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Abstract 

This research aims to analyze the effectiveness of various ship maintenance techniques in 
removing sea barnacles and evaluate the advantages and challenges of each method used. The 
research method employed is a Systematic Literature Review (SLR), which analyzes various 
previous studies that discuss ship maintenance techniques for preventing and eliminating fouling. 
Data analysis was conducted using NVivo to identify research trends and VOSviewer to map 
relationships between the methods used in previous studies. The research results show that the 
most effective approach in preventing the growth of barnacles is a combination of several 
methods, such as the use of silicone or fluorine-based paint which has low adhesion, ultrasonic 
technology which inhibits the colonization of marine biota, and a robot-based automatic cleaning 
system which can remove fouling without damaging the structure of the ship. This hybrid approach 
not only enhances the fuel efficiency of ships but also helps mitigate the impact of marine pollution 
caused by the use of toxic chemicals. With the development of antifouling technology and more 
innovative maintenance strategies, the shipping industry is expected to increase operational 
efficiency while supporting the long-term sustainability of the marine environment. 

Keywords: Ship Treatment, Antifouling, Ultrasonic Technology, Fouling, Hybrid Approach. 

 
INTRODUCTION 

Empirical data show that ships 
experiencing the accumulation of 
barnacles and other marine biota can 
experience an increase in hydrodynamic 
resistance of up to 40%, resulting in an 
increase in fuel consumption of 15-20% 
under the same operating conditions [1]. In 
addition, the increasing maintenance costs 
and frequency of manual cleaning also add 
to the operational burden and disrupt 
shipping schedules, forcing stakeholders to 
seek innovative solutions that not only 
address technical issues but also have a 
positive impact on economic and 
environmental efficiency. 

Various ship maintenance materials 
and technologies have been developed to 
address these issues starting with the 
application of chemical-based antifouling 
coatings designed to inhibit the growth of 
marine organisms on the hull surface [2]. 
This innovation is balanced with research 
on the composition of more 
environmentally friendly materials, in order 
to reduce the impact of toxicity that may be 
caused by these chemicals on the aquatic 
ecosystem. The development of modern 

paint and coating technology is one of the 
mainstays in optimizing the protection of 
the ship's hull while maintaining its beauty 
and structural integrity. 

Mechanical and non-chemical 
techniques such as high-pressure water 
cleaning, the use of ultrasonic technology, 
and automated cleaning systems have 
been tested as more efficient and 
sustainable alternatives. These techniques 
not only reduce the reliance on chemicals 
but also allow maintenance processes to 
be carried out in a shorter time and at a 
relatively lower cost. The integration of 
mechanical and chemical approaches in 
ship maintenance offers a holistic solution 
that can be tailored to the operational 
conditions and characteristics of a 
particular ship [3]. 

Innovative technologies and methods 
in ship maintenance continue to develop 
along with research progress and industry 
needs. Various experimental and field 
studies have shown that the combination of 
advanced materials, proper application 
techniques, and real-time monitoring 
systems can improve cleaning 
effectiveness and extend the life of ship hull 
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protection. Collaborative efforts between 
researchers, engineers, and industry 
practitioners are key to developing 
maintenance techniques that not only 
improve ship performance but also 
contribute to marine environmental 
conservation efforts. 

The purpose of this study is to 
evaluate and optimize ship maintenance 
techniques in removing marine barnacles 
attached to the ship's hull through an 
integrated approach so that it is expected 
to reduce hydrodynamic resistance, 
increase fuel efficiency, and reduce 
negative impacts on the marine 
environment. This study aims to identify the 
best method that can be widely applied in 
the shipping industry while providing 
strategic recommendations for the 
development of ship maintenance 
technology in the future. 

RESEARCH METHODS 

The research method used in this 
study is the Systematic Literature Review 
(SLR), where researchers systematically 
identify, collect, and analyze literature 
related to ship maintenance techniques in 
removing sea barnacles attached to ship 
hulls [4]. The SLR process begins with the 
formulation of a search strategy that 
includes determining keywords, selecting 
leading databases such as Scopus, Web of 
Science, and Google Scholar, and applying 
inclusion and exclusion criteria to filter 
relevant articles. Each literature that meets 
the criteria is then critically evaluated to 
assess its methodological quality and 
contribution to the understanding of ship 
maintenance problems [5]. These steps 
ensure that the data obtained is accurate, 
and up-to-date, and can support in-depth 
analysis of the various approaches and 
solutions that have been implemented in 
addressing the buildup of marine barnacles 
on ship hulls.

 

 
Figure 1. Prisma table 

 
Data analysis was conducted by 

integrating two analysis tools, namely 
NVivo and VOSviewer, to provide a holistic 
and comprehensive picture. NVivo is used 
for qualitative analysis, especially in coding 
and categorizing findings from selected 
literature, thus facilitating the identification 
of key themes, research trends, and gaps 
that still need to be addressed in the field 
of ship maintenance [6]. Meanwhile, 
VOSviewer is used for bibliometric analysis 
and network visualization, such as maps of 

collaboration between authors, 
relationships between keywords, and 
distribution of publications over time. The 
integration of the two analysis tools allows 
researchers to present data in a structured 
and visual way and supports evidence-
based decision-making in developing more 
efficient and sustainable ship maintenance 
techniques. 

Figure 1 shows the study selection 
process flow using the PRISMA (Preferred 
Reporting Items for Systematic Reviews 
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and Meta-Analyses) framework, starting 
from the identification stage to the studies 
that were finally included in the review. In 
the initial stage, 120 articles were identified 
from various databases, and then 35 of 
them were removed due to duplication. 
Next, the remaining 85 articles underwent 
an initial screening process, which left 60 
articles for further review. However, 20 
articles were inaccessible or not available 
in full text, so only 40 articles were 
evaluated for eligibility. Of these, 15 articles 
were excluded for certain reasons (10 of 
them due to abstract limitations and 5 
others were too specific or irrelevant), 
leaving 25 articles that were deemed 
eligible and finally included in this 
systematic review. Thus, the PRISMA flow 
helps ensure that the study selection 
process is transparent, structured, and 
accountable [7]. 

RESEARCH RESULT 

Research on ship maintenance 
techniques in removing sea barnacles 
attached to the ship's hull has been widely 
conducted by academics and maritime 
practitioners. One of the most commonly 
used methods is the application of 
antifouling coatings, which aims to reduce 
or prevent the growth of marine biota on the 
surface of the ship's hull. According to 
research conducted by [8], copper-based 
antifouling paint was able to reduce the 
growth rate of barnacles by up to 80% 
within six months of use. However, another 
study conducted by [9] showed that 
although copper-based paint is effective in 
preventing barnacle growth, its long-term 
use can cause heavy metal pollution in the 
marine environment, which is harmful to 
the ecosystem. This is also supported by a 
study conducted by [10], who found that 
copper waste produced from antifouling 
paint can reduce water quality and disrupt 
the balance of the aquatic ecosystem 
around the port. 

As an alternative to copper-based 
paints, some studies have explored the use 
of silicone or fluorine-based antifouling 
paints, which are more environmentally 
friendly. [11] his research revealed that 
silicone-based paint has a high-release 
effect, where the surface of the ship's hull 

becomes more slippery and reduces the 
adhesion of barnacles. This study is also 
supported by the findings [12], which show 
that the use of silicone paint can reduce 
ship drag by up to 15%, thus impacting fuel 
efficiency. In addition, research by [13] 
found that fluorine-based paints also have 
good antifouling properties, especially in 
environments with high exposure to marine 
life, due to their ability to inhibit barnacle 
attachment through a self-cleaning 
mechanism. 

Mechanical methods such as manual 
and automated cleaning are also still used 
in the shipping industry to remove marine 
barnacles from ship hulls. [14] stated that 
manual cleaning methods using brushes or 
scrapers are still the main choice for many 
small ship operators, especially because of 
their relatively low cost. Research by [15] 
showed that this method takes a long time 
and has the risk of damaging the antifouling 
paint layer, which in turn accelerates the 
regrowth of barnacles. Research 
conducted by [16] recommends the use of 
automated robotic systems capable of 
cleaning ship hulls without damaging the 
surface. This technology has been proven 
to increase cleaning effectiveness by up to 
40% compared to manual methods, 
although it has a fairly high initial 
investment cost. 

Ultrasonic technology is also starting 
to be developed as an innovative method 
to inhibit the growth of barnacles on ship 
hulls. [17] in his research revealed that 
ultrasonic waves with certain frequencies 
can disrupt the initial adhesion process of 
barnacles, thus preventing further growth. 
This study is also supported by research 
[18], which found that vessels equipped 
with ultrasonic systems experienced a 70% 
reduction in barnacle growth over six 
months. However, research by [19] shows 
that the effectiveness of ultrasonic 
technology is highly dependent on the 
intensity and frequency of the waves used, 
as well as the design of the system applied. 
If not configured properly, the effect can be 
suboptimal, especially for vessels that 
frequently operate in waters with high 
levels of marine biota growth. 

Several studies have proposed 
hybrid approaches that combine more than 
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one method to enhance the effectiveness 
of ship treatments in removing barnacles. 
[20] in his study showed that the 
combination of silicone-based antifouling 
paint with an automatic cleaning system 
can significantly reduce ship drag and 
increase fuel efficiency by up to 15%. 
Another study by[21]found that by applying 
a hybrid approach combining fluorine-

based paint and ultrasonic technology, 
ships can maintain a clean hull condition 
longer than using either method alone. This 
is in line with research by[22], which 
revealed that this multimodal approach 
was able to reduce the frequency of 
manual cleaning by up to 50%, thereby 
reducing ship operating costs in the long 
term. 

 

 

Figure 2. Analysis of Previous Study Grouping Through VOSviewer. 

 

Figure 2 shows the results of the 
clustering analysis of previous studies on 
ship maintenance techniques for removing 
marine barnacles using VOSviewer. This 
visual map groups key concepts in 
biofouling research based on the 
interrelationships between topics that are 
often discussed together in the literature. It 
can be seen that biofouling is the main 
center that connects several ship 
maintenance approaches, such as 
antifouling coatings, ultrasonics, and in-
water cleaning. Ultrasonic technology is 
presented as one of the innovative 
methods in biofouling prevention, with 
related concepts such as cavitation, 
acoustic energy, and multiwaves showing 
how ultrasonic waves work to disrupt the 
adhesion of marine biota. On the other 
hand, the antifouling group shows its 
relationship with the concepts of biocides, 
sustainability, and marine sensors, 
indicating that this method still relies on 
certain chemicals, but is also increasingly 
directed towards a more environmentally 

friendly approach. In-water cleaning is a 
separate group that includes mechanical 
techniques for removing biofouling without 
the need for docking, with related concepts 
such as antifouling paint-coated plates, 
cleaning effluents, and AFC plates that 
illustrate the efficiency of these methods in 
cleaning the hull without damaging the 
antifouling layer. In addition, energy 
efficiency-based approaches and capture 
efficacy tests are also part of this study, 
demonstrating that fouling prevention and 
removal methods must consider their 
impact on the overall performance of the 
ship. This map confirms that the best 
strategy in ship maintenance is a 
multimodal approach that combines 
antifouling methods, ultrasonic technology, 
and mechanical cleaning to achieve 
optimal efficiency in preventing barnacle 
growth on the hull. 

Overall, the discussion of the results 
of this study reveals that there is no single 
method that is superior in removing 
barnacles from ship hulls. Each technique 
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has its own advantages and 
disadvantages, depending on the 
operational conditions of the ship, 
maintenance budget, and applicable 
environmental regulations. Chemical-
based methods such as antifouling paint 
are still the main solution but are starting to 
be challenged by increasingly stringent 
environmental regulations. Meanwhile, 
mechanical and ultrasonic methods offer 
more sustainable alternatives, although 
with their own challenges in terms of 
effectiveness and implementation costs. 
Considering the findings of various 
previous studies, the most optimal 
approach in preventing and removing 
barnacles from ship hulls is an integrated 
approach, which combines various 
techniques according to the specific needs 
of the ship and its operational conditions. 

DISCUSSION 

A. Effectiveness of Antifouling 
Coating in Inhibiting Barnacle 
Growth 
The growth of marine life on ship hulls 

is a serious problem in the maritime 
industry. One of the organisms that most 
often attach to ship hulls is barnacles. The 
presence of barnacles not only causes 
increased hydrodynamic drag that slows 
down the ship's speed but also increases 
fuel consumption because the ship 
requires more power to move. In addition, 
the accumulation of marine organisms on 
the ship's hull can accelerate corrosion and 
reduce the operational life of the ship. To 
overcome this problem, various methods 
have been developed, one of which is the 
use of antifouling coatings. 

The antifouling coating is a 
technology applied to ship hulls to inhibit 
the growth of marine biota by various 
mechanisms, ranging from the release of 
chemicals that are toxic to marine 
organisms to the use of materials that 
physically inhibit the adhesion of biota. This 
method has been widely applied because it 
is considered an efficient and durable 
solution in preventing fouling. However, the 
effectiveness of each type of coating 
depends on various factors, including 
environmental conditions, duration of use, 

and the technology used in the paint 
formulation. 

As technology advances and 
environmental regulations become more 
stringent, the shipping industry is shifting 
from traditional toxic-based methods to 
more environmentally friendly alternatives. 
Therefore, it is important to understand the 
effectiveness of the various types of 
antifouling coatings available and the 
advantages and challenges faced in their 
implementation. Antifouling coatings can 
be categorized into several types based on 
their mechanism of action. The three main 
types commonly used are copper-based 
paints, silicone-based paints, and fluorine-
based paints [23]: 

1. Copper Based Paint 
Copper-based paints work by 

releasing copper ions into the water, 
creating an inhospitable environment for 
marine life to grow. Compounds such as 
copper oxide and copper thiocyanate are 
often used in the formulation of these 
paints because they have a strong biocidal 
effect on marine organisms. The main 
advantage of this paint is its high 
effectiveness in preventing fouling, so it is 
widely used on commercial and military 
ships. 

Although very effective, the use of 
copper-based paint has a significant 
environmental impact. Copper ions 
released into the water can cause pollution 
and disrupt the balance of the marine 
ecosystem. Large amounts of copper 
accumulation can be toxic to plankton, 
mollusks, and other marine organisms, 
which can ultimately disrupt the food chain 
in the water. Several countries have begun 
to limit or even ban the use of copper-
based paint to maintain the sustainability of 
the marine ecosystem. 

2. Silicone Based Paint 
As a more environmentally friendly 

alternative, silicone-based paints were 
developed on the principle of creating a 
very slippery surface that makes it difficult 
for marine organisms to stick to it. The 
silicone coating reduces the adhesion of 
marine life and allows it to be easily 
removed when the ship is moving. In 

http://ejournal.unsrat.ac.id/index.php/platax


 
 
Wijaya et al.        Jurnal Ilmiah Platax Vol. 13:(1), January-June 2025        

 

http://ejournal.unsrat.ac.id/index.php/platax                                                                                             10.35800/jip.v10i2.60960 
 

169 
 

addition, silicone paints do not contain toxic 
materials, making them safer for the 
environment than copper-based paints. 
Another advantage of silicone-based 
paints is their ability to reduce friction 
between the ship's hull and the water, 
thereby increasing fuel efficiency. With 
reduced hydrodynamic drag, ships can sail 
faster with less fuel consumption. 
However, this paint has a disadvantage in 
terms of durability. Silicone coatings tend to 
degrade more quickly and require regular 
maintenance to remain effective. 

3. Fluorine Based Paint 
Fluorine-based paints work by 

creating a super-hydrophobic layer that 
inhibits the attachment of marine 
organisms. Unlike silicone, which only 
reduces adhesion, fluorine paints have 
self-cleaning properties, where marine 
biota that adhere will automatically be 
released from the ship's surface. The main 
advantage of fluorine-based paints is their 
longer durability compared to silicone-
based paints. However, the production and 
application costs of fluorine paints are still 
relatively high, so their use is not as 
popular as copper and silicone-based 
paints. In some cases, this coating is more 
suitable for ships operating in waters with 
high levels of marine biota growth, where 
the effectiveness of conventional methods 
is less than optimal. 

The effectiveness of antifouling 
coatings is highly dependent on several 
interacting factors. The main factors that 
influence the performance of these 
coatings include [24]: 

1. Water Conditions 
Waters with high temperatures and 

high nutrient levels tend to have faster 
marine biota growth rates, requiring more 
durable and effective coatings. In addition, 
the salinity and oxygen content of the water 
also affect the resistance of the coating to 
corrosion and degradation. 

2. Ship Operational Frequency and 
Speed 
Ships that frequently sail at high 

speeds experience less barnacle growth 
than ships that frequently dock or operate 
at low speeds. The movement of the ship 

helps prevent marine organisms from 
attaching, thus maximizing the 
effectiveness of the antifouling coating. 

3. Paint Durability and Resistance 
Each type of coating has a different 

level of resistance to marine environments. 
Silicone-based paints, for example, 
degrade more quickly than copper-based 
paints, requiring more frequent 
reapplication. 

4. Application and Maintenance 
Methods 
The way the coating is applied also 

affects its effectiveness. Uneven or 
substandard application can reduce the 
durability of the paint and increase the 
possibility of fouling. In addition, regular 
maintenance is essential to ensure the 
coating remains effective in the long term. 

The shipping industry continues to 
innovate in more effective and 
environmentally friendly antifouling 
technologies as environmental regulations 
increase. One of the latest innovations is 
nanotechnology-based paints that inhibit 
the adhesion of marine organisms without 
the use of toxic chemicals, although it is still 
in the development stage. A hybrid 
approach that combines antifouling 
coatings with ultrasonic technology and 
automatic cleaning is being implemented to 
increase the effectiveness of antifouling 
systems, extend the life of the paint, and 
reduce the frequency of maintenance. In 
the future, the maritime industry is 
expected to shift to more environmentally 
friendly antifouling technologies with 
stricter regulations on toxic materials. With 
continued innovation, antifouling 
technology is expected to continue to adapt 
to industry needs, maintain ship hull 
cleanliness, and improve operational 
efficiency without damaging marine 
ecosystems. 

B. Mechanical Methods in Manual 
and Automatic Barnacle Removal 

The shipping industry faces a major 
challenge in dealing with the growth of 
marine biota attached to the hull of ships, 
especially barnacles. The accumulation of 
these organisms can cause various 
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operational problems, ranging from 
increased hydrodynamic resistance to 
increased fuel consumption. Along with 
that, the operational costs of ships become 
higher, while shipping efficiency decreases 
significantly. To overcome this problem, 
various methods have been developed, 
one of which is the mechanical method of 
removing barnacles, both manually and 
automatically. 

Mechanical methods in ship 
maintenance aim to remove marine life 
from the hull of the ship by physical means. 
This approach is different from chemical 
methods, such as antifouling paints that 
contain toxic materials to prevent the 
adhesion of marine organisms. Mechanical 
methods are divided into two main 
categories, namely manual cleaning, which 
is carried out conventionally using simple 
tools such as brushes or scrapers, and 
automatic cleaning, which uses modern 
technology such as hull cleaning robots 
and ultrasonic-based systems [25]. 

Manual and automatic mechanical 
cleaning have their own advantages and 
disadvantages. The manual method is 
simpler and cheaper but requires a large 
workforce and longer time. Meanwhile, the 
automatic method is more efficient in the 
long term and is able to clean hard-to-reach 
areas, but requires a fairly high initial 
investment cost. With the development of 
technology, the maritime industry has 
begun to adopt an automated approach in 
an effort to improve the effectiveness of 
ship maintenance. However, the 
effectiveness of these two methods is still 
influenced by various factors, including the 
condition of the water environment, ship 
design, and the frequency of maintenance 
carried out. 

Manual cleaning is the oldest 
mechanical method of removing barnacles 
from a ship's hull. This method has been 
used since ancient times and is still widely 
used today, especially on small ships or 
ships operating in areas with limited access 
to modern technology. Manual cleaning is 
done using simple tools such as wire 
brushes, scrapers, or high-pressure 
cleaning tools. This method is usually 
carried out when the ship is docked at a 

shipyard, where the bottom of the ship can 
be easily accessed. The process involves 
workers scrubbing or scraping off marine 
life that sticks to the ship's hull, so that the 
surface of the ship is clean again and ready 
for use again. 

Although classified as a conventional 
method, manual cleaning still has several 
advantages. One of the main advantages 
is the relatively low cost. Because this 
method does not require high-tech 
equipment, the initial investment required 
is also smaller than the automatic method. 
In addition, this method allows for selective 
cleaning, where only certain parts that 
experience severe marine biota growth are 
cleaned, thus saving time and energy [26]. 
The manual method is also more flexible in 
its application, because it can be done at 
any time without the need to use 
complicated technology. On small ships, 
this method is often the main choice 
because it is more practical than using 
sophisticated technology. In addition, the 
manual method can be combined with 
other methods, such as applying 
antifouling paint after the cleaning process 
is complete, to increase effectiveness in 
preventing barnacle growth again. 

Manual hull cleaning methods have 
several disadvantages, such as requiring a 
lot of time and labor, the risk of damaging 
the antifouling layer, and the potential 
danger to workers. Therefore, the shipping 
industry has begun to switch to more 
efficient and safe automated cleaning 
methods, such as the use of cleaning 
robots, high-pressure water, and ultrasonic 
technology. Cleaning robots are able to 
work continuously with high efficiency 
without damaging the antifouling layer, 
while high-pressure water systems can 
remove fouling quickly even though they 
pose a risk to the hull structure. In addition, 
ultrasonic technology offers a fouling 
prevention solution without physical 
cleaning, although its effectiveness still 
needs to be further studied. Overall, 
although automated methods have high 
initial investment costs, their advantages in 
efficiency, safety, and environmental 
protection make them the main choice in 
the modern shipping industry. 
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CONCLUSION 

Ship maintenance techniques for 
removing barnacles have evolved from 
conventional methods such as antifouling 
coatings to ultrasonic-based innovations 
and hybrid approaches to improve 
efficiency and reduce environmental 
impact. Although copper-based antifouling 
paints are effective, their impact on marine 
ecosystems has prompted the 
development of alternatives such as 
silicone and fluorine coatings, which are 
more environmentally friendly but still face 
challenges in terms of effectiveness and 
durability. Mechanical methods, both 
manual and automated, are still used, 
despite their cost limitations and the risk of 
damage to the ship’s hull. Ultrasonic 
technology offers an innovative solution by 
disrupting the adhesion of marine biota, 
although its effectiveness still depends on 
environmental conditions and system 
configuration. Therefore, hybrid 
approaches that combine different 
methods are increasingly being applied to 
maintain ship hull cleanliness sustainably. 
To improve effectiveness, the choice of 
method must be tailored to the needs of the 
ship, a combination of chemical and 
mechanical techniques needs to be 
developed, shipping regulations must 
support more environmentally friendly 
antifouling technologies and investment in 
nanotechnology and artificial intelligence 
research and development needs to be 
increased. With more innovative strategies, 
the maritime industry can improve 
operational efficiency, reduce fuel 
consumption, and contribute to marine 
environmental sustainability. 
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