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A NOVEL OFFSHORE WIND-POWERED SYSTEM FOR 

SUPPLYING ELECTRICITY TO SHIPS 

Ciprian POPA1, Nicolae-Silviu POPA1, *, Eduard-Alexandru ANDREI2, Andrei-

Darius DELIU2, Bianca CĂȘERIU3, Mihai-Octavian POPESCU1  

This research article focuses on the development and testing of a wind power 

system designed for ships anchored in the outer harbor of Constanta Port. The article 

extensively analyzes the electricity consumption of various types of vessels during 

anchorage, taking into account significant variations. Emphasis is placed on the 

importance of designing the system to cover these variations and provide constant 

and reliable energy. To validate theoretical models and assess the system's efficiency 

in real conditions, a prototype was constructed and tested near Constanta Port. Tests 

included measurements of wind speed, voltage, and generated current. Homer Pro 

software was used to simulate and optimize the performance of the wind power 

system. A significant alignment between the results of software simulations and field 

measurements confirmed the validity of theoretical models. The successful validation 

of the prototype using data from software simulations confirmed that the proposed 

wind power system can efficiently supply electric power to ships in the outer harbor 

of ports. 
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1. Introduction 

In recent times, renewable energy sources have gained significant 

prominence due to their eco-friendly and sustainable characteristics. Among them, 

wind energy stands out for being both abundant and cost-free, offering notable 

advantages in addressing the growing demand for clean energy solutions [1], [2]. 

Considering the diverse designs of wind power systems and their migration 

to offshore environments following advanced exploitation in onshore settings, the 
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selection of a perfect architectural form takes into account numerous system-

specific considerations, possible methods of obtaining electricity [3], [4], [5], [6]. 

Simultaneously, consumer requirements and environmental factors play a vital role 

in achieving a reliable system [7].  

Analyzing the design variants of wind power systems to ultimately select 

the best architectural option, which encompasses the characteristics of wind 

turbines and the overall system, requires consideration of several factors [8]: 

• Design variants of wind turbines - concerning the orientation of the main 

axis of the turbine, a horizontal-axis turbine is chosen due to its higher efficiencies, 

making it prevalent in modern applications for harnessing wind energy. These 

turbines are installed at greater heights where the wind is stronger and denser, 

automatically resulting in higher energy production [8], [9], [10], [11], [12];  

• Design variants of foundations and the system's placement - in terms of 

mobility and installation in expansive areas where higher energy production 

efficiencies can be achieved, floating foundations anchored to the seabed stand out. 

The wind turbines could be located approximately 4 nautical miles from the shore 

in the outer harbour of Constanța. Although fixed foundations were considered 

suitable and more economical for this distance, we opted for floating foundations 

to enhance the system's mobility and adaptability to varying environmental 

conditions, as well as the ability to be deployed in deeper waters where fixed 

foundations might not be feasible. A wind turbine can also be installed on an 

offshore platform operating under drilling conditions, contributing to the electrical 

power supply of the platform's systems [13]. The foundation is a much more 

delicate element, given that it operates as an autonomous and mobile power supply 

system. It must primarily be a floating foundation, anchored, and equipped to 

encompass energy storage and conversion systems, which can be considerably 

heavy. To fulfill these conditions, an optimal foundation composed of three floaters 

arranged at the vertices of an equilateral triangle has been chosen, supporting the 

wind turbine and selecting a semi-submersible structure as per Fig. 1 [14], [15], 

[16], [17]. 

 
Fig. 1. Optimal system foundation 
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After previously specifying the necessary criteria for selecting an optimal 

wind power system for supplying ships in outer harbor, the configuration presented 

in Fig. 2 will be further examined. 
 

 
Fig. 2. Optimal wind power system for supplying ships 

 

The research article aims for the wind turbine to be capable of supplying at 

least medium and large-sized vessels when the wind reaches a speed of 10 m/s. The 

findings indicate that Romania is characterized by a significant wind energy 

potential along the Black Sea coast and that is why the experimental part will be 

carried out in the outer harbour of Constanta. To avoid significantly affecting the 

system's stability, the turbine must not be excessively tall or heavy [18]. 

These systems must be designed to provide power to stationary vessels, 

even though energy consumption varies greatly among different types of ships, as 

briefly presented in table 1. Furthermore, they must withstand significant voltage 

fluctuations due to the uneven wind speed, which generates electricity in a 

sinusoidal form, while maximizing their operational lifespan [19], [20], [21]. 
 

 Table 1 

Electrical energy consumption of different types of stationary ships 

Ship types Electrical consumption (kW/hour) at anchor 

Container Ship 50-80 

Oil Tanker 30-50 

Cruise Ship 100-200 

Cargo Ship 20-30 

Tugboat 20-30 

Fishing Vessel 5-10 

 

To avoid collisions with the wind turbine, it is essential to maintain a safety 

distance. A buoy allows the ship to anchor at a distance of 100-200 meters, ensuring 

a safe power supply through cables connected to the system. The buoy adapts to 

environmental conditions, and the cables must be appropriately sized to support 

electrical currents and ensure efficient energy transfer between the turbine and the 

ship.  
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Fig. 3. Interconnected supply buoy between the wind turbine and the ship 

 

It is crucial that the entire system does not obstruct navigation or the 

connected ships receiving electrical power. 

2. Development of the practical model 

The steps leading to the practical realization of the miniature wind energy 

system prototype for data collection from the operating environment were 

numerous and complex. To design the structural framework, floats, rotor, nacelle, 

and tower, Fusion 360 software was utilized, resulting in the model shown in Fig. 

4. Following the design phase and file conversion, a 3D printer was employed to 

produce these components, which were subsequently fine-tuned in their electrical 

configuration [22]. The next step involved assembling all the parts, followed by 

bonding and reinforcement. 
 

 

Fig. 4. Sketch of the wind system and its components 
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The architecture and construction of the system are closely related to factors 

concerning the stability of the system under various loads and the actions of 

disturbing forces. Without considering this aspect, the efficiency of the wind system 

is closely tied to its electrical components. 

To convert the mechanical energy of the rotor, a 1:4 gearbox and a direct 

current generator with a maximum voltage of 5V and a minimum voltage of 0.1V 

were used, operating at rotational speeds ranging from 20.9-628.3 rad/s. The rotor's 

rotation speed varies significantly due to the discontinuous wind flow, resulting in 

variations in the electrical energy produced [19]. To regulate this, a 5V voltage 

regulator board with an efficiency of 85% was used after the generator. Depending 

on the number of batteries or their nominal voltage, a voltage step-up/down board 

model MT3608 was employed, with a minimum input voltage of 2V, maximum 

output voltage of 28V, and an efficiency of 93%, to meet battery charging 

requirements. Finally, a TP4056 charging module was used to store energy in the 

batteries. The final electrical schematic is depicted in Fig. 5. 
 

 
 

Fig. 5. Main electrical components 

 

The batteries also aim to mimic the weight and characteristics of the actual 

system; therefore, their nominal voltage is 3V, and their number is evenly 

distributed among the floats to balance the system. To measure current intensity, a 

load is required, and it varies depending on each load's specific requirements, so 

consumers with different power ratings will be used. 
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3. Prototype testing in Homer Pro software 

Homer Pro is advanced software for simulating and optimizing renewable 

energy systems, used for analyzing and designing renewable energy systems. 

Homer Pro provides tailored solutions for the efficient integration of renewable 

energy sources into energy systems [23], [24], [25]. 

Using Homer Pro software, this wind turbine model will be tested to obtain 

results regarding its electrical efficiency, with the results later compared to data 

obtained from the prototype. The software's database does not include a wind 

turbine with such low power, as it is designed to test large-scale wind turbine 

models [23], [24], [25]. In this case, the smallest utility wind turbine, Generic 3kW, 

will be used and all system components are set to have a 99% efficiency. 

 

 
 

Fig. 6. Daily energy produced by the 3 kW wind turbine generator 

 

In the graphical representation of the daily energy produced for the wind 

turbine Generic 3kW throughout the year, each hour is meticulously color-coded to 

illustrate the variations in energy production. Daily energy produced by the 3 kW 

wind turbine generator, capped at 72 kilowatthour (kWh), serves as a benchmark, 

symbolizing the pinnacle of achievable energy generation under optimal conditions. 

Fluctuations in wind speed, atmospheric conditions, and other environmental 

factors contribute to the dynamic nature of the graph, revealing the intricacies of 

harnessing wind energy. While the turbine's design aims for efficiency, the 

graphical representation vividly demonstrates the real-world complexities and 

highlights the importance of considering diverse factors in evaluating daily energy 

production over an extended period. 
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Fig. 7. Monthly electrical energy production from Generic 3kW database from 1993-2013 

 

After processing the results obtained from the Generic 3kW system, the 

values were calculated and converted to match the prototype's system by dividing 

them by 857 in order to display the simulated results produced by the 3.5W wind 

prototype. 
 Table 2 

Converted values from the Generic 3 kW taking into account as the simulated results 

Month 
Monthly electrical energy production 

Generic 3kW [kWh] 

Monthly electrical energy production 

prototype turbine 3.5W [Wh] 

January 861.13 1004.82 

February 778.89 908.86 

March 838.90 978.88 

April 548.29 639.77 

May 489.11 570.73 

June 286.36 334.14 

July 289.16 337.41 

August 282.55 329.69 

September 496.07 578.85 

October 566.50 661.02 

November 800.22 933.74 

December 874.25 1020.13 

 

Since the default values provided by Homer Pro are calculated over the 

course of a year and cannot be modified, they will need to be interpreted based on 

the duration of data collection from the prototype wind model. 

4. Validation of results obtained in Homer Pro with results from the 

wind prototype 

To validate the simulated results, the wind system was installed for a limited 

period in the coastal area of Constanța. The waves and wind power had a significant 
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impact on the system's stability, but the aerodynamic shape and three-point 

anchoring flotation mitigated this issue. Fig. 8 shows the stability of the system. 

 
 

Fig. 8. Placement of the wind model near Constanța harbor 

 

To collect information from this miniature wind system, the following 

devices were used: an anemometer for wind speed measurement (model UT363), a 

digital voltage sensor for measuring battery voltage (0-30V), and another for 

measuring generator output voltage (model DSN-VC288). The measurement 

accuracy of these devices is as per table 3. 
 

 Table 3 

Measurement errors of devices 

Device Measurement Accuracy 

Anemometer UT363 ± 5% 

Digital voltmeter 0-30V ±1% 

Voltmeter DSN-VC288 ±1% 

 

For measurements, a digital display device connected to the wind prototype 

via a cable that retrieves real-time data from the system was created. Using a Mist 

Duster 3WF2.6 blowing device, various wind speeds required for measuring 

intensity and generator voltage were reproduced and simulated to determine the 

generated power. 

The accuracy of the calculations made is displayed in Fig. 9, which contains 

captures with the results obtained during testing of the miniature wind prototype 

using measurement devices. The battery monitor display, which is connected to the 

batteries, displays results starting from a minimum value of 1A. Given the 

dimensions of the model, the maximum current generated was 0.8A, as the 

measuring device did not have this precision. Therefore, an external device with 

much higher precision was used. 
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Fig. 9. Wind speed measurements from 3 to 7 m/s 

 

After analyzing the measurements and results obtained, a table was created 

to present the main sources of errors and the proportion in which they affect the 

efficiency offered by the miniature wind system. 
 Table 4 

Errors influencing the efficiency of the wind model 

Error Source Proportion 

Energy losses due to voltage regulator ≈4% 

Energy losses due to voltage amplifier ≈3% 

Energy losses due to charging module ≈2% 

Measurement device accuracy ≈1% 

Human measurement errors ≈1% 

Calculation errors ≈0,1% 

 

   Table 5 

Values obtained from testing using a mist duster 3WF2.6 blowing device 

Wind Speed [m/s] Current Intensity [A] Voltage [V] Power [W] 

3 0.1 1.20 0.12 

4 0.1 1.68 0.16 

5 0.2 2.18 0.44 

6 0.3 2.79 0.83 

7 0.4 3.34 1.33 

8 0.5 3.94 1.97 

9 0.7 4.01 2.80 

10 0.8 4.13 3.30 

11 0.8 4.13 3.30 

12 0.8 4.13 3.30 

 

In order to validate the simulated results obtained in Homer Pro with the 

wind prototype’s tested results and to estimate the amount of electrical energy 
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generated monthly by the prototype wind turbine, calculations will be based on 

average wind speed variation obtain from software.  
 

 
 

Fig. 10. Average wind speed variation obtain from software 

 

According to table 5, the electrical power will be obtained through 

interpolation based on these average wind speeds (Fig. 10.), with the result being 

multiplied by the total number of hours in the respective month in order to 

determine the total amount of energy experimentally produced over the course of 

the month. 

    Table 6 

Tested values obtained from the 3.5W prototype wind turbine 

Month 
Monthly average 

wind speed [m/s] 

Average 

power [W] 

Number of 

hours per month 

Monthly electrical energy 

production [Wh] 

Jan 7.1 1.35 744 1003.66 

Feb 7.1 1.35 672 906.53 

Mar 6.9 1.31 744 975.38 

Apr 6.4 0.89 720 637.44 

May 5.5 0.76 744 566.06 

Jun 5.2 0.46 720 329.47 

Jul 5.1 0.45 744 333.91 

Aug 5 0.44 744 327.36 

Sep 5.8 0.80 720 577.68 

Oct 6.4 0.89 744 658.69 

Nov 6.8 1.29 720 930.24 

Dec 7.2 1.37 744 1017.79 

 

The simulated values generated by the Homer Pro software were compared 

with the experimental data obtained from the prototype wind turbine, thereby 

establishing the validity of these data, with a maximum relative error of 1.42%. This 

variation can be attributed to electric energy losses in the system, errors associated 

with measurement devices and their accuracy, as well as reading and calculation 

errors, in addition to differences between the databases utilized. 
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6. Conclusions 

This article presents the development and testing of a wind energy system 

for ships anchored in Constanța’s outer harbor. Horizontal-axis turbines were 

preferred to maximize efficiency in offshore settings, with floating foundations 

anchored in deep water identified as optimal, specifically semi-submersible 

designs. The system’s ability to accommodate variable electricity demands from 

ships was analyzed, and a prototype was tested near the port. The study highlighted 

a maximum relative error of 1.42% between simulated and experimental results, 

attributed to minor system losses and measurement errors. Overall, the research 

confirms the system’s effectiveness for reliably powering ships. 
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