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A b s t r a c t 

This study analyses the efficiency, fuel consumption, and overall operational effectiveness of a hybrid 
propulsion system on a fast patrol boat compared to conventional propulsion methods. The methodology 
includes a combination of numerical simulation and field testing to evaluate the system performance 
comprehensively. The results show that the hybrid propulsion system, which combines an electric motor 
and a diesel engine, can improve fuel efficiency by up to 35% in low-speed patrol operations and 18% at 
cruising speeds (15-25 knots). In addition, the tests showed a reduction in CO2 emissions of up to 40% and 
NOx emissions of up to 35% compared to conventional systems. These findings demonstrate the potential 
for fuel savings and environmental impact reduction and provide practical insights for the development and 
application of hybrid propulsion technology in future maritime security operations. This study provides a 
solid foundation for further exploration of integrating more advanced energy storage technologies and 
artificial intelligence-based energy management systems to improve system performance in real-time. 
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1. Introduction 
 

In recent decades, the need for efficient and 
environmentally friendly fast patrol vessels has 
increased significantly. This is driven by 
increasing awareness of the environmental 
impact of maritime operations and the need to 
optimize fuel consumption [1]. Fast patrol 
vessels play a critical role in a variety of 
operations, including law enforcement, border 
surveillance, and search and rescue missions. 
However, the unique operational 
characteristics of these vessels, involving 
periods of high-speed interspersed with 
periods of low-speed patrol, pose particular 
challenges in terms of propulsion efficiency [2]. 
Hybrid propulsion systems have emerged as a 
potential solution to address these challenges. 
By combining a conventional diesel engine with 
an electric motor, hybrid systems offer the 
flexibility to optimize propulsion performance 

across a wide range of operating conditions [3]. 
At low speeds, the electric motor can be used 
for efficient and quiet propulsion, while at high 
speeds, the diesel engine can provide the 
required power. This approach not only has the 
potential to reduce fuel consumption and 
emissions but can also extend the operational 
range and improve the maneuverability of the 
vessel [4].  

Although the potential benefits of hybrid 
propulsion systems have been widely 
recognized, comprehensive performance 
evaluations in the context of fast patrol vessels 
are still limited. Previous studies have shown 
the potential for fuel savings of up to 20% in 
commercial vessels with hybrid propulsion 
systems [5], but the unique operational 
characteristics of fast patrol vessels require 
further investigation. Factors such as rapid 
acceleration, frequent speed changes, and the 
need for quiet operation add complexity to 
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evaluating the effectiveness of hybrid 
propulsion systems for this application [6].  

This study aims to fill this gap by conducting 
a comprehensive performance evaluation of a 
hybrid propulsion system on a fast patrol 
vessel. Using a combination of computer 
simulation and field testing, this study will 
assess the fuel efficiency, emission 
characteristics, and operational performance of 
a hybrid propulsion system compared to a 
conventional system. The results of this study 
are expected to provide valuable insights for 
ship designers, operators, and policymakers in 
optimizing the design and operation of fast 
patrol vessels in the future. 

 
2. Research and Method  

 
This study adopts a comprehensive 

approach combining numerical simulation 
methods and experimental testing to evaluate 
the performance of a hybrid propulsion system 
on a fast patrol boat. This methodology is 
designed to provide a comprehensive 

evaluation of the performance of a hybrid 
propulsion system on a fast patrol boat, 
combining the advantages of numerical 
simulation with rigorous experimental 
validation. This multi-faceted approach allows 
for a deep understanding of the system 
dynamics and its potential to improve the 
operational efficiency of fast patrol boats. 

 
3. Results  

 
a. Fuel Efficiency 

Data analysis shows that the hybrid 
propulsion system can significantly improve 
fuel efficiency compared to conventional 
propulsion systems. In low-speed patrol 
operations (below 10 knots), the use of electric 
propulsion mode results in a reduction in fuel 
consumption of up to 35%. Meanwhile, at 
cruising speeds (15-25 knots), the hybrid mode 
shows an increase in efficiency of 18% 
compared to the use of conventional diesel 
engines alone. 

 
Table 1. Patrol and Cruising Operations 

Operating Mode Speed Fuel Consumption Reduction 

Patrol (Electric) < 10 knots 35% 

Cruising (Hybrid) 15-25 knots 18% 

 
b. Operational Performance 

Field tests revealed that the hybrid 
propulsion system can meet the operational 
requirements of a fast patrol boat well. The 
boat reaches a maximum speed of 35 knots, by 
design specifications. Acceleration from 0 to 30 

knots can be achieved in 45 seconds, which is a 
15% increase compared to the conventional 
system. The maneuverability of the boat also 
shows improvements, with a turning radius 
reduced by 10% at low speeds when using 
electric.

 
Table 2. Hybrid Propulsion System 

Parameter Hybrid System Conventional System Change 

Maximum Speed 35 knots 35 knots 0% 

Acceleration Time (0-30 knots) 45 seconds 53 seconds +15% 

Turning Radius (low speed) 90% of conventional Baseline -10% 

 
c. Emission Reduction 

Emission measurements during field tests 
show a substantial reduction in exhaust 
emissions. In low-speed patrol operations, CO2 

emissions are reduced by up to 40% compared 
to the conventional system. NOx emissions also 
decreased by 35% in hybrid mode during cruise 
speed operation. These results demonstrate 
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the significant potential of hybrid propulsion 
systems in reducing the environmental impact 

of patrol vessel operations.

 
Table 3. Impact Of Patrol Vessel Operations 

Operating Mode Emission Type Reduction 

Patrol (Electric) CO2 40% 

Cruising (Hybrid) NOx 35% 

 
d. Reliability and Durability 

During the test period of 1000 hours of 
operation, the hybrid propulsion system 
demonstrated a high level of reliability. No 
significant system failures were recorded, and 

maintenance downtime was reduced by 20% 
compared to the conventional system. 
Electrical components, including the motor and 
battery, demonstrated good resilience to the 
harsh marine environment.

 
Table 4. Realibilty and Durability 

Parameter Hybrid System Conventional System Change 

Operating Hours Before Failure 1000 hours - - 

Downtime for Maintenance 80% of conventional Baseline -20% 

 
e. Control System Optimization 

Analysis of operational data enabled the 
development of a control algorithm optimized 
for transitions between diesel, electric, and 
hybrid modes. Implementation of this 

algorithm resulted in an additional 7% increase 
in overall fuel efficiency, as well as a reduction 
in transient loads on propulsion system 
components.

 
Table 5. Control System Optimization 

Parameter Before Optimization After Optimization Improvement 

Fuel Efficiency Overall Baseline 107% of baseline +7% 

 
f. Economic Analysis 

Although the initial cost of the hybrid 
propulsion system is 30% higher than the 
conventional system, a life cycle cost analysis 
showed significant savings potential. Assuming 

a typical operating profile and current fuel 
prices, the payback period (ROI) is estimated to 
be approximately 5 years. Over the estimated 
20-year life of the vessel, total operational cost 
savings could reach 25%. 

 
Table 6. Economic Analysis 

Parameter Value 

Hybrid vs Conventional System Initial Cost +30% 

Return on Investment (ROI) 5 years 

Vessel Lifespan 20 years 

Total Operational Cost Savings 25% 
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These results demonstrate the significant 
potential of hybrid propulsion systems in 
improving operational performance, energy 
efficiency, and environmental sustainability of 
fast patrol vessels. These findings provide a 
solid basis for further development and 
implementation of hybrid propulsion 
technology in maritime applications. 
 
4.  Discussion 
 

While this study has provided valuable 
insights into the performance of hybrid 
propulsion systems on fast patrol vessels, there 
are still several areas that require further 
investigation. One promising research direction 
is the integration of more advanced energy 
storage technologies. While lithium-ion 
batteries have performed well in this study, 
rapid advances in solid-state battery and 
supercapacitor technologies provide 
opportunities for further improvements in 
energy density and charging speed. Future 
research could focus on evaluating the 
performance of hybrid propulsion systems that 
integrate these new energy storage 
technologies, with particular attention to their 
impact on the vessel’s operational range, 
response time, and weight profile. Additionally, 
studies on the integration of artificial 
intelligence (AI)-based intelligent energy 
management systems with these new energy 
storage technologies could provide valuable 
insights into real-time system performance 
optimization under varying operational 
conditions. Another aspect that deserves 
further research is the long-term 
environmental impact of hybrid propulsion 
systems. While this study has demonstrated 
significant reductions in operational emissions, 
a more comprehensive life cycle analysis is 
needed to fully understand the carbon 
footprint of hybrid system components’ 
production, use, and disposal.  

This includes evaluating raw material 
sources for system components, manufacturing 
processes, and end-of-life recycling or disposal 
strategies. Additionally, future research could 
explore the potential use of alternative fuels or 
fuel cell technology in combination with hybrid 
propulsion systems. Studies into the technical 
and economic feasibility of hybrid propulsion 
systems using hydrogen or carbon-neutral 
synthetic fuels could provide valuable insights 

into the path to truly sustainable maritime 
operations. The integration of renewable 
energy, such as solar panels or small wind 
turbines, into hybrid patrol vessel designs, is 
also an interesting area for further exploration, 
particularly to enhance energy independence 
during long-range patrol missions. 
 
5. Conclusions  

 
This study has conducted a comprehensive 

evaluation of the performance of a hybrid 
propulsion system on a fast patrol boat, using a 
combination of numerical simulation methods 
and experimental testing. Based on the results 
obtained, several important conclusions can be 
drawn: 

 
a. Energy Efficiency: The hybrid propulsion 

system shows significant improvements in 
fuel efficiency, with fuel consumption 
reductions of up to 35% at low-speed 
operations and 18% at cruising speed. 
These findings confirm the potential of 
hybrid technology in optimizing energy use 
on patrol boats. 

b. Operational Performance: The ship with 
the hybrid propulsion system can meet, or 
even exceed, operational performance 
requirements. A 15% increase in 
acceleration and a 10% reduction in 
turning radius at low speed indicate that 
the hybrid system can improve the 
maneuverability and responsiveness of the 
ship. 

c. Environmental Impact: A 40% reduction in 
CO2 and a 35% reduction in NOx emissions 
demonstrates the significant contribution 
of the hybrid propulsion system to 
mitigating the environmental impacts of 
maritime operations. These findings are in 
line with the global goal of reducing 
greenhouse gas emissions from the 
shipping sector. 

d. Reliability and Maintainability: The hybrid 
propulsion system demonstrated high 
levels of reliability during the test period, 
with a 20% reduction in maintenance 
downtime. This suggests that concerns 
about the added complexity of hybrid 
systems can be addressed with proper 
design and management. 

e. Economic Feasibility: Despite the higher 
initial cost, the economic analysis showed 
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significant long-term savings potential, 
with a payback period of approximately 5 
years. This confirms that the hybrid 
propulsion system is not only 
environmentally beneficial but also 
economically beneficial. 

f. System Optimization: The development of 
an optimized control algorithm resulted in 
an additional 7% increase in overall 
efficiency, highlighting the importance of 
software development in maximizing 
hybrid system performance. 
 
Overall, the study concludes that hybrid 

propulsion systems offer a promising solution 
to improve the energy efficiency, operational 
performance, and environmental sustainability 
of fast patrol vessels. However, several 
challenges remain, including the need for a 
more comprehensive life cycle analysis and 
further optimization of the system control 
strategy. 

These findings have important implications 
for the maritime industry, policymakers, and 
researchers. They highlight the potential of 
hybrid propulsion technology to transform 
patrol vessel operations while contributing to 
global efforts to reduce the environmental 
impact of the maritime sector. Further research 
is recommended to address the identified 
limitations and explore integration with more 
advanced renewable energy and energy 
storage technologies. 
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