offers advantages such as reduced water evaporation and 
minimal land use, the environmental impact of introducing electro
magnetic fields into aquatic ecosystems is not yet fully understood and 
could have unforeseen consequences on marine biodiversity [28]. 
Additionally, the high initial costs and technological complexities of 
integrating FS [29], and WPT raise questions about its scalability and 
accessibility, especially in low-resource settings. This could be an area 
for further study. Despite these challenges, FSWPT represents a cutting- 
edge approach that could redefine renewable energy deployment, but its 
success depends on addressing these technological, economic, and 
environmental issues through rigorous research and innovation. Our 
work has demonstrated FSWPT feasibility through controlled wave tank 
experiments. The experiments simulated dynamic port conditions, 
including docking, charging, and departure, highlighting alignment 
sensitivity as a critical factor for achieving optimal energy transfer ef
ficiency. Misalignments can lead to significant energy losses, making the 
development of advanced alignment mechanisms or self-correcting 
systems a priority for future research. The findings also underline the 
importance of modular and scalable FSWPT designs, which allow ports 
to adapt the technology to varying energy demands.

The advantages of FSWPT align with broader trends in the maritime 
and shipping industries, which are undergoing a significant technolog
ical transition toward decarbonization [30]. The increasing adoption of 
carbon–neutral fuels, battery energy storage systems (BESS), and hybrid 
propulsion technologies reflects this shift [31]. Notably, the trend of 
ordering vessels with alternative fuel propulsion systems and integrating 
renewable energy sources into ship operations is accelerating. For short- 
range vessels, in particular, battery/hybrid propulsion is becoming 
increasingly prevalent, offering a practical pathway to achieving the 
industry’s decarbonization goals. Research on hybrid propulsion sys
tems and BESS highlights their versatility and application across various 
maritime scenarios. In [32], BESS systems are used for peak shaving, 
load levelling, spinning reserve, and load response, providing opera
tional flexibility and efficiency. These systems are particularly valuable 
for short-range vessels, where the energy requirements align well with 
the capabilities of battery-driven propulsion. Furthermore, recent ad
vancements by leading maritime manufacturers in hybrid and electric 
propulsion systems demonstrate the rapid progress and market adoption 
of these technologies as way to decarbonisation [33,34]. Integrating 
WPT systems into this evolving landscape offers a seamless, contactless 
solution for charging electric and hybrid vessels, further enhancing their 
operational efficiency and environmental benefits.

Economic analyses of the viability of integrating WPT systems into 
port operations with FS need to be investigated. Research by [31] re
ported that renewable energy that incorporate muti-energy system ex
ceeds 72 % in terms of economic and environmental metrics compare to 
grid sources, and the Levelized Cost of Energy (LCOE) is competitive 
with traditional energy sources. These findings align with studies on 
renewable energy systems in shipyards, where hybrid configurations 
with solar PV, wind turbines, and diesel generators demonstrated short 
payback periods and significant economic benefits [35]. Such insights 
underscore the importance of optimizing system configurations to 
maximize both environmental and economic performance. However, 
several challenges remain, including the need to address technical dif
ficulties in marine environments, mitigate environmental impacts on 
aquatic ecosystems, and navigate regulatory complexities. These chal
lenges are consistent with those faced in the broader adoption of 
renewable and hybrid energy systems in the shipping industry. The 

environmental assessments and streamlined regulatory frameworks are 
critical to ensuring the successful deployment of FSWPT systems while 
protecting marine ecosystems. We have demonstrated the feasibility of 
FSWPT for electric vessel charging by performing a docking, charging, 
and departure in a wave tank. Simulations and physical testing are used 
to verify this concept, where the main findings were sensitivity to 
alignment, which is very crucial in reaching the ultimate efficiency. 
However, more work is needed to scale up the system. Table 3 present a 
summary of a vantages, considerations, and future research directions of 
FSWPT for maritime applications can be summarised as follows. 

a) Future research can focus on modular FSWPT design optimization to 
cater to a range of vessel sizes, ensuring flexibility in integration with 
different fleet configurations. Explore modular battery storage sys
tems to enable greater energy independence for vessels, ensuring 
consistent power supply during times of low solar exposure. Improve 
energy storage integration with the FSWPT system to maintain reli
able off-grid operation when vessels are away from charging stations 
or shore-based power. Develop modular energy management sys
tems that allow flexible deployment on large fleets of electric ferries, 
cargo ships, and luxury vessels. Explore how modular off-grid sys
tems can scale with vessel size, enabling fleets to operate autono
mously and reduce reliance on traditional, centralized charging 
stations. In addition, the switching frequency is an important factor, 
future research can investigate its impact on system efficiency and 
power transfer.

b) Investigate deployment of off-grid modular systems to support 
remote maritime operations and isolated areas with limited infra
structure. Focus on island communities, oceanic research stations, 
and offshore operations. Provide self-sustaining energy solutions for 

Table 3 
Advantages considerations, and challenges of FSWPT for maritime applications.

Category Advantages

Land Conservation • Utilizes water surface, conserving valuable land space 
for agriculture, housing, or other uses. The WPT can 
be standalone independent of the grid.

Increased Efficiency • Water bodies cool the solar panels, enhancing their 
efficiency compared to land-based installations.

• WPT less unaffected hostile environments.
Reduced Evaporation • FS helps conserve water in reservoirs, particularly in 

regions facing water scarcity.
Less Competition for 

Resources
• Non-invasive; floating solar has less impact on land 

ecosystems and does not require land clearing.
Hybrid Systems Potential • Can coexist with aquaculture, allowing for dual use of 

water bodies and improving the economic viability of 
both ventures.

• Can be integrated with other renewable energy system 
such as wind, wave energy harvesters.

Infrastructure Resilience • Easy, convenient, safe, and reliable to use due to 
elimination of direct electrical contact with cable 
connection.

• Less susceptible to damage from floods or extreme 
weather conditions compared to ground-mounted 
solar systems.

Modular and Scalable • Designed in modular units, making it easier to scale up 
or down based on energy needs.

Considerations and Challenges
Installation and 

Maintenance
• Technical challenges in anchoring panels securely and 

ensuring operational integrity in marine conditions.
Environmental Impact • Potential disruption to aquatic ecosystems and local 

wildlife, depending on the location of installation.
Weather and Marine 

Conditions
• Must withstand harsh marine environments, including 

high winds, waves, and saltwater corrosion.
Regulatory and 

Permitting Issues
• Navigating the regulatory landscape for maritime 

installations can be complex and may require multiple 
permits.

Connectivity to Grid • Connecting floating solar to existing electrical grids 
may require additional infrastructure, especially if 
installed far from shore.
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vessels and maritime facilities in areas where grid-based power is not 
available.

c) Develop hybrid off-grid energy systems that combine solar power 
with other renewable sources such as wind and wave energy, 
creating a resilient energy network for vessels. Ensure continuous 
energy availability in harsh conditions by integrating multiple 
renewable technologies, such as offshore wind or wave energy 
harvesters.

d) Deploy modular WPT systems to create off-grid charging stations in 
remote docking locations, providing charging infrastructure where 
shore-based power is unavailable. Explore energy management 
strategies to ensure cost-effective and environmentally friendly WPT 
systems capable of delivering reliable power for remote maritime 
vessels.

e) Investigate autonomous vessels that operate in off-grid conditions, 
integrating FSWPT systems with advanced power management to 
allow self-sustaining operation without human oversight. Focus on 
the ability of autonomous vessels to self-charge using floating solar 
power and WPT systems, eliminating the need for human-operated 
refuelling stations.

f) Regulatory Framework and Policy Development − Develop stream
lined permitting processes and regulations that promote the safe 
deployment of floating solar WPT systems while balancing the pro
tection of marine ecosystems and promoting green technology. 
Establish standards and guidelines to regulate the integration of 
floating solar systems with WPT, ensuring compliance with safety, 
environmental, and operational protocols in maritime environments.

g) Conduct economic viability studies to determine the cost- 
effectiveness of the FSWPT system compared to traditional land- 
based energy sources, focusing on long-term sustainability and 
financial feasibility. Investigate return on investment (ROI) for ves
sels using off-grid WPT systems, evaluating the economic benefits 
from fuel savings, maintenance costs, and reduced infrastructure 
dependency.

5. Conclusions

Motivated by the goal of maritime decarbonisation, ship charging 
stations powered by clean renewable energies are urgently required. 
Meanwhile, the potential of WPT in maritime environments could be 
particularly valuable as removing the human labour and cables on side, 
increasing efficiency and minimizing risks. In addition, independent 
renewable energy charging stations are desirable as merging into 
existing grid poses a challange to the maximum capacity. This study 
successfully designed, simulated, and experimentally tested a floating 
solar wireless power transfer system for electric yachts, incorporating an 
innovative docking mechanism with an automatic gate and robotic arm 
for precise alignment. The off-grid modularity of the floating solar 
wireless power transfer system enables scalable, flexible, and sustain
able energy delivery for maritime applications, ensuring energy inde
pendence for vessels in remote locations without reliance on shore- 
based power, while also reducing strain on the grid by generating and 
supplying renewable energy directly to ships without adding additional 
load to existing electrical infrastructure. The WPT system achieved high 
power transfer efficiency of 82 % under both simulated and experi
mentally conditions, demonstrating its potential to provide contactless, 
automated charging in dynamic maritime environments. Experimental 
results demonstrated significant force variations during WPT phases 
with maximum forces of 1.5 N, 1.5 N, and 1.4 N along XYZ on the boat, 
while a maximum force of 2 N, 5 N and 1 N along XYZ on the WPT 
coupling arm, respectively. The maximum acceleration and angle 
orientation are obtained to be 0.4 m/s2 with angles of 3◦ along X di
rection on the boat showing effective stabilisation of forces throughout 
the WPT. A complete video of the docking, coupling and charging pro
cess can be found in the supplementary material. While the system 
exhibited sensitivity to misalignment, the robotic arm’s real-time 

adjustments helped maintain efficiency even in the presence of induced 
wave motion. The scalability of the system to real yacht size has been 
discussed, suggesting that with proper adjustments, the technology 
could be adapted to meet the energy demands of large-scale maritime 
applications. A scaling factor of 20 was obtained which translates to a 
real wave conditions of 0.2 m, and a scaling exponent for power was 
estimated to be 1.8. Mechanical and sustainable advantages of the novel 
systems were discussed. Future work should focus on optimising the 
system for larger vessels, testing in real-port conditions, and studying 
the economic and carbon-reduction performance. This research lays the 
groundwork for the broader adoption of FS and WPT technologies in the 
maritime sector, supporting the shift towards cleaner and more efficient 
energy solutions.
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