Sustainable approach towards Distribution of power
system in fishing vessels
M. mime?!, A. Ankuria® and B. Girit

!Department of Fisheries Engineering, Faculty of Fisheries Sciences, West
Bengal University of Animal and Fishery Sciences, Kolkata, West Bengal - 700
037

Corresponding author mail-mehedimime890@gmail.com

Abstract :-

The abstract of "Sustainable Approach towards Distribution of Power System in
Fishing Vessels" explores the significance of adopting environmentally
responsible power distribution systems within the fishing industry. The
sustainable approach involves the integration of renewable energy sources, such
as solar panels, wind turbines, and hydrokinetic systems, to supplement or
replace conventional fossil fuel-based generators. Additionally, efficient lighting
and appliances are employed to optimize energy consumption and reduce
wastage.

Waste Heat Recovery (WHR) technology is highlighted as a vital component,
capturing and reusing excess heat from engine operations for various onboard
applications, thus improving overall energy efficiency. The fishing sector's
reliance on conventional power sources has contributed to environmental
concerns, including emissions and overexploitation of marine resources. This
abstract discusses key strategies for achieving sustainability, such as integrating
renewable energy sources, implementing energy-efficient technologies, and
utilizing waste heat recovery. The focus is on reducing fuel consumption,
greenhouse gas emissions, and overall environmental impact. Additionally, crew
education and compliance with regulations are highlighted as essential factors in
promoting a sustainable power distribution approach. Ultimately, the abstract
emphasizes the urgency of implementing these sustainable practices to ensure a
viable future for the fishing industry while preserving marine ecosystems for
generations to come.
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Introduction:-




The distribution of power system in fishing vessels is a
complex and essential aspect of modern maritime engineering. From massive
cargo vessels to agile naval ships and luxurious cruise liners, the efficient and
reliable distribution of electrical power is vital for the smooth operation and
safety of the entire vessel and its crew.

Power distribution in fishing vessels is a fundamental aspect
that drives the functionality and productivity of modern fishing operations. As
the fishing industry faces increasing environmental concerns and the need for
sustainable practices, the efficient management of electrical power takes center
stage in ensuring a harmonious coexistence between fishing activities and
marine ecosystems. This introduction explores the significance of power
distribution in fishing vessels while highlighting the importance of
sustainability in energy usage.

The fishing industry faces increasing scrutiny for its
environmental impact, particularly concerning greenhouse gas emissions and
the depletion of marine resources. Sustainable power distribution systems are
essential to mitigate these concerns and ensure the industry's sustainable
development. This chapter focuses on exploring innovative approaches to
distributing power on fishing vessels, encompassing renewable energy
integration, energy storage, efficient lighting and appliances, hull design, and
propulsion systems, as well as crew education and compliance with
environmental regulations.

With the global shift towards sustainability and
environmental responsibility, the fishing industry is increasingly seeking
innovative solutions to address its impact on the marine environment,
Sustainable power distribution emerges as a key aspect of this endeavor,
focusing on optimizing power usage while minimizing negative ecological
consequences. The integration of renewable energy sources, energy-efficient
technologies, and responsible power management practices plays a pivotal role
in achieving this balance.

Adopting renewable energy sources, such as solar, wind, and hybrid systems,
offers a cleaner and greener alternative to traditional fossil fuel-based
generators. These renewable sources not only reduce greenhouse gas emissions



but also provide an opportunity for cost savings and energy independence,
especially during long voyages where fuel consumption can be significant.

Furthermore, energy efficiency measures in power
distribution contribute to minimizing waste and improving overall system
performance. Utilizing energy-efficient appliances, implementing variable
frequency drives (VFDs) for machinery, and optimizing lighting systems are
among the practices that can significantly reduce energy consumption and
operating costs, thereby enhancing the economic viability of fishing operations.

Moreover, the sustainable distribution of power involves
monitoring and control systems that enable real-time energy consumption
analysis, allowing the crew to make informed decisions about energy usage.
Additionally, the integration of automation and remote control technologies
ensures optimized power distribution and reduced human errors, further
contributing to sustainability.

2. Marine Diesel Generators:

Generators are electric devices capable of converting mechanical energy into
electricity. The electrical generator powered by a combustion engine is currently
the best option for fishing boats. Electric power for fishing vessels, in general,
employs electrical energy sufficient to sustain fishing activities (Prasetyo al ,2021).
The most prevalent and conventional power source utilised on fishing vessels is
marine diesel generators. They are internal combustion engines that run on
diesel fuel to power an alternator, which produces electricity. Diesel generators
are well-known for their durability, high power output, and fuel efficiency,
making them ideal for long journeys and heavy electrical loads. A marine diesel
generator on a fishing vessel operates on the internal combustion engine, which
burns diesel fuel to provide mechanical energy, which is subsequently
transformed into electrical energy. There are no power buffers in diesel-electric
systems, a generator must be running at all times. This precludes functioning in
a full electric mode event, while the power distribution and propulsion systems
might be employed in such a mode in theory. The marine diesel generator is
made up of numerous major components, each of which plays an important part
in the generation process:

A. Diesel Engine :-

The diesel engine, which functions on the principle of internal
combustion, is at the core of the marine diesel generator. Diesel fuel is fed into
the combustion chamber of the engine, where it combines with compressed air.



The heat generated by the compression forces the fuel-air combination to
spontaneously ignite, resulting in a controlled explosion.

B.Crankshaft:

As the fuel-air combination ignites and expands rapidly, the piston in the
cylinder descends. A connecting rod transmits the piston's reciprocating action
to the crankshaft.

C.Alternator:

The rotating motion of the crankshaft is conveyed to the alternator
through a belt or gear system. The alternator is made up of a rotor and a stator
arrangement, with the spinning of the rotor causing an alternating current (AC)
to be generated in the stator windings.

D.Conversion to Direct Current (DC):

The alternator's produced AC voltage is rectified to direct current
(DC) using diodes. This is due to the fact that the majority of the electrical
equipment and electronics on the fishing vessel run on direct current (DC).

E. Voltage regulation

\oltage regulation is required to provide a consistent electrical supply
by controlling the alternator's voltage output. Voltage regulators control the field
current in the alternator to maintain a constant voltage level.

F.Energy Distribution: A distribution panel distributes the generator's direct
current output to various electrical loads and equipment aboard the fishing
vessel. Navigation systems, communication devices, lighting, refrigeration, and
other onboard equipment are examples of electrical loads.

G.Cooling System: During the combustion process, the diesel engine creates a

substantial quantity of heat. A cooling system, generally made up of seawater or
freshwater, is used to keep the engine's temperature within acceptable operating
limits.

The marine diesel generator in a fishing vessel provides a reliable and
continuous source of electrical power for various operations while the vessel is



at sea. Regular maintenance and proper monitoring of the generator are essential
to ensure its efficiency, longevity, and safe operation during fishing activities.

Advantages:

e Proven technology that is widely available and supported.
¢ Reliable and long-lasting, but requires frequent maintenance.
e High output power for high electrical loads.

Challenges:

e Greenhouse gas emissions (CO2, NOx) and air pollutants contribute to
marine pollution and climate change.

¢ Noise and vibration may have an effect on aboard comfort and marine
life.

power generation in fishing vessel by turbine

Power generation in a fishing vessel by a turbine typically involves the
use of a marine turbine, specifically a marine diesel turbine or a gas turbine.
These turbines are internal combustion engines that operate on the principle of
converting the energy from burning fuel into mechanical energy, which is then
transformed into electrical energy through an alternator. The electrical power
generated by the turbine can be used to operate various onboard systems,
equipment, and amenities.

The marine turbine used in fishing vessels is commonly a marine diesel turbine
or a gas turbine. Both types of turbines operate similarly by burning fuel to
create high-pressure, high-temperature gases that drive the turbine's blades. The
expanding gases from the combustion process flow through the turbine's blades,
causing them to rotate rapidly. This rotation creates mechanical energy in the
form of rotational motion.

It is important to note that while turbines can provide a
significant amount of power, they are often used in larger fishing vessels or
specialized vessels that have higher power demands. Smaller fishing vessels
may rely on other power generation methods, such as marine diesel generators
or renewable energy sources like solar panels or wind turbines, depending on
their size and energy requirements. Proper maintenance, monitoring, and
adherence to safety protocols are crucial to ensuring the efficient and safe
operation of the turbine-based power generation system on a fishing vessel.

The future prospects of a sustainable approach to power generation in
fishing vessels using turbine




The future prospects of a sustainable approach to power generation in fishing
vessels using turbines are highly promising. Integrating turbines for power
generation can lead to various environmental and operational benefits for the
fishing industry. Here are some key future prospects:

1. Wind Turbines: Wind turbines mounted on fishing vessels can harness wind
energy to generate electricity. Future advancements in wind turbine
technology, such as improved blade designs and materials, will enhance their
efficiency and power generation capabilities.

2. Hybrid Systems: Hybrid power systems that combine turbines with other
energy sources, like solar panels or batteries, will become more common.
These systems will optimize power generation based on available resources,
weather conditions, and power demand, leading to improved sustainability
and efficiency.

3. Integrated Turbine Designs: Future fishing vessels may feature more
streamlined and integrated turbine designs, reducing drag and improving
vessel performance while generating power.

4. Tidal Turbines: Tidal turbines, which utilize the flow of tidal currents to
generate electricity, hold great potential for fishing vessels operating in
coastal areas with strong tidal currents. Advancements in tidal turbine
technology will lead to higher energy output and increased reliability.

+ Hybrid Power Systems:

Hybrid Power Systems: Hybrid power systems are becoming increasingly
popular in fishing vessels, combining multiple power sources to optimize
efficiency and reduce environmental impact. These systems may integrate diesel
generators with renewable energy sources and energy storage systems to ensure
a continuous power supply.

Hybrid power technology in marine fishing vessels refers to the
integration of multiple power sources and propulsion systems to improve
efficiency, reduce emissions, and enhance the overall performance of the vessel.
The aim is to strike a balance between traditional internal combustion engines
(usually diesel) and cleaner, more sustainable power sources. Here are some key
aspects of hybrid power technology in marine fishing vessels:

1. Combination of Power Sources: Hybrid systems typically combine traditional
diesel engines with electric motors and batteries. The diesel engine provides power
for high-demand tasks like long-distance travel and heavy fishing equipment, while



the electric motor handles lower power demands during cruising or fishing
operations.

. Battery Storage: Hybrid fishing vessels have large battery banks that store
electrical energy generated by the onboard generators or regenerative braking.
These batteries can be charged using excess power from the diesel engine or shore-
based electricity, depending on the vessel's design and available infrastructure.

. Regenerative Braking: Some hybrid vessels are equipped with regenerative
braking technology, which converts kinetic energy from the propeller's rotation
back into electricity. This regenerated power is stored in the batteries and can be
used to supplement the diesel engine during low-speed maneuvers.

. Energy Management System (EMS): An advanced energy management system is
crucial for optimizing the use of different power sources. The EMS monitors the
vessel's energy demands and dynamically switches between diesel, electric, or
hybrid modes to achieve the best efficiency and emission reduction.

. Reduced Fuel Consumption and Emissions: The integration of electric
propulsion and battery technology reduces the reliance on diesel engines, leading
to lower fuel consumption and greenhouse gas emissions. This is especially
beneficial for the environment and can also result in cost savings for the vessel
owner.

. Quiet Operation: Electric motors produce less noise and vibration compared to
diesel engines. This quieter operation can be advantageous for fishing, as it reduces
the disturbance to fish populations and improves the working conditions for the
Ccrew.

. Increased Redundancy and Safety: Hybrid systems can provide increased
redundancy in power sources. If one system fails, the vessel can still operate on the
other power source, which enhances safety during critical operations or
emergencies

The future prospects of a sustainable approach to hybrid power systems

The future prospects of a sustainable approach to hybrid power systems in fishing
vessels hold tremendous potential for transforming the fishing industry's
environmental impact. Here are some key future prospects:

Reduced Emissions: Sustainable hybrid power systems will enable fishing vessels
to reduce their greenhouse gas emissions significantly. The integration of
renewable energy sources, such as solar panels and wind turbines, along with
energy-efficient diesel engines or electric propulsion, will lead to lower carbon
footprints and cleaner operations.



Energy Efficiency: The optimization of power distribution and usage through
hybrid systems will result in improved energy efficiency. Vessels will be able to
operate more economically, reducing fuel consumption and operating costs.

Noise Reduction: Electric propulsion components in hybrid systems operate
quietly, leading to reduced noise pollution in marine environments. This benefit
can help preserve marine ecosystems and minimize disturbance to aquatic life.

Flexibility in Power Sources: Hybrid systems offer flexibility in selecting power
sources based on various operational requirements. Vessels can switch between
renewable energy and conventional engines as needed, adapting to different fishing
conditions and optimizing fuel use.

Energy Storage Solutions: Integration with energy storage systems will enhance
the reliability and stability of power supply on fishing vessels. Stored energy can
be used during peak demand periods or in areas where renewable energy
generation is limited.

+ Variable Frequency Drives (VEDs) in fishing vessel

Variable Frequency Drives (VFDs) have emerged as transformative components
in modern fishing vessels. These electronic devices control the speed and torque
of electrical motors, ensuring optimal performance and energy efficiency in
various onboard equipment. By adjusting motor speeds based on actual
requirements, VFDs eliminate the need for fixed-speed motors, reducing energy
consumption and wear on machinery.

In fishing vessels, VFDs find applications in winches,
pumps, and other deck machinery. They enable precise control of hauling and
lifting operations, enhancing safety and minimizing stress on fishing gear. VFDs
also allow vessels to operate at lower speeds during less demanding tasks,
resulting in fuel savings and reduced emissions.

Efficient power distribution with VFDs improves
overall vessel sustainability by lowering fuel costs and environmental impact.
Furthermore, these drives contribute to smoother and quieter operations,
enhancing crew comfort and productivity at sea. As fishing vessels continue to
prioritize sustainability, VFDs represent a crucial technology in optimizing
energy usage and achieving eco-friendly operations.



Future prospects of sustainable approach of Variable Frequency Drives
(VFDs)

The future prospects of a sustainable approach to Variable Frequency Drives
(VFEDs) are promising and aligned with the broader efforts to promote energy
efficiency, reduce emissions, and create more environmentally friendly
technologies. Here are some key future prospects of sustainable VFDs:

Advanced Energy Efficiency: Future VFDs are expected to become even more
energy-efficient through advancements in power electronics and control
algorithms. Improved efficiency will lead to reduced energy consumption and
lower greenhouse gas emissions, contributing to a greener and more sustainable
energy landscape.

Integration with Renewable Energy: Sustainable VFDs will be seamlessly
integrated with renewable energy sources like solar, wind, and hydro power.
This integration will allow for better utilization of clean energy, further reducing
the reliance on fossil fuels and promoting sustainable power generation.

Smart Grid Integration: As energy grids become smarter and more
interconnected, sustainable VFDs can play a vital role in demand response
systems. VFDs will be capable of adjusting power consumption based on grid
conditions, optimizing energy usage, and supporting grid stability.

+ Energy Storage Systems in fishing vessel:-

Energy storage systems (ESS) in fishing vessels are vital for promoting
sustainability and efficiency. These systems store excess energy from renewable
sources like solar and wind, ensuring a stable power supply during low-
generation periods. ESS integration reduces reliance on conventional diesel
engines, leading to lower fuel consumption, emissions, and operating costs.
Hybrid systems combining diesel engines with electric propulsion and ESS
optimize fuel efficiency. ESS also provides backup power during emergencies,
enhancing onboard safety. The future of ESS in fishing vessels depends on
advancements in battery technology, enabling higher energy density, longer
lifespan, and cost reductions. Integration with renewable energy sources will
further minimize reliance on fossil fuels. Smart energy management systems
will optimize power distribution, reducing wastage. As environmental concerns
grow, regulatory support and incentives may drive the adoption of ESS and



other sustainable technologies in the fishing industry, reducing its ecological
Impact and ensuring a more sustainable future.

Future Prospects:

Advancements in Battery Technology:

The future of ESS in fishing vessels will largely depend on advancements in
battery technology. Continued research and development in battery chemistry,
such as lithium-ion, solid-state batteries, or flow batteries, could lead to higher
energy density, longer lifespan, and lower costs.

Integration with Renewable Energy Sources:

As renewable energy technologies advance, the integration of ESS with solar,
wind, and other renewable sources will become more seamless, allowing fishing
vessels to rely even less on fossil fuels.

Smart Energy Management:

Improved energy management systems will optimize the use of stored energy,
ensuring efficient power distribution across various vessel systems and reducing
wastage.

+ The integration solar panels:-

The integration of renewable energy sources, specifically solar panels, in fishing
vessels offers a promising sustainable solution to reduce their environmental
Impact and operational costs. Solar panels harness sunlight and convert it into
electrical energy, providing a clean and reliable power source for various
onboard applications. Here's how the integration of solar panels benefits fishing
vessels:

Reduced Fuel Consumption: By generating electricity from solar energy,
fishing vessels can significantly reduce their reliance on traditional fossil fuel-
powered generators. This leads to reduced fuel consumption during fishing
expeditions, resulting in lower greenhouse gas emissions and a smaller carbon
footprint.

Energy Independence: Solar panels provide a decentralized and self-sustained
power source, reducing the need for frequent refueling and dependence on
external energy supplies. This increased energy independence is especially
valuable during long fishing trips and in remote areas.




Quiet Operation: Solar panels produce electricity without noise or vibrations,
providing a quieter and more pleasant onboard environment for crew members
during fishing operations.

Low Maintenance: Solar panels have relatively low maintenance requirements
compared to conventional power generation systems. Regular cleaning and
occasional inspections are usually sufficient to ensure their optimal
performance.

Extended Battery Life: When combined with energy storage systems, solar
panels can charge onboard batteries during the day. This stored energy can then
be used during periods of low sunlight or high energy demand, extending the
life of the vessel's batteries.

Supporting Sustainable Image: Adopting solar power demonstrates a
commitment to sustainability and environmentally responsible practices,
enhancing the vessel's reputation in the industry and among consumers who
increasingly prioritize sustainable products.

Financial Savings: While the initial investment in solar panels may be
significant, the long-term cost savings on fuel and reduced maintenance
expenses can lead to a positive return on investment over time.

Environmental Preservation: By reducing reliance on fossil fuels, fishing
vessels with solar panels contribute to mitigating climate change and promoting
a healthier marine environment, aligning with conservation efforts and
sustainable fishing practices.

However, the integration of solar panels in fishing vessels
requires careful planning and consideration of power needs, available space, and
the vessel's operating conditions. Proper installation, use of efficient energy
management systems, and crew education are essential to maximize the benefits
of solar energy while ensuring reliable and uninterrupted power supply during
fishing operations.

+ Efficient Lighting and Appliances:

Traditional incandescent bulbs have largely been replaced by energy-efficient
LED lighting systems, which consume significantly less power while providing
ample illumination. Upgrading lighting and appliances to energy-efficient
alternatives can result in substantial energy savings and a direct reduction in
fuel consumption.

efficient lighting and appliances play a crucial role in the sustainable
approach towards the distribution of power systems in fishing vessels. As



fishing vessels operate for extended periods at sea, optimizing energy
consumption becomes essential to reduce fuel usage and greenhouse gas
emissions. By implementing energy-efficient lighting and appliances, these
vessels can achieve significant energy savings and contribute to a more
sustainable fishing industry.

One of the primary considerations is replacing traditional incandescent bulbs
with energy-efficient LED lighting. LEDs consume up to 80% less energy than
incandescent bulbs, making them highly advantageous for onboard lighting.
LED lights also have a longer lifespan, reducing the frequency of replacements
and minimizing waste. llluminating the vessel's interior and exterior spaces with
LEDs ensures crew safety and comfort while substantially lowering overall
energy consumption.

incorporating efficient lighting and appliances in the power
distribution system of fishing vessels is a vital step towards sustainability. The
adoption of energy-efficient LED lighting and appliances not only reduces
energy consumption and operating costs but also minimizes the environmental
impact of fishing operations. Embracing these sustainable practices can lead to a
greener and more resilient fishing industry, ensuring a healthier marine
environment for future generations.

+ \Waste Heat Recovery:

Fishing vessels generate excess heat during engine operations, which is
traditionally wasted. Waste heat recovery systems capture and reuse this heat for
various purposes, including heating water and cabins. Implementing waste heat
recovery technologies can improve energy efficiency and reduce fuel
consumption.Waste Heat Recovery (WHR) is an integral component of the
sustainable approach towards the distribution of power systems in fishing
vessels. Fishing vessels generate a significant amount of excess heat during
engine operations, which is traditionally wasted. By implementing WHR
technologies, this heat can be harnessed and put to productive use, improving
energy efficiency and reducing fuel consumption.

WHR systems capture the waste heat from the engine and
convert it into usable energy for various onboard applications. One common
application is using the recovered heat to pre-heat water before it enters the
vessel's boilers, reducing the energy required to reach the desired temperature.
This results in lower fuel consumption and greenhouse gas emissions associated
with the heating process.



Another potential use of recovered waste heat is in space
heating for cabins and other living areas on the vessel. By utilizing the excess
heat generated by the engine, the reliance on additional heating systems or
electric heaters can be minimized, leading to further energy savings.

The integration of WHR systems enhances the overall energy
efficiency of fishing vessels, making them more environmentally friendly and
economically sustainable. By reducing the amount of waste heat that is
discarded, these vessels can optimize their energy use, lower their carbon
footprint, and contribute to the preservation of marine ecosystems.

Waste Heat Recovery is a valuable technology that
complements the sustainable distribution of power systems in fishing vessels.
By efficiently utilizing the excess heat produced during engine operations,
WHR systems improve energy efficiency and reduce environmental impacts,
making them a vital component of sustainable fishing practices.

Conclusion:-

In conclusion, adopting a sustainable approach towards the distribution of
power systems in fishing vessels is not only a necessity but also a responsibility
towards the environment and future generations. The fishing industry's reliance
on conventional power sources has historically contributed to environmental
degradation, including greenhouse gas emissions, overfishing, and habitat
destruction.

However, through the integration of innovative technologies and
best practices, fishing vessels can transition to more sustainable power
distribution systems. Renewable energy integration, such as solar panels, wind
turbines, and hydrokinetic systems, offers a cleaner and greener alternative to
traditional fossil fuel-based generators. Pairing these renewable sources with
energy storage systems ensures a consistent power supply, regardless of weather
conditions, optimizing energy usage.

Efficient lighting and appliances further contribute to energy conservation,
reducing fuel consumption and operational costs. Crew education plays a vital
role in ensuring the effective use of these systems, fostering a culture of
sustainability onboard. Waste Heat Recovery technology harnesses the excess
heat produced during engine operations, converting it into usable energy for
various purposes, thus improving overall energy efficiency.

By embracing a sustainable approach towards the distribution of power systems
in fishing vessels, the fishing industry can demonstrate environmental
stewardship, reduce its ecological footprint, and contribute to the protection of



the world's oceans. Policymakers, industry stakeholders, and vessel operators
must collaborate to promote and enforce sustainable practices, paving the way
for a thriving, sustainable, and resilient fishing industry that balances human
needs with ecological conservation.
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