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Abstract 
Advances in maritime science and technology have brought significant developments to fishing vessels, 

particularly in the use of oil-fuelled engines and electronic equipment supported by onboard generators. However, 

the operation of these engines produces vibrations that can affect the behaviour of fish under the vessel, potentially 

reducing fishing efficiency when using nets or fishing rods in open waters. This study examines the use of a Hybrid 

Electric Vehicle (HEV) propulsion system, which allows vessels to operate using internal combustion engines or 

electric motors. As the importance of efficiency and performance increases, propulsion systems must be redesigned 

to support hybrid operations. Computational Fluid Dynamics (CFD) modelling was used to simulate and identify 

the most effective and efficient propulsion design. Field data and simulation results show that the use of a 

conventional DongFeng S 1125 engine results in operating costs of IDR 170,000.00, while the hybrid system 

reduces these costs to IDR 64,700.00. These findings highlight the potential of HEV systems to improve energy 

efficiency and significantly reduce operating costs in small-scale fishing operations. 
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1. INTRODUCTION 

Fishing vessel operating patterns are an important aspect of the fishing industry that 

affects operational efficiency and business sustainability. Factors such as vessel type, fishing 

gear, fishing location, and environmental conditions must be considered holistically in order to 

design optimal operating patterns (Fathanah, 2013). Existing studies provide important insights 

for developing more efficient and sustainable fishing vessel operational strategies. Hybrid 

propulsion systems on fishing vessels are an innovative solution to improve fuel efficiency and 

reduce greenhouse gas emissions in the fishing industry. Various studies have been conducted 

to explore the application of this system on both small and large fishing vessels. A study by 

Kim et al. (2022) analysed the environmental benefits of electric hybrid propulsion systems on 

fishing vessels in Korea. Through empirical experiments and simulations using 

MATLAB/Simulink, it was found that hybrid systems can significantly reduce fuel consumption 

and CO₂ emissions compared to conventional diesel systems. Another study by Ma'arif et al. 

(2025) reviewed the development of hybrid and electric propulsion technology in fishing 

vessels. They used VOSviewer software to analyse publication trends and found that although 

some fishing vessels have adopted hybrid propulsion systems, there is still a lack of 

understanding of the full benefits of this technology. Additionally, a study by Dong et al. (2018) 

discussed the design and life cycle cost analysis of hybrid and pure electric propulsion systems 

for lobster fishing vessels. The results showed that both propulsion system designs could reduce 

greenhouse gas emissions and provide significant life cycle cost savings compared to 

conventional diesel propulsion systems. In general, the application of hybrid propulsion systems 

on fishing vessels shows great potential in improving 
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operational efficiency and reduce environmental impact. However, further research is still 

needed to address the technical and economic challenges in its implementation. 

With the ongoing modernisation of the maritime sector, fishing vessels have undergone 

significant technological advances (Yasim et al, 2021). Many vessels are now equipped with 

diesel engines and various electronic systems powered by onboard generators. While this 

technology improves functionality, it also generates mechanical vibrations that can disturb fish 

beneath the vessel. This disturbance can affect the success rate of common fishing methods, 

such as nets and longlines, especially in open water environments (Tran & Kim, 2023). 

In response to these challenges, this study explores the potential application of hybrid 

electric vehicle (HEV) propulsion systems on fishing vessels. HEV systems enable dual-mode 

propulsion by combining traditional fuel-powered engines and electric motors, offering greater 

flexibility, improved energy efficiency, and reduced operational noise and vibration. However, 

the integration of HEV technology requires a re-evaluation of existing propulsion system 

designs to ensure compatibility and optimal performance. To assess the feasibility and 

performance of hybrid propulsion configurations, this study utilises Computational Fluid 

Dynamics (CFD) modelling. CFD simulations are used to evaluate hydrodynamic performance 

and identify the most effective and efficient propulsion system design for fishing vessel 

applications. The main objective is to contribute to the development of sustainable, high-

performance fishing vessels that minimise environmental impact while supporting the 

economic livelihoods of Indonesian fishermen. 

 

2. LITERATURE REVIEW 

2.1. Propeller 

According to Paulus Agung Hermowo, a vessel is defined as a watercraft of a specific 

shape and type, which can be propelled by wind, mechanical power, or other forms of energy. 

Vessels can also be towed or pushed, and this definition includes dynamically supported 

vehicles, submarines, as well as floating devices and static floating structures. A ship's 

propulsion system, commonly referred to as "propulsion," consists of a main engine or prime 

mover, propulsion devices (propulsors), and transmission components. Therefore, a propulsion 

system can be understood as a mechanical system that provides movement to a ship, including 

the main engine and related transmission elements. (Hernowo, 2008) 

In the context of propeller design, the principles of hydrodynamics are very important—

especially the concept of hydrofoils. These elements generate lift and drag forces. For a 

propeller or hydrofoil to function efficiently in a fluid medium, the lift force must exceed the 

drag force. Hydrodynamics involves the study of fluid flow around surfaces and is influenced 

by differences in flow velocity above and below the hydrofoil. Typically, the fluid on the upper 

surface of the hydrofoil moves faster than the fluid on the lower surface. This difference in 

velocity causes a difference in pressure, which ultimately generates lift. 
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Figure 1. Lift force of a hydrofoil 

 

 

2.2. Hybrid Propulsion System 

A hybrid propulsion system on a fishing vessel is an integration of an internal combustion 

engine (usually diesel) and an electric motor, aimed at improving fuel efficiency and reducing exhaust 

emissions. The hybrid system configuration can be series, where the electric motor fully drives the 

propeller and the diesel engine only recharges the battery, or parallel, where both power sources work 

together to drive the propeller directly. Fuel efficiency can be calculated by comparing fuel 

consumption in conventional systems with hybrid systems. The formula is as follows: 

 

Fuel Efficiency (%) =  
Conventional system FC −  hybrid system FC

Conventional sytem FC
 𝑥 100% 

 

Explanation: 

FC : Fuel consumption 

 

In general, the configuration of a hybrid propulsion system is as shown in the figure below. 

 

Figure 2. General configuration of a hybrid propulsion system 

(Source: Andi Haris, et al. 2015) 

 

 

2.3. Fuel consumption 

Fuel consumption on fishing vessels is greatly influenced by several factors, such as 

engine power, operating time, fuel type, and engine efficiency. Several general formulas are 

used to calculate fuel consumption on fishing vessels: 
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• General Formula for Fuel Consumption Based on Power 

Fuel consumption on fishing vessels can be calculated using a basic formula that links 

the power required and the efficiency of the vessel's propulsion system. 

 

𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 =  
𝐵𝐻𝑃 𝑥 𝑡

𝐸𝑛𝑔𝑖𝑛𝑒 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑥 𝑆𝐹𝐶
 

Explanation: 
BHP (kW)                               : Power required to propel the vessel at a certain speed.  

t (hours)                                   : The duration of time the vessel is in operation. 

Engine Efficiency
                 :   

The percentage efficiency of the engine used in the ship's propulsion system   
(e.g., diesel engine). 

 

SFC (kJ/kg)                         : Energy produced per kilogram of fuel used 

• Specific Fuel Consumption (SFC) 

For diesel engines on ships, fuel consumption can be calculated using Specific Fuel 

Consumption (SFC), which indicates the fuel efficiency of the engine per unit of power 

produced. The formula is: 

 

𝑆𝐹𝐶 =  
𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑔/ℎ𝑜𝑢𝑟)

𝑃𝑜𝑤𝑒𝑟 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 (𝑘𝑊)
 

• Fuel Consumption of Hybrid Systems on Fishing Vessels 

On vessels with hybrid propulsion systems, fuel consumption will depend on the 

proportion of diesel engine and electric motor usage. The calculation formula is: 

𝐻𝑦𝑏𝑟𝑖𝑑 𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝐹𝑢𝑒𝑙 𝑐𝑜𝑚𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑋 (1 − Electric Motor Usage Fraction)

3. METHOD 

The method used in this study was to conduct an empirical calculation analysis of the 

fuel requirements of fishing vessels using conventional propulsion systems and hybrid systems, 

using a comparison vessel that is already in operation. The steps to be followed in carrying out 

this activity are illustrated in the flow chart in Figure 6. 
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Figure 3. Flow chart 

 

This research was conducted on fishing vessels operated by a group of fishermen in 

Muntai village, Bengkalis district. This research involved calculating the suitability of the 

engine-propeller, which will later be installed or paired with an electric motor. The dimensional 

data of the fishing vessel is as follows: 

 

Main Dimensions of the 
Vessel 

 

Total Length : 8.2 m 

Beam : 1.6 m 

Height : 2.0 m 

Depth : 0.8 m 

Engine power : 100 PS / 100 HP (Mitsubishi 4D30) 
Propeller diameter : 0.5 m 

Fuel consumption calculations 

Developing a hybrid system configuration 

Analysing the level of 
efficiency, 

Is it appropriate? 

No 

Ye
s 

Electric motor selection 

Comparative data 

Operational 

pattern data 

References 

Data Collection 

Problem Identification 

Start 
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Report Writing 
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4. RESULTS & DISCUSSION 

4.1. Selection of the hybrid system 

The validation described above is crucial for accurately determining the actual engine 

power requirements. Furthermore, this validation plays an important role in the decision-

making process for selecting the most suitable propulsion system in a hybrid configuration. At 

this stage of the research, an Engine Propeller Matching (EPM) analysis was conducted on a 

ship model that had been developed previously in prior research. The purpose of this analysis 

was to determine the appropriate relationship between engine output and propeller 

characteristics to ensure optimal propulsion efficiency. Using Computational Fluid Dynamics 

(CFD) simulation, the total hydrodynamic resistance of the ship was calculated and found to be 

2082.55 N under the specified operating conditions. 

To overcome this resistance and achieve a cruising speed of 10 knots, a Dong Feng 

diesel engine was selected. The engine used is a single-cylinder S1125 type engine, with a 

cylinder diameter of 125 mm and a stroke of 120 mm. This engine is capable of producing 20.87 

kW (equivalent to 28 HP) of Brake Horsepower (BHP) at Maximum Continuous Rating (MCR), 

operating at 2200 revolutions per minute (RPM), and has a total weight of 240 kg. 

As part of efforts to develop a more efficient and environmentally friendly propulsion 

system, a hybrid propulsion system modification was implemented. This involves the 

integration of an electric motor into the propulsion system. The decision to implement a hybrid 

configuration was based on several technical considerations, including the need to minimise the 

vibrations generated by the propulsion system, as well as the suitability of the engine's power 

output at a low operating speed of 5 knots with the power input required for the propeller to 

operate efficiently at that speed. 

Based on these considerations, an electric motor with a power output of 3 horsepower 

(HP) was selected. The motor, manufactured by AllianceMotori, operates at a rotational speed 

of 2800 RPM and is considered suitable for providing additional propulsion power in low-speed 

sailing conditions. 
 

Figure 4. Electric Motor 

Fuel requirement calculations were performed using operational pattern data obtained 

from interviews, which indicated that fishermen require 8 hours for a single fishing trip. The 

total time of 6 hours is derived from the 2-hour journey to the fishing location, 1 hour for setting 

the nets, 2 hours waiting, 1 hour for hauling the nets, and 2 hours for the return journey. Using 

this operational pattern, the fuel requirements for a fishing vessel using a conventional 

propulsion system are shown in the graph in Figure 5 below. 
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Figure 5. Graph showing fuel consumption of ships with conventional propulsion systems 

 

Meanwhile, modifying the propulsion system to a hybrid system will result in a reduction in 

fuel consumption. The extent of the reduction in fuel consumption depends on how often the 

process of switching from the fuel-powered engine to the electric motor occurs. The pattern of 

reduction in fuel consumption is shown in Figure 6 below: 

 

 
Figure 6. Graph of fuel consumption for ships with hybrid propulsion systems 

 

4.2. Reduction in operational costs 

Replacing the previously used 100 PS engine with a 28 HP engine is very effective and 

efficient in reducing costs. This can be seen from the difference in size and weight, where the 

28 HP engine is lighter but still maintains the same speed, so that the weight saved can be 

allocated for fish cargo. In addition, fuel consumption with a 28 HP engine is lower because its 

Specific Fuel Consumption (SFOC) value is smaller than that of a 100 PS engine. 

In addition to meeting engine requirements, fuel consumption can also be optimised 



Desember 2025, hlm.159 - 19 

 

 

through the application of a hybrid propulsion system, as shown in Table 2. 

Table 1. Survey of operational cost conditions 

Item Diesel Engine Electric Motor Unit 

SFOC 250  g/kWh 

Density 0.85  kg/L 

Fuel price 6800 
 Rupiah per 

litre 

 8  Rupiah per 
gram 

Distance (round trip) 10  Nautical miles 

 18.52  km 

Electricity price  1500 Rupiah/kWh 

Note : 1 Day Condition (Round Trip): consumes 20 litres of diesel in 8 hours 

 

Based on Table 2, an initial survey has been conducted. The survey results show that a 

vessel with a length of 14 metres and a maximum speed of 10 knots, equipped with a Mitsubishi 

4D30 engine, consumes 35 litres of diesel fuel for one trip per day covering a distance of 5 

nautical miles. On the other hand, a similar survey conducted at a different location using a 

vessel of the same length and engine type showed fuel consumption of only 20 litres per trip 

per day for the same distance of 5 nautical miles. These findings are important reference data 

for estimating operational costs. Therefore, the fuel consumption value of 20 litres per trip per 

day was adopted as the basis for further calculations, as listed in Table 2. 

Table 2. Operational Costs 

Item Diesel Engine Electric Motor Unit 

Round trip conditions 

Speed 10 10 Knots 

 18.52 18.52 km/h 

Time (round trip) 1 1 Hours 

Engine power 20.8 20.8 kW 

Diesel consumption 5200 5200 gram 

 6,118 6,118 litre 

Fuel price 41,600 41,600 Rupiah 

    

Standby Condition 

Fuel Requirements 18,882  Litres 

 16,050  gram 

Engine power  2.2 kW 

Time  7 Hours 

Fuel/electricity cost  
128,400 

 
23,100 

 
Rupiah 

    

Total price 170,000 64,700 Rupiah 

 

From Table 3, the difference in cost between conventional engine propulsion systems 

and hybrid propulsion systems can be observed, calculated based on a full day's round trip 

operation with a consumption of 20 litres of fuel in 8 hours of operation at sea. The fuel cost 

for the conventional engine propulsion system is IDR 170,000.00, while the hybrid propulsion 

system only requires IDR 64,700.00. Based on this cost difference, the hybrid propulsion 

system is highly recommended. 
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5. CONCLUSION 

Based on this study, it can be concluded that the recalculation of the propulsion system 

resulted in the selection of a Dong Feng S1125 engine with an output power of 28 HP. In 

modifying the hybrid system, several factors were considered, including the vibration generated 

by the propulsion system, the engine output power, and the compatibility between the engine 

power and the power required by the propeller. As a result, a 3 HP electric motor was selected 

as the secondary propulsion source. The implementation of this hybrid system configuration 

has proven to offer more optimal operational cost reductions. 

In addition to operational cost savings, it can be concluded that the hybrid propulsion system 

effectively reduces operational costs. The conventional engine propulsion system incurs a cost 

of around IDR 170,000.00, while the hybrid system reduces this cost to only IDR 64,700.00. 

 

6. REFERENCES 

 

Fathanah, Y. (2013). Dynamics and Characteristics of Fishing Units in Pacitan Regency, East 

Java. Journal of Fisheries Engineering, 2(2), 213-221 

Kim, S., Jeon, H., Park, C., & Kim, J. (2022). Lifecycle Environmental Benefits with a Hybrid 

Electric Propulsion System Using a Control Algorithm for Fishing Boats in Korea. 

Journal of Marine Science and Engineering, 10(9), 1202. 

Ma'arif, S., Budiyanto, M. A., Sunaryo, & Theotokatos, G. (2025). Progress in hybrid and 

electric propulsion technologies for fishing vessels: An extensive review and prospects. 

Dong, Z., Manouchehrinia, B., Molloy, S., Gulliver, A., & Gough, C. (2018). Emission and 

life-cycle cost analysis of hybrid and pure electric propulsion systems for fishing boats. 

Journal of Ocean Technology, 13(2), 67-80 

Gao, F., Bloch, F., & Brodtkorb, A. H. (2023). New combined surface concept for 

optimising ship propulsion system efficiency. Ocean Engineering, 280 (September 

2022), 114489. https://doi.org/10.1016/j.oceaneng.2023.114489 

Hernowo, P. (2008). Legal Review of the Captain's Responsibility in Goods Transportation. 

Masruqi Arrazy, & Rindy Primadini. (2021). The Potential of the Fisheries Sub-Sector in 

the Provinces of Indonesia. Jurnal Bina Bangsa Ekonomika, 14 (1), 1–13. 

https://doi.org/10.46306/jbbe.v14i1.24 

Prasdika, T. O., Bahatmaka, A., Kriswanto, K., & Darsono, F. B. (2025). Numerical Analysis 

of Fishing Boat Propulsion Performance to Improve Efficiency and Thrust Using the 

CFD (Computational Fluid Dynamics) Approach. Indonesian Journal of Education and 

Technology, 5 (5 

Santosa, A. W. B., Mausulunnaji, M. F., Setiyobudi, N., Chrismianto, D., & Hadi, E. S. 

(2022). Analysis of Engine and Propeller Compatibility in Fishing Boats Using 

Inboard Engines. Journal of Applied Engineering Science, 20 (2), 477–484. 

https://doi.org/10.5937/jaes0-31979 

Tran, T. G., & Kim, H. C. (2023). Study on the compatibility of engines, propellers, and ship 

hulls under actual operating conditions. International Journal of Ship Architecture and 

Marine Engineering, 15, 100538. https://doi.org/10.1016/j.ijnaoe.2023.100538 

Yasim, A., Koekoeh, R., Wibowo, K., & Priohutomo, K. (2021). Study of the Compatibility of the 

Main Engine 

https://doi.org/10.1016/j.oceaneng.2023.114489
https://doi.org/10.46306/jbbe.v14i1.24
https://doi.org/10.5937/jaes0-31979
https://doi.org/10.1016/j.ijnaoe.2023.100538


Desember 2025, hlm.161 - 19 

 

 

and Propeller Compatibility Study on Fishing Vessels After Repair (Case Study of KM. 

Nelayan 2017-572). Journal of Maritime Technology, 15(1), 11–20. 

Andi Haris Muhammad, Rusydi Alwi, Hasnawiya Hasan, Husni Sitepu, Sabri Sapangallo. 

(2015). Modelling of fishing vessel propulsion systems with hybrid energy. Technology 

and Engineering Seminar (SENTRA). UNHAS 

Molland, A. F., Turnock, S. R., & Hudson, D. A. (2017). Ship Resistance and Propulsion: 

Practical Estimation of Ship Propulsive Power (3rd ed.). Butterworth-Heinemann. 

Baird, W. H., & Elgar, M. E. (2019). Marine Propulsion: Hybrid and Conventional Systems. 

Wiley-Blackwell. 

Kuo, K. (2015). Marine Power Systems: Propulsion and Energy Management. Cambridge 

University Press. 


