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These proceedings compile a wide selection of presentations, posters, and discussions from the 3rd Research 
and Development Forum and Exhibition on Biofouling Prevention and Management for Maritime Industries, 
held from 4 to 8 November 2024 in Busan, Republic of Korea. This Forum was organized by the GEF-UNDP-
IMO GloFouling Partnerships project, a global initiative led by the International Maritime Organization (IMO) 
to support countries in addressing the transfer of invasive aquatic species via ships’ biofouling, while also 
minimizing related greenhouse gas emissions.  
 
This milestone event gathered more than 250 participants from various sectors, including government 
officials, researchers, scientific experts, technology developers, service providers, industry representatives, 
NGOs, as well as regional and other organizations. Over five days, the Forum offered a rich and diverse 
programme of twelve thematic sessions, two parallel tracks, and an extensive poster and exhibition segment, 
complemented by live demonstrations and a dedicated day of technical site visits. 
  
Our sincere thanks go to the Government of the Republic of Korea for hosting this Forum and for their 
continued leadership in marine environmental protection. We are especially grateful to the Ministry of 
Oceans and Fisheries and the Korea Research Institute of Ships and Ocean Engineering (KRISO) for their 
instrumental role in planning and delivering the event, as well as to the Korea Register (KR) for their strong 
support.  
 
We extend our appreciation to all speakers, moderators, panellists, poster presenters and exhibitors for their 
invaluable contributions. Special thanks to Dr. Evangelina Schwindt for her compelling keynote address and 
to Mr. Jon Stewart, who masterfully moderated the Forum and guided its discussions.  
 
We warmly thank the organizers of the site visits and demonstration activities, including the Korea Institute 
of Ocean Science and Technology (KIOST), the Korea Marine Equipment Research Institute (KOMERI), 
Samsung Heavy Industries, and all participating institutions and companies, for opening their doors and 
sharing their expertise so generously with delegates. Special thanks are extended to TAS Global and SLM 
Global, two members of the project’s Global Industry Alliance for Marine Biosafety, as well as to Orient 
Shipyard, for organizing dedicated demonstration activities tailored to the beneficiary countries of the 
GloFouling Partnerships and TEST Biofouling projects, offering participants a first-hand look at practical 
solutions and technologies in action.  
 
The exhibition greatly enriched the Forum by showcasing state-of-the-art innovations, including underwater 
cleaning robots, real-time monitoring tools, antifouling coatings, and sensor-based technologies, all 
contributing to the global effort to tackle marine biofouling sustainably. The exhibition featured over a dozen 
organizations from both the public and private sectors, including CleanSubSea, Hempel AS, Nippon Paint 
Marine, KRISO, KIOST, SLM Global, TAS Global, Fleet Robotics, I-Tech AB (developers of Selektope), 
AkzoNobel, and KCC Marine Coatings, among others. We extend our sincere appreciation to all exhibitors for 
their active engagement and high-quality contributions.  
 
Finally, we would like to recognize the GloFouling Partnerships and TEST Biofouling project teams, whose 
tireless efforts and dedication were central to the successful coordination, logistics, and content curation of 
the Forum. Their behind-the-scenes work ensured a smooth, high-quality experience for all participants. 
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Biofouling remains one of the most persistent and overlooked vectors for the introduction of invasive aquatic 
species, posing significant threats to marine biodiversity and coastal livelihoods. At the same time, it directly 
affects ship fuel efficiency and contributes to greenhouse gas emissions, placing it at the intersection of 
biodiversity conservation, climate action, and sustainable maritime transport.  
 
The 3rd GEF-UNDP-IMO GloFouling R&D Forum and Exhibition on Biofouling Prevention and Management for 
Maritime Industries, held in Busan, Republic of Korea, convened a wide range of stakeholders from across the 
biofouling community including governments, researchers, industry, regional bodies, and other key 
stakeholders to examine the environmental, economic, regulatory and technological dimensions of biofouling 
prevention and management.   
 
The premiere of the short documentary Silent Invaders, commissioned by the Global Industry Alliance (GIA) 
for Marine Biosafety, offered a compelling visual narrative on the impact of invasive aquatic species, available 
solutions, gaps and the need for urgent action, helping to further engage with the audience. Over five days, 
participants engaged in thematic sessions, technical discussions, live demonstrations, and site visits that 
spotlighted both persistent challenges and cutting-edge solutions.  
 
This 3rd R&D Forum was intentionally designed to bridge research and real-world application. It placed a 
strong focus on showcasing practical technologies, industry-led innovations, and operational solutions to 
biofouling challenges. From live technology demonstrations to interactive discussions with solution providers, 
the Forum provided participants not only with knowledge, but with tangible tools, methods and approaches 
that can be adopted, replicated, adapted, or scaled. This hands-on, problem-solving spirit is at the heart of 
the GloFouling Partnerships’ mission and it will continue to drive progress as the global community advances 
toward more robust and enforceable frameworks for biofouling management.  
 
This Forum came at a pivotal moment for global marine biosafety governance. With updated IMO Biofouling 
Guidelines and international guidance on in-water cleaning now in place, the momentum is strong.  In April 
2025, the Marine Environment Protection Committee (MEPC) of IMO agreed to initiate the development of 
a new mandatory international instrument on biofouling management. This decision marks a significant shift 
from voluntary guidelines toward a regulatory regime, with far-reaching implications for Member States, 
industry, and other stakeholders. In this context, gatherings such as the GloFouling R&D Forum and Exhibition 
are more important than ever. They serve as inclusive, knowledge-driven platforms to align perspectives, 
identify implementation challenges, and support informed policy development. The work ahead, toward a 
binding global instrument, requires exactly the kind of dialogue, transparency, and innovation that this Forum 
fostered.  
 
We hope these proceedings will serve not only as a reference but also as a source of inspiration for the global 
maritime community. Going forward, the collective work all the stakeholders having an interest in this issue 
are performing will be instrumental in ensuring that aquatic invasive species introduced via ships’ biofouling 
are minimized and oceans are managed in a sustainable way.  

 

GYORGYI GURBAN 

Head of Projects 

Sub-Division for Maritime Development, 
Technical Cooperation and Implementation Division, IMO  
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Good morning, ladies and gentlemen! 
 
I am Kang Do-Hyung, Minister of Oceans and Fisheries. 
The Ministry is pleased to host the 3rd GloFouling R&D Forum and Exhibition on Biofouling Prevention and 
Management for Maritime Industries in Korea, and I would like to extend my sincerest welcome to all of you.  
 
First and foremost, I would like to thank the International Maritime Organization for hosting this forum in Korea 
and the KRISO for their efforts in preparing this Forum with the Ministry of Oceans and Fisheries. 
I would also like to extend my sincere gratitude to all the officials and experts from 56 countries around the 
world, including Dr. Evangelina Schwindt, who has traveled all the way from Argentina to deliver the keynote 
speech.  
 
Honorable distinguished guests,  
We know very well about the bountiful nature of the ocean. 
We also understand that the oceans stabilize the climate and sustain biodiversity. Today, however, as production 
and consumption accelerate, international trade volumes and ship movements increase, the marine 
environment and ecosystems are under growing threat.  
 
According to the United Nations World Ocean Assessment, population growth, economic activity, technological 
advances, and climate change are all impacting the marine environment, and the report warns that the overall 
situation shows no signs of improvement.  
 
Globally, human activities have introduced nearly 2,000 non-indigenous marine species into new habitats. These 
invasive species invade existing ecosystems, reducing biodiversity and disrupting ecological balance.  
While ballast water, a major vector of invasion, is managed internationally following the 2017 Ballast Water 
Management Convention, no international agreement exists to control and manage biofouling. 
 
In addition to damaging the marine environment, biofouling also slows down ships, causing economic loss. They 
also have a negative impact on global warming by increasing carbon emissions.  
 
Distinguished guests,  
These marine environment and global warming issues transcend borders and therefore require international 
cooperation.  
The UN Law of the Sea emphasizes international efforts and regional cooperation to protect the marine 
environment. The UN Convention on Biological Diversity also calls for the prevention and control of introducing 
non-native species into marine ecosystems.  
International efforts are already underway to reduce the damage caused by biofouling. The GloFouling 

WELCOME ADDRESS FROM THE REPUBLIC OF KOREA |WELCOME ADDRESS 

 

 
HIS EXCELLENCY DR. DO-HYUNG KANG 
Minister 

Ministry of Oceans and Fisheries (MOF) 
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Partnerships Project, which organized today's Forum, was formed in collaboration with the Global Environment 
Facility, the United Nations Development Programme, and IMO, and it is leading international discussion on the 
subject matter.  
 
Since its inception in 2018, the Project has been working tirelessly to promote policy and institutional 
arrangements and enhance national capacities on the issue of biofouling. On behalf of the Republic of Korea, I 
would like to express my deepest gratitude for your efforts. I look forward to this third Forum to reflect on the 
achievements so far and to continue fruitful discussions and collaboration.  
 
The Republic of Korea is committed to joining international efforts to address the issue of biofouling. Organizing 
this Forum today is part of such a commitment.  
The Korean government is participating in developing the Guidance on matters relating to in-water cleaning with 
IMO.  
 
We are also investing $21 million in government R&D projects from 2021 to 2025 to develop safe and eco-friendly 
biofouling treatment technologies and to conduct research to assess risks in the marine environment. 
Based on the achievements of this R&D, we are also sharing eco-friendly biofouling treatment technologies to 
bridge the gap between countries.  
 
Distinguished guests,  
Despite the significant risks posed to biodiversity, biofouling matters have not been sufficiently managed and 
regulated. It is time to recognize the damage they cause and adopt more active management and regulation.  
 
Ultimately, we need an international convention on biofouling, like the Ballast Water Management Convention, 
to properly deal with the problem. This goal calls for the attention and wisdom of all of us. 
I look forward to hearing from the international organizations, policymakers, and experts here today. As the 
Minister of Oceans and Fisheries of the Republic of Korea and a marine biology researcher, I will make every 
effort to assist.  
 
Once again, I want to express my deepest gratitude to all the distinguished guests, and I hope that you will have 
a meaningful and enjoyable time here at the Forum. Please take some time to enjoy the beauty of late fall in 
Korea as well. 
 
Thank you! 

HIS EXCELLENCY DR. DO-HYUNG KANG 

Minister 

Ministry of Oceans and Fisheries (MOF) 
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Distinguished Guests,  

Ladies and Gentlemen,  

 

Good morning! 

 

I am Hong Keyyong, President of the Korea Research Institute of Ships & Ocean Engineering (KRISO), one of 
the co-hosts of this Forum. 

 

I would like to congratulate you on the opening of the "3rd GloFouling R&D International Forum and 
Exhibition" and warmly welcome everyone in attendance. 

 

First, I would like to express my gratitude to the Director General of Oceans and Fisheries, Dr. Choi Seong-
Yong, Chairman of the Korean Register, Mr. Lee Hyung-Cheol, and the Secretary-General of the International 
Maritime Organization (IMO), Mr. Arsenio Antonio Dominguez Velasco, who will be delivering congratulatory 
remarks via video. 

I also wish to thank Mr. Jon Stewart, who will be moderating this Forum, and Ms. Lilia Khodjet El Khil, Project 
Technical Manager of the GloFouling Partnerships, along with all the Secretariat staff, GEF, UNDP, and other 
stakeholders who have worked to make this event possible. 

Furthermore, I extend a warm welcome to Dr. Evangelina Schwindt, who will deliver the keynote address, as 
well as all the session presenters, discussants, and biofouling experts from around the world. 

 

I think this GloFouling R&D Forum, co-hosted by KRISO, the Korean Ministry of Oceans and Fisheries, and the 
IMO’s GloFouling Partnerships Secretariat, is a highly meaningful occasion.  

 

It serves as a platform for sharing the latest technologies and policy measures for the prevention and 
management of biofouling, which threatens the sustainability of the marine environment and maritime 
industry, and for discussing international cooperation on this critical issue. 

 

Distinguished experts, 

 

The ocean is both the present and the future of humanity. Throughout history, humanity has developed rich 
civilizations and prosperous lives through the ocean. It is the source of life and provides a wide range of 
ecosystem services.  

 

                                    WELCOME ADDRESS FROM THE REPUBLIC OF KOREA | WELCOME REMARKS          
 

Contents 
No table of contents entries found. 
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KEYYONG HONG  
President 
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However, the sustainability of the ocean is being threatened by various human activities. We face numerous 
challenges such as the marine climate crisis, biodiversity disruption, environmental pollution, and the 
destruction of coastal habitats. 

 

Therefore, it is imperative that we harness our collective wisdom, knowledge, and cooperation to maintain 
the health of our oceans and promote the continuous growth of the blue economy. 

 

The issue of biofouling, which we will address at this Forum, is a serious concern.  

 

According to some studies, 69% of marine ecosystems are being disturbed by invasive alien species (IAS). As 
you are aware, in the marine environment, biofouling, in which organisms attach themselves to the hulls of 
ships and are transported to new locations, is one of the primary pathways for the introduction of IAS, 
alongside ballast water. 

 

Over the past 20 years, the international community has made significant efforts, centered around the IMO, 
to manage invasive alien aquatic species (IAS) transported via ballast water, through extensive collaboration 
among countries and experts. 

 

In particular, over the past decade, the GEF-UNDP-IMO Global Ballast Water Partnership Project was 
implemented, and in 2017, the International Convention for the Control and Management of Ships' Ballast 
Water and Sediments (BWM Convention) was adopted. 

 

However, despite these new measures for ballast water management, the issue of ecosystem disruption 
caused by biofouling, which involves organisms attaching to ship hulls and moving to new regions, remains an 
unresolved challenge. 

 

Biofouling not only disrupts marine ecosystems but also slows down ship operations, leading to increased 
carbon emissions.  

 

Some statistics indicate that by removing biofouling and smoothing the surface of the hull, fuel consumption 
can be reduced by 2% to 12%, resulting in significant economic benefits and reduced carbon emissions. 

 

In response, the international community, led by the IMO, is working diligently to strengthen biofouling 
management. 

 

I am aware that many of the experts here today are actively involved in related activities, and I deeply 
appreciate your hard work and dedication. 

 

Especially in recent years, as the existing guidelines for biofouling management are being revised, we 
anticipate that, as planned, by 2025, the development of detailed guidelines for in-water cleaning of 
biofouling will be completed.  

 

This will strengthen international regulations on biofouling, significantly reducing the threat of invasive 
species in our oceans. 

 

In preparation for the IMO regulations, many countries and regions are already tightening their regulations 
on biofouling. 

In Korea, we have also established a management system aimed at protecting the ecosystems of our ports 
from invasive species introduced through biofouling on ships arriving from international ports. 
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KRISO, as the only government-funded research institute in Korea’s ship and ocean engineering sector, is 
conducting various R&D projects to remove and treat biofouling on ship hulls with the support of the Ministry 
of Oceans and Fisheries and in collaboration with the industry. 

 

In particular, we are developing underwater cleaning robots to remove marine organisms attached to niche 
areas of the hull surface, where biofouling cleaning is challenging.  

 

We are also conducting academic research on optimal hull inspection cycles for biofouling management based 
on field trials. 

 

Distinguished experts, 

 

Through this Forum, we will have the opportunity to discuss the challenges posed by biofouling to the marine 
environment and explore various policy and technological solutions from a multidisciplinary perspective. 

 

In addition to the traditional presentation sessions, this Forum will also feature open dialogue panel 
discussions, providing a special opportunity for all participants to learn from each other, engage in meaningful 
discussions, and build constructive partnerships for future collaboration. 

 

I hope that all of you will gain valuable insights and information from this Forum. 

 

Lastly, I would like to express my sincere gratitude once again to the IMO GloFouling Partnerships, government 
delegations, and all participants who have contributed to the success of this event. 

 
 
Thank you! 

KEYYONG HONG  

President 

Korea Research Institute of Ships & Ocean Engineering (KRISO) 
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Distinguished Guests,  

Ladies and Gentlemen,  

Good morning, and welcome to the opening ceremony of the GloFouling R&D Forum.  

 

I am Hyung Chul LEE, Chairman and CEO of Korean Register (KR) – one and only ship classification society 
headquartered in Korea.  

 

First of all, I would like to express my heartfelt gratitude to Mr. Arsenio Antonio Dominguez Velasco, Secretary-
General of the IMO; Dr. Do-Hyung Kang, the Minister of Oceans and Fisheries; Dr. Keyyong Hong, President of 
KRISO; and the dedicated teams from the IMO, GEF, and UNDP. Your efforts have been instrumental in 
organizing this vital forum, and bringing together stakeholders from around the world in pursuit of a shared 
goal. 

 

Ladies and gentlemen, 

 

It is both an honor and a pleasure to welcome you to Busan, a city renowned for its breathtaking coastline 
and rich maritime heritage. Hosting this significant gathering here in Busan, the heart of Korea’s maritime 
sector, is particularly fitting as we gather to address a critical issue that impacts us all - marine biofouling. 

 

Today and in the following days, the participants will address the urgent challenges posed by the marine 
biofouling. As you are well aware, biofouling acts as a transmitter of invasive aquatic species, which poses a 
threat not only to marine biodiversity and ecosystem, but also has adverse effect on a ship’s hydrodynamic 
performance. Consequently, by addressing biofouling, we can minimize the spread of invasive aquatic species, 
and simultaneously improve a ship’s energy efficiency and reduce emissions which is in line with the 2023 
IMO Strategy on the reduction of GHG Emissions from Ships. 

 

From a classification society’ perspective, this issue is particularly pressing as we aim to go beyond our remit 
as class to verify compliance to rules and regulation and promote sustainable practices within the maritime 
sector. KR for one is committed to developing robust standards, providing technical guidance, and supporting 
our stakeholders in implementing solutions that mitigate the effects of biofouling on marine ecosystems. 

 

Ladies and gentlemen, 

This Forum presents a unique opportunity for us to adopt a comprehensive, united approach by bringing 
together global experts, regulatory bodies, and diverse industries. Here, we can share the outcome of the 
latest research, discuss technical advancements, and collaborate on the effective management strategies to 
collectively address this pressing issue. 

 

Moreover, achieving our goals requires the harmonization of standards and best practices. In this context, the 
IMO Guidelines on biofouling management provide a valuable framework, but translating these guidelines 

          WELCOME ADDRESS FROM THE REPUBLIC OF KOREA | CONGRATULATORY REMARKS 
 

          WELCOME ADDRESS FROM THE REPUBLIC OF KOREA | CONGRATULATORY REMARKS  

 
HYUNGCHUL LEE  
Chairman and CEO 

Korea Register (KR) 
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into effective action necessitate ongoing dialogue and collaboration between the relevant stakeholders.  

 

This involves not only the partnership between the regulators and the industry, but also cooperation among 
the member states which have unique maritime ecosystems and challenges of their own. In this respect, I am 
confident that this Forum will serve as a vital platform for fostering such dialogue, allowing us to work toward 
developing global standards that are technically sound, practical, and economically viable. 

 

For this, I encourage each of you to engage actively in the discussions throughout this Forum to share your 
insights, raise questions, and explore innovative solutions. Together, we have an opportunity to pave the way 
for a sustainable maritime future, where environmental stewardship is integrated into every aspect of our 
business operations. Let us seize this occasion to build a cleaner, safer, and more resilient marine environment 
for future generations! 

 

In closing, I would like to wish you all very fruitful discussions and hope that you will find time between 
meetings to enjoy the beautiful scenery and the warm hospitality that the City of Busan has to offer.  

 
 
Thank you!  
 
HYUNGCHUL LEE  
Chairman and CEO 
Korea Register (KR) 
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Ladies and gentlemen, 
 
It is a great pleasure to welcome you to the 3rd GloFouling Partnerships Project Research and Development 
Forum. I wish to extend my appreciation to the Government of the Republic of Korea and the Ministry of 
Oceans and Fisheries for hosting this pivotal event and for their continuous commitment to fostering a 
sustainable maritime future. In particular, I would like to thank the Korea Research Institute of Ships and 
Ocean Engineering for their support in the planning and delivery of this event. 
 
This 3rd edition of this Global Forum brings together experts and policymakers to highlight the challenges and 
solutions to the environmental and economic problems posed by biofouling, namely the potential 
introduction of invasive aquatic species via biofouling on ships’ hull and increase of Greenhouse Gas emissions 
due to the resulting increased drag. These issues are a concern not only for the maritime industry but for our 
entire planet.   
 
The GloFouling Partnerships project, led by the IMO, demonstrates our collective efforts to mitigate 
biofouling’s impact while promoting sustainable solutions. With the strong involvement from national 
governments and the private sector, through the Global Industry Alliance (GIA) , the project has made great 
strides in raising awareness, building capacity, and sharing best practices. I thank and congratulate all partner 
countries, the GIA and strategic partners for their continued dedication.  
 
This week offers a valuable platform to assess the progress, explore new opportunities for partnership, and 
chart the way forward. Through partnership, we can scale up our efforts to implement IMO's Biofouling 
Guidelines, ensuring a global consistent approach to biofouling management.  
 
And this will also support the Sustainable Development Goals, particularly SDG 14 on the ocean conservation, 
SDG 13 on climate action and SDG 15 on addressing biodiversity loss. 
 
A key initiative of the GloFouling Partnerships Project supports SDG 5 on gender equality by targeting women 
working in the biofouling arena, particularly in government. I am pleased to see a panel on gender 
representation in marine biosafety and diversity throughout this week’s sessions showing our commitment 
to supporting women in maritime. 
 
Over the next days, I invite all of you to engage in open and constructive discussions, share your experiences, 
and explore new pathways to address the complex challenges of biofouling management. Next year’s World 
Maritime theme is  
 
Our Ocean 
 
Our Obligation 
 
Our Opportunity  
 

          WELCOME ADDRESS FROM THE INTERNATIONAL MARITIME ORGANIZATION (IMO) 
 

          WELCOME ADDRESS FROM THE INTERNATIONAL MARITIME ORGANIZATION (IMO)  

 
ARSENIO DOMINGUEZ  
Secretary General 

IMO 
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making your work this week particularly relevant by ensuring that our ocean remains healthy, productive, and 
resilient for generations to come. 
 
Thank you, and I wish you a successful and productive Forum. 
 
ARSENIO DOMINGUEZ 
Secretary General 
International Maritime Organization (IMO) 
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Mr. Stewart has been involved in the maritime industry for nearly 30 years. He has helped develop and co-
founded 2 companies providing services and ship equipment for prevention of oil pollution, wastewater and 
ballast water. Since founding International Maritime Technology Consultants, Inc. (IMTCI) in 2005, Mr. 
Stewart, in his consulting role has provided guidance to manufacturers of ship’s environmental systems with 
a focus on systems optimization and type approvals as well as regulatory guidance to shipowners and their 
associations. 
 
Since 2006, Mr. Stewart has acted as technical advisor to various delegations of IMO sub-committees including 
MEPC, PPR and III. Mr. Stewart has been in the forefront assisting Administrations with implementation of 
environmental regulations for biosecurity, ranging from development of pilot programs, analysis of challenges 
for inspections and proposals for alternative compliance options. He has attended various MOU technical 
committee meetings making presentations on these subjects. 
 
Mr. Stewart is currently involved in projects ranging from new technology development for biofouling control 
on ships and offshore installations, system development approvals, emissions monitoring and testing for 
regulatory compliance to digitalization and programs for long term “beyond compliance” strategies. 
 
In addition, Mr. Stewart has acted as Chairman and/or moderator for approximately 30 international 
conferences covering the full spectrum of maritime environmental issues for numerous conference organizers. 

 

 

Good morning to all and welcome to the 3rd GloFouling Partnerships R&D Forum and Exhibition on Biofouling 
Prevention and Management for Maritime Industries! 

 

My name is Jon Stewart and it will be my pleasure to act as the moderator for this event on behalf of the 
GloFouling Partnerships. My consultancy has been engaged in maritime environmental work since 2005 with 
a strong focus on the Invasive Aquatic Species area.  

But this topic goes well beyond that, all the way back to the Convention on Biological Diversity of 1992. The 
specific issue of biofouling of ships was first addressed with the 2011 Guidelines to minimize further transfer 
of Invasive Aquatic Species adopted at the 62nd Session of the IMO Marine Environment Protection 
Committee and subsequently revised in 2023 at the 80th session.  

All of these efforts with 1 primary goal….to minimize the transfer of IAS, which is widely acknowledged as one 
of the greatest threats to the global marine environment. 

So here we are to spend 5 days together.  I want to thank our hosts from Korea, The Ministry of Oceans and 
Fisheries, Korea Research Institute of Ships and Ocean Engineering (KRISO), Korea Register (KR) and of course 
the team from the GloFouling Partnerships for bringing us all together here in Busan. 

We have 5 days of education and information on the latest work in the areas of science, technology, and 
regulation, as well as on site experiences planned. The best and brightest in their respective fields have been 
assembled to inform us.  

     WELCOME REMARKS 
 

     WELCOME REMARKS 
 

 
JON STEWART  
Moderator 

GloFouling R&D Forum 
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But beyond that, this Forum is an opportunity for you all, delegates, presenters and organizers to break 
boundaries and develop new relationships and collaborations.  

The IAS issue is a complex one and requires many stakeholders working in unison with creativity, innovation, 
clear and transparent communications and collaboration across sectors. 

Please use these 5 days to break your own boundaries. This Forum is yours. Use it to the greatest advantage. 
Ask questions, express your ideas, challenge each other…participate. From there, it will be my goal to foster 
that spirit of collaboration during these 5 days so that we may all contribute to achieving this crucial 
environmental goal of minimizing the introduction and spread of IAS. 

Before I open the Forum and introduce our initial session, please indulge me while I tend to some 
housekeeping issues and announcements… 

 

I would now like to officially open our proceedings by thanking the Republic of Korea for their warm welcome 
and congratulatory remarks and of course Arsenio Dominguez Secretary General of IMO for his welcome 
address.  

 

I now have the pleasure of introducing our keynote speaker for the Forum,  

 

Dr. Evangelina Schwindt, Research Director, Institute of Marine Biology (IBIOMAR-CONICET), Argentina; and 
Coordinating Lead Author, Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 
(IPBES) Invasive Alien Species Assessment Report. 

 

Thank you so much to all of our distinguished opening speakers who have really set the tone for our event in 
the most elegant manner. 

 

Prior to commencing our first session, I would like to turn the floor over to Lilia Khodjet El Khil who will 
introduce one of the highlights of the Forum, the film premiere of “Silent Invaders: The Unseen Impact of 
Invasive Aquatic Species”. 
 
JON STEWART  
GloFouling R&D Forum Moderator  
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Dr. Evangelina Schwindt is the Director of the Coastal Environments Ecology Group (GEAC) and a 
Principal Investigator at IBIOMAR-CONICET, Argentina, based in Patagonia. With over 30 years of 
experience studying marine invasions, she has published more than 120 articles, book chapters, and 
reports. Her research focuses on the patterns, processes, and consequences of marine invasions in 
natural coastal areas, ports and marine protected areas. Given the importance of managing 
biological invasions, she also studies various prevention and monitoring methods. Dr. Schwindt 
collaborates with national and international governments to support decision-making processes.  
 

  
 

  
 

  
 

                        KEYNOTE SPEAKER 
 

                        KEYNOTE SPEAKER  

 
DR. EVANGELINA SCHWINDT  
Research Director | Coordinating Lead Author 

Institute of Marine Biology (IBIOMAR – CONICET), Argentina | 

Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services (IPBES) Invasive Alien Species Assessment Report, 

Argentina 
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Monday 04 November 2024 

  
08:00 – 09:00 

 
REGISTRATION – Grand Ballroom lobby 

 

09:00 – 10:00 OPENING SESSION 

Welcome address from the Republic of Korea, His Excellency Dr. Do-Hyung Kang, Minister of 

Ministry of Oceans and Fisheries (MOF) 
Welcome Remarks: Keyyong Hong, President, Korea Research Institute of Ships and Ocean 
Engineering (KRISO) 
Congratulatory Remarks: Hyungchul Lee, Chairman and CEO, Korea Register (KR) 

 
Welcome address from the International Maritime 
Organization (IMO) Arsenio Dominguez, Secretary 
General, IMO (recording) 

 

 Welcome remarks from Jon Stewart, GloFouling 
R&D Forum Moderator  

 Keynote Speaker: 
Dr. Evangelina Schwindt, Research Director, Institute of Marine Biology (IBIOMAR-
CONICET), Argentina; and Coordinating Lead Author, Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (IPBES) Invasive Alien Species 
Assessment Report, Argentina 
 

 10:00 – 10:30 COFFEE-BREAK AND EXHIBITION VISIT (Grand Ballroom lobby) 

 

10:30 – 12:00 SESSION 1 - Invasive Aquatic Species and their Impacts 

Chair of the session: Dr. Mario Tamburri, Professor, University of Maryland Center for 
Environmental Science, the  United States of America 

 
Film Premiere - “Silent Invaders: The Unseen Impact of Invasive Aquatic Species” 

A short documentary commissioned by the Global Industry Alliance for Marine Biosafety 

 
Presentations 

Update on the Joint Group of Experts on the Scientific Aspects of Marine Environmental 
Protection (GESAMP) Working Group 44 (WG 44): Biofouling Management 

Dr. Mario Tamburri, Chair of GESAMP WG44 

Biofouling and Offshore Renewable Energy: Industrial and Environmental Impacts 

Dr. Andrew Want, Lecturer, Energy and Environment Institute, University of Hull, the United 
Kingdom 

Informed means Armed: The Role of Information Systems on Non-Indigenous Species in 
Biofouling Management and Research 
 

Dr. Greta Srėbalienė, Researcher, Marine Research Institute, Klaipeda University, Lithuania 

 
Questions and answers with all presenters and the keynote speaker 

 12:00 - 13:00 LUNCH (PDR Room, second floor) 
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13:00 – 14:30 SESSION 2 - Innovative Solutions for Biofouling Management – Coatings 

Chair of the session: Jon Stewart, GloFouling R&D Forum Moderator 

 
Presentations 

Always clean hulls - Revolutionizing vessel efficiency by combining low-friction hard coatings 
with grooming robots   

Dr. Marciel Gaier, CTO and Director, GIT Coatings, Canada 
Balancing Energy Efficiency and Marine Biodiversity: A Holistic Framework for Biofouling 
Management in the Maritime Industry 

Dr. Viktor Avlonitis, Hull Performance Solution Manager, Hempel A/S, Denmark 

Effective Biofouling Management Strategies: The Challenges with Ship-Specific Functional 
Specifications and Coating Selection 

Dr. Ralitsa Mihaylova, Head of Special Projects, Safinah Group, the United Kingdom 

Enhancing Biofouling Resistance in Organo Silane-Coated Polyethylene Aquaculture Cage 
Nets with Nano Carbon Dot: (CuO:TiO2) Composite Materials 

Dr. Muhamed Ashraf Pachareentavita, Principal Scientist, Central Institute of Fisheries 
Technology (ICAR), India 

 
Questions and answers with all presenters 
 

 14:30 – 15:00 COFFEE-BREAK AND EXHIBITION VISIT (Grand Ballroom lobby) 

 

15:00 - 17:00 SESSION 3: Panel discussion on Gender Diversity 

Chair of the session: Dr. Bev Mackenzie, Head of Intergovernmental Organization (IGO) 
Engagement, The Baltic and International Maritime Council (BIMCO), the United Kingdom 

 
Presentations 

Gender Diversity in the biofouling-related industries 

Jurga Šaule, Senior Project Assistant, GloFouling Partnerships 
project, IMO  

 Marija Vranic, Project Assistant, TEST Biofouling project, IMO 

Questions and answers with all presenters 

 
The interactive survey, followed by a panel discussion: 

Ervin Vargas Wilson, Director, Maritime Technology Cooperation Centre (MTCC) Latin 
America, Panama  

Maya Guellner, Intern, Marine Environment, Technical Directorate, Lloyd's Register, 
the United Kingdom  

Ralitsa Mihaylova, Head of Special Projects, Safinah Group, the United Kingdom 

 

Suha Nedhal Khalil Abu Zeid, Chartering & Logistics officer, Jordan National Chapter, Arab 
Women in Maritime Association (AWIMA), Jordan 

 18:00 – 20:00 WELCOME DINNER SPONSORED BY THE REPUBLIC OF KOREA (PDR Room, second floor) 



         
         25  
 

Tuesday 05 November 2024 

 

08:30 – 09:50 SESSION 4 - Current status and Prospects in the Republic of Korea for In-Water Cleaning 
Technology 

Chair of the session: Dr. Seong-Gil Kang, Korea Research Institute of Ships & Ocean 
Engineering (KRISO), the Republic of Korea 

Presentations 
Biofouling management in South Korea and legislative & policy 
improvement measures    
Dr. Su Jin Park, Korea Maritime Institute (KMI), the Republic of 
Korea 
Characterization and risk assessment of attached bacteria in major ports in Korea 

Dr. Sae-Hee Kim, Institute of Bioscience & Biotechnology, Hanyang University, the 
Republic of Korea Flux of the Wetted Surface Area on Ships’ Hulls in Major Ports of 
Korea 
Dr. Rahman Sourav, Chung-Nam National University, Bangladesh 

Risk assessment of materials released during in-water cleaning of hull-fouling organisms 

Dr. Kyoungsoon Shin, Korea Institute of Ocean Science and Technology (KIOST), the Republic 
of Korea 
 

Questions and answers with all presenters 

 
 09:50 - 10:10 COFFEE-BREAK AND EXHIBITION VISIT (Grand Ballroom lobby) 

 

10:10 – 12:00 SESSION 4 (continued) - Current status and Prospects in the Republic of Korea for In-Water 
Cleaning Technology 
Development of technology for treatment (removal, collection, treatment) of biofouling in 
Korea: Innovative solutions for biofouling management 
Yusik Kim, CEO, TAS Global, the Republic of 
Korea Overview of KRISO’s R&D on 
biofouling management technology 
Dr. Pan-Mook Lee, Korea Research Institute of Ships & Ocean Engineering (KRISO), the 
Republic of Korea Hull Cleaning Robot and Filter System for Marine Environmental 
Protection 
Dr. Man Soo Choi, SLM Global, the Republic of Korea. 

International Guidance on In-Water Cleaning 

Colin Henein, Director, Marine Protection Environment Policy, Transport Canada, Canada 

 

Questions and answers with all presenters 

 
 12:00 - 12:50 LUNCH (Grand Ballroom) 

 12:50 END OF THE DAY 

 
 

 

Tuesday 5 November 2024 - AFTERNOON 
Site visits and technology demonstrations (closed event) 

For GloFouling Partnerships and TEST Biofouling beneficiary countries         

and regional organizations participating in projects. 
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Wednesday 06 November 2024 

 

 

08:30 – 10:00 SESSION 5 - Innovative Solutions for Biofouling Management – In-Water Cleaning 

Chair of the session: Jon Stewart, GloFouling R&D Forum Moderator 

 

 
Presentations 

In-Water Cleaning – Implications for Environmental Stewardship 

Chris Scianni, Environmental Program Manager, Marine Invasive Species Program, California 
State Lands Commission, the United States of America 

Development of an autonomous cleaning methods based on a manipulator for the 
cleaning of niche areas of a ship hull 

Dr. Daegil Park, Senior Researcher, Korea Research Institute of Ships & Ocean Engineering 
(KRISO), the Republic of Korea 

Hull performance, going from extrapolation and 
interpretation to big data  

Åge Højmark, CEO, Shipshave, Norway 
Assessment of Operational Performance to Onshore Treatment Facilities for Ship 
Biofouling Washing Wastewater 

Dr. Sang-Ho Park, Team Leader and General Manager, Machinery system team, S & SYS, the 
Republic of Korea 

 
Questions and answers with all presenters 

 10:00 - 10:30 COFFEE-BREAK AND EXHIBITION VISIT (Grand Ballroom lobby) 

 
 

10:30 – 12:00 SESSION 6 - Monitoring, Testing, Early Detection and Rapid Response 

Chair of the session: Dr. Guillaume Drillet, SGS Marine Services, Asia-Pacific and Chair of 
Global TestNet, Singapore 

 

 
Presentations 

Predicting environmental concentration of metals released by in-water hull cleanings in an 
international harbor – considering the contribution from paint particles 
Moonkoo Kim, Principal Research Scientist, Korea Institute of Ocean Science and 
Technology (KIOST), the Republic of Korea 

Ocean Science, Early Warning Systems and Hazards 

Joape Ginigini, Senior Scientific Officer, Pacific Islands Marine Bioinvasions Alert Network 
(PacMAN) Project Manager, Institute of Applied Sciences, University of the South Pacific, 
Fiji 

A Real-Time Impedimetric Sensor for Early Detection of Biofouling 

Dr. Young Wook Kim, CEO, ProxiHealthcare, the Republic of Korea 

Proposed Guidelines for the Evaluation of Efficacy of Marine Growth Prevention Systems 
(MGPS) 

Dr. Thomas Vance, Chief Operating Officer, PML Applications / Paper Lead Author, Global 
TestNet, the United Kingdom 

Questions and answers with all presenters 
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 12:00 – 13:00 LUNCH (PDR Room, second floor) 

 

 

13:00 – 15:00 SESSION 7 – Innovative Solutions for Biofouling Management – Emerging Technology 

Chair of the session: Sarita Krissy Emmanuel, Project Officer, Maritime Technology 
Cooperation Centre (MTCC) Caribbean, Trinidad and Tobago 

Presentations 

Biofouling Management through Digital Solutions 

Petter Korslund, Regulatory Affairs Manager, Performance Coatings, 
Jotun, Norway  

Next steps in the development of UV-C as the ultimate fouling 
prevention technology 
Dr. Neil Oxtoby, Worldwide Marine Laboratory, AkzoNobel, the 
United Kingdom Efficacy and Biological Impact of Ultrasonic 
Transducers 
Pernille Bohn, Business Area Manager, DHI, Denmark 

Advanced Hull Cleaning Technology Transport Canada Performance Verification Study 

Karl Lander, Environmental Services Director, Subsea Global Solutions, the United States 

Questions and answers with all presenters 
 15:00 – 15:30 COFFEE-BREAK AND EXHIBITION VISIT (Grand Ballroom lobby) 

 
 

15:30 - 17:00 SESSION 8 – Biofouling Management in Marine Protected Areas (MPAs) and Particularly 
Sensitive Sea Areas (PSSAs) 
Chair of the session: Dr. Inti Keith, Principal Investigator, Marine Biodiversity Research, 
Charles Darwin Foundation, Galapagos Islands, Ecuador 

Presentations 

Biofouling Management in Marine Protected Areas and Particularly Sensitive Sea 
Areas: State of Play  

Will Griffiths, Technical Project Analyst, GloFouling Partnerships project, IMO 
The journey towards declaring the Thermal Dome as a Particularly Sensitive Sea Area (PSSA) 

Sonia Angélica Jurado Caicedo, Sargadom Thermal Dome Project coordinator, MarViva, 
Colombia 

Assessing the Risk of Non-Indigenous Species in Marine Protected Areas: A Framework for 
the Eastern Tropical Pacific 

Dr. Inti Keith, Principal Investigator, Marine Biodiversity Research, Charles Darwin Foundation, 
Galapagos Islands, Ecuador 

Questions and answers with all presenters 

Followed by a panel discussion 

Dr. Evangelina Schwindt, Research Director, Instituto de Biologia de Organismos Marinos 
(IBIOMAR- CONICET), Argentina 
Joape Ginigini, Senior Scientific Officer, Pacific Islands Marine Bioinvasions Alert Network 
(PacMAN) Project Manager, Institute of Applied Sciences, University of the South Pacific, Fiji 
Sharloth Fernandez, Head of the Environmental Management Department, National 
Directorate of Aquatic Spaces (DIRNEA), Ecuador 
Sonia Angélica Jurado Caicedo, Sargadom Thermal Dome Project coordinator, MarViva, 
Colombia 

 17:00 END OF THE DAY 
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Thursday 07 November 2024 

 

 

08:30 – 10:00 SESSION 9 – Policy Developments and Standards 

Chair of the session: Colin Henein, Director, Protection Environment Policy, Transport Canada, 
Canada 

 
Presentations 

Lessons learned from 6+ years of enforcing biofouling management regulations in California 

Chris Scianni, Environmental Program Manager, Marine Invasive Species Program, California 
State Lands Commission, the United States of America 

Driving Change on A Global Scale: New Zealand’s Vessel 
Biofouling Requirements  

Yasmin Gabay, Ministry for Primary Industries, New Zealand 
Biofouling actions in Norway and the need for a mandatory global regime 

Sveinung Oftedal, Director, Ministry of Climate and 
Environment, Norway Application of the 2023 Biofouling 
Guidelines- Industry Insights 
Dr. Bev MacKenzie, Head of IGO Engagement, BIMCO, the United Kingdom 

 
Questions and answers with all presenters 

 10:00 - 10:30 COFFEE-BREAK AND EXHIBITION VISIT (Grand Ballroom lobby) 

 
 

10:30 – 12:00 SESSION 9 (continued) - Policy Developments and Standards 

Updates on the development of ISO Standards related to In-Water Cleaning 

Dr. Irene Øvstebø Tvedten, Senior Advisor Maritime, The Bellona 
Foundation, Norway 

 Dr. Mario Tamburri, Professor, University of Maryland, the United States 
of America 

Clean Hull Notation - Achieving Best of Both Worlds 

Sahan Abeysekara, Lloyds Register, the United Kingdom 

 
Questions and answers with all presenters 

 
Followed by a panel discussion 

Dr. Bev Mackenzie, Head of IGO Engagement, BIMCO, the United Kingdom 

Chris Scianni, Environmental Program Manager, Marine Invasive Species Program, California 
State Lands Commission, the United States of America 
Yasmin Gabay, Ministry for Primary Industries, New Zealand 

Sveinung Oftedal, Director, Ministry of Climate and Environment, Norway 
Teo Karayannis, Head, Marine Biosafety, Sub-Division for Protective Measures, Marine 
Environment Division, IMO 

 12:00 – 13:00 LUNCH (PDR Room, second floor) 
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13:00 – 15:00 

 
SESSION 10 – Fuel Efficiency and GHG Emissions 

Chair of the session: Amelia Bola, Maritime GHG Officer, Maritime Technology 
Cooperation Centre (MTCC) Pacific, Fiji 
Presentations 

Effects of Hull Cleaning on the Ship Performance 

Beom Jin Park, Principal Research Engineer, Advanced Ship Research Division, Korea 
Research Institute of Ships & Ocean Engineering (KRISO), the Republic of Korea 
International Collaborative Research in Ship Drag Penalty Due to Hull Roughness: From 
Laboratory to Field Experiment 

Prof. I Ketut Aria Pria Utama, Professor of Ship Hydrodynamics, Department of Naval 
Architecture, Institut Teknologi Sepuluh Nopember (ITS), Indonesia 
An Assessment of Skin-Friction Drag Over a Recently Cleaned Ship Under Steady Cruising 
Via a Combination of In-Situ Laser Based Measurement, Laboratory Experiment, 
Computational Fluid Dynamics (Cfd), and Empirical Estimation 

Dr. Bagus Nugroho, Lecturer, the University of Melbourne, Australia 
Quantifying the hull performance impact of biofouling and stopping unnecessary fuel and 
emissions "leakage" Abigail Robinson, Vice President of Sustainability, ECOsubsea, Norway 

 
Questions and answers with all presenters 
 

 13:00 – 15:00 COFFEE-BREAK AND EXHIBITION VISIT (Grand Ballroom lobby) 

 
 
 

15:30 - 17:00 
 

SESSION 11 (Grand Ballroom) – RiskManagement in ports 

Chair of the session: Chris Scianni, Environmental Program Manager, Marine Invasive 
Species 
Program, California State Lands Commission, the United States of America 

 
 
Presentations 

Biofouling Ecology of Tropical Anthropized Coastal Environments in Manila Bay, Philippines 

Dr. Benjamin M Vallejo Jr, Professor of Environmental Science, University of the 
Philippines Diliman, the Philippines 
Enhancing the Biodiversity in Ports to Limit the Introduction of Non-Native Species 

Dr. Jasmine Ferrario, Researcher, University of Pavia, Italy 
Biofouling in the English Channel: a two-year monitoring on two coatings in the port 
of Cherbourg (France) 

Marion Vial, PhD Student, Corrosion and         Biocorrosion Center, Corrodys and the 
University of Caen Normandie, France 

 
Questions and answers with all presenters 
 

 

 17:00 – 17:30 Closure of the Forum (Grand Ballroom) 
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Friday 08 November 2024 

  
09:00 

 
DEPARTURE FROM THE WESTIN JOSUN BUSAN HOTEL 

 
 

 
Visits and tours in: 

 

 
KIOST South Sea Research Institute (https://www.kiost.ac.kr/eng.do) 

KOMERI Korea Marine Equipment Research Institute 

(http://eng.komeri.re.kr/main/) Samsung Heavy Industries 

(https://www.shi-mci.com/facilities/shi.html) 

 
 
Lunch will be provided at the Geoje Restaurant 

 17:10 RETURN TO THE WESTIN JOSUN BUSAN HOTEL 

  
Photo credits: Emilio Mancuso; Shutterstock; Ashley Coutts; WikiCommons; piqsels; Creative Commons; Hans Hillewaert; Paolo Varrella; Subsea 

Industries; Mariano Rodríguez - @argentinasubmarina; piqsels; Flickr; Wikimedia Commons; Jean-Pierre Bazard; Eric Gao; piqsels; Flickr; pexels; 

Emilio Mancuso 

 

https://www.kiost.ac.kr/eng.do
http://eng.komeri.re.kr/main/
https://www.shi-mci.com/facilities/shi.html
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END OF THE EVENT 
 
 

    CONFERENCE PROCEEDINGS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

CONFERENCE PROCEEDINGS  
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3rd GEF-UNDP-IMO GloFouling R&D Forum and Exhibition on Biofouling 
Prevention and Management for Maritime Industries 

MODERATOR 
 

 

 

 
  
  

 
 
 
 
 
 
 

Mr. Stewart has been involved in the maritime industry for nearly 30 years. He has helped develop and co-
founded 2 companies providing services and ship’s equipment for prevention of oil pollution, as well as 
wastewater and ballast water. Since founding International Maritime Technology Consultants, Inc. (IMTCI) in 
2005, Mr. Stewart, in his consulting role has provided guidance to manufacturers of ship’s environmental 
systems with a focus on systems optimization and type approvals as well as regulatory guidance to 
shipowners and their associations.  
  
Since 2006, Mr. Stewart has acted as technical advisor to various delegations of IMO sub-committees 
including MEPC and PPR. Mr. Stewart has been in the forefront assisting Administrations with implementation 
of environmental regulations for biosecurity, ranging from development of pilot programs, analysis of 
challenges for inspections and proposals for alternative compliance options. He has attended various MOU 
technical committee meetings making presentations on these subjects.  
  
Mr. Stewart is currently involved in projects ranging from new technology development for biofouling control 
on ships and offshore installations, system development approvals, emissions monitoring and testing for 
regulatory compliance to digitalization and programs for long term “beyond compliance” strategies.  
  
In addition, Mr. Stewart has acted as Chairman and/or moderator for approximately 30 international 
conferences covering the full spectrum of maritime environmental issues for numerous conference 
organizers.  

 

 

 
JON STEWART 
Moderator 

GloFouling R&D Forum 
 

 



         
         33  
 

SESSION 1 
 

Invasive Aquatic Species and their impacts 

SESSION 1 - Invasive Aquat ic Species and Their Impact s 

FILM PREMIERE – “SILENT INVADERS: THE UNSEEN IMPACT OF INVASIVE 
AQUATIC SPECIES” 

 
 

After obtaining with honors her PhD in Maritime Law in France, Dr Lilia Khodjet El Khil joined the IMO’s Regional 
Marine Pollution Emergency Response Centre for the Mediterranean Sea (REMPEC) where she spent nine years 
supporting Mediterranean coastal States to strengthen their capacity and implement regulations and best 
practices for marine environmental protection. Lilia was awarded the “Mérite Maritime” from the French 
government in recognition of her work at REMPEC. 
 
In 2010, Lilia relocated to Montreal, Canada, where she joined the Shipping Federation of Canada, a trade 
association representing international shipping in Canada, to lead on environment files. During her time with the 
Shipping Federation of Canada, she engaged with Governments on policy developments, advocated for shipping 
and guided members through complex regulatory and compliance issues. She later joined the CSL Group Inc., a 
major Canadian shipping company operating domestically and worldwide, where she held the position of 
Manager, Sustainability and Government Relations, to implement a sustainable development strategy across  the 
company and also advocate for domestic shipping's interests. 
 
In 2016 Lilia launched her own consultancy business, Maritimis Consulting to provide services to the industry, 
governments and non-for-profit organizations on environmental issues related to shipping. In June 2019, she 
joined the International maritime Organisation to lead the execution of a multiyear flagship IMO project dealing 
with marine biosafety, namely the GloFouling Partnerships project.  

  
Ladies and Gentlemen, 
 
It is my pleasure to introduce the premiere of Silent Invaders: The Unseen Impact of Invasive Aquatic Species, a 
film commissioned by the Global Industry Alliance for Marine Biosafety, or GIA for short. The GIA a unique group 
of industry leaders established under GloFouling Partnerships to help global efforts toward the uptake of best 
management practices to address biofouling and invasive species. 
 
This film sheds light on a critical yet often overlooked issue: the impact of invasive species carried by ships' 
biofouling on our oceans and coasts. Through powerful storytelling, Silent Invaders reveals the challenges that 
these species impose on fisheries, coastal livelihoods, and entire communities—affecting marine biodiversity and 
ecosystems, food security, and economies around the world. 
 
But this is not just a film about challenges. Silent Invaders also highlights the innovative solutions emerging in 
biofouling management, showcasing research and collaborative efforts among scientists, industry leaders, and 
policymakers. The message is clear: if we work together, we can protect marine life, safeguard communities, and 
sustain the oceans that connect us all. 
 
We hope this film inspires you to think about one of the key drivers for biodiversity loss globally and the urgent 
need for cooperation in addressing these crucial issues. 
Thank you for your attention and enjoy the movie! 

 

 

LILIA KHODJET EL KHIL 
Project Technical Manager 

GEF-UNDP-IMO Glofouling Partnerships 
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CHAIR OF THE SESSION 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

 

JON STEWART 
Moderator 

GloFouling R&D Forum 
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Director of the Alliance for Coastal Technologies 

Director of the Marine Environmental Resource Center 

Recent Awards: 

2015 University of Maryland Center for Environmental Science President’s Award for Science Application 

2017 University System of Maryland Regents Faculty Award for Excellence in Public Service 

Areas of Expertise  

• Sustainable urban waterfronts 

• Environmental technologies and observing 

• Chemical ecology of aquatic organisms 

• Invasive species ecology, prevention and management 

Education  

• B.A. Marine Sciences, University of California, Santa Barbara 

• M.S. Biology, University of Alabama 

• Ph.D. Biology and Marine Sciences, University of South Carolina 

 

GESAMP WG44 
Biofouling and Non-Indigenous Species 

 
  Presentation slides  

 

 
DR. MARIO TAMBURRI 
Director 

Alliance for Coastal Technologies and Marine Environmental 
Resource Center 

 

http://www.act-us.info/
http://www.maritime-enviro.org/
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Andrew Want is a Lecturer in Renewable Energy at the University of Hull's Energy and Environment Institute. 
Andrew's research explores the interactions between the offshore renewable energy (ORE) industry and the 
marine environment. This includes examining the role that ORE devices and infrastructure play on biofouling 
communities through enhanced provision of hard artificial substrates. Subtopics of interest include the 
management of invasive species, the impacts of marine growth on ORE technologies, and population connectivity. 
Andrew provides expertise to the GloFouling programme, the GESAMP 44 Working Group on Biofouling 
Management, and the ICES Working Group on Marine Benthal and Renewable Energy Developments.  

 Biofouling and Offshore Renewable Energy: Industrial and Environmental Impacts 

 
  Presentation slides  

 

 
DR. ANDREW WANT 
Lecturer in Renewable Energy 

University of Hull's Energy and Environment Institute 
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Dr. Greta Srėbalienė is a distinguished researcher at the Marine Research Institute of Klaipėda University, 
Lithuania. Her PhD research focused on the quantitative evaluation of the effects of bioinvasion on marine 
ecosystems, providing valuable insights into the ecological impact of invasive species. 
Dr. Srėbalienė is currently developing innovative methods to identify and assess the risks posed by harmful 
organisms and diseases transported through ballast water and biofouling. Her work also includes contributing to 
the development and regional standardization of early warning systems for marine ecosystems. By incorporating 
cutting-edge techniques such as environmental DNA (eDNA), she is enhancing the accuracy and efficiency of these 
systems to safeguard marine biodiversity. 

 Informed Means Armed: The Role of Information Systems On Non-Indigenous Species In 
Biofouling Management And Research 

Sergej Olenin, Greta Srėbalienė, Aleksas Narščius 

Effective biofouling management policies require access to up-to-date, precise, and readily accessible 
data that can be easily comprehended and utilized for informed decision-making.  

The effectiveness of the IMO 2023 IMO Biofouling Guidelines, the IMO Ballast Water Management 
Convention (2007), or other international or national instruments that aim to reduce the spread of 
invasive alien species (IAS) can be assessed by estimating the decrease in the number of new arrivals 
through different means of introduction, such as biofouling. This data is derived from monitoring and 
focused scientific research. However, efforts expended research, monitoring, and assessment of IAS 
will only be effective for biofouling management if they are presented in a clear and easily 
understandable manner. The data should be collected, quality checked, harmonized, and presented 
through user-friendly and reliable information systems, such as AquaNIS, a global information system 
on aquatic non-indigenous (NIS) and cryptogenic species < www.corpi.ku.lt/databases/aquanis >. This 
system has played a central role in gathering data on national and regional NIS inventories, 
determining the most harmful IAS, measuring and summarizing the ecological effects of specific taxa, 
identifying key pathways and vectors of NIS introductions, and studying species traits and ecological 
preferences. Utilizing AquaNIS improves the analytical and predictive aspects of biofouling research, 
transitioning from a mere scientific curiosity to a more practical approach driven by management 
needs. 

The paper discusses the valuable insights gained from over 25 years of experience in NIS databasing 
and how these insights can be effectively utilized in biofouling management and research. This 
highlights the flexibility of a NIS information system, which operates on the principle of "collect data 
once, use it many times". The system enables the utilization of the collected data for operational 
purposes, as well as the ability to analyze and predict outcomes based on NIS registration in different 
geographical areas. It also provides relevant search functions for biological traits, environmental 
tolerance limits, and the impacts on native biodiversity, ecosystem functioning, economy, and public 
health. Ultimately, the paper highlights the importance of maintaining a dynamic and resilient 
database, emphasizing the need for support from regional and/or global organizations and 
conventions to ensure the longevity and sustainability of the information system. 

 

 
DR. GRETA SRĖBALIENĖ 
Researcher 

Marine Research Institute, Klaipeda University, Lithuania 
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  Presentation slides  
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SESSION 2 
 

                                               Innovative Solutions for Biofouling Management - Coatings 
 

SESSION 2 - Innovative Solutions for Biofouling Management - 
Coatings 

 

CHAIR OF THE SESSION 
 

  
 

  

 

 

JON STEWART 
Moderator 

GloFouling R&D Forum 
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With a steadfast 7-year tenure as Founder and CTO of Graphite Innovation and Technologies Inc., I have led the 
charge in advancing sustainable marine coatings within the shipping sector. As both Founder and Board Member, 
my role has been instrumental in defining the company's strategic course with a strong emphasis on sustainability 
and innovation, aiming to drive positive transformation in the marine coatings industry. This journey involved 
setting overarching goals, shaping the company's mission, vision, and core values, and curating a diverse, skilled 
team with complementary expertise 
 
My academic foundation includes a PhD in Materials Science from Dalhousie University, where I cultivated a deep 
understanding of advanced materials and their applications. This expertise has been pivotal in my success in 
research and development, culminating in the creation of three patent families that highlight the innovative 
technologies at the core of our product offerings 
 
As Co-founder and Chief Technology Officer, I have honed my leadership prowess, navigating complex technical 
landscapes, shaping strategic roadmaps, and fostering high-performance teams. I have championed financial 
sustainability, aligning with the company's oversight needs, while my venture capital engagement and ability to 
evaluate investment opportunities position me to contribute substantively to company investment decisions. My 
adeptness in government relations, extensive experience in commercializing intellectual property, and dedication 
to diversity and inclusion further underline my potential as a valuable addition to the Clean & Ocean Tech industry. 

 Always clean hulls: Revolutionizing vessel efficiency by combining low-friction hard 
coatings with grooming robots  

Dr. Marciel Gaier and Philippos Sfiris 

 

The maritime industry is on a pivotal journey towards sustainability, driven by the dual challenges of 
improving operational efficiency and meeting stringent environmental targets. The adoption of the 
International Maritime Organization's (IMO) new biofouling guidelines underscores the sector's 
commitment to minimizing the environmental impact of ship operations. This paper presents an 
innovative solution to achieve these goals: the combination of advanced low-friction marine coatings 
and grooming technologies designed to keep ship hulls perpetually clean, thereby preventing 
biofouling and avoiding extra power penalty associated with hull fouling. Light slime coverage can 
trigger a 20-25% increase in GHG emissions, highlighting the urgent need for effective biofouling 
management strategies. Currently, fouling is cleaned from vessels in a reactive way, releasing high 
concentrations of biocides and damaging the coatings that are not engineered to be cleaned. 

The core of our solution lies in its proactive approach to biofouling management, aligning with the 
IMO's emphasis on prevention. By integrating advanced low-friction marine coatings with enhanced 
foul release performance, and mechanical performance with state-of-the-art grooming technologies, 
our approach not only adheres to the new biofouling guidelines but sets a new standard in sustainable 
maritime operations. 

Keywords: Biofouling management, grooming, slime free, hull coatings, hard foul release 
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Viktor Avlonitis works in the Marine division of Hempel A/S, where he has held roles across technical advisory 
services, aftersales strategy, and regulatory affairs. With over 10 years in the maritime industry, Viktor has 
overseen numerous in-water hull inspections and cleanings, advising shipping companies on biofouling protection 
through the installation of antifouling coatings, monitoring plans, and maintenance practices. As Hempel’s 
representative in the IMO GloFouling Project’s Global Industry Alliance and a SEA Europe delegate to the IMO’s 
PPR and MEPC sessions, he contributes to shaping international biofouling standards and advancing sustainable 
practices. Viktor also supports ISO standards for in-water hull cleaning and AMPP standards for inspections. He 
holds an MSc and PhD from Copenhagen Business School. 

 
 Balancing Energy Efficiency and Marine Biodiversity: A Holistic Framework for Biofouling 
Management in the Maritime Industry  
 
Viktor Avlonitis, Yigit Demirel, Francisco Aprile 

 
Retaining a clean and smooth hull, free of biofouling growth, ensures optimal hydrodynamics which in 
turn can significantly reduce the energy demand of the global fleet. Additionally, keeping ship hulls 
clean and appropriately managing biofouling growth is critical to the preservation of marine 
biodiversity.  
 
A primary consideration when choosing a biofouling management strategy is the choice of the 
antifouling coating system and corresponding maintenance requirements during its lifetime in the 
form of in-water cleaning. With this paper we argue that the choices entailed in biofouling 
management activities will need to balance the trade-offs between emissions to air (i.e. energy 
reduction from clean hulls) and emissions to water (passive or accelerated release of waste substances 
to ensure a clean hull).  
 
We develop a framework to evaluate biofouling management strategies and simulate alternative 
scenarios for a bulk carrier exemplary case. We model the impact of alternative biofouling 
management strategies on energy efficiency (fuel consumption and carbon intensity rating) and on the 
water column (emissions from antifouling coatings and in-water cleaning). This allows to provide a 
holistic perspective of alternative biofouling management strategies that consider both emissions to 
air and emissions to water. Our analysis considers insights from extant academic literature on 
antifouling coatings and in-water cleaning, internal data from Hempel A/S, and recently issued results 
from in-water cleaning simulations by independent organizations. Our results guide market and policy 
actors towards more sustainable practices, contributing to the broader goal of reducing energy 
demand without compromising the marine environment.  
 
Keywords: biofouling management, antifouling systems, in-water hull cleaning, emissions to air, 
emissions to water, fuel efficiency 
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Dr Ralitsa Mihaylova is the Head of Special Projects for Safinah Group, a leading independent coating consultancy 
based in the United Kingdom. Her background is in shipping business and operations with experience in data 
analysis and machine learning techniques. Ralitsa has a keen interest in sustainable solutions and the regulatory 
framework governing international shipping. She is actively participating in industry-led initiatives and working 
groups related to biofouling. At Safinah Group, Ralitsa is responsible for coordinating the company’s research and 
development activities and delivering data-driven solutions and insights to inform strategic decisions. 

 

 Effective Biofouling Management Strategies: The Challenges with Ship-specific Functional 
Specifications and Coating Selection 

 
Developing effective biofouling management strategies for different vessels is challenging due to the 
variability in operating parameters, activity profiles, and trade-specific requirements. Selecting the 
optimal system, or a combination of systems, for a specific ship is a complex task as there are multiple 
options to choose from. 
 
Data on the in-service performance of biofouling control products independently collected through 
dry dock project supervision can be used to enhance the coating selection and specification process.  
 
The presentation aims to introduce a data-driven approach to coating selection and specification that 
allows for continuous learning and serves as the basis for an evidence-based biofouling management 
strategy. 
 
The findings include insights on product and scheme performance based on more than 800 dry dock 
projects and over 600 specification reviews, as well as challenges with implementing a ship-specific 
approach to biofouling management and common misconceptions regarding product selection and 
expected performance. 
 
Keywords: biofouling management, coating selection, coating specification 
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Muhamed Ashraf P, Ph D, working as Principal Scientist in ICAR Central Institute of Fisheries Technology, Cochin, 
India and his area of research is the nanotechnological application for the development of antifouling strategies 
in aquaculture cage nets, corrosion and deterioration of marine materials, sensors for aquatic systems and 
synthesis of nano materials from fish wastes. He is working in the area last 28 years. He received his PhD degree 
from University of Kerala and published more than 80 research papers in peer reviewed journals. 

 

 Enhancing Biofouling Resistance of Organo Silane-Coated Polyethylene Aquaculture Cage 
Nets with (CuO:TiO2): Nano Carbon Dots 
 
Muhamed Ashraf P., Sahla VA, Gopika R and Manjulekshmi N 

 
Biofouling is a major issue among aquaculture farmers and its management costs 25% of the total 
project cost. Traditional technologies involve coating aquaculture cage nets with biocides using binders 
or polymeric substances. However, these methods have disadvantages, including the use of higher 
amounts of biocide, its leaching into the environment, and challenges associated with managing the 
increased weight of the net. Nano technology offers efficient solutions to mitigate the biofouling issue 
in aquaculture cage nets. Aquaculture cage nets mainly fabricated polyethylene, which is a non-polar 
polymer. The surface of the polyethylene is modified using nano polyaniline through an in situ method 
and treated with 0.02% nano copper oxide, resulting in excellent biofouling resistance [1]. Surface 
modification of polyethylene with polyaniline is tedious and generates more waste, thus leading to less 
adoption by farmers. Organosilane molecules extensively employed to modify the surface of cotton; 
however, their application has not been attempted in polyalkene polymers. The present study aimed 
to modify the surface of polyethylene aquaculture cage nets using (3-glycidyloxypropyl) 
trimethoxysilane molecules, followed by treatment with the biocide nano carbon dot: (CuO-TiO2), and 
evaluate its effectiveness in resisting biofouling in a marine environment. The characterisation of the 
silane – biocide treatments were evaluated using FTIR, SEM and UV –Visible spectroscopy revealed 
that the silane were attached over the net and the biocide interacted through C-O-C of silane and 
conjugated double bonds of carbon dots. The hydrophobic polyethylene cage net become partially 
hydrophobic - hydrophilic nature enhanced biofouling resistance. 8 months exposure of the treated 
aquaculture cage net in the estuarine environment revealed that the treatment 0.05% each of carbon 
dot: (CuO:TiO2) exhibited excellent biofouling resistance.  Introduction of nano copper oxide and 
carbon dot along with titanium oxide reduced the band gap, which enhanced the photocatalytic 
activity and hence increased reactive oxygen species, free radicals and higher electronic movement in 
the vicinity of the cage net inhibited the approach of microorganism.  
Key words: Biofouling, aquaculture cage net, titanium oxide, reactive oxygen species.  
References: 
[1] P. Muhamed Ashraf, K.G. Sasikala, Saly N. Thomas, Leela Edwin (20  )Biofouling resistant 
polyethylene cage aquaculture nettings: A new approach using polyaniline and nano copper oxide. 
Arabian Journal of Chemistry. Volume 13, Issue 1, January 2020, Pages 875-882 
 
 
 
 

 

 

MUHAMED ASHRAF P 
Principal Scientist 

ICAR Central Institute of Fisheries Technology, Cochin, India 
 

 



         
         59  
 

 

   Presentation slides  



       
      60 

 



         
         61  
 

 
 

 
  



       
      62 

 

SESSION 3 
 

               Panel discussions on Gender Diversity  
 

SESSION 3 - Panel discussions on Gender Diversity 
 
 

CHAIR OF THE SESSION 
 

  
Dr Mackenzie is Head of Intergovernmental Engagement at BIMCO, the world’s largest direct-entry membership 
organisation for the shipping industry.  She is the London-based Representative at the International Maritime 
Organization and also provides the link between BIMCO and IMO and other intergovernmental organisations, 
particularly those within the UN Ocean family, across the globe to ensure that BIMCO’s technical expertise can 
be best utilised by decisions makers- to support practical and harmonised regulation for the shipping industry.  
  
She has a degree in chemical oceanography and a PhD in physical oceanography from the University of Liverpool, 
UK and applies that scientific knowledge to help understand the science-engineering-policy interface. She has 
expertise in operational oceanography and ocean observing and issues relating to maritime industries and the 
environment including issues such as sea-based sources of marine plastics, biofouling management, climate 
change and air pollution and marine pollution.  
  
She is on the board for the UK’s Net Zero Oceanographic Capability programme and is a Trustee of Plymouth 
Marine Laboratory.  She is a Fellow of the IMarEST and of the Marine Biological Association of the UK and a 
Chartered Scientist and Chartered Marine Scientist. 
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Jurga Šaule holds BSc in Biology and is a Senior Project Assistant, who has been part of the GloFouling Partnerships 
project coordination unit for five years and has extensive knowledge about the work of the Project and 
International Maritime Organization (IMO) as a whole.  Jurga has worked in international organizations for over 
seven years assisting in their combined goal of knowledge sharing and activities implementation at international 
level, including being part of the IMO’s Marine Environment Division secretariat supporting the Marine 
Environment Protection Committee (MEPC) and the Sub-Committee on Pollution Prevention and Response (PPR) 
meetings. 

 Gender Diversity in the biofouling-related industries: Actions taken by IMO and GloFouling 
Partnerships project to achieve gender diversity 
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Marija Vranic holds a BSc in Human Resources and Management and has over 13 years of experience working 
with international organizations across the fields of law, cooperation and security, and maritime affairs. For the 
past five years, Marija has been with the International Maritime Organization (IMO), a specialized United Nations 
agency, where she joined the Sub-Division of Partnerships and Projects within the Technical Cooperation and 
Implementation Division. Marija has provided expertise in various projects focused on marine biodiversity, 
greenhouse gas (GHG) emissions, and sustainability initiatives. Marija has also contributed to key IMO initiatives, 
including the Innovation Forum, NextGEN, and FINSMART, supporting global efforts to drive maritime 

decarbonization and environmental protection.  
 
Gender Diversity in the biofouling-related industries 
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SESSION 4 
 

               Current Status and Prospects in the Republic of Korea for In-Water Cleaning 
Technology  

 

SESSION 4  - Current status and Prospects in the Republic of Korea for In-Water Cleaning Technology 

CHAIR OF THE SESSION 
 

  

Dr. Seong-Gil Kang, born in 1968, currently works as Principal Researcher at the International Maritime Research 
Division of the Korea Research Institute of Ships and Ocean Engineering (KRISO). He also serves as the Director of 
NOWPAP MERRAC (Marine Environmental Emergency Preparedness and Response Regional Activity Centre of the 
Northwest Pacific Action Plan), a UNEP Regional Sea Programme hosted and operated by KRISO since 2000.  
  
He earned his bachelor's degree (1986-1991), master's degree (1991-1993) and Ph.D. degree (1993-2000) from 
the Department of Oceanography at Seoul National University, Republic of Korea, with a specialization in marine 
benthic ecology. 
  
Having joined KRISO in 2000, he has accumulated over 20 years of professional experience in the field of marine 
environmental science and engineering. His expertise encompasses marine pollution assessment, oil spill 
response, carbon storage in offshore sediment, etc. He has authored more than 70 scientific papers and has 
participated in around 170 projects. Additionally, since 2008, he has been serving as the Director of NOWPAP 
MERRAC, leading regional collaborative activities in the field of marine pollution response among the 
governments of China, Japan, South Korea and Russia.  
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Dr. Su Jin Park has worked as a director of Dokdo and Ocean Legal Regime Division and senior research fellow at 
Korea Maritime Institute (KMI), which is a government-affiliated research entity under the Prime Minister’s Office. 
She has researched for international maritime legal regime and policy development in the areas of climate 
change, marine environment, marine bio, global cooperation etc.  
She is a Ph.D. in international law at the Kyung Hee University Graduate School in 2004. 
As a legal expert, she has performed various developments of Korean maritime and environment law such as ‘the 
Act on Marine Ecosystem Conservation and Management’, ‘Marine Environmental Management Act’ etc. She has 
also been working on various researches about the international cooperation and multilateral agreements, 
including the UN BBNJ Agreement, the CBD, Nagoya Protocol, and the UN Plastics Convention.  
Her recent publications include ‘How Will the United Nations (UN) Biological Beyond National Jurisdiction (BBNJ) 
Agreement Affect the Shipping Industry in the Future?(2023)’, ‘Climate change response strategy in the marine 
and fisheries sector to implement the Paris Agreement(2020)’, and ‘The Legal Frameworks and Relevant Issues 
on the Marine Protected Areas in the Areas beyond National Jurisdiction(2018)’. 

 
Biofouling Management in South Korea and Legislative & Policy Improvement Measures 
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GENERAL INFORMATION 
Name | (First Name) Sae-Hee (Family name) Kim  Gender | Male 
Birthday | 1989-08-05     Tel | +82-10-2279-8127 
E-mail | kim.saehee.1989@gmail.com   Position | Post-doctoral researcher 
 
EDUCATION 
Degree         University                 Department     Year 
    
Ph.D.  Hanyang University Life Science    2024 
B.Sc. Hanyang University Life Science    2015 
       
EMPOLYMENT 
2024/Sep. to Present: Institute of Bioscience & Biotechnology, Hanyang university, Seoul, Korea 
2022/Sep. to 2022/Oct.: Korea Institute of Ocean Science & Technology, Geoje, Korea 
2021/Jan. to 2022/Aug: Korea Institute of Ocean Science & Technology, Busan, Korea 
 
RESEARCH KEYWORDS 
Ocean Microecosystem, Mesocosm, Biofouling, Pathogenic Bacteria, Assessment of ecosystem. 
 
AWARDS 
1) 2019, The Prize of Korean Society of Ecology and Infrastructure Engineering 

 

 
Characterization and risk assessment of attached bacteria in major ports in Korea 
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Dr Keun-Hyung is engaged in research of zooplankton ecology around Korean seawaters as well as invasive 
zooplankton. His recent research includes the effect of hypoxia on zooplankton and the impact of gelatinous 
zooplankton on plankton ecosystem in Korean waters. 

 

 
Flux of the Wetted Surace Area on Ships’ Hulls in Major ports in Korea 
Keun-Hyung Choi 

 
Biofouling is a significant means for introducing non-indigenous marine species internationally, which 
can alter habitats and disturb marine ecosystems. This study estimated the flux of ships’ wetted surface 
area (WSA) to Korea in 2020 to assess the risks of biological invasion via biofouling on ships’ hulls. The 
annual total WSA flux entering Korea was estimated to be 418.26 km2, with short-stay vessels (< 3 
weeks) contributing to 99.7% of the total WSA flux. Busan and Ulsan ports were identified as the main 
sources of high-risk flux, with container ships being a major vector in Busan and tankers in Ulsan. 
Gwangyang port had the third-highest total WSA flux, with nearly half of the flux driven from coastwise 
voyages, making it particularly vulnerable to the spread of hull fouling organisms. These findings could 
help enhance the management and inspection of hull fouling organisms in Korea. 
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Kyoungsoon Shin has research background in marine plankton physiology and ecology. He has been conducting 

research on reducing the transportation of aquatic organisms through ships for more than 20 years. Shin is 
responsible for test facility and testing QA/QC for type approval of Ballast Water Management System (BWMS) 
on behalf of the government. He serves as a government advisory group to the Marine Environmental Protection 
Committee (MEPC) and sub-committee on Pollution Prevention and Response (PPR) in International Maritime 
Organization (IMO). Shin is a committee member of Advisory Panel on Marine Non-indigenous Species (AP-NIS) 
in North Pacific Marine Science Organization (PICES). Currently, he is the head of the R&D project in the fields of 
ballast water and ship's biofouling, and is the director of Ballast Water Research Center in the Korea Institute of 
Ocean Science & Technology (KIOST). 
 

Risk assessment of materials released during in-water cleaning of hull-fouling organisms 

Vessel fouling, a well-known pathway for the introduction and subsequent spread of marine 
nonindigenous species (NIS), has potential risks of biosecurity and chemical contaminants 
when vessel in-water cleaning (IWC) is applied to reduce hull fouling and improve vessel 
operating efficiency. This study aims to provide the scientific foundation for the systematic 
management and prevention of disturbances to the marine ecosystem caused by IWC of hull-
fouling organisms in ports. This is achieved by developing both a biological risk assessment 
protocol and a chemical risk assessment protocol for in-water cleaning of hull-fouling 
organisms. A development of protocols for biological risk assessment is primarily divided into 
three stages: selection of core elements, scenario design for IWC of hull-fouling organisms, 
and design of biological risk evaluation index. Six core elements (biofouling origin, duration 
time before cleaning, duration time after cleaning, fouling rating, debris capture efficiency 
during IWC, and use of post-treatment system) were selected, and 240 IWC scenarios were 
designed based on the selected core elements. 
 
The environmental hazard of harmful substances can be assessed by calculating the predicted 
environmental concentration (PEC) using an environmental concentration prediction model 
and determining the Predicted No-Effect Concentration (PNEC) for aquatic organisms using  
toxicity data of such harmful substances, when the harmful substance is released to the 
environment. This study estimated the PEC of active substances within the ports using the 
MAMPEC (Marine Antifoulant Model to Predict Environmental Concentrations) model, an 
environmental prediction model for harmful substances. This was achieved by calculating the 
elution rate through the measurement of the concentrations of active substances, the effluent 
emission, and the cleaned area during IWC. To drive the MAMPEC model, it is crucial to obtain 
data on the characteristics and water quality of major ports where IWC is likely to be 
implemented. This is to derive a PEC that reflects the unique characteristics of each port. This 
study is systematizing the K-IMEA as a biological risk assessment method to manage the 
environmental risks of effluents generated during in-water cleaning and is also systematizing 
methods for calculating PEC and PNEC suitable for domestic ports for chemical risk 
assessment. 
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Kim Yusik is a visionary leader in the field of robotics and marine technology, serving as the CEO of TSS Global, a 
company he established in August 2014. Under his leadership, TAS Global quickly rose to prominence, securing 
31 patents and 4 trademarks across 19 countries, and developing groundbreaking technologies in underwater 
robotics. 
Yusik's innovative approach has been recognized globally, with TAS Global's robotic solutions featured in major 
publications such as the Herald Economic Daily and Korea Economic Daily. His commitment to advancing marine 

technology led to significant achievements, including the world’s first commercialization of a ship-mounted 

underwater cleaning robot in 2019. 
Yusik has actively participated in international seminars and conferences, sharing his expertise and insights. 
Notably, he represented TAS Global at the 1st GEF-UNDP-IMO GloFouling R&D Forum in Australia and the 
Singapore APM2022 Shipbuilding and Offshore Plant Exhibition. In 2021, his leadership was further acknowledged 
when he was elected as the chair of the Global Industry Alliance (GIA) for Marine Biosafety of GloFouling 
Partnerships project executed by the International Maritime Organization (IMO). 
In addition to his role at TSS Global, Yusik has been instrumental in advancing sustainable maritime practices as 
a Technical Advisor for the Partnerships in Environmental Management for the Seas of East Asia (PEMSEA). His 
dedication to innovation, sustainability, and excellence also led to TAS Global's selection as a preliminary Ocean 
Star company by the Ministry of Oceans and Fisheries in September 2022. Yusik has been honored with numerous 
awards, including the Minister of Oceans and Fisheries Award and the Robot Category Grand Prize at the 4th 
Industrial Revolution Awards, solidifying his reputation as a trailblazer in the industry. 
 

 

Development of technology for treatment (removal, collection, treatment) of biofouling in 
Korea: Innovative solutions for biofouling management 
 
 
TAS Global is at the forefront of underwater robotic technology, driving innovation in maritime 
maintenance and sustainability. A highlight of our advancements is the magnetic belt ROV 
(Remotely Operated Vehicle), which uses materials like silicon, MC nylon, and urethane mixed 
with stainless steel to tackle microfouling to macrofouling up to 10 cm. 
Our ROVs are designed with a unique ability to attach and detach from one another, enabling 
complex rescue operations and seamless transitions even in restricted seaside environments. 
As one ROV cleans the ship's bottom, it can transition to the port side, detach, and be replaced 
by another ROV, ensuring continuous operation. 
Further innovations include a robotic arm that cleans the bilge keel, demonstrating our 
commitment to thorough maintenance solutions. The new 3.0 version is faster and more 
efficient, capable of fully cleaning a 300-meter container ship in under 8 hours. It also features 
an advanced capture and filtration system, removing debris as small as 10 microns with 99% 
efficiency. 
Through our K-Biofouling initiative, TAS Global is equipping countries and companies with our 
complete system, including technology and personnel training. This project, set for completion 
within two years, has already started in developing countries. 
Moreover, TAS Global is pioneering efforts by being the first to undertake the BIMCO test with 
KOMERI. The guidelines established will be a milestone for the maritime industry, advancing 
sustainability and setting new standards in marine operations. 

 

 

YUSIK KIM 
CEO 

TAS Global, Republic of Korea 
 



         
         89  
 

 
 
   Presentation slides                              



       
      90 

 



         
         91  
 



       
      92 

 

 

 
 
  



         
         93  
 

 
He received the B.E. degree from Hanyang University, Seoul, Korea, and the M.E. and Ph.D. degrees from the 
Korea Advanced Institute of Science and Technology (KAIST), Daejeon, Korea, in 1983, 1985, and 1998, 
respectively, all in mechanical engineering. Since 1985, he has been a principal researcher with the Ocean and 
Maritime Digital Technology Research Division of the Korea Research Institute of Ships and Ocean Engineering 
(KRISO), Daejeon, Korea. He was a visiting researcher with the University of Hawaii at Manoa between 1998 and 
1999. He was an adjunct professor of the Ocean Engineering Division of the University of Science and Technology 
(UST) of Korea between 2004 and 2017. His research interests include navigation, guidance, and control of 
unmanned underwater vehicles such as remotely operated vehicles (ROV), autonomous underwater vehicles 
(AUV) and hull cleaning robot (HCR). He has published 146 technical papers of international and/or domestic 
journals. Dr. Lee was a technical board member of the Korean Society of Ocean Engineers (KSOE) and the Society 
of Naval Architect of Korea (SNAK), and a member of the Oceanic Engineering Society of IEEE. He served as the 
director of the ocean engineering division of KRISO between 2008 and 2011, and between 2020 and 2021. 
 

 

Overview of KRISO's R&D on biofouling management technology 
 

 
The Korea Research Institute of Ships and Ocean Engineering (KRISO) is a government-
supported institute for the science and technologies of ships and offshore structures. One of 
the major roles and responsibilities (R&R) of KRISO is to improve ship’s performance and to 
develop intelligent underwater/surface robotic vehicles. Bio-fouling management technology 
corresponds to the R&R of KRISO, and the research activities of the institute on the topic 
include the followings. 
 

• Technologies to estimate the hull cleaning cycle of ships through the risk assessment 
of ships in operation: KRISO is developing biofouling assessment technologies based 
on operational performance assessment according to marine environmental factors 
and operating conditions of ships. 
 

• Integrated underwater navigation technology of hull cleaning robots assisted by 
acoustic positioning system: KRISO has developed a modeling technology on the 
characteristics of statistical error of underwater acoustic positioning signals, which is 
efficient to remove outlier of acoustic positioning. 
 

• In-water cleaning technologies for ships’ niche areas using underwater robot arms: 
KRISO is focusing on the development of robot arm-based automatic cleaning 
technology for proactive/reactive cleaning of niche areas. In-water cleaning in test 
basin was conducted to confirm automatic cleaning of a propeller and recovery 
performance of cleaning debris. In the experiment, the control performance and the 
cleaning and recovery performance were analyzed by attaching analogous artificial 
organisms to the propeller with an adhesion force of grade 2 or higher. 
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• Artificial intelligence technologies to identify the biofouling level of ships and to 

classify aquatic invasive species: KRISO is developing an identification technology of 
biofouling level and aquatic invasive species based on GoogleNet transfer learning 
from the image streams of hull cleaning robots. 
 

This presentation will introduce the KRISO’s R&D activities related to the biofouling 
management technologies. 
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Hello, How are you? My name is Man Soo Choi. 
 
I majored in precision mechanical engineering especially precision generator for future windmill at university.   
and, On the development of robots and automation systems at Samsung Heavy Industries during about 16 years. 
Now, I work for SLM Global company developing and spreading hull cleaning robot. It is very proud of me. because 
I am sure it will make the Global clean. 
Our company and I will continue to strive for the environment of the Earth and human safety. Thank you. 
 

 

Hull Cleaning Robot and Filter System for Marine Environmental Protection 
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Colin Henein is the Director of Marine Protection within Transport Canada’s Environmental Policy directorate. His 
policy responsibilities relate to biofouling, ship recycling, vessel garbage, marine protected areas as well as 
abandoned and derelict vessels. Colin is a longstanding member of Canada’s delegation to the environmental 
committees of the International Maritime Organization (IMO). In 2024 he led the IMO’s correspondence group 
on in-water cleaning of ships. Prior to accepting his current position, Colin spent 13 years at Transport Canada in 
positions of increasing responsibility regarding the ballast water of ships, water levels and flows, and work 
towards a network of Green Shipping Corridors. Colin holds an honours bachelor’s degree in Computer Science 
and a Ph.D. in Cognitive Science. Outside of work, Colin is a community radio broadcaster and chairs the board of 
a local multicultural organisation that promotes the arts in schools and the community. 
 

 

International Guidance on In-Water Cleaning 
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SESSION 5 
 

               Innovative Solutions for Biofouling Management – In-Water Cleaning  
 

SESSION 5 -  Innovative Solutions for Biofouling Management – In-Water Cleaning 
 
 

CHAIR OF THE SESSION 
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Moderator 
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Chris Scianni is the Environmental Program Manager for the California State Lands Commission’s Marine Invasive 
Species Program, managing and providing support for the science policy and data management teams while 
coordinating with field inspectors spread across California. Chris is also the chair of the Coastal Committee of the 
Western Regional Panel on Aquatic Nuisance Species and helps to facilitate collaborative discussions between 
invasive species prevention, management, and control programs across the western United States. 
 

 

In-Water Cleaning (IWC): Implications for Environmental Stewardship 
 
Chris Scianni, Mario Tamburri, Ralitsa Mihaylova and Eugene Georgiades 

 
Biofouling of ship submerged surfaces directly impacts vessel performance and fuel efficiency and can 
have negative environmental consequences, including the increases in exhaust emissions and the 
release of non-indigenous species (NIS). While various approaches are used to manage ship biofouling 
(e.g., anti-fouling coatings, marine growth prevention systems, and vessel maintenance regimes), the 
approaches themselves may also pose environmental risks through the release of biofouling-
associated NIS and coating-associated biocides and microplastics.  
 
Focusing on ship in-water cleaning (IWC) as a vessel biofouling management activity, this presentation 
will highlight recent advances and current knowledge gaps and propose a more holistic framework for 
environmental stewardship related to commercial shipping.  
 
Keywords: biofouling, in-water cleaning, non-indigenous species, environmental risks 
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I am engaged in research on marine robotics, with a particular focus on underwater robots. My work has involved 
various studies on perception and cognition in underwater environments, utilizing these capabilities for 
localization and SLAM (Simultaneous Localization and Mapping). Building on this foundation, I have conducted 
research on the autonomous control and operation of box-type and torpedo-type underwater vehicles. 
Recently, my research has expanded to explore the interaction between robots and underwater environments. 
This includes work on force control in underwater manipulation, the locomotion control of hexapod robots, and 
remote control systems for underwater operations. 
 

 

Development of an Autonomous Cleaning Method Based on a Manipulator for the Niche 
Area of Ship Hull 
 
Daegil Park, Jong-Boo Han, Teakyeong Yeu, Su-gil Cho, Seongsoon Kim, Hyungwoo Kim, Yeongjun Lee 

 
Fouling organisms reduce the fuel efficiency of ships and disrupt the ecosystem.  
 
As a result, the International Maritime Organization (IMO) and many countries have enacted legislation 
requiring regular hull cleaning to remove fouling organisms. However, the crevice area of a hull is very 
difficult to clean. Due to its complex shape, it is difficult to apply antifouling paint and clean with a hull 
cleaning robot, but about 80% of fouling organisms are concentrated in the crevice area. To solve this 
problem, this study proposes an autonomous cleaning robot with a multi-joint robot arm to clean the 
crevice area of a hull. 
 
This study proposes an underwater cleaning robot method using the position control of a hydraulic 
manipulator and a force control technique using an electric manipulator. 
 
The hydraulic manipulator can access the complex-shaped hull crevice using a multi-joint arm. It is 
designed to scan the area to be cleaned, make a cleaning plan, and clean it accordingly. The robot 
autonomously cleans a propeller blade, a typical hull crevice, to verify the applicability of this system. 
 
As an ongoing research, an electric manipulator is conducting a study on cleaning the hull by using 
force control as a method to solve the problem of inaccurate recognition underwater. By using the 
manipulator's torque control to push and clean the hull with a constant force, we confirmed stable hull 
surface tracking performance even in an environment where the hull recognition conditions are 
unclear. 
 
The hydraulic manipulator has a multi-joint arm to access the complex hull crevice. It is designed to 
scan the area to be cleaned, create a cleaning plan, and clean it accordingly. The robot autonomously 
cleans a propeller blade, a typical hull crevice, to verify the applicability of this system.  
 
Ongoing research is investigating an electric manipulator to follow the hull section using force control 
in an imprecise hull detection environment as a way to solve the underwater precision detection 
problem. 
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Figure 1. Multi-degree-of-freedom manipulator-based hull crevice cleaning system 
 
Keywords:  biofouling; hydraulic manipulator; autonomous cleaning system; path planning; ship; hull 
niche area; laser scanning. 
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Åge Højmark holds both an MSc in engineering and an MBA. He has 15 years experience in the Maritime industry. 
  
Serving in various international senior leadership roles both with vessel owner/operators and equipment suppliers 
including Seadrill and Rolls-Royce Marine have provided an in-depth understanding of the industry. 
  
He is genuinely interested in the transition to a sustainable future and the green transition within shipping and is 
currently serving as the Chief Executive Officer of Shipshave.  
In this role the primary focus is on vessel performance optimization and the challenges associated with biofouling. 
 

 

Hull performance, going from extrapolation and interpretation to big data 
Rune Freyer 

 
Ship operators interprets hull performance through multiple inaccurate measurements, sometimes 
noon reports corrected for current, wind, waves, engine conditions and trim. Other times assessments 
are based on blurry videos from ROVs without scale and with subjective interpretations. A 330meters 
long, 250.000ton ship guzzling 80ton of fuel a day has less accurate energy management than the 
Authors Tesla car. The key in operational performance management is the roughness of the surface. 
To prepare for information driven management with clean data, a new submerged roughness sensing 
methodology was proven.  
 
In a case study a hull cleaning method of a newly diver cleaned Handymax vessel was evaluated. 
216,000 roughness measurements were successfully made of the submerged surface and analyzed. 
Normally the industry would expect the paint roughness to increase after cleaning. 
 
An unpredicted outcome was that the hull paint itself had reduced roughness after being cleaned, 
meaning that the hull cleaning had a polishing effect. This will reduce the fuel consumption. Neither 
design processes, lab tests, visual inspections, manual roughness measurements nor traditional fuel 
efficiency interpretation could capture these findings and create such a holistic data set. Due to the 
measurement methods ease of use, many other applications can be envisaged, even down to monthly 
performance management and biofouling management documentation. 
 
Keywords 
Roughness# Big data #hull performance #performance monitoring #fouling #fuel efficiency #in transit 
hull cleaning 
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I hold a Ph.D. in Environmental Engineering and have dedicated many years to research and development in the 
field of ballast water treatment systems and biofouling management. I have over a decade of experience at 
Samsung Heavy Industries, where I was responsible for R&D initiatives. Currently, I lead the research and design 
efforts for ballast water treatment systems and hull biofouling management technologies at S&SYS. 
 

 

Assessment of Operational Performance to Onshore Treatment Facilities for Ship Biofouling 
Washing Wastewater 
 
Sangho Park 

 
More than 83% of the world's freight flows is treated through maritime routes.  
 
Every year, the increasing water volume makes it easy for invasive species to invade through ships.  
 
Various marine organisms attached to the surface of ships cause significant damage annually. The 
attachment of marine organisms to ships increases resistance during navigation, leading to an increase 
in fuel consumption.  
 
Consequently, more carbon is emitted during navigation, causing environmental pollution. The 
International Maritime Organization (IMO) continues to regulate ballast water and hull biofouling to 
prevent the invasive aquatic species in each port and maritime area. IMO has recently initiated 
revisions to guidelines for controlling and managing hull fouling, while New Zealand and California in 
the United States already regulate hull fouling management through national laws.  
 
Technologies are needed in shipping companies and ports to remove various marine organisms 
attached to ships. Recently, various underwater cleaning technologies have been developed to remove 
organisms attached to hulls.  
 
Cleaning robots effectively remove marine organisms attached to the surfaces of ships, which are 
currently under active research and development.  
 
Subsequently, large amounts of wash wastewater containing marine organisms are generated. In this 
study, wash wastewater generated by cleaning robots is collected and transferred to onshore 
treatment facilities, where marine organisms contained within the wash water are effectively 
sterilized. The performance of onshore treatment facilities for ship wash wastewater is evaluated, and 
optimal treatment methods are proposed. 
 
Keywords: Ballast water, Biofouling, Invasive Aquatic Species, Underwater Cleaning, IMO 
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SESSION 6 
 

               Monitoring, Testing, Early Detection and Rapid Response  
 

SESSION 6 - Monitoring, Testing, Early Detection and Rapid Response 
 

CHAIR OF THE SESSION 
 

  

Guillaume Drillet draws on his extensive experience in building teams and coordinating projects related to coastal 
and marine activities to help governments and industries define and meet their environmental health and safety 
targets. He currently serves as the Asia-Pacific Manager for Global Marine Services at SGS and the Chairman of 
the Global TestNet. 
 
Guillaume’s portfolio covers a wide range of environmental monitoring and risk management services, including 
coastal waters and sediments, microplastics, aquaculture & invasive species, and national strategies. He also 
oversees monitoring of discharges incidental to shipping, such as ballast water, gray water, bilge, and wash 
water, as well as health and safety/living conditions onboard ships, including indoor air, drinking water, noise, 
and industrial hygiene. 
 
Since 2016, Drillet has chaired the Global TestNet, an NGO with consultative status at the UN-IMO. He also acts 
as a consultant to the IMO, WMU, and regional bodies on projects involving port surveys, risk management, 
ballast water, and biofouling. From 2016 to 2023, he served on the boards of the World Aquaculture Society, 
including a term as President for the Asia-Pacific region from 2016 to 2020. 
 
Guillaume is committed to supporting the sustainable use of oceans through the development of programs and 
the sharing of information. He holds a PhD in life sciences from Denmark and received the Young Elite Scientist 
Award from the Danish Ministry of Independent Research in 2011. Guillaume continues to deliver lectures in 
academia and to global organizations, and he serves as an ambassador to the Singapore Exhibition & Convention 
Bureau for his commitment to organizing international scientific and technical events. 
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Moonkoo Kim is a Principal Research Scientist at the Korea Institute of Ocean Science and Technology (KIOST) and 
a professor of Ocean Science at the Korea University of Science and Technology (UST). He earned his Ph.D. in 
Oceanography from Texas A&M University and completed a postdoctoral fellowship in Chemistry at Western 
Michigan University before joining KIOST in 2006. As a marine environmental chemist, his current research 
primarily focuses on: analyzing antifouling biocides in marine environments and wastewater effluents, assessing 
the risks of chemical contamination from ship maintenance operations, such as in-water hull cleaning and ship 
hull hydroblasting, and investigating microplastics derived from ship paint, including estimation of their 
environmental emissions. 

 

Predicting environmental concentration of metals released by in-water hull cleanings in an 
international harbor - considering the contribution from paint particles. 
 
Moonkoo Kim, Zhi Yang Soon, Taekhyun Kim, Je Hyeok Kang, Gi Beum Kim, Kyoungsoon Shin 

 

In-water cleaning (IWC) is employed to remove fouling from ship hulls, aiming to prevent the spread 
of non-indigenous species and reduce hull friction, thus minimizing fuel consumption. The increased 
adoption of IWC has led to the need to assess the environmental risks associated with the discharge 
of cleaning effluents, which may contain hazardous residues from antifouling paints. This study seeks 
to understand the potential chemical contamination risk posed by IWC, considering both the direct 
release of untreated effluents and the environmental leaching of metals from paint particles. 
Environmental concentrations were predicted using MAMPEC with worst-case release rates of 8.07 
and 11.7 μg/cm2 for dissolved Cu and Zn, derived from local IWC trials. The contribution of particulate 
metal emission was accounted for in the model by evaluating the leaching of metals from paint 
particles released into the water column, estimating values of 268 μg Cu and 2209 μg Zn from a gram 
of paint particles. The maximum demand for IWC at the port was estimated based on the average 
number of vessels berthing per day over the past ten years, categorized by vessel size, from vessel 
statistics provided by the local port authority. Our risk assessment reveals that while the 
environmental risks associated with IWC vary depending on the scale of hull cleaning activities, adverse 
effects are evident unless effluents are recovered or treated prior to discharge. Since most harmful 
substances have a strong affinity towards paint particles in effluent, effective removal of particles is 
crucial to mitigate environmental impacts.  
 
Antifouling; biofouling; particulate metals; risk assessment; marine environment 
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Education - BSc Bio/Chem USP, MSc USP  
Academic Awards- Best Masters of Science by thesis, 2013 Career Awards- 'He for She' and ‘She Champions’ by 
the SPC’s Maritime Technology Cooperation Centre (MTCCs) under the Test Biofouling project for IMO 
Membership to Scientific and Academic bodies and networks - Indigenous Science Network, Natural Resource 
Food Science (USP Thematic Group), Association of Common Wealth Universities, Oceans expert (UNESCO-IOC, 
IODE), Deep Ocean Science Initiative (DOSI), ONet IPBES. 
Research Interests - Microbiology, Molecular biology, Natural Products research, ABS regime, Deep sea research, 
Ocean acidification monitoring, Blue Carbon, Invasive species detection  

 

Ocean Science, Early Warning Systems and Hazards 
Ginigini, J, Vuiyasawa, M; Appeltans, W; Suominen, Provoost, P; Brodie, G; Obst, M; Sherman, C.D.H.; Davis, N; 
Meyer, C; Buttigieg, P.L; Hablutzel, P; Bax, N; Muller-Karger, F; and Ginigini, J. 

 
Invasive Alien Species has been identified as one of the major drivers of biodiversity loss next to Climate 
change (Bellard et al.; 2016).  
 
The increasing movement of goods and services across the globe has enhanced the risk of invasive 
species throughout the world. Currently, the information on local marine biodiversity and 
consequently marine invasive alien species (MIAS) is lacking in the Pacific Islands at large. Fiji is 
considered a hub of marine traffic among the Pacific Islands, and therefore is highly susceptible to 
high-risk invasive species incursions in the region. This means that the rate at which foreign organisms 
are establishing in ports worldwide has increased dramatically. 
 
New estuarine and marine species have been establishing once every 32 (San Francisco Bay) to 85 
weeks in six studied ports in the US, Australian and NZ, and the rate of establishment appears to be 
increasing (Hewit et al.; 2003). Eradicating and managing established invasive species is difficult and 
costly thus proactive early detection of high risk of species is vital. The Pacific Islands Marine 
Bioinvasions Alert Network (PacMAN) is a project lead by The University of the South Pacific and 
awarded by the United Nations Decade of Ocean Science for Sustainable development program in 2020 
with funding assistance from UNESCO-IOC.  
 
It is a three-year pilot project that develops the on ground tools and expertise to implement a marine 
invasive species monitoring program for the Fiji Islands with a potential to increase its efforts to other 
Pacific Islands. The program uses environmental DNA (eDNA) to identify potential invasive species and 
provides a valuable biodiversity baseline for the area. The main objective is to develop a marine “high 
risk” non-native invasive species-monitoring plan as well as create an easy to use (desktop) early 
warning decision support tool based on eDNA sequence data and high throughput bioinformatics 
analyses. An assemblage of renown experts in the field of marine invasive species taxonomy, DNA 
analyses and data analysts have been actively involved as part of the projects scientific advisory group 
to assist with the design of a user friendly monitoring plan and a decision support tool which may be 
reusable later in other small island states with existing laboratories. This collaborative approach allows 
PacMAN to establish Fiji’s first exhaustive baseline overview of marine taxonomic groups currently 
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present at the Suva harbor and more importantly identify problematic invasive alien species and 
cryptogenic marine organisms. 
 
Keywords: eDNA, marine invasive species, biodiversity 
 

   Presentation slides                              



         
         131  
 

 
 

  
  



       
      132 

 

 
 

Young Wook Kim, Ph.D. is currently founder and CEO of ProxiHealthcare Inc. Korea. His expertise are focused on 
biocompatible biofilm detection and treatment for various industrial applications including healthcare and ocean 
field. He published over 40 research articles with 75 patent in the world. He received Ph.D. in Electrical Engineering 
from the University of Maryland, College Park, USA. 

 
A Real-Time Impedimetric Sensor for Early Detection of Biofouling 
 
Young Wook Kim, JungHyung Lee 

 
Accumulation of marine organisms on vessel and ocean infrastructure, that is known as biofouling, is 
a global challenge due to the ecosystem disruption and excess emission of carbon dioxide. Total global 
cost of biofouling is estimated up to $10 billion USD. Therefore, developing an effective management 
technology is critical. 
 
Biofouling is initiated by forming slime films (biofilms) typically within a month and followed various 
microorganism attachment. It is known that the biofilms are an initial activation layer of massive 
biofouling progress. Hence, detection of biofilm is correlated to onset of biofouling and provides a 
critical management information. 
 
We have developed a highly sensitive electrochemical sensor for ocean biofouling monitoring. The 
device has been fabricated on flexible substrate and analyzed changes of total impedance through the 
electric voltage measurement. The electrode design has been focused on the uniform electric field 
distribution that is important to realize sensitive detection. The system shows in figure 1. Testing of 
the sensor was conducted in West Sea of Korea at Inchen for 3 weeks that is typical time of biofouling. 
 
The results demonstrated 40% increased impedance in 8 days and additional 10% of changes in 20 
days. Overall, the sensor shows 25% signal changes during the biofouling progress. The sensor 
performed high signal to noise ratio and highly sensitive especially at the beginning of biofouling. The 
measurement of signal is corelated to image of the sensor where biofouling is on-progress. In 
conclusion, we demonstrated a successful biofouling monitoring system for the early detection. 
Keywords: Biofouling, Biofilms, Impedimetric Sensor 
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Dr Tom Vance is a specialist in marine fouling community ecology, biofouling control, and marine survey. Tom is 
currently the C.O.O of PML Applications, which provides bespoke environmental consultancy services to industry 
and gift-aids profits to support the parent charitable organisation, the Plymouth Marine Laboratory.  Tom has 
experience of designing, conducting and interpreting field and laboratory based experiments on marine 
invertebrate and algal assemblages, both in the U.K and internationally. Tom’s practical experience includes 
diving surveys, field based manipulative experimentation, marine invertebrate taxonomy, advanced image 
analysis, physiological assessments of fouling species, molecular analysis of biofilms together with multivariate 
statistics and reporting. Tom has active collaborative partnerships with academics across the U.K, and 
internationally, together with productive commercial links across a wide range of marine industries, with 
particular emphasis on the antifouling coating, shipping and marine renewable energy sectors. 

 
Proposed Guidelines for the Evaluation of Efficacy of Marine Growth Prevention Systems 
(MGPS) 
 
Dr. Thomas Vance 

 
This paper presents information on how to address the lack of standardised test methods to compare 
the efficacy of different MGPS based on different modes of action, or indeed the efficacy of one mode 
of action configured in different ways. 
 
However, the relative performance of MGPS, in terms of both their antifouling performance and their 
impacts on other systems (e.g. coating, anti-corrosion…) is largely driven by empirical experience 
rather than consistent assessment/evaluation. 
 
These proposed guidelines describe principles and a test methodology that enable direct comparison 
of the efficacy of different MGPS under comparable conditions. This will allow end users to select the 
optimum MGPS for a given scenario. 
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SESSION 7 
 

               Innovative Solutions for Biofouling Management – Emerging Technology  
 

SESSION 7 - Innovative Solutions for Biofouling Management – Emerging Technology 

 

CHAIR OF THE SESSION 
 

  
Sarita Emmanuel is a wetland ecologist and maritime professional with over 10 years of experience. She serves 
as a Project Officer at MTCC Caribbean, leading efforts under the IMO-NORAD TEST Biofouling Project in Latin 
America and the Caribbean. Sarita's work focuses on engaging stakeholders and building regional capacity in 
sustainable biofouling practices to reduce greenhouse gas emissions and limit the spread of invasive species. With 
dual Master's degrees in Wetland Science and Maritime Management, and eight years of teaching experience, 
she brings a strong background in sustainable maritime practices and ecosystem protection. 
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Petter Korslund, Regulatory Affairs Manager Performance Coatings Jotun AS. 
BSc from University of Plymouth UK in Maritime Business with Maritime Law. 
Been with Jotun since 2015, started in the maritime industry in 2001. More than 20 years of marine paint 
experience. 

 
Biofouling management through digital solutions 
Petter Korslund 

 
The shipping industry is contending with significant decarbonization challenges along with ecological 
issues, in particular the transfer of invasive aquatic species that are closely linked to global shipping 
activities. Jotun has a clean shipping commitment to continuously innovate and develop advanced 
products and solutions designed to protect biodiversity, cut carbon emissions and preserve fuel to 
support global sustainability ambition and achieve cleaner operations with a clean hull. 
 
One of Jotun’s key solutions comes in the form of digital solution, Jotun HullKeeper program. 
 
HullKeeper utilizes proprietary fouling risk algorithm to actively evaluate the underwater hull condition 
through collating sailing data, oceanographic data and prevailing antifouling properties to provide up-
to-date intelligence for users. The utility of this digital solution is to provide better understand of the 
potential fouling risk and provide users to gain control to make informed decision to maintain a clean 
hull. 
 
The notion of active hull condition monitoring is a crucial aspect of hull performance that has been 
overlooked. The ability to identify fouling risks through big data analytics can help avoid fouling to 
become a bigger problem. This concept can play an integral role in effective biofouling management 
planning. By implementing effective biofouling planning and informed decision to clean early 
(preferably in IMO biofouling rating 1), vessels will minimize the rate of degradation of hull and 
maintain the intended protection throughout their intended sailing interval. HullKeeper will be an 
enabler of control and planning as part of having an effective biofouling management plan. 
 
KEYWORDS:  
-Fouling prediction 
-Biofouling management Plan 
-Digital solutions 
-Clean Shipping Commitment 
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Dr Neil Oxtoby, a chemist by background, is an R&D technical specialist in the area of Fouling Control Coatings 
within AkzoNobel / International Paint. He has worked in the industry for 18 years developing and supporting a 
global product range. Since 2021, he has chaired the World Coatings Council Anti-fouling Coating Committee 
and represents AkzoNobel on the IMO GloFouling Global Industry Alliance. 

 
Next steps in the development of UV-C as the ultimate fouling prevention technology 
N. Oxtoby, C. Price, K. Reynolds, C. Cairns, C. Taylor, B. Salters, M. Wijnen, J.den Breejen, K. Hageman, I.Bonetto 
Beytia, I Robinson, G. Barker, M. Winfield 

 

An essential aspect in reducing the risk from invasive species and CO2 emissions within the shipping 
industry is managing biofouling on ships' hulls. Biofouling, the accumulation of organisms on hulls, 
increases surface roughness, leading to greater hydrodynamic drag. Consequently, ships consume 
more fuel to maintain speed, resulting in higher CO2 emissions. 
 
To counter this problem, AkzoNobel, Royal Philips and Damen Shipyards are developing a revolutionary 
fouling prevention technology utilizing Ultraviolet Light Emitting Diodes (UV-LEDs). This technology 
integrates UV-LEDs into a protective coating, emitting UV-C light from the surface to prevent biofouling 
accumulation. This innovative, economically viable, solvent free and biocide-free solution aims to offer 
complete fouling prevention. 
 
In this presentation we will update on developments towards a vessel demonstration trial which 
integrates large arrays of preformed UV-C tiles onto the hull of a commercial vessel at new building 
stage. Aspects of the technical challenges associated with upscaling, application and vessel integration 
will be discussed. In addition, although it has been demonstrated that low intensity UV-C light can keep 
a submerged surface completely free of biofouling, for a prolonged period of time, the impact on non-
target organisms is yet to be extensively studied. In this presentation, the results from our initial 
investigations to demonstrate the safe use of UV-C in the aquatic environment will be shared.  
 
Keywords: UV-C, Fouling Prevention, New Technology 
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Pernille Bohn is an environmental chemist testing technologies relevant for prevention or mitigation of marine 
biofouling. She also works with technologies applied in water treatment of drinking water or ballast water and 
with studies on effect of chemicals in the environment, based on literature studies as well as field or laboratory 
test results. 

 
Efficacy and Biological Side Effects of Ultrasonic Transducers  
Pernille Bohn, Torben Madsen, Jonas Vendel, Pankaj Porwal 

 
Biofouling on ships increases fuel consumption and transfers non-indigenous species between 
habitats. Ultrasonic antifouling technologies have the potential to address areas not effectively 
controlled by conventional technologies. This Danish Maritime Fund-funded study tests the efficacy of 
an ultrasonic system and investigates the potential side effects on marine mammals. 
In the first half of 2024, ultrasonic transducers were installed and then inspected regularly to assess 
the biofouling level within the ship surface area protected by the ultrasonic waves compared to area 
protected by conventional technologies.  
Ultrasonic transducers were installed on the propeller, cooling system and on part of the hull of an oil 
tanker as well as on the hull of a diving vessel. 
Underwater sound measurements were recorded to model each sound source and its propagation into 
the environment. The potential impact of the ultrasonic frequencies on marine mammals such as 
whales, dolphins, and porpoises was then evaluated by comparing the generated sound spectrum to 
the spectrum of their hearing ability at the relevant frequencies. 
Antifouling, testing, efficacy, impact, ultrasonic, technology 
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Karl Lander is the Environmental Services Director for Subsea Global Solutions. He has over 25 years of diverse 
maritime experience, including the past 8 years in the fields of subsea robotics and biofouling management.  He 
is a leader in the development of emerging global industry standards for in-water hull inspection and cleaning, 
with a focus on robotic and automated solutions, working closely with both the IMO and ISO.  Karl previously 
served in the US Coast Guard, as a diver, Naval Engineer and Cutterman, retiring as a Commander following 
over 20 years of service, with almost 10 years at sea.   

 
Advanced Hull Cleaning Technology Transport Canada Performance Verification Study   
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SESSION 8 
 

               Biofouling Management in Marine Protected Areas (MPAs) and Particularly 
Sensitive Sea Areas (PSSAs)  

 

SESSION 8 - Biofouling Management in Marine Protected Areas (MPAs) and Particularly 
Sensitive Sea Areas (PSSAs) 

 

CHAIR OF THE SESSION 
 

 

 
Dr Inti Keith is a HSE part IV commercial diver, a Scientific Diver and PADI instructor and has dedicated her career 
to the conservation of marine ecosystems. Inti has worked all around the world from the remote islands of Orkney 
in Scotland to the Great Barrier reef in Australia. Inti joined he Charles Darwin Foundation in 2010 and worked 
on shark tagging sea turtle monitoring and subtidal ecological monitoring before completing her PhD on Marine 
Invasive Species in the Galapagos Marien Reserve. She now leads the Marine Invasive Species and the long term 
Subtidal Ecological Monitoring Programmes as well as being the science group coordinator for the Eastern 
Tropical Pacific Marine Corridor initiative (CMAR). 
Her research portfolio revolves around the role humans play in changing the natural world, particularly in marine 
ecosystems, and how science can influence management and policy. In recent years she has focused her research 
on marine invasions in Marine Protected Areas. She is particularly interested in both the consequences of 
invasions as well as the informed interventions to prevent and mitigate the impacts of these species and other 
anthropogenic impacts such as climate change. 
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Will Griffiths holds a BSc in Marine Biology and an MSc in Marine Science, Policy and Law. He spent 8 years at Oil 
Spill Response Limited (OSRL) where he responded to oil spills across Europe, Africa, Asia and the Middle East, 
from managing beach clean-up operations and offshore response to providing incident management support to 
private companies as well as governments. 
In addition to response, Will also has extensive experience supporting preparedness activities, developing 
contingency plans, delivering training and conducting preparedness reviews. In 2022, Will joined the International 
Maritime Organization, a specialised agency of the United Nations as the Technical Officer responsible for the 
International Convention on Oil Pollution Preparedness, Response and Co-operation (OPRC 90) and its Protocol 
on Hazardous and Noxious Substances (HNS). In this position he assisted IMO Member States with issues 
pertaining to marine spills of oil and chemicals to increase international levels of preparedness. 
In 2024, Will returned to his Marine Biology roots as he took up the role of Project Technical Analyst in the 
GloFouling Partnerships project. In this role, he analyses technical aspects of the project, including data related 
to biofouling management strategies and technologies, to support the project's goals including collaboration with 
researchers, industry experts, and government agencies.   

 
Biofouling Management in Marine Protected Areas and Particularly Sensitive Sea Areas: 
State of Play 
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Sonia is a lawyer with a Master’s Degree in International Affairs from the University Externado de Colombia. 
Since 2016, she has been working in the field of international affairs, environmental multilateralism, ocean 
governance and sustainable development. Sonia joined the SARGADOM project in May 2023 and currently holds 
the role of Project Manager. As a consultant, she works with governments, NGOs, and International 
Organizations to design marine conservation and management policies in the High Seas. She is passionate 
about achieving effective agreements that enable the conservation and sustainable use of the ocean. From 
2016 to 2023, she worked for the Ministry of Foreign Affairs of Colombia, where she led the ocean international 
agenda and environmental affairs in regional and global scenarios. From there, she led the development of 
public policy for marine conservation and prioritized ocean issues in the national and international agenda. 

 

The journey towards declaring the Thermal Dome as a Particularly Sensitive Sea Area (PSSA) 
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Assessing the Risk of Non-Indigenous Species in Marine Protected Areas: A Framework for 
the Eastern Tropical Pacific 
Inti Keith 

 

Non-Indigenous Species (NIS) are a growing threat to marine ecosystems worldwide due to 
globalization and the fact that many species are tolerant of a broad range of environmental conditions, 
which allows them to extend their distribution to other oceanic regions outside their native range. 
 
Furthermore, NIS hold the potential to enter Marine Protected Areas (MPAs) and maintain 
populations, which could have cascading effects on native ecosystems, including reduced native 
biodiversity and changes in native ecosystem structure and functioning. Affected ecosystems may 
result in adverse socio-economic impacts to coastal communities, such as reduced commercial species, 
increased biofouling, and reduction in tourism. While biological invasions are often thought to be a 
threat primarily to urban coastal areas, due to marine traffic and pollution in highly developed areas, 
recent research reveals that a surprising number of marine species have invaded MPAs, including the 
iconic Galapagos Islands. Thus, understanding transportation pathways is pivotal to predicting where 
the next introduction may be likely to arrive via human-mediated transfers, whether intentional or 
accidental.  
 
This research provides a framework to assess the risk that NIS pose to MPAs in the Easter Tropical 
Pacific by promoting standardized monitoring of species and pathways as well as promoting 
significantly increased biosecurity based on prevention, early detection and rapid response protocols 
and working alongside MPA managers creating a regional alert system. More broadly, we aim to 
understand the risk (extent and impact) of NIS already established, as a model to evaluate invasion 
dynamics and management strategies for island ecosystems and MPAs. 
 
Keywords 
Non-Indigenous Species, MPAs, Ecosystems, Bioinvasions, Pathways, Biosecurity 
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SESSION 9 - Policy Developments and Standards 
 
 
 
 
 
 
 

CHAIR OF THE SESSION 
 
 

 

Colin Henein is the Director of Marine Protection within Transport Canada’s Environmental Policy directorate. His 
policy responsibilities relate to biofouling, ship recycling, vessel garbage, marine protected areas as well as 
abandoned and derelict vessels. Colin is a longstanding member of Canada’s delegation to the environmental 
committees of the International Maritime Organization (IMO). In 2024 he led the IMO’s correspondence group 
on in-water cleaning of ships. Prior to accepting his current position, Colin spent 13 years at Transport Canada in 
positions of increasing responsibility regarding the ballast water of ships, water levels and flows, and work 
towards a network of Green Shipping Corridors. Colin holds an honours bachelor’s degree in Computer Science 
and a Ph.D. in Cognitive Science. Outside of work, Colin is a community radio broadcaster and chairs the board of 
a local multicultural organisation that promotes the arts in schools and the community. 
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Chris Scianni is the Environmental Program Manager for the California State Lands Commission’s Marine Invasive 
Species Program, managing and providing support for the science policy and data management teams while 
coordinating with field inspectors spread across California. Chris is also the chair of the Coastal Committee of the 
Western Regional Panel on Aquatic Nuisance Species and helps to facilitate collaborative discussions between 
invasive species prevention, management, and control programs across the western United States. 

 
 

Lessons learned from 6+ years of enforcing biofouling management regulations in California 
Chris Scianni 

 

The California State Lands Commission’s Marine Invasive Species Program has been enforcing 
biofouling management regulations for commercial vessels arriving at California ports for more than 6 
years since adoption in late 2017. The implementation timeline for these regulations was based on 
each vessel’s delivery date or dry docking schedule, resulting in a relatively small number of vessels 
required to comply during the first year, but increasing annually over the next several years. Between 
2019 and 2023, Marine Invasive Species Program staff performed 4,653 biofouling inspections on 
vessels arriving at California ports. Annual violations per inspection have decreased since inspections 
began, likely due to increased awareness of the regulatory requirements over time and the dedicate 
outreach of our inspection teams. This presentation will highlight the most common deficiencies 
encountered over time, and the effectiveness of a phased implementation followed by a 60-day grace 
period provision to ease the transition to this new regulatory world in 2017.  
 
Keywords: Biofouling regulations, compliance, inspections, violations 
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Dr. Yasmin Gabay is a Senior Advisor at Biosecurity New Zealand, Ministry for Primary Industries (MPI), 
specializing in biofouling management and regulatory framework for international vessels. With over five years 
of advisory experience, she plays a pivotal role in shaping policies that protect New Zealand’s unique marine 
ecosystems.  
 
Holding a PhD in marine biology from Victoria University of Wellington, Dr. Gabay’s research focused on the 
ecological and physiological effects of climate change on the marine environment.   
 
As a representative of New Zealand in international discussions, Dr. Gabay collaborate with a wide range of 
stakeholders to promote sustainable practices in maritime industries. She has led numerous workshops and 
webinars, where she discussed New Zealand biofouling regulations and best practices.   
 
Dr. Gabay is committed to advancing maritime biosecurity strategies that ensure a sustainable future for both 
the environment and maritime operations.   
 

 

Driving Change on a Global Scale: New Zealand’s vessel biofouling requirements 
Dr. Greer Whiting 

 

The New Zealand Ministry for Primary Industries (MPI) has been at the global forefront of biofouling 
requirements since 2018, when they began enforcement of the world’s first nationally consistent 
biofouling standard.  
 
Six years on MPI has reviewed and updated the biofouling requirements.  
 
A quick summary of MPI’s updated requirements will give insight into enforcing rules that exist 
nowhere else in the world.  
 
MPI also holds unique knowledge and lessons learned from the challenges that come with driving 
change in a newly regulated area. Find out how New Zealand's biofouling requirements are going, the 
trends they are seeing and their plans to increase the quality and efficacy of global biofouling 
management in future.  
 
Keywords: biofouling, requirements, policy, compliance, management, New Zealand, global, lessons, 
trends, future 

 
 
 
 
 
 
 
 
   Presentation slides                              

 

 

DR. YASMIN GABAY 
Ministry of Primary Industries 

New Zealand 
 



         
         173  
 



       
      174 

 

 
 
  



         
         175  
 

 

Chief Negotiator on Green Shipping in the Norwegian Ministry of Climate and Environment with focus on 
international negotiations on environmental requirements for the maritime sector.  
 
He started in the Ministry in 1996, but has also executed these tasks for 6 years in the Norwegian Maritime 
Authority (2000-2006). He started his career as Project Manager in the Norwegian Society for Conservation of 
Nature in 1990. 
 
He has been heavily involved in negotiations on the hot topics at the IMO such as Greenhouse Gas Emissions, Air 
Pollution and other issues addressed in MARPOL, Ship Recycling, Ballast Water Management, Ships biofouling, 
Antifouling Systems and other environmental issues for over two decades. 
 
In addition to his role for establishing the environmental framework for global shipping at the IMO, he has played 
a key role in developing Norwegian green shipping policies for domestic and short sea shipping. 
 
Vice Chair of the IMO BLG Sub-Committee (2002-2009). Chair of the IMO BLG and PPR Sub-Committee (2010 – 
2019). Chair of the IMO Working Group on Greenhouse Gas emissions (2017 – present). 
 

 

Biofouling actions in Norway and the need for a mandatory global regime 
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Dr Mackenzie is Head of Intergovernmental Engagement at BIMCO, the world’s largest direct-entry membership 
organisation for the shipping industry.  She is the London-based Representative at the International Maritime 
Organization and also provides the link between BIMCO and IMO and other intergovernmental organisations, 
particularly those within the UN Ocean family, across the globe to ensure that BIMCO’s technical expertise can 
be best utilised by decisions makers- to support practical and harmonised regulation for the shipping industry.  
  
She has a degree in chemical oceanography and a PhD in physical oceanography from the University of Liverpool, 
UK and applies that scientific knowledge to help understand the science-engineering-policy interface. She has 
expertise in operational oceanography and ocean observing and issues relating to maritime industries and the 
environment including issues such as sea-based sources of marine plastics, biofouling management, climate 
change and air pollution and marine pollution.  
  
She is on the board for the UK’s Net Zero Oceanographic Capability programme and is a Trustee of Plymouth 
Marine Laboratory.  She is a Fellow of the IMarEST and of the Marine Biological Association of the UK and a 
Chartered Scientist and Chartered Marine Scientist. 

 

Application of the 2023 Biofouling Guidelines - Industry insights 
Dr. Bev Mackenzie 

 

Previous industry surveys carried out by BIMCO in 2018 and 2021 have yielded vital insights into the 
practical aspects of biofouling management and existing practices- exploring the ways and means ships 
undertake performance monitoring and inspections through to the efficacy of antifouling systems and 
their lifetimes compared to claimed lifetimes. The gathering of such information is essential to 
determine whether or not the 2023 Guidelines and other management measures can be both effective 
and adopted widely by the industry.  
 
The 2024 shipowner survey will determine whether management practices have changed over the past 
6 years (since the first survey) as a result of raised awareness of the relationship between good 
biofouling management and greenhouse gas reductions. Additionally, it will take a deep dive into a 
number of specific management scenarios. For example, what actions would a ship take if performance 
monitoring indicates biofouling? What are the usual practices for cleaning- in-water or in dry dock? 
What are the potential pitfalls and challenges that may arise?  It will also seek to shine a light on the 
frequency and practical aspects of propellor polishing and look at the adoption of proactive cleaning 
(hull grooming). 
 
The results of the survey will be presented at the R&D forum- giving attendees a first and 
comprehensive look into the current state of play in industry biofouling management.    
 
Keywords: Industry, Guidelines, Performance Monitoring, Inspection, In-Water Cleaning 
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Irene Øvstebø Tvedten is a Senior Advisor Maritime in the Bellona Foundation, which is an environmental NGO 
with main office in Oslo. Tvedten has a PhD in Science and Technology Studies from the University of Oslo. In 
Bellona, Tvedten works on the Clean Hull Initiative (CHI) to promote frequent and safe in-water cleaning, aiming 
to stop the spread of invasive aquatic species and reduce greenhouse gas emissions from shipping. Tvedten is also 
the project leader of a new ISO standard on in-water cleaning.  
 

 

Updates on the development of ISO Standards related to In-Water Cleaning 
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Director of the Alliance for Coastal Technologies 

Director of the Marine Environmental Resource Center 

Recent Awards: 

2015 University of Maryland Center for Environmental Science President’s Award for Science Application 

2017 University System of Maryland Regents Faculty Award for Excellence in Public Service 

Areas of Expertise  

• Sustainable urban waterfronts 

• Environmental technologies and observing 

• Chemical ecology of aquatic organisms 

• Invasive species ecology, prevention and management 
Education  

• B.A. Marine Sciences, University of California, Santa Barbara 

• M.S. Biology, University of Alabama 

• Ph.D. Biology and Marine Sciences, University of South Carolina 

 

Updates on the development of ISO Standards related to In-Water Cleaning 
Dr. Mario Tamburri 

 

Biofouling of anthropogenic surfaces in natural waters, and the resulting spread of non-indigenous 
species (NIS), have received substantial attention from researchers, regulators, and the private sector 
focused on understanding processes and consequences and developing sustainable management 
approaches. This presentation will provide updates on two related international efforts.  
 
In 2020, the UN Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection 
(GESAMP) established Working Group 44 to build a broader understanding of the introduction and 
spread of NIS via biofouling across all maritime industries (e.g., shipping, aquaculture, fishing, and 
ocean energy). WG44’s initial efforts resulted in the 2024 “Biofouling: Non-Indigenous Species and 
Management Across Sectors” report. 
 
This review found that various strategies and tools to prevent, reduce, or manage biofouling have been 
developed and adopted but there is no single ‘best solution’. Various combinations of policies, 
regulations, and innovations are still needed for the effective prevention or control of biofouling NIS, 
and effective frameworks (with adequate monitoring and compliance) need to be established as 
additional knowledge/solutions become available. The International Organization for Standards (ISO) 
has also established ISO TC8/SC2/WG 13 on In-Water Cleaning of Ship’s Biofouling, which includes ISO 
20679 on ship in-water cleaning (IWC) systems verification testing. This standard provides detailed and 
rigorous methods for performance testing for all forms of IWC (proactive and reactive, with or without 
debris capture), types of biofouling (microfouling and macrofouling), and surfaces (hull and niche 
areas). ISO 20679 was developed to support IMO and broader biofouling management efforts and is 
now being implemented in assessments of IWC systems. 
 
Keywords: GESAMP, ISO, Non-Indigenous Species, In-Water Cleaning 
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Sahan is an experience Marine professional with extensive experience on marine environmental technology, 
marine engineering and marine strategy development. He represented IACS at IMO for Marine Biosecurity.  Sahan 
is LR representative to Global Industry Alliance of IMO-GEF-UNDP GloFouling partnership-. Sahan is an author 
and speaker representing LR in various conferences and workshops. He is leading Environmental policy at 
Technical Directorate of Lloyd’s Register. Responsible for strategy and implementation for future environmental 
regulations, provide ‘thought leadership’ to the industry. He was a Chief engineer sailing on board ship before 
join LR. Sahan is a Fellow at Institute of Chartered Shipbrokers, Engineering council and member of IMarEST. 
Sahan holds Master’s degree from City University, London. 
 

 

Clean Hull Notation - Achieving best of both worlds 
Heather Hughes, Sahan Abeysekara 

  

Biofouling has been identified as a vector for transfer of invasive aquatic species. Biofouling also has a 
major impact on the hull/propeller efficiency resulting in higher fuel consumption thus an increase of 
the operational costs and GHG emissions. 
 
Never before has vessel performance been more important than today, as new regional legislation in 
the form of the EU ETS (Emissions Trading Scheme) and international regulations such as the IMO 
Carbon Intensity Indicator (CII) rating system come into play, affecting charter party agreements and 
placing renewed emphasis on efficient operations. It can be argued the performance of AFC’s is now 
part of various regulatory compliances. 
 
Maintaining a clean hull being the objective, LR explored the possibility of providing framework for 
ship operators and stakeholders. The process includes Enhanced approval for AFC (beyond AFS 
convention), compatibility of cleaning equipment and coatings, quality of service suppliers for cleaning 
and BF inspection, operational practices for the ship to proactively identify and managed the hull 
fouling. 
 
It is expected the CH Notation provide ships with the recognition for maintaining a near clean hull and 
access to approved list of suppliers, more visibility of the available AFC and their recommended 
cleaning processes. It provides AFC’s/ AFS’s, Cleaning equipment manufacturers, service providers with 
independent verification of their product/services. More importantly It highlights the synergies of, 
otherwise isolated regulatory regimes, IMO GHG strategy and prevention of Invasive Aquatic Species. 
 
Keywords 
Bio Fouling Management, Green House Gas emissions, Anti Fouling Coatings, In-water Hull Cleaning, 
Bio Fouling Inspection, Ship Operations, Hull Management 
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SESSION 10 
 

               Fuel Efficiency and GHG Emissions  
 

SESSION 10 - Fuel Efficiency and GHG Emissions  

 

CHAIR OF THE SESSION 
 

  

Amelia Bola serves as the Maritime Greenhouse Gas (GHG) Officer for the Pacific Maritime Technology 
Cooperation Centre (MTCC-Pacific), under the Pacific Community (SPC). She specializes in integrating GHG 
emissions data into maritime policies and strategies to promote pollution prevention and combat climate change 
across Pacific Island Countries and Territories (PICTs). 
With a Master of Arts in Marine Affairs and a Bachelor of Science in Marine Science from the University of the 
South Pacific (USP), Amelia brings a wealth of knowledge in sustainable sea shipping, environmental 
management, renewable energy technologies, and PICTs’ seafaring heritage. Her experience spans the tourism 
shipping sector, where she honed her skills in vessel fleet operations, management, and ship safety. An active 
member of the Fiji Women in Maritime Association (FIJI WIMA), Amelia is a passionate advocate for empowering 
women in the maritime sector and fostering gender-inclusive solutions for sustainable maritime practices. 
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Mr. Park has been working in KRISO (Korea Research Institute of Ships and Ocean Engineering) since 2001. He is 
now principal research engineer and are expert in the field of risk assessment, ship operational performance 
analysis and speed trial analysis. 

 

Effects of Hull Cleaning on the Ship Performance 
Beom Jin Park, Joon-Hyong Lee, Myoung-Soo Kim 

 

Before biofouling and periodic hull cleaning began to be discussed in terms of preventing aquatic 
invasive species, ship owners and operators were already employing hull cleaning as a means to 
improve ships’ performance when it is degraded due to biofouling and increase in frictional resistance.  
 
This paper introduces a method to measure the effects of hull cleaning on ships’ performance by 
analysing ship operational data. First, from measured operational data and weather information, 
added resistance due to environmental conditions are estimated. Then measured consumed power is 
corrected with added resistance estimation to obtain power consumption in calm waters so that it can 
be compared with each other on the same reference condition. Corrected power consumption before 
and after hull cleaning is compared to draw conclusion on the effect of hull cleaning on the ship’s 
performance. Using this method, ship operators will be able to quantify the gain from hull cleaning.  
While hull cleaning is being discussed as an effective strategy to stop aquatic invasive species from 
spreading, if a performance gain can be quantified, it will be an added incentive for ship owners and 
operators to introduce periodic hull cleaning.   
 
Keywords: Hull Cleaning, performance analysis, Biofouling, performance increase, performance 
degradation. 
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I Ketut Aria Pria Utama is a professor of marine hydrodynamics at the Institut Teknologi Sepuluh Nopember (ITS) 
since 2007. His research focus includes the resistance and seakeeping analysis of mono- and multi-hull vessels, 
study into the correlation of biofouling growth against ship resistance, powering, and ship energy efficiency, 
development of ocean renewable energy focusing on the investigation of vertical axis ocean current turbine and 
floating solar farming, and maritime education. 
He received his B.Eng. from ITS in 1991, MSc and PhD from the University of Southampton in 1996 and 1999, 
respectively. He has maintained his research activities via collaboration with UK universities including 
Southampton. Newcastle, Strathclyde, Cranfield, and University College London (UCL), and in Australia with the 
University of Melbourne and Australian Maritime College (AMC). He received the Newton Fund Grant 3 (three) 
times with different types of focus, namely: 1 on Researcher Link Scheme with the University of Strathclyde and 2 
on the Institutional Links with the University of Southampton and UCL.  The recent and ongoing work with UCL 
entitled “Ensuring the safety of Indonesian seafarers and fishers in the time of COVID-19 and beyond” has received 
considerable attention from scientists and practices around the world since the investigation of the pandemic is 
less on sea transportation and fishing vessels. Part and the very important of this research are the development 
of mobile application (Apps) on fishing vessel stability called Kora-Kora, has received the very prestigious award 
called “2023 RINA – LR Maritime Safety Award.” Furthermore, his work on the development of hydrophobic anti-
fouling coating has been selected as one of the invited papers (speakers) on the 2nd Glofouling R&D Forum on 
11th to 14th October 2022 held in London by the International Maritime Organization (IMO). Very recently, Prof 
Utama and his colleagues (in collaboration with Cranfield University) receive funding from Innovate UK on the 
development of floating solar farming to be implemented in Indonesia. 
Prof Utama has published more than 115 papers indexed by Scopus and cited more than 760 times as well as 
being a reviewer for many high-impact international journals. He also has 3 granted patents and one of it is the 
development of dredger with bucket elevator system (granted in 2017). His outstanding non-academic 
achievements include being a Fellow of the Royal Institution of Naval Architects – one of the biggest professional 
maritime associations in the world – since 2006, Chartered Engineer (CEng) from the UK Engineering Council since 
2006, Fellow of the Indonesian Academy of Sciences (AIPI) since 2015, Vice President of the Royal Institution of 
Naval Architects (RINA) – Regional Asia since 2019, and Head of Marine-Earth Science and Technology Research 
Centre (of ITS) from 2020 to 2024. 

 

International collaborative research in ship drag penalty due to hull roughness: From 
laboratory to field experiment 
I Ketut Aria Pria Utama, I Ketut Suatika, Bagus Nugroho, Jason Patrick Monty, Nicholas Hutchins, Bharathram 
Ganapthisubramani 

 

This study investigates the impact of hull roughness on the hydrodynamic performance of recently 
cleaned and coated ship hulls. Surface scanning and wind tunnel  experimentation reveal an "orange-
peel" roughness pattern with a sand-grain roughness height (ks) of 0.101 mm. Using integral boundary 
layer evolution, we predict a significant increase in the average coefficient of friction and total 
hydrodynamic resistance during operation. To complement the laboratory experiment, a novel non-
intrusive measurement technique utilizing Laser Doppler Anemometer (LDA) measurements is 
employed to assess the rough surface drag penalty of the same ship during steady. Preliminary results 
show a significant increase in skin-friction drag for recently cleaned ship hulls compared to 
hydrodynamically smooth surfaces. These approaches provide insights into the practical implications 
of hull roughness on ship performance and offers valuable methods for drag estimation and 
measurement, and its correlation to green-house gas (GHG) emissions.  
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Dr Bagus Nugroho is a Lecturer at the Dept of Mechanical Engineering, The University of Melbourne, and part of 
the fluid mechanics research group.  Dr Nugroho's research interest is in fundamental fluid mechanics (both in 
experiment and numerical simulation), particularly on high Reynolds number turbulent flows, flow controls, drag 
reduction mechanisms, and rough surface flows. He also looks into environmental flows such as at the effects of 
biofouling on marine engineering applications (large ships and submarine) and high efficient wind turbine. 

 

An assessment of skin-friction drag over a recently cleaned ship under steady cruising via a 
combination of in-situ laser based measurement, laboratory experiment and empirical 
estimation. 
B. Nugroho, I. ‘Aliman, J. Will, S. Nugroho , R Chin, I. K Suastika, I. K. A. P Utama, B. Ganapathisubramani, N. 
Hutchins, and J. P. Monty 

 

The hull of a recently dry-docked ship is expected to be relatively smooth; however, closer inspection 
shows that it can exhibit an “orange-peel” roughness pattern. Here, four different 
experimental/analytical techniques are applied to estimate the equivalent sand-grain roughness 
height k_s and the associated drag of a recently cleaned and painted Ro-Ro ferry hull. The four 
techniques are: 
 
1) In-situ Laser Doppler Anemometer (LDA): A small glass window is placed on the double-bottom hull 
of the Ro-Ro ferry, allowing the LDA to measure the velocity gradient in the turbulent boundary layer 
formed over the hull. 
 
2) Laboratory measurement: The surface roughness pattern from a recently cleaned and painted Ro-
Ro ferry hull is obtained using an imprint of silicone rubber during dry-docking. The imprint is then 
scaled and replicated to cover the working section of a wind tunnel for rough-walled boundary layer 
experiments using a Hot-wire Anemometer. 
 
3) Computational Fluid Dynamics (CFD): The digital scan of the roughness is used for simulation study 
via the Reynolds-averaged Navier–Stokes (RANS) method. 
 
4) Empirical estimation: The digital scan is applied to two mathematical models: Chan et al. (2015) and 
Forooghi et al. (2017). Both methods are known to estimate the increase in drag penalty from an 
orange peel type of roughness. 
 
Initial assessments of the four independent methods show that the hull would experience around 25%-
37% increased drag. This result indicates that even a recently cleaned and painted hull would already 
experience significant drag. This study highlights the sobering challenges facing the shipping industry 
in dealing with surface roughness. 
 
Chan L, MacDonald M, Chung D, Hutchins N, Ooi A. 2015. A systematic investigation of roughness 
height and wavelength in turbulent pipe flow in the transitionally rough regime. J Fluid Mech. 771:743–
777. 
Forooghi P, Stroh A, Magagnato F, Jakirlic S, Frohnapfel B. 2017. Toward a universal roughness 
correlation. J Fluids Eng. 139: 121201. 
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Keywords: Turbulent boundary layer, surface roughness, ship drag penalty. 
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Abigail Robinson comes from New Zealand and has a background as an ecologist specialising in Biodiversity 
Management. She spent 6 years working for the Ministry for Primary Industries - Biosecurity New Zealand. Firstly, 
she worked as a quarantine officer actively enforcing biosecurity requirements on the front-line, then as a senior 
adviser working with New Zealand's world-first national biofouling requirements. Following this she moved across 
to the solution provider side in Europe as VP of Sustainability at ECOsubsea where she is helping to bring 
sustainable, high-quality hull cleaning services to the mainstream to tackle the biofouling problem.  

 
Quantifying the hull performance impact of biofouling & stopping unnecessary fuel & 
emissions ‘leakage’ 
Mr. Tor Mikal Østervold 

 
Biofouling growth on hulls adds drag causing elevated fuel burn and CO2 emissions, which can impact 
ships' CII ratings. However, until now there has been no data quantifying biofouling rate per type of 
antifouling paint and vessel performance over time. This has made it challenging to assess exactly how 
often to clean a ship. 
ECOsubsea is the only hull-cleaning company to consistently collect and measure biomass and 
antifouling debris removed during cleaning. Our constantly expanding dataset clearly shows the 
benefit of cleaning early to reduce fuel 'leakage' due to biofouling, while also saving money on each 
clean. It doesn't make sense to delay cleaning as overconsumption increases. 
The data also supports coating selection. For example, depending on operational profile there may be 
a case to choose a coating that fouls fast, but the cost of more frequent cleaning will still be less. 
By providing actionable data demonstrating the relationship between cleaning, coatings and 
performance we can help operators fix the leakage challenge and save money. The saving easily 
outweighs the overall cost of cleaning. Customers can tap our expertise to decide the optimal cleaning 
frequency for each vessel depending on trading profile and coating. 
There are big numbers at stake; we estimate sustainable hull cleaning can save 10 million tons of fuel 
worth USD 20 billion every year. As a key corrective strategy on our shared journey to a greener future 
that can be implemented today, ECOsubsea's long-term vision is to make this service both affordable 
and available worldwide. 
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SESSION 11 
 

               Risk Management in Ports  
 

SESSION 11 - Risk Management in ports 

 
CHAIR OF THE SESSION 
 

  

Chris Scianni is the Environmental Program Manager for the California State Lands Commission’s Marine Invasive 
Species Program, managing and providing support for the science policy and data management teams while 
coordinating with field inspectors spread across California. Chris is also the chair of the Coastal Committee of the 
Western Regional Panel on Aquatic Nuisance Species and helps to facilitate collaborative discussions between 
invasive species prevention, management, and control programs across the western United States. 
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Professor Benjamin Vallejo is with the Institute of Environmental Science and Meteorology, College of Science, 
University of the Philippines Diliman. He has degrees in fisheries and marine science from UP and a PhD in 
Marine Biology from James Cook University, Australia which was awarded in 2004. He worked on coral reef 
resources, databases, and fisheries policy with WorldFish center prior to his Ph.D. from 1992 to 1998. He did his 
post-doctoral work in molecular marine biodiversity at Louisiana State University His main area of marine 
research is on biological invasion. He was an exchange professor at St Norbert College in Wisconsin, USA. He 
also trained in governmental science advice under the International Network for Governmental Science Advice 
(INGSA) in Kuala Lumpur, Malaysia in 2017. 
 
He is a writer and authored essays in the science essay genre as well as a book  
“Between the Coral Tides, A Natural History of Philippine Shores” which was published by the University of the 
Philippines Press in 2022. 
 
He has over 20 years of experience teaching and research mentoring undergraduate and postgraduate students 
in marine environmental science and Science, Technology, and Society (STS). He received recognition from the 
Philippines Government and Civil Society organizations for his work on science policy on the Manila Bay 
environment, environmental science policy and the COVID-19 pandemic.  

 

 
Biofouling ecology of tropical anthropized coastal environments in Manila Bay, Philippines 
Benjamin M Vallejo Jr , Melody Anne B Ocampo ,Richard Casiguran 

 
Ports and harbors are anthropized (human modified artificial) environments where port structures 
provide a biological substrate for colonization and habitat structure of marine organisms.  
 
Anthropized communities often have a significant marine non-indigenous species component. As 
tropical ports and harbors are now important areas for urban renewal with a focus on tourism, many 
cities are restoring and rehabilitating adjacent natural environments or these no longer exist, create 
artificial ones with natural features for tourism. Among the artificial environments are mangroves and 
sandy beaches.  
 
In this study, we present the Port of Manila and the adjacent Dolomite Beach and the Parañaque Las 
Piñas Wetlands which have a notable level of marine biodiversity but with a significant number of 
invasive aquatic species (IAS). We present the latest results of studies on their ecology and the use of 
eDNA to shed light on the ecological and molecular presence of IAS. 
 
Keywords: Ports and Harbors, artificial environments, synthetic communities, invasive aquatic species, 
urban coastal environments 
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Jasmine Ferrario is a researcher at the Department of Earth and Environmental Sciences, University of Pavia 
(Italy). She is a marine ecologist with an expertise in bioinvasions in the Mediterranean Sea. Since her PhD, started 
in 2012, she focused her research on the study of fouling communities, with the aim to assess the role of 
recreational boats in spreading non-native species.  

 
Enhancing the biodiversity in ports to limit the introduction of non-native species 
Dr. Jasmine Ferrario 

 
Numerous non-native species (NNS) are tolerant and opportunistic organisms, able to survive and 
establish in variable environmental conditions and resist to various stressors (biological, chemical or 
physical). One of the major entry points for marine NNS are ports, where harsh conditions and 
abundance of artificial substrates result in low native species richness and high NNS success.  
 
The so-called ‘biotic resistance hypothesis’ suggests that richness and abundance of native species 
should act as a barrier for the colonization of NNS, limiting their introduction, but despite important 
implications for port management, this hypothesis has not been fully proven yet in port fouling 
communities. Experimental manipulations are scarce, sometimes reaching contrasting results.  
 
One difficulty is given by the fact that propagule pressure of NNS is extremely difficult to manipulate 
in the field, and even the level of spread of fouling NNS from ports to nearby natural areas is poorly 
known, because most monitoring efforts focus on ports or other high-risk sites of introduction. 
  
Here we present an overview of current knowledge on the topic and results from preliminary field 
observations and experiments conducted from recreational ports in the highly invaded Mediterranean 
Sea. Multiple pieces of evidence suggest that supporting the growth of native communities in ports 
would have an effect in preventing colonization from introduced NNS. 
 
Keywords: nature-based solutions, biotic resistance hypothesis, marine bioinvasions, fouling 
communities 
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Marion VIAL is working as a PhD student between industry (CORRODYS, France) and academia (University of Caen 
Normandy, France) on the study of the biofouling development in French harbours of the English Channel. Her 
research project BIOSTEM focuses on the monitoring of different coatings in the English Channel to develop 
standardized tests in laboratory to allow the emergence of more environmentally-friendly coatings. She did her 
master thesis at the University of Vienna, in Austria, where she studied a newly-discovered gammaproteobacteria 
with the MICRO-CARD-FISH technique. 

 

Biofouling in the English Channel: a two-year monitoring on two coatings in the port of 
Cherbourg (France) 
Marion Vial, Christelle Caplat, Katherine Costil, Julie Agogué, Loann Gissat, Hervé Gueuné 

 
Rising concerns about biofouling are increasing around the world, by reason of the serious damages it 
has on the industry through the costly impacts of materials and coatings, and on the environment into 
the introduction of alien species. The English Channel is like a highway for maritime traffic, linking the 
Atlantic Ocean and the North and Baltic Seas with the rest of the world. However, there are few studies 
about the impact and the composition of biofouling in this area, which represents an important lack of 
information in biosecurity. The industrial and commercial port of Cherbourg, located on the French 
coast of the English Channel, is a stopover for numerous cruise ships and freighters. A two-years 
monitoring of biofouling on two coatings was performed from June 2022 to April 2024. Various 
indicators were assessed to study the biofouling developed, such as biomass, covering rate, microalgae 
concentration, bacteria abundance, floristic and faunal community composition through rRNA16S and 
rRNA 18S sequencing. Moreover, physico-chemical analyzes were undertaken to establish the features 
of the port water mass. First results showed significant biofouling differences between coatings, and a 
seasonal dependance of some indicators, such as macrofouling and microalgae community 
composition. Microorganisms and microalgae concentrations were comparable between coatings, 
while macrofouling communities and abundances revealed different. Through the example of 
Cherbourg, this is the biofouling of the English Channel that is described, giving a state zero before the 
development of wind farms. This knowledge will be useful to state the emergence of new alien species.  
 
Keywords: Biofouling, port, English Channel, coatings, alien species, biosecurity. 
 

   Presentation slides                              

 

 

MARION VIAL 
PhD Student 

Corrosion and Biocorrosion Center, Corrodys and the University of 
Caen Normandie, France 

 



         
         239  
 



       
      240 

 

 

  
 

  



         
         241  
 

 
 

SPECIAL PARALLEL SESSION 
 

               How Industry Can Support IMO’s Member States in Biofouling 
Management?  

 

SPECIAL PARALLEL SESSION – How Industry Can Support 
IMO’s Member States in Biofouling Management 

 

CHAIR OF THE SESSION 
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Technical Analyst 
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A.J.M. Gunasekara is the General Manager of the Marine Environment Protection Authority in Sri Lanka, with 
over two decades of experience in maritime affairs, marine environment protection, and natural resource 
management. He holds two Master's degrees, including an MSc in Maritime Affairs from the World Maritime 
University, Sweden, specializing in Marine Environment and Ocean Management. Throughout his career, 
Gunasekara has led strategic operations and supervised technical functions, He has published numerous research 
papers on marine pollution and conducted training in oil spill response. His expertise is further recognized through 
various scholarships and fellowships, alongside significant teaching experience in fisheries, aquatic resource 
management, and port operations.   

 
Technological Challenges in the Prevention and Management  of Biofouling at the National  
Level  
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Patricia Carbajal Enzian works at the Biodiversity Research Department of Instituto del Mar del Peru (Imarpe) and 
has more than 15 years of working experience in marine biodiversity and conservation topics. She is a biologist 
with postgraduate studies in aquatic ecosystems and resources, taxonomy and marine ecology. Her primary 
research is focused on studying the status and variability of marine biodiversity of marine benthic communities in 
the face of multiple natural and anthropogenic stressors, including fisheries impact, El Niño Event and lately non-
indigenous species. She has coordinated the Coastal Marine Biodiversity Technical Group of the Peruvian National 
Commission for Biodiversity, since 2020, for implementing commitments of the Convention of Biological Diversity. 
She has participated in different research projects aimed at studying the Peruvian sea biodiversity and elaborated 
several guides for identifying marine coastal species. 

 
Technological Challenges in the Prevention and Management of Biofouling at the National  
Level  
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Doctor (Ph.D) in Biology (Ecology) from the University of South Carolina (1987), with a Post-Doctoral internship 
at Duke University (2003) and Woods Hole Oceanographic Institute (2004), USA. Full Researcher and Head of the 
Department of Marine Biotechnology at the Almirante Paulo Moreira Institute of Sea Studies (IEAPM), and CNPq 
Research Productivity Fellow (IB). Founder and Coordinator of the Postgraduate Program in Marine Biotechnology 
at IEAPM/UFF. State Scientist by FAPERJ. Coordinator of INCT-PRO-OCEANO which involved 27 national 
institutions. Scientific Coordinator of the Brazilian Navy, IBAMA and ANP Monitoring Group (GAA), related to the 
oil spill that hit the northeast coast of Brazil in 2019. Coordinated 2 European and 22 national research projects.  
He published 152 scientific articles, supervised 46 masters, 36 doctors and 32 post-doctors. National Coordinator 
of the GEF-UNDP-IMO Glofouling Partnership Project. His research is associated with the Ecology of coastal and 
oceanic systems, anthropogenic impacts and the recovery and repopulation of aquatic ecosystems, Biofouling 
and Invasion species.   Ricardo Coutinho has 30 years of experience in Ecology and Algae Cultivation.  He presided 
over the Brazilian Society of Phycology (Algae) between 1993-1996, and RedeAlgas (2015-2019) and Organize 15 
meeting in Biofouling in Brazil since 1991. Ricardo Coutinho was the President of the 13th ICMCF Conference in 
Rio de Janeiro in 2006.  

 

 
Technological Challenges in the Prevention and Management  of Biofouling at the National  
Level  

 
   Presentation slides                              

 
 

The Presentation made by Dr. Ricardo Couthinho is not available for publication yet. It is based on the work of his 
graduate student and has not yet been published. 
 
For more information about the presentation please Contact Dr. Ricardo Coutinho at :  
ricardo.coutinho@marinha.mil.br  
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SESSION 3  
 

Panel Discussion on Gender Diversity 

Chair of the Session: Dr. Bev Mackenzie 

 

 
  

Dr Mackenzie is Head of Intergovernmental Engagement at BIMCO, the world’s largest direct-entry membership 
organisation for the shipping industry.  She is the London-based Representative at the International Maritime 
Organization and also provides the link between BIMCO and IMO and other intergovernmental organisations, 
particularly those within the UN Ocean family, across the globe to ensure that BIMCO’s technical expertise can 
be best utilised by decisions makers- to support practical and harmonised regulation for the shipping industry.  
  
She has a degree in chemical oceanography and a PhD in physical oceanography from the University of Liverpool, 
UK and applies that scientific knowledge to help understand the science-engineering-policy interface. She has 
expertise in operational oceanography and ocean observing and issues relating to maritime industries and the 
environment including issues such as sea-based sources of marine plastics, biofouling management, climate 
change and air pollution and marine pollution.  
  
She is on the board for the UK’s Net Zero Oceanographic Capability programme and is a Trustee of Plymouth 
Marine Laboratory.  She is a Fellow of the IMarEST and of the Marine Biological Association of the UK and a 
Chartered Scientist and Chartered Marine Scientist. 

 

 

PANELLISTS 
 
 

 
Accomplished professional with 20+ years of demonstrated leadership experience obtained across the 
maritime industry. Well-rounded seagoing expertise encompasses container vessels, large crude oil 
carriers, bulk carrier vessels, chemical tankers and TSHD dredge. Forward-thinking professional with 
the hands-on knowledge required to lead vessel and port operations see while creating opportunities 
to further align with the bigger picture. Highly skilled in building and leading successful team that meet 
the strategic goals and objectives of the organization. I have experience working individually and in 
teams, supervising others, meeting deadlines, writing reports, teaching, researching, and adjusting my 
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skills to job demand. Moreover, I firmly believe in education, hard work, commitment, responsibility, 
respect, loyalty, dedication, adaptability, resilience, and proper use of technology as essential elements 
for success and personal and professional growth. 

 
 

 
 
Maya is a Master's student in Marine Biology at the University of Southampton. She is currently 
interning at Lloyd’s Register’s Technical Directorate, where she focuses on marine environmental policy 
and the environmental impacts of shipping. Her dissertation explores the establishment of PSSAs in 
areas beyond national jurisdiction, using the Costa Rican Thermal Dome as a case study. Maya 
completed a research internship with the IMO on this topic and is collaborating with the MarViva 
Foundation on the SARGADOM project to develop a PSSA proposal for the Costa Rican Thermal Dome. 

 
 

 
 

Dr Ralitsa Mihaylova is the Head of Special Projects for Safinah Group, a leading independent coating consultancy 
based in the United Kingdom. Her background is in shipping business and operations with experience in data 
analysis and machine learning techniques. Ralitsa has a keen interest in sustainable solutions and the regulatory 
framework governing international shipping. She is actively participating in industry-led initiatives and working 
groups related to biofouling. At Safinah Group, Ralitsa is responsible for coordinating the company’s research and 
development activities and delivering data-driven solutions and insights to inform strategic decisions.  
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Suha Nedhal Abu Zeid is a dedicated environmental engineer with a passion for sustainable maritime 
practices. Her obsession with science starts early; since her father gifted her a book as a 9-year-old 
about Mari Curie, she had a dream to contribute to the science field as Mari did. When she was 16 
years old, she participated at the Intel International Science and Engineering Fair in both Reno, USA, 
and Atlanta, USA, as a finalist. With a BSc in Environmental Engineering, she worked on a project for a 
pretreatment process for a desalination plant to increase the life of membranes and was awarded as 
the Best Scientific Youth researcher by the Euro-Arab Organization for Environment, Water, and Desert 
Research. And by attending multiple courses regarding biofouling, she became aware of the extent of 
the problem, which encouraged her to think of a natural, sustainable way to reduce fouling species to 
grow on submerged bodies by studying the color effects, for which she started a research project for 
two mechanisms to reduce the fouling species naturally.  
In addition to her research, she participated in preparing the National Status Assessments on Biofouling 
Management Report, which was submitted to PERSGA. Lately, she prepared a textbook for the FIATA 
Accredit Center Jordanian Logistics Association (module 15) FIATA Diploma regarding Sustainability in 
Freight Industry to teach this module for participants in Jordan. 
With over a decade of experience in Maritime Management companies and Agencies, she gained 
experience in logistics and supply chain management and purchasing as well as project management, 
relating her experience with her background as an environmental engineer she strongly believe as the 
maritime transport, accounting for more than 80 percent of global commercial traffic and plays a 
central role in the international trade, we have to commit with MARPOL annex VI, IMO Biofouling 
prevention guidelines and ballast convention as maritime industry workers and stockholders to make 
the change that we are up to for better future and sustainable environment. 
As a proud AWIMA-Jordan National Chapter member, she is committed to gender diversity in the 
maritime sector, which is evident through active participation in the industry. She believes that women 
can be a very positive aspect in the maritime sector and bring diverse perspectives and skills to the 
industry with the help of organizations and initiatives dedicated to supporting women in maritime, 
providing them with networking opportunities, mentorship, and training. 
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SESSION 8  
 

Biofouling Management in Marine Protected Areas (MPA) and Particularly Sensitive Areas 
(PSSAs) 

Chair of the Session: Dr. Inti Keith 

 
 
 

 
Dr Inti Keith is a HSE part IV commercial diver, a Scientific Diver and PADI instructor and has dedicated her career 
to the conservation of marine ecosystems. Inti has worked all around the world from the remote islands of Orkney 
in Scotland to the Great Barrier reef in Australia. Inti joined he Charles Darwin Foundation in 2010 and worked 
on shark tagging sea turtle monitoring and subtidal ecological monitoring before completing her PhD on Marine 
Invasive Species in the Galapagos Marien Reserve. She now leads the Marine Invasive Species and the long term 
Subtidal Ecological Monitoring Programmes as well as being the science group coordinator for the Eastern 
Tropical Pacific Marine Corridor initiative (CMAR). 
Her research portfolio revolves around the role humans play in changing the natural world, particularly in marine 
ecosystems, and how science can influence management and policy. In recent years she has focused her research 
on marine invasions in Marine Protected Areas. She is particularly interested in both the consequences of 
invasions as well as the informed interventions to prevent and mitigate the impacts of these species and other 
anthropogenic impacts such as climate change. 
 

 

  
 
 

PANELLISTS 
 

 

Dr. Evangelina Schwindt is the Director of the Coastal Environments Ecology Group (GEAC) and a 
Principal Investigator at IBIOMAR-CONICET, Argentina, based in Patagonia. With over 30 years of 
experience studying marine invasions, she has published more than 120 articles, book chapters, and 
reports. Her research focuses on the patterns, processes, and consequences of marine invasions in 
natural coastal areas, ports and marine protected areas. Given the importance of managing biological 
invasions, she also studies various prevention and monitoring methods. Dr. Schwindt collaborates with 
national and international governments to support decision-making processes.  
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Education - BSc Bio/Chem USP, MSc USP  
Academic Awards- Best Masters of Science by thesis, 2013 Career Awards- 'He for She' and ‘She Champions’ by 
the SPC’s Maritime Technology Cooperation Centre (MTCCs) under the Test Biofouling project for IMO 
Membership to Scientific and Academic bodies and networks - Indigenous Science Network, Natural Resource 
Food Science (USP Thematic Group), Association of Common Wealth Universities, Oceans expert (UNESCO-IOC, 
IODE), Deep Ocean Science Initiative (DOSI), ONet IPBES. 
Research Interests - Microbiology, Molecular biology, Natural Products research, ABS regime, Deep sea research, 
Ocean acidification monitoring, Blue Carbon, Invasive species detection  

 
 
 
 

Education 
2015: Bachelor's Degree in Naval Sciences from the Universidad de las Fuerzas Armadas / Naval Officer. 
Salinas, Ecuador. 
2016: Specialization in Surface Operations. Guayaquil, Ecuador. 
2018: Postgraduate Degree in Hydrography (Category B) from the Hydrography School of the 
Oceanographic and Antarctic Institute of the Navy (INOCAR). Guayaquil, Ecuador. 
2020: Postgraduate Degree in Observational Oceanography at the POGO Centre of Excellence, Alfred 
Wegener Institute, Helmholtz Centre for Polar and Marine Research. Helgoland, Germany. 
2024: Diploma in International Maritime Law from Universidad del Pacífico. Guayaquil, Ecuador. 
 
Professional Experience 
2019: Director of the Hydrographic and Oceanographic Service of the Insular Region (SHOIAR). 
Galapagos, Ecuador. 
2021: Head of the Marine Geophysics Unit and Project Manager for SUTPLA, responsible for "Defining 
technical foundations for the extension of the continental shelf and strategic state characterization for 
the identification and inventory of non-living resources" at the Oceanographic and Antarctic Institute 
of the Navy (INOCAR). Guayaquil, Ecuador. 
2022: Instructor and Thesis Advisor at the Ecuadorian Naval Academy. Salinas, Ecuador. 
2023 – Present: Head of the Environmental Management Department at the National Directorate of 
Aquatic Spaces (Ecuadorian Maritime Authority). The national focal point for the GloFouling, GloLitter, 
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and Test BioFouling projects under the International Maritime Organization (IMO). National 
representative for the Regional Task Force on Marine Invasive Species (GTR-EEM) in the Southeast 
Pacific, under the Permanent Commission for the South Pacific (CPPS). 

 
 
 
 
 

Sonia is a lawyer with a Master’s Degree in International Affairs from the University Externado de Colombia. 
Since 2016, she has been working in the field of international affairs, environmental multilateralism, ocean 
governance and sustainable development. Sonia joined the SARGADOM project in May 2023 and currently holds 
the role of Project Manager. As a consultant, she works with governments, NGOs, and International 
Organizations to design marine conservation and management policies in the High Seas. She is passionate 
about achieving effective agreements that enable the conservation and sustainable use of the ocean. From 
2016 to 2023, she worked for the Ministry of Foreign Affairs of Colombia, where she led the ocean international 
agenda and environmental affairs in regional and global scenarios. From there, she led the development of 
public policy for marine conservation and prioritized ocean issues in the national and international agenda. 
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SESSION 9 
 

Policy Developments and Standards 

Chair of the Session: Colin Henein 

 
 

 

Colin Henein is the Director of Marine Protection within Transport Canada’s Environmental Policy directorate. His 
policy responsibilities relate to biofouling, ship recycling, vessel garbage, marine protected areas as well as 
abandoned and derelict vessels. Colin is a longstanding member of Canada’s delegation to the environmental 
committees of the International Maritime Organization (IMO). In 2024 he led the IMO’s correspondence group 
on in-water cleaning of ships. Prior to accepting his current position, Colin spent 13 years at Transport Canada in 
positions of increasing responsibility regarding the ballast water of ships, water levels and flows, and work 
towards a network of Green Shipping Corridors. Colin holds an honours bachelor’s degree in Computer Science 
and a Ph.D. in Cognitive Science. Outside of work, Colin is a community radio broadcaster and chairs the board of 
a local multicultural organisation that promotes the arts in schools and the community. 

 
 

PANELLISTS 
 

Dr Mackenzie is Head of Intergovernmental Engagement at BIMCO, the world’s largest direct-entry membership 
organisation for the shipping industry.  She is the London-based Representative at the International Maritime 
Organization and also provides the link between BIMCO and IMO and other intergovernmental organisations, 
particularly those within the UN Ocean family, across the globe to ensure that BIMCO’s technical expertise can 
be best utilised by decisions makers- to support practical and harmonised regulation for the shipping industry.  
  
She has a degree in chemical oceanography and a PhD in physical oceanography from the University of Liverpool, 
UK and applies that scientific knowledge to help understand the science-engineering-policy interface. She has 
expertise in operational oceanography and ocean observing and issues relating to maritime industries and the 
environment including issues such as sea-based sources of marine plastics, biofouling management, climate 
change and air pollution and marine pollution.  
  
She is on the board for the UK’s Net Zero Oceanographic Capability programme and is a Trustee of Plymouth 
Marine Laboratory.  She is a Fellow of the IMarEST and of the Marine Biological Association of the UK and a 
Chartered Scientist and Chartered Marine Scientist.  
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Chris Scianni is the Environmental Program Manager for the California State Lands Commission’s Marine Invasive 
Species Program, managing and providing support for the science policy and data management teams while 
coordinating with field inspectors spread across California. Chris is also the chair of the Coastal Committee of the 
Western Regional Panel on Aquatic Nuisance Species and helps to facilitate collaborative discussions between 
invasive species prevention, management, and control programs across the western United States. 

 
 

 
Dr. Yasmin Gabay is a Senior Advisor at Biosecurity New Zealand, Ministry for Primary Industries (MPI), 
specializing in biofouling management and regulatory framework for international vessels. With over five years 
of advisory experience, she plays a pivotal role in shaping policies that protect New Zealand’s unique marine 
ecosystems.  
 
Holding a PhD in marine biology from Victoria University of Wellington, Dr. Gabay’s research focused on the 
ecological and physiological effects of climate change on the marine environment.   
 
As a representative of New Zealand in international discussions, Dr. Gabay collaborate with a wide range of 
stakeholders to promote sustainable practices in maritime industries. She has led numerous workshops and 
webinars, where she discussed New Zealand biofouling regulations and best practices.   
 
Dr. Gabay is committed to advancing maritime biosecurity strategies that ensure a sustainable future for both 
the environment and maritime operations.   
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Chief Negotiator on Green Shipping in the Norwegian Ministry of Climate and Environment with focus on 
international negotiations on environmental requirements for the maritime sector.  
 
He started in the Ministry in 1996, but has also executed these tasks for 6 years in the Norwegian Maritime 
Authority (2000-2006). He started his career as Project Manager in the Norwegian Society for Conservation of 
Nature in 1990. 
 
He has been heavily involved in negotiations on the hot topics at the IMO such as Greenhouse Gas Emissions, Air 
Pollution and other issues addressed in MARPOL, Ship Recycling, Ballast Water Management, Ships biofouling, 
Antifouling Systems and other environmental issues for over two decades. 
 
In addition to his role for establishing the environmental framework for global shipping at the IMO, he has played 
a key role in developing Norwegian green shipping policies for domestic and short sea shipping. 
 
Vice Chair of the IMO BLG Sub-Committee (2002-2009). Chair of the IMO BLG and PPR Sub-Committee (2010 – 
2019). Chair of the IMO Working Group on Greenhouse Gas emissions (2017 – present). 
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related topics (ballast water management, anti-fouling systems and biofouling management) and the 
associated IMO instruments (the BWM and AFS Conventions and associated guidelines, and the 
Biofouling Guidelines). He is also the IMO Secretariat’s focal point for various ongoing activities, 
including inter-agency partnerships, related to marine biosafety and biodiversity. Until July 2017 he 
was also involved with matters related to ship energy efficiency and greenhouse gas emissions from 
shipping. Prior to joining IMO he worked for Lloyd’s Register, as a Senior Specialist in the Strategic 
Research and Technology Policy Group, and prior to that he held a position in the Marine Pollution 
Prevention and Cargoes Department of the Greek national maritime Administration. He also has 
previous experience as a naval architect and marine engineer at a ship design firm; as a university 
researcher; and as a lecturer at a seafarers’ training academy. Dr Karayannis has a Diploma in Naval 
Architecture and Marine Engineering from the National Technical University of Athens (Greece) and a 
PhD in Ship Science from the University of Southampton (UK). 
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Will Griffiths holds a BSc in Marine Biology and an MSc in Marine Science, Policy and Law. He spent 8 years at Oil 
Spill Response Limited (OSRL) where he responded to oil spills across Europe, Africa, Asia and the Middle East, 
from managing beach clean-up operations and offshore response to providing incident management support to 
private companies as well as governments 
. 
In addition to response, Will also has extensive experience supporting preparedness activities, developing 
contingency plans, delivering training and conducting preparedness reviews. In 2022, Will joined the International 
Maritime Organzation, a specialised agency of the United Nations as the Technical Officer responsible for the 
International Convention on Oil Pollution Preparedness, Response and Co-operation (OPRC 90) and its Protocol 
on Hazardous and Noxious Substances (HNS). In this position he assisted IMO Member States with issues 
pertaining to marine spills of oil and chemicals to increase international levels of preparedness. 
In 2024, Will returned to his Marine Biology roots as took up the role of Project Technical Analyst in the GloFouling 
Partnerships project. In this GEF-UNDP-IMO initiative he analyzes technical aspects of the project, including data 
related to biofouling management strategies and technologies, to support the project's goals including 
collaboration with researchers, industry experts, and government agencies.   
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Simon has numerous professional qualifications within the subsea industry. He had 19 x years’ 
experience in the UK Military Forces and since 1998 Simon has held various operational and 
management positions within the subsea industry and on becoming General Manager for UMC in the 
Middle East Division had overseen the business expansion in the region and development of high profile 
government contracts with the Royal Navy, US Navy, Omani and Pakistan Navy to name a few and then 
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Managing Director of HullWiper Ltd based in Dubai. The Main objective of the HullWiper team is to 
develop the once conceptual Hull Cleaning and inspection ROV platform into the business unit, globally 
to capture all of the world’s shipping market with a safe, sustainable, and environmentally acceptable 
option to principals 
Simons present role is business development (subject matter expert) at International Paint – AKZO 
NOBEL, establishing supporting subsea services to complement International Paint products 

 
 

 
 
 

 

 
Abigail Robinson comes from New Zealand and has a background as an ecologist specialising in Biodiversity 
Management. She spent 6 years working for the Ministry for Primary Industries - Biosecurity New Zealand. Firstly, 
she worked as a quarantine officer actively enforcing biosecurity requirements on the front-line, then as a senior 
adviser working with New Zealand's world-first national biofouling requirements. Following this she moved across 
to the solution provider side in Europe as VP of Sustainability at ECOsubsea where she is helping to bring 
sustainable, high-quality hull cleaning services to the mainstream to tackle the biofouling problem.  
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has more than 15 years of working experience in marine biodiversity and conservation topics. She is a biologist 
with postgraduate studies in aquatic ecosystems and resources, taxonomy and marine ecology. Her primary 
research is focused on studying the status and variability of marine biodiversity of marine benthic communities in 
the face of multiple natural and anthropogenic stressors, including fisheries impact, El Niño Event and lately non-
indigenous species. She has coordinated the Coastal Marine Biodiversity Technical Group of the Peruvian National 
Commission for Biodiversity, since 2020, for implementing commitments of the Convention of Biological Diversity. 
She has participated in different research projects aimed at studying the Peruvian sea biodiversity and elaborated 
several guides for identifying marine coastal species. 
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Ladies and gentlemen, 
 
As we conclude the 3rd GloFouling R&D Forum and Exhibition here in the vibrant city of Busan, I am 
filled with pride and gratitude for the incredible week we have just experienced together. 
First and foremost, I would like to extend our deepest thanks to the Republic of Korea, our generous 
host country, for welcoming us to Busan and for providing such a remarkable platform to discuss and 
advance the cause of biofouling management. The dedication of the Ministry of Oceans and Fisheries 
and the Korea Research Institute of Ships & Ocean Engineering (KRISO) and their teams has been 
instrumental in making this event a success. Your efforts have created the best possible conditions for 
all participants and speakers to fully benefit from this experience. 
 
To our distinguished speakers and expert panelists, thank you for sharing your knowledge, insights, 
and innovative ideas with us. Your contributions have deepened our understanding and inspired us all 
to continue working for optimum biofouling management and aquatic invasive species prevention. The 
dedication and expertise you brought to each session were invaluable to the Forum. 
A special thank you also to our exhibitors. The innovative technologies and approaches displayed in 
your booths have showcased the impressive strides being made across the industry to maintain ships’ 
hull clean. It is through collaboration and shared knowledge, like those we witnessed here, that we can 
continue to create lasting solutions to protect our oceans. 
 
And to all participants, thank you for your active engagement and valuable input throughout these 
past few days. Your enthusiasm and commitment to the protection of marine ecosystems are the true 
driving force behind the GloFouling Partnerships project. Your energy has enriched this Forum and 
reaffirmed the global commitment to this important cause. 
 
Lastly, I would like to extend my heartfelt thanks to the GloFouling team. Your tireless work, dedication, 
and countless hours of preparation have made this event possible. From logistics to program 
development, every detail was thoughtfully executed. I am immensely proud of what we have achieved 
together this week, and your hard work has been the foundation upon which this success was built. 
As we conclude this Forum, let us carry forward the momentum we have built here. The discussions, 
connections, and insights gained over the past few days will continue to fuel our efforts to tackle the 
complex challenges of biofouling and aquatic invasive species. Together, we are building a more 
sustainable, resilient future for our oceans. 
 
Finally, I invite all countries represented and interested stakeholders to actively contribute to the policy 
discussion being held at the IMO on biofouling management and in-water cleaning. 
 
Thank you once again to everyone who has contributed to making this event a success. Safe travels, 
and we look forward to our continued collaboration on this vital journey. 
Thank you! 
 

LILIA KHODJET EL KHIL 

Project Technical Manager  
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Ladies and gentlemen,  
 
I cannot put into adequate terms how valuable this session has been, and I think I am speaking for all 
250+ people involved. We have been educated on new developments, and we have gotten a timely 
update on others across all sectors and both have paved the way for our future work. 
 
We have heard repeatedly the absolute necessity for stakeholder engagement. Coming away from 
these four days we have some new signposts to guide us. Identify the desired outcome, develop 
awareness of the various activities being undertaken globally, reach out, interact and truly collaborate 
across disciplines and work toward that common goal. 
 
My takeaway is simple - biofouling is not a standalone issue. It is integral to protection of the global 
marine environment, the biodiversity of the planet and the benefit of humanity. If we recognize this, 
we can minimize challenges, put aside agendas and find real solutions.  
 
I want to reiterate my admiration for GloFouling as a program, but especially for the team and vision 
and hard work that led to the success of this Forum. And of course, to our host from Republic of Korea, 
the Ministry of Oceans and Fisheries and KRISO, but mostly to all of you.  
 
As I said in my opening remarks, this was your Forum. Having such a diverse group here offering your 
time, your interest and your expertise is truly what made these four days productive and a resounding 
success. It has been a privilege for me to be involved as your moderator. I have learned and been 
inspired by you. I leave here a better person for it. So, I offer my thanks to you all. 
 
 JON STEWART  
GloFouling R&D Forum Moderator  
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Methodological Aspects of the Economic Impacts of Fouling in Peru: Gaps and 
Perspectives 
 
Eric Rendón Schneir  
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ABSTRACT 
Peru´s economic growth has been accompanied by an increasing shipping activity generating also fouling 
impacts. This research has estimated mainly four types of impacts: a) cost overrun due to oil overuse; b) 
environmental impacts of hydro-washing and solid-waste management; c) impacts on fishing and aquaculture 
activity; d) Carbon emissions by oil overuse. Taking an average value between 2020-2022, it was calculated that 
the first economic cost of fouling was oil overuse (72%), fishing and aquaculture reduction (19%), hydro-washing 
cost and solid-waste management cost (5%) and carbon emissions by oil overuse (4%). Environmental economic 
valuations are just a tool for contributing to reduce fouling impacts, implementing some specific policies and 
private initiatives. There are also some additional potential impacts that could be included in the future, like 
biodiversity loss by ecosystem reduction, impacts of fouling on Ocean energy use and offshore wind energy, 
among others. This research could serve as a baseline study that could be improved progressively, insofar more 
specific information could be included, with the purpose of calculating fouling cost and sources of financing for 
implementing sustainable policies for reducing fouling impacts in Peru. 
 
Keywords: Economic valuation- calculating fouling cost- environmental impacts 
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Innovative ROV-Based Propeller Cleaner with Full Collection System for Effective 
Biofouling Management 

Morten Pilnov1, Christian Hammerich Ackermann2  
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ABSTRACT 
Biofouling management is a critical aspect of maintaining the efficiency and longevity of marine vessels and 
structures. Traditional cleaning methods often face operational constraints, particularly in environments where 
diver intervention is restricted. We introduce our new ROV-based propeller cleaner, designed to address these 
challenges with innovative technology and enhanced operational flexibility. 
 
Our ROV-based cleaner offers several key benefits: 
 
1. Operational Flexibility: Capable of operating in terminals where diver access is prohibited, ensuring 
compliance with stringent safety regulations. 
 
2. Concurrent Operations: Allows for cleaning to be conducted simultaneously with loading operations, 
reducing downtime and enhancing operational efficiency. 
 
3. Detailed Reporting: Provides comprehensive cleaning reports, enabling precise monitoring and 
management of biofouling levels. 
 
This technology not only minimizes biofouling but also contributes to the overall sustainability, efficiency of 
marine operations and fleet performance. The system's full collection capability ensures environmentally 
responsible operations by preventing debris release into the marine environment. Our presentation will detail 
the technical specifications, operational benefits, and field performance of this innovative solution as well as 
touch on the importance of propeller cleaning in order to improve vessel efficiency. 
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Steering the Course: AI-powered Decision Support for Biofouling Management  
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ABSTRACT 
 
Biofouling, the accumulation of aquatic organisms on submerged surfaces, poses a major threat to marine 
ecosystems and the maritime industry. Develop DSS incorporating real-time environmental data (water 
temperature, salinity), vessel speed and location, and biofouling growth models to predict fouling severity and 
optimize cleaning schedules. 
Investigate AI-powered image recognition for automated biofouling identification and tailoring cleaning 
strategies based on specific organisms. 
 
Objectives: 
 
Develop a robust DSS that integrates real-time environmental data (water temperature, salinity), vessel speed 
and location, and biofouling growth models. 
Leverage AI-powered image recognition for automated biofouling identification and tailoring cleaning strategies 
for specific organisms. 
 
Expected Results: 
 
Improved prediction of biofouling severity for optimized cleaning schedules, reducing fuel consumption and 
environmental impact. 
Automated identification of fouling organisms, enabling targeted cleaning strategies and minimizing resource 
use. 
 
 
Keywords: Biofouling, Decision Support Systems (DSS), Artificial Intelligence (AI), Image Recognition, Marine 
Fouling Management 
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Tim Heusinger von Waldegge1, Dorothea Stübing1, Stanislav Zimbelmann2, Benjamin Emde2, Markus Baumann3, 
Thomas Brune4 

 

 
 
 
 
 
 

1 Fraunhofer Institute for Manufacturing Technology and Advanced Materials IFAM, Bremen, Germany  
2 Laser Zentrum Hannover e.V. (LZH), Hannover, Germany  
³ Laserline GmbH, Mülheim-Kärlich, Germany  
4OFTEC Handelsgesellschaft für Oberflächentechnik mbH, Dorsten, Germany 

 
ABSTRACT 
Biofouling presents significant challenges, especially in maritime industries. It increases frictional resistance, 
resulting in higher fuel consumption and greenhouse gas emissions, and threatens biodiversity by spreading non-
indigenous species, along with complex economic implications. 
Traditional mechanical removal methods are common but have several drawbacks, such as the risk of bio-
invasion, the need for filtration mechanisms to prevent harmful substance release, legal hurdles, and reduced 
coating lifespan due to abrasion. 
In response to these challenges, blue laser radiation is emerging as a promising biofouling removal technology. 
It can inflict lethal damage on organisms without harming coatings, thereby avoiding the release of biocides and 
microplastics. Additionally, blue laser radiation’s high transmission capabilities in water allow for extended 
working distances, enhancing operational flexibility and efficacy. 
The method has progressed from controlled laboratory environments to practical use on ship hulls, a key goal of 
the ongoing "FoulLas²" project. This transition involves developing a laser architecture for underwater 
applications and implementing stringent safety measures to mitigate potential hazards. A magnet crawler system 
has also been integrated, enabling semi-autonomous functionality and improving efficiency in fouling removal. 
Besides technological advancements, efforts are focused on streamlining workflow processes, developing 
coatings with reflective properties to enhance the irradiation effect, and navigating regulatory landscapes to 
ensure compliance with relevant standards. Offshore underwater simulation testbeds have been established to 
validate novel methodologies, promoting confidence in laser-based fouling removal strategies in real-world 
maritime applications. 
The contribution will provide a technological overview and outline the steps needed for the full implementation 
of this technology. 
Keywords: Underwater, cleaning, biofouling, blue laser, radiation, ship, hull, magnetic, crawler, non-indigenous 
species, automated, process, testing, maritime, sustainability. 
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Optical Approaches to Quantify biofouling 

Scott C. Riley1, Vanessa Molina1, and Matthew R. First2 
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ABSTRACT 

 
Biofouling burdens ships by increasing frictional drag and fuel costs, but also poses a risk of introducing invasive 
species to new environments attached and transported on ships’ wetted surfaces. 
 
Knowledge of the biomass, structure and profile, accumulation rate, and extent of the fouling is critical to 
understand the risk and, potentially, guide management actions 
 
To address this need, three optical approaches to quantify biofouling were evaluated: 
 

1. a 3-D white light, scanning system for analysis of panels and structures removed from water; 
 
2. an inexpensive, underwater digital camera paired with a custom routine for classifying fouling in 2D 
images; and 

 
3. 3-D underwater laser scanner for in situ analysis.  

 
Ex situ, 3-D imaging was performed immediately after removing submerged test items. If a pre-treatment 
(fouling-free) scan was not available, the item was rescanned following cleaning to reveal its base structure, 
allowing precise measurements of biovolume, surface roughness, and fouling extent. This approach was well-
suited to irregular objects (propellors) upon removal from the water. The scanning-cleaning-rescanning approach 
was used to differentiate between hard and soft fouling.  
 
Under ideal conditions, an inexpensive camera produced digital images with the color range and contrast that 
allowed estimates of areal coverage and classification into general fouling groups. These two approaches are 
compared to an underwater laser scanner— ideal for in situ evaluations of submerged surfaces—tested in natural 
seawater in Key West, FL.  Capabilities and limitations of each approach will influence its use as an analytical tool 
and its value in guiding management decisions. 
 
Keywords: 3-D Imaging, Biovolume, Surface profile   
 
 
Distribution Statement A.  Approved for public release, distribution unlimited. 
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ABSTRACT 
 
Biofouling is the process whereby microorganisms, plants, algae or animals adhere to and accumulate on wet 
surfaces (Strietman & Leemans, 2019), or as defined by IMO, “biofouling is the accumulation of aquatic organisms 
such as micro-organisms , plants, and animals on surfaces and structures immersed in or exposed to the aquatic 
environment. Biofouling includes microfouling and macrofouling” (IMO, 2011) . 
 
Vessel biofouling is the oldest extant human-mediated maritime vector (transfer mechanism) in the world. It has 
operated for as long as humans have traveled by boat across coasts, seas, and oceans and its potency is a 
consequence of that longevity and global reach. The role of biofouling as a leading vector of marine introduced 
species is well established at global, continental, and regional scales (Ruiz et al., 2000; Eldredge & Carlton, 2002; 
Hewitt et al., 2004; Hewitt & Campbell 2010;Ruiz et al., 2011).   
 
The set of bio-organisms that grows on submerged structures is composed of hundreds of species such as 
bacteria, protozoa, algae, mollusks, and hydrozoans, among others. These organisms, which often add up to 
more than 150 kilograms per square meter (Alonso, 2011), adhere firmly to the surface of the hull, growing 
rapidly and with great potential for reproduction. the most notorious and harmful effect on marine ecosystems 
has been the unwanted transport of species attached to the hulls of ships. This problem is even more severe in 
transoceanic vessels, which sail long distances, from and to very different ecosystems. Due to this transport of 
unwanted organisms in the hulls of ships, native 9 species of certain seas can become a plague thousands of 
kilometers from their habitat of origin when they are detached either for natural reasons or for cleanliness. An 
example of the gravity of invasive species is the case of zebra mussels (Dreissena polymorpha) in the Great Lakes 
of North America. The zebra mussel is native to the seas of northern Europe; however, and as a result of its 
transport on merchant ships to America, it became a serious plague that is destroying much of the biodiversity 
in lakes and rivers (McAvoy, 2013). 
 
As a result of species introductions in marine systems throughout the world, maritime vector management has 
emerged as a priority for global environmental policy in the last two decades. The role of biofouling as a leading 
vector of marine introduced species is well established at global, continental, and regional scales. In recent 
months and years, the vessel biofouling vector has become a focus of management with policies and guidelines 
developed at the International Maritime Organization (IMO) as well as at national and regional levels. ( Evaluating 
ship biofouling and emerging management tools for reducing biofouling-mediated species incursions) 
 
More recently, the vessel biofouling vector has come under greater scrutiny.The International Maritime 
Organization (IMO) developed voluntary guidelines (best practices) to promote biofouling management across 
the global fleet (IMO, 2011)  
 
Biofouling and Its Effects on Ships' Performance 
 
The movement of ships and other floating structures provides pathways for the introduction of Invasive Aquatic 
Species (AIS )to new marine areas. Introduction may be intentional, such as for fisheries or aquaculture, or 
unintentional, through discharge of ships’ ballast water and biofouling on ship hulls, submerged structures and 
equipment. Biofouling is a significant maritime problem because the growth of fouling organisms on the hulls of 
ships leads to very high economic losses every year. 
 
On ships, biofouling can also significantly impact the fuel consumption and total GHG emissions produced. 
Biofouling increases surface roughness; so, the more fouling, the greater the impact on fuel consumption. The 
International Maritime Organization is focused on improving ship energy efficiency and adopted an initial 
strategy for the reduction of GHG emissions from ships under MARPOL6 Annex VI (Regulations for the Prevention 
of Air Pollution from Ships) in 2018. Management of biofouling to reduce fuel consumption, improve efficiency 
and reduce GHG emissions is recognised as a practical measure that is a ‘win-win’ for the environment and the 
shipping industry. 
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Figure 3 The effect of frictional resistance 
 
Source: Ship Health Monitoring Solutions “MACEA Ltd.” 
 
Figure 4 The effect of frictional resistance 
Source: Ship Health Monitoring Solutions "MACEA Ltd" 
 
MODERN ANTIFOULING PAINTS 
 
In modern times, antifouling paints are formulated with cuprous oxide (or other copper compounds) and/or 
other biocides—special chemicals which impede growth of barnacles, algae, and marine organisms . 
‘Soft", or ablative bottom paints slowly slough off in the water, releasing a copper or zinc based biocide into the 
water column. The movement of water increases the rate of this action. Ablative paints are widely used on the 
hulls of recreational vessels which typically reapplied every 1-3 years. 
 
"Hard" bottom paints, or "nonsloughing" bottom paints, are made in several types. "Contact leaching" paints 
"create a porous film on the surface. Biocides are held in the pores, and released slowly."[9] Another type of hard 
bottom paint includes Teflon and silicone coatings which are too slippery for growth to stick. SealCoat systems, 
which must be professionally applied, dry with small fibers sticking out from the coating surface. 
 
These small fibers move in the water, preventing bottom growth from adhering. 
 
BIOFOULING ADHESIVITY ON SURFACES 
 
Marine and coastal species have been able to establish new populations outside their native limits and potentially 
threaten native species or cause significant ecological and environmental damage, becoming a threat to humans 
and in many cases having a severe 
effect on the economy. Other factors that influence this increase in the transfer of species are global warming, 
the higher number of ships that currently exist and the greater number of commercial sea routes as can be seen 
in Figure 1. Global Warming weakens specific natural barriers such as the melting of ice in polar areas while 
opening new trade routes where ships can travel. 
 
Figure 1 Differences between shipping routes in old times and modern times . 
 
Retrieved from http://www.geographypods.com/2-changing-space---the-shrinking-world.html# 
 
The movement of invasive aquatic species has shown a dramatic increase in frequency, extent, and damage over 
the last 50 years, and this is mainly due to their transfer via the shipping industry. 
 
According to a study in which information was collected from more than 350 databases, samples and other 
sources, the results showed that of the 329 marine invasive species considered in the study, shipping was the 
most common introduction route with 69% of the total, while aquaculture represents 41%, channels 17%, 
aquarium trade 6%, and finally live seafood trade)%2( (Molnar, Gamboa, Revenga, & Spalding, 2008). In the same 
study, 11 of the 205 species introduced via shipping, 39% were introduced by hull-fouling, 31% via ballast water, 
and the remainder by both (Jackson, 2008). 
 
All marine biofoulers use sticky materials with permanent or temporary adhesive capabilities, but adhesion 
mechanisms and detailed molecular characteristics of the glues are largely unknown. 
 
The two exceptions to this are the glues produced by adult marine invertebrates. The protein glues of the blue 
mussel have been extensively characterised and are members of a dihydroxyphenylalanine (DOPA)-rich family of 
polypeptides, which cross-link through an oxidative phenolic tanning type process. The second example, the 
cement produced by mature adult barnacles, appears to consist of a complex of hydrophobic proteins that are 
unrelated to blue mussel proteins, crosslinked via cysteine residues. Mussels produce threads to attach 
themselves to solid surfaces in the inter-tidal zone. These ‘byssus’ threads, secreted by the mussel foot are 
effectively biocomposites of collagen fibres embedded in a proteinaceous matrix. Mefp1 is the best characterised 
of the polyphenolic foot adhesive proteins.( Marine biofouling: a sticky problem, Maureen E Callow and James A 
Callow ,University of Birmingham, UK) 



         
         279  
 

 
Light characteristics (spectra, intensity and time) have a profound influence on microalgal growth, metabolism, 
and biochemical constituent, however with artificial, cheap, and long lasting LED lights on microalgae are 
deficient and latest. Hence, in this proposal wefocused on impact of various color filtered LED lights on biomass, 
pigments and lipid production in microalgae. (Oscillatoria sp. (SRA) 
 
The growth and propagation of microalgae are affected by several environmental factors, such as temperature, 
salinity, light, and pH. Light, the main source of energy for algae growth, is one important key factor in regulating 
its growth and development (Takada, J.; Growth and Photosynthesis of Ulva prolifera under Different Light 
Quality from Light Emitting Diodes. Aquac. Sci. 2011, 59, 101–107) 
 
Adhesion of marine fouling organisms on artificial surfaces such as ship hulls causes many problems, including 
extra energy consumption, high maintenance costs, and increased corrosion. Therefore, marine antifouling is an 
important issue. In this review , 
physical and biochemical developments in the field of marine biofouling, which involves biofilm formation and 
macro-organism settlement .The major antifouling technologies based on traditional chemical methods, 
biological methods, and physical methods are presented. 
 
Marine fouling is an accumulation of micro organisms, plants, algae, and/or animals on wetted surfaces. These 
organisms form a fouling community, which can be divided into : 
•Micro-fouling: Biofilm formation bacterial adhesion. Appears as layers of bacterial slimes . 
•Macro-fouling: Attachment of larger organisms (barnacles, mussels, seaweed, etc.). 
Micro-fouling species forms of biofilm that adheres to the surface, then Macrofouling refers to the attachment 
of organisms such as barnacles, soft corals, and seaweed to produce a fouling community. 
 
Temperature plays a significant role in the settlement of microorganisms, as temperature plays a role in the 
growth rate and breeding periods of marine animals. Geographical location also plays a role; so does species 
diversity and the amount of solar radiation, which directly affects photosynthesis. Pollution can reduce solar 
radiation, thereby reducing the number of plants, nutrients, and species in the environment. Or, pollution can 
increase the number of non-native species in marine hard-substrate communities, speeding up biofouling . 
 
There are four key phases to biofouling that are determined by these factors. First, the structure or surface gets 
submerged. In the process, organic carbon is absorbed onto the wetted, submerged surface . 
Next, the primary colonizers arrive: diatoms and bacteria that settle onto this organic carbon-enriched surface. 
This increases the roughness of the surface facilitating the adsorption of larger organisms and particles . 
These primary colonizers are followed by protozoa and macroalgae spore: secondary colonizers who bring on 
the process of microfouling formation. 
The increase of the roughness of the surface facilitating the adsorption of larger organisms and particles. This 
step increases the roughness of the surface, creating the perfect condition for macrofouling: when tertiary 
colonizers and particles adhere to the surface. 
This entire process can take as little as three weeks. It seems innocuous — just some organisms making their 
home on a new structure — but it can actually cause big problems for emerging marine technologies. 
 
This also called Biofilm 
Step 3 [ 1 week] 
After approximately a week spores of macro algae and protozoa constitute the secondary colonizers in the pores 
of ‘microfouling formation ’ 
 
HYPOTHESIS 
The primary focus of this research is on the impacts of anti-fouling systems, issues such as ballast water and bio 
fouling will be analyzed and the effects of hull paint color on the biofouling species; which are directly related to 
bio fouling and antifouling pollution. 
Marine fouling and its prevention-prepared for Bureau of Ships, Navy Dept. Woods Hole Oceanographic 
Institution, United States. Navy Dept. Bureau of Ships, "Marine fouling and its prevention ; prepared for Bureau 
of Ships, Navy Dept.", 1952, DOI:10.1575/1912/191, https://hdl.handle.net/1912/191) 
the light and illumination factor led for thinking about what if the color has a great contribution on the biofouling 
growth, according to studies most the biofouling species tends to accumulate on darker surfaces. 
The micro algae spores is the first component for the formation of biofilm that will later help other colonizer to 
be attached to it to create a fouling surface, so what if we could mitigate the colonizing of the algae ? 
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Light is one of the most important environmental factors affecting the growth and repro 
Duction of algae. In this study, the effect of various LED colors on the productivity, chlorophyll (Chl-a Chl-b, and 
total Chl), protein, and carbohydrate content of Isochrysis zhanjiangensis in indoor culture was investigated. 
Microalgae monocultures were cultivated under five different colors (red, green,blue, yellow, and white) for 
twenty-one days. The microalgae cultured under red light exhibited),higher specific growth rate (0.4431) and 
under white light a higher productivity, The poorest performance was observed under yellow and green lights 
Interestingly, green light exhibited the highest levels of chlorophylls (Chl-a, 1.473 ) Interestingly, green light 
exhibited the highest levels of chlorophylls (Chl-a, 1.473 mg) . The highest protein content was observed under 
the white light (6.5846 mg L) of the selection of light at the appropriate color (wavelength) to increase the 
content of organic compounds desired to be obtained indoors with the potential for commercially produced 
cultures. (Effect of Different Colored LED Lighting on the Growth and Pigment Content of Isochrysis 
zhanjiangensis under Laboratory Conditions, Bu Lv& others) 
 
WHY STUDYING THE COLOR EFFECTS ? 
The effect of substratum color on the formation of micro- and macro fouling communities was investigated. 
Acrylic tiles, painted either black or white were covered with transparent sheets in order to ensure similar surface 
properties. All substrata were exposed to biofouling at 1 m depth for 40 d in the Marina Bandar al Rowdha 
(Muscat, Sea of Oman). Studies were conducted in 2010 over a time course of 5, 10 and 20 d, and in 2012 samples 
were collected at 7, 14 and 21 d. The densities of bacteria on the black and white substrata were similar with the 
exception of day 10, when the black substrata had a higher abundance than white ones. Pyrosequencing via 454 
of 16S rRNA genes of bacteria from white and black substrata revealed that Alphaproteobacteria and Firmicutes 
were the dominant groups. SIMPER analysis demonstrated that bacterial phylotypes (uncultured 
Gammaproteobacteria, Actibacter, Gaetbulicola, Thalassobius and Silicibacter) and the diatoms (Navicula 
directa,Navicula sp. and Nitzschia sp.) contributed to the dissimilarities between communities developed on 
white and black substrata. At day 20, the highest amount of chlorophyll a was recorded in biofilms developed on 
black substrata. SIMPER analysis showed that Folliculina sp., Ulva sp. and Balanus amphitrite were the major 
macro fouling species that contributed to the dissimilarities between the communities formed on white and black 
substrata. Higher densities of these species were observed on black tiles. The results emphasise the effect of 
substratum color on the formation of micro and macro fouling communities; substratum color should to be taken 
into account in future studies. (Sergey Dobretsov et al , Pages 617-627 | Received 11 Sep 2012, Accepted 02 Mar 
2013, Published online: 22 May 2013) 
Data from short-term biofouling assays are frequently used to evaluate the performance of antifouling (AF) 
coatings. There are a large number of factors, however, that may influence community development. One such 
factor is colour. The hypothesis was that differences in color may impact the short-term development of a 
biofouling community and therefore bias the results. An experiment was designed to investigate the effect of 
black and white substrata on settlement of fouling organisms in the field. Both Ulva sp. and Spirorbis sp. had 
significantly higher settlement on black surfaces. This result emphasises the importance of considering color and 
other factors when undertaking short-term testing of AF coatings. (Geoffrey Swain et all Pages 425-429 | 
Received 14 Aug 2006, Accepted 19 Sep 2006, Published online: 11 Jan 2007) 
Each color of our visible spectrum has a specific wavelength; as wavelength decreases from red to blue light, so 
does the ability of light to penetrate water. Blue light penetrates best, green light is second, yellow light is third, 
followed by orange light and red light. Red light is quickly filtered from water as depth increases and red light 
effectively never reaches the deep ocean, meaning animals that live in deep water and are red are essentially 
invisible . 
PROCEDURE : 
The settlement of marine fouling organisms is influenced by several factors including salinity,pH, temperature, 
nutrient levels, flow rates and the intensity of solar radiation. These factors vary seasonally, spatially and with 
depth. 
Three phase antifouling proposal : 
The aim of this proposal is to reduce anti fouling effect through three phases. 
Phase one : 
Submerge in sea water iron plates sized 30*30 cm at 10m depth ( the average draft value for the ships) painted 
with different colors (black red white yellow green and blue), continuous monitoring to log the growth of the 
fouling through one year time ( to expose the experiment to affecting factors such as different seawater 
temperature, current salinity as a result it is assumed that one plate of certain color would show less growth of 
the fouling species. 
Phase two: 
To repeat the experiment of phase one on a single color which showed less fouling growth, but with different 
color contrast. 
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Phase Three : 
Mex the paint surface of the selected color with essential oils to prevent the growth of biofouling . 
Plants have evolved an arsenal of chemical defenses to limit attack from insect pests. These include airborne 
chemicals which help deter insects from landing, followed up with compounds produced to stop insects feeding, 
including toxic substances like nicotine which can kill would-be attackers. 
In addition to having the right defenses to resist an attack, an effective defense response against the attacking 
insect requires the plant to be able to correctly identify the attacker through molecular IDs/signatures, and then 
to deploy the appropriate defenses against that particular pest. These sophisticated defenses ensure plants are 
protected against most insects. (PLANTS VS INSECT PESTS; A NEVER-ENDING BATTLE by the Gatsby Charitable 
Foundation.) 
We have started the experiments to study the color effect on the biofouling organisms growth, it stopped during 
Covid 19 pandemic  
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ABSTRACT 
 
This study addresses the biofouling challenges of tidal stream turbines to ensure their reliable and optimal 
operation. In response to this necessity, we present an effective methodology employing a soft voting ensemble 
transfer learning-based approach for the detection and extent classification of biofouling. The proposed 
framework incorporates essential components such as data augmentation, data pre-processing, including image 
resizing, and data segmentation, forming a comprehensive image-based approach. To overcome the constraint 
of limited datasets, experimental investigations were conducted, resulting in the acquisition of two datasets: one 
from the tidal stream turbine platform at Shanghai Maritime University (SMU) and the other from the Tidal 
Turbulence Test facility at Lehigh University (LU) in Pennsylvania, USA. The three prominent convolutional neural 
network models, namely VGG, ResNet, and MobileNet, trained on these datasets, demonstrate precise detection 
and classification of turbine conditions, achieving an accuracy of 0.83 for the SMU dataset and 0.90 for the LU 
dataset. The noted disparity in accuracy for the SMU dataset is attributed to its smaller size, highlighting the 
significant impact of dataset scale on classification performance. This research contributes valuable insights to 
the advancement of biofouling detection and classification strategies tailored for tidal stream turbine systems.  
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ABSTRACT 
 
With the global upsurge in shipping over the last decades, the environmental and economic impact of ship hull 
roughness is more relevant than ever. However, due to a lack of effective predictive correlations linking hull-
state to fuel increase, ship operators struggle to see the benefit in expensive and time-consuming dry-docking or 
in-water cleaning. 
 
This work aims to address these issues by closely monitoring the skin friction drag and the hull state of an 
operating vessel as the hull state degrades during the intra drydocking period. The hull state is monitored using 
a novel diver operated in-water surface scanner, and the friction drag is monitored by making laser doppler 
velocimetry measurements of the flows formed over the hull of the operating vessel.  
 
The ship, a 95 m long chemical tanker, was sand-blasted and fully re-coated in March 2022 at which point the 
baseline roughness level was documented using surface imprints. For the subsequent two years of this study, 
hull inspections and boundary layer measurements indicate that the anti-fouling coating is functioning, with little 
change in friction drag or hull state (as compared to baseline levels observed after recoating). However, flow 
measurements demonstrate that even straight from dry-dock, the ship incurs a 25% skin friction drag penalty 
(compared to a perfectly smooth hull) due to underlying paint roughness, weld seems and docking blocks. The 
most recent hull inspections indicate a depleted anti-fouling coating, and we expect to be able to report results 
from the bio-fouled hull during this meeting.  
 
Keywords:  
Skin, friction, drag 
Turbulent boundary layer 
Hull roughness 
Hull monitoring 
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ABSTRACT 
 
Biofouling refers to the accumulation of marine organisms on submerged materials in seawater. This buildup 
occurs quickly on various artificial structures, leading to significant economic and operational challenges, 
particularly in marine transportation and offshore structures. The study aimed to assess the impact of biofouling 
and invasive aquatic species (IAS) on Indonesia's maritime industry and its biofouling management practices. The 
affected marine sectors include shipping, ports and marinas, aquaculture, capture fisheries, offshore mining, 
recreational vessels, and aquatic tourism. According to the Guide for the Development of Rapid Economic 
Assessments on Biofouling Management and IAS, the estimated economic impact of biofouling and IAS was 
approximately 2% of 51,442 million USD and 6% of 43,127 million USD over ten years across all industrial sectors 
without biofouling and IAS management policies. Effective management can significantly reduce these impacts. 
With biofouling management policies, the cost estimation for biofouling and IAS control was 2% of 26,021 million 
USD and 6% of 21,791 million USD. Implementing these policies can result in a 50% reduction in expenses 
compared to having no relevant policies. Implementing the biofouling policy in Indonesia will yield gross benefits 
of 25,421 million USD at a 2% rate over ten years and 21,336 million USD at a 6% rate over the same period. The 
cumulative cost of implementing the biofouling policy was approximately 286.88 million USD at a 2% interest 
rate and approximately 276.06 million USD at a 6% interest rate. This difference emphasizes the advantages of 
implementing biofouling and IAS management policies in Indonesia. 
 
Keywords: Biofouling, cost benefit analysis, invasive species, maritime industry 
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ABSTRACT 
 
As of 1 January 2023, the amendments to the  International Convention on the Control of Harmful Anti-Fouling 
Systems on Ships, 2001(the AFS Convention) entered into force. The amendments is to introduce controls on 
cybutryne as biocides in anti-fouling system into the Convention. 
 
The Marine Environment Protection Committee (MEPC) of the International Maritime Organization (IMO) 
adopted the amendments at its 76 sessions through Resolution MEPC.331(76). These amendments require 
member states to ban the use of cybutryne in future installations of anti-fouling system due to its toxic impacts 
on marine organism. In this regard, the Korean government amended the AFS Convention certificate to 
incorporate the cybutryne regulation into domestic legislation, focusing on the control of cybutryne in ships 
engaged in international voyages. Considered its toxicity, regulations for the domestic shipping should also 
control cybutryne installation to the domestic vessels.  
 
Cybutryne is a booster biocide used as an additive in anti-fouling paints for protection against ‘soft fouling’(e.d. 
due to algae). It inhibits the photosynthesis of marine algae, preventing fouling to the ship’s hull. However, 
scientific research shows that cybutryne has the potential to have adverse effects on non-target organisms, e.g. 
corals and other non-target organisms on which other species feed. It also persists in the environment (sea- and 
freshwater sediments) once released from painted surfaces.  Therefore, in order to address the harmful effects 
of cybutryne comprehensively, controling its use should also apply to domestic vessels.  
 
From this point of view, the study explores the legislation of other countries that have banned cybutryne 
application to the domestic vessels by designating it as a toxic substance. Also it draws implications on the basis 
of comparison between policies of other countries and Korea with respect to regulating cybutryne in relation to 
domestic shipping.   
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ABSTRACT 
 
This study aims to address the knowledge gaps in biofouling and corrosion for marine renewable energy (MRE) 
systems in Indonesia, focussing on biofouling monitoring and mitigation.  
 
Panel settlement experiments at Suramadu bridge, Madura Strait, Indonesia revealed dynamic biofouling 
communities dominated by the barnacle Amphibalanus reticulatus, A. amphitrite, and Hydroides sp., significantly 
influenced by submersion duration, material, and depth. 
 
Key impacts on MRE infrastructures include movement obstruction, surface abrasion, corrosion initiation, and 
reduced power production. The corrosion behaviour of low-carbon steel showed uniform corrosion with 
localised damage, influenced by submersion duration, with corrosion rates ranging from 0.827 to 3.255 mm/year. 
A moderate negative correlation was found between biofouling assemblage and corrosion rate, warranting 
further investigation beyond six months. Environmental data indicated biofouling abundance was lowest at 
minimum temperatures, with the Amphibalanus genus thriving under varying salinity levels. Antifouling paints 
like AF Max Guard were effective against biofouling compared to anticorrosion paints, suggesting that combining 
material selection and coating technologies could enhance mitigation strategies in Indonesia's emerging MRE 
sector. 
 
Keywords: Biofouling, Marine Renewable Energy (MRE), Madura Strait, Corrosion, Amphibalanus, Antifouling 
paint  
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ABSTRACT 
 
Managing marine ecosystems requires a thorough understanding of how invasive species affect them. This study 
examined the cohort dynamics and environmental dependencies of Ciona robusta, a widespread invasive 
ascidian, in Mokpo, South Korea. Extensive field observations from June to October 2022 unveiled five distinct 
cohorts, challenging previous assumptions about lifespan and cohort patterns of C. robusta. Separation index 
values consistently exceeded 2, indicating clear cohort differentiation throughout the study period. Notably, 
cohort lifespans ranged from 4 to 10 weeks, substantially shorter than the previously reported maximum of 2 
years. This discrepancy highlights the significant influence of local climatic conditions on life history parameters. 
Growth rates demonstrated a strong positive correlation with environmental factors, particularly temperature. 
This finding underscores C. robusta's sensitivity to thermal variations, despite its known salinity tolerance. Our 
results suggest that rising water temperatures due to climate change could potentially accelerate growth and 
reproductive cycles of C. robusta, thereby enhancing its invasive potential. This study contributes valuable 
insights into the dynamics of invasive marine species, especially in the context of changing environmental 
conditions. Our findings can inform the development of targeted management strategies to mitigate the 
ecological impacts of C. robusta in the face of climate change. Future research should focus on long-term 
monitoring and predictive modeling to better understand and manage the spread of this invasive species under 
various climate scenarios. 
Keywords : ascidian, invasive species, cohort dynamics, marine biofouling  
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GROUP PHOTOS   

All photos available at: GloFouling Partnerships │Flickr 
 

https://www.flickr.com/photos/165037201@N05/albums/72177720321762635/
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More information? 
GloFouling Partnerships Project Coordination Unit 

International Maritime Organization 

4 Albert Embankment, London SE1 7SR, United Kingdom Tel: +44 20 77357611 

Email: glofouling@imo.org 

https://www.glofouling.imo.org/ 

www.imo.org  
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