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ABSTRACT

Marine biofouling has negatively affected energy production and maritime transport industries.
This menace is complex and has variety of characters that has been puzzling researchers and
scientist globally in arriving to a holistic understanding of biofouling. These complexities have
been circumventing the development of antifouling system that could save huge operational
and maintenance cost to both energy and maritime industries and reduce the greenhouse gas
emissions resulting from increase of fuel consumption of ships due to increase in hydrodynamics
drag caused by marine biofouling.

This overview is developed in to basically enhance awareness and stimulate interest among
stakeholders to proactively contribute with innovative ideas to suppress this marine menace.
This review summarizes the progression of marine biofouling propagation, its negative impact
to offshore structures and marine transport sector and various marine biofouling methods as
well as some promising advances in development of antifouling systems, gathered from various
scientific articles and research papers available in the internet.

1.0 Introduction

Marine biofouling is referred to as unwanted colonization of marine organisms on natural or
man-made immersed surfaces as well as on immersed surfaces during tidal cycles. This is a
significant problem globally because fouling organisms that grow on marine vessels promote
surface deterioration, damage propellers, and increase drag, leading to high fuel consumption
and excessive maintenance costs. Data show that addressing biofouling issues globally
costs US $15 billion annually (35) in combined marine industries. Higher fuel consumption
also produces more greenhouse gases; hence, biofouling indirectly adds to the rate of
global warming. Therefore, the development of a cost-efficient biofouling management and
sustainable, nontoxic antifouling coatings is an urgent global quest. It was estimated that
a round $240 billion fuel cost savings in global shipping from an effective marine biofouling
coating [(6), Paul Whitworth et al)].

Traditional antifouling coatings were banned worldwide in 2003 due to their toxicity towards
nontarget marine organisms. Traditional antifouling coatings consist of chemically active
compounds, such as silver, copper and tributyltin (TBT). These coatings lack specificity, exhibit
high toxicity to both fouling organisms and nontarget marine life, and lead to contamination of
waterways. Owing to such negative environmental impacts, these coatings have been gradually
banned worldwide.

Invasion of non-indigenous species (NIS) is also one of the negative impacts contributed by
marine biofouling due to transfer of fouling organisms attached to marine vessels travelling in
international routes. It has considerable impacts on ecosystem function, biological community
composition, and global economies in marine coastal and freshwater environments. In order to
control and minimize the spread of NIS, the International Marine Organization has established
a guideline (International Guidelines for the Control and Management of Ships’ Biofouling to
Minimize the Transfer of Invasive Species). that focus mostly on the prevention of attachment
and removal of organisms from submerged ship surfaces via anti-fouling systems and cleaning
programs, respectively
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Understanding Marine fouling

Marine growth and marine biofouling refer to the unwanted build-up of marine organisms on
natural or man-made surfaces submerged in seawater or intermittently immersed during the
tidal cycle.

Marine biofouling is a multistage process that involves surface conditioning, followed by
formation of microbial biofilms (e.g., bacteria, diatoms, and algae), and the settlement of sessile
marine organisms (e.g., barnacles, hydroids, mussels, sponges, and bryozoans) and mobile (e.g.,
crabs, shrimps, and snails) macrofouling organisms. The structure and speed of development of
micro- and macro-fouling communities are influenced by many environmental variables, such
as current flow, light availability, nutrient load, as well as by biological factors, such as the
availability, growth rate and metabolic state of fouling species and inter-species interactions
(5), See Figure 1. Such combination of environmental and biological factors leads to periodic and
inter-zonal variations in the composition of fouling communities.

Figure 1: Marine biofouling process timeline. (36) (Gomez & Bandera “Marine Natural Product Antifouling Agents”)
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The formation of marine biofouling is generally represented as a layered successional model
(1), see Figure 2:

(1)Organic materials and minerals are adsorbed onto a surface exposed to seawater forming a
conditioning film,

(2)primary colonizers, usually bacteria, form the biofilm layer enhancing the adherence of
subsequent micro-organisms,

(3)the establishment of microfouling communities consisting of microorganisms such as
bacteria, microalgae (diatoms and others), and

(4)he settlement of macrofoulers such as macroalgae and marine invertebrates.

Although the successional model provides a general outlook on how the biofoulin

g progress occurs, the formation process is more akin to a probabilistic model, where the
absence of one layer does not preclude the formation of a subsequent layer. The challenge
that lies within studying marine growths for anti-fouling measures is that the biofouling
community is an evolving assemblage of diverse (micro)organisms, with a plethora of
mechanical, physicochemical and biological interactions that need to be explored to obtain
the required insights for developing effective control measures.
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Figure 2: Marine biofouling progression. (1) (P. Vuong et al. “Understanding biofouling and contaminant accretion on

submerged marine structures”)
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Biofilms

The marine biofilm acts as the foundation on which the subsequent biofouling community is
built. Biofilms provides an adhering layer for micro- and macro-fouling organisms alike and
has been observed to be critical in the attachment and growth of a variety of sessile marine
species (1). Marine biofilm development is a complex and dynamic process comprising several
organisms and interactions, which can be affected by different factors, from surface properties
to environmental parameters and microbial content.

Marine biofilms are critical targets for biofouling prevention as they have been established to
be a fundamental component in marine growth that promotes the adhesion of successional
(micro) organisms (1). Being the precursor of biofouling and microbially-influenced corrosion
(MIC), it is considered as the primary responsible for billions of dollars of damage to submerged
and underwater structures, but a lack of understanding in how multi-species biofilms develop
has hindered the progress of creating effective anti-biofouling controls.

Development of a coating system that would inhibit micro-organisms to develop biofilms on
submerged surfaces, thereby delaying and controlling microfouling events and prolong its
antifouling release within the service life of the structures will be the final cure to marine
biofouling menace.
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Microbially Induced Corrosion (MIC) is the corrosion of metallic surfaces and structures that
is initiated or enhanced by microorganisms. It is a common consequence of biofilm formation.
There are two classification of MIC, such as;

1)Metabolite MIC wherein the surface is directly affected by corrosive metabolites (1), and
2)Extracellular Electron Transfer MIC (EET-MIC) wherein corrosion is caused by microbial
cathodic action.

It is the more prevalent form of biocorrosion (1) on metallic surfaces. Extracellular electron
transfer MIC occurs when outer membrane cytochromes scavenge electrons from a surface
via (1);

a)direct contact,

b)conductive pili or

c)delivery through soluble electron shuttles.

d)Metabolite MIC occurs when corrosive bacterial metabolic products or their derivatives
degrade a surface (1). a b
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Figure 4: MIC Visualization (1) (P. Vuong et al. “Understanding biofouling and contaminant accretion on submerged

marine structures”)

Microbially induced corrosion (MIC), which involves anaerobic sulfate-reducing bacteria and
aerobic iron-oxidizing bacteria within the biofilm layer, is one of the main causes of corrosion
in the offshore industry (36).

Sulphate Reducing Bacteria (SRB) are also a biofouling group that is associated with metabolite
MIC. It reduces sulfates in seawater around metal surfaces into corrosive sulfides as well as
EET MIC. It is also involved in biofilm formation and have shown to be a key player in promoting
biofouling and structural obstruction issues. In addition, Cathodically protected surfaces that
have SRB attachment has been observed to require higher current demands in order to provide
adequate level of protection. As SRB are major promoters of corrosion, interfere cathodic current
loads and carbonate scaling, they are prime candidates for developing preventative measures
toward biofouling and biocorrosion agents. However, more studies are required to understand
how microbial communities thrive in cathodically protected surfaces and how they biofouling
and MIC interact with electrochemical process in these surfaces (1).
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MIC contributes to more than 20% of total corrosion loss worldwide, including 40% of internal
corrosion of underground pipelines, and its impact is so great that it is measured at the scale
of lost proportions of national and global Gross Domestic Product (37).

There are currently few model species that have been studied to have a meaningful
understanding of EET MIC of multi-species. More researches are needed across different
environmental marine settings as well.

Marine Biofouling in Marine Transport

There are two areas where biofoulings are present in marine vessels that have huge impact to
its navigational operations and maintenance. These are at the ship’s hull and internal seawater
systems. Marine fouling of the ships’ hull if not managed, increases the surface roughness,
thereby decreasing the hydrodynamic performance of the ship. This results to increase in
fuel consumption and subsequently increase of greenhouse gases emission from ships. A
recent study by the International Maritime Organization (2021) “Impact of Ships’ Biofouling
on Greenhouse Gas Emissions” shows that even low amounts of biofouling on ships can lead
to an increase in greenhouse gas emissions within the range of 20-25%, thereby negatively
contributes to worldwide reduction of greenhouse gases initiative (36).

Another ships biofouling impact to the environment and marine ecology is the transfer of
invasive species. According to International Maritime Organization “2023 Guidelines for the
Control and Management of Ship’s Biofouling to Minimize the Transfer of Invasive Species”,
studies have shown that biofouling can be a significant vector for the transfer of invasive aquatic
species. Biofouling on ships entering the waters of states may result in the establishment of
invasive aquatic species, which may pose threats to human, animal and plant life, economic and
cultural activities, and the aquatic environment. Invasive aquatic species have been recognized
as one of the major threats for the well-being of the oceans by, inter alia, the Convention
on Biological Diversity, several UNEP Regional Seas Conventions, the Asia Pacific Economic
Cooperation forum and the Secretariat of the Pacific Region Environmental Program.

Ship’s Internal seawater systems (ISS) are critical to the proper functioning of maritime vessels.
These systems utilize seawater by pumping it on board ships in various uses, primarily for
temperature control (e.g., engine and electrical systems), cooling capacity (e.g., air conditioners
and refrigeration), and water provision (e.g., potable water, firefighting, steam, and ballast).
Seawater flows to the ISS through sea chests. Sea chest is a recessed compartment (some
are 1- 3 m3 on large commercial ships) within the hull through which sea water is drawn and
delivered to ISS pipework and equipment by pumps. From the sea chest, water moves into an
intake pipe, bypassing an open valve before reaching an internal sea strainer. After the strainer,
sea water passes another open valve and through the main pump. Through the pumps, sea water
is used to perform various functions, of which heat exchange for engine equipment is a primary
use by overall volume (37) (Davidson, et. al Biofouling of Ships’ Internal Seawater Systems).

A key impact of biofouling in ships’ ISS is reduced water flow due to growth of marine organisms
in ISS piping systems. In general, smaller diameter pipework is more prone to clogging and will
see proportionally greater restrictions in flow for a given thickness of biofouling compared to
larger diameter pipework. In some cases, restricted flow resulting from biofouling is considered
at the design stage of a seawater system component. In addition to impaired water flow, micro
induced corrosion that impacts structural integrity of the ISS.
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Aside from functional and material integrity issues, marine fouling in ISS can also act as a means
of transportation of non-indigenous species, which facilitates biological invasions. There are
current approaches in controlling and managing marine fouling which will be further discuss in
this presentation.

Management of Biofouling on Marine vessels

Due to the aforementioned negative effects of biofouling, one of the primary objectives of
shippers is to minimize the accumulation of biofouling on marine vessels and its internal
seawater system. Antifouling control coatings coupled with wipers are pre-dominantly used to
manage marine biofoulings on vessels. An ideal coating should be effective against biofouling
organisms to last through the in-service period and still maintain smooth surface. The coatings
are applied with film thickness sometimes that could last for an entire docking cycle of ships,
normally every 5 years. Given the average age of a vessel of 20- 25 years, shipowners should
budget for around 4 to 5 antifouling campaign per ship. Another method in managing marine
fouling is by cleaning of fouled surfaces either in-water or during dry-docking period. The
most commonly available cleaning technologies are brushing, scraping, pressure cleaning with
water/air jetting, or mechanical cleaning using wipers (8). See below table for the current
methods to manage biofouling for marine vessels.

Table 2: Currently employed strategies to manage biofouling with their advantage and

disadvantages (8) Maria Joao Romeu and Filipe Mergulhdo “Development of Antifouling
Strategies for Marine Applications” .

Page No ’



PEN &

A

Add V'

A oo dd M4

Table 2: Currently employed strategies to manage biofouling with their advantage and
disadvantages (8) Maria Jodo Romeu and Filipe Mergulhao “Development of Antifouling
Strategies for Marine Applications” .
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from
natural
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method Description Advantages Limitations References

Antimicrobial, | Includes compounds Probably| Coatings must | 13, 16-21
antibiofilm, nanoparticles of copper, [represent | be inert and
antifouling zinc, silver, immobilized | the most | transparent
surfaces/coati | molecules that become |cost-effective | when applied
ngs active upon method]|to sensors

contact, light-activated |against marine [requiring

molecules) able to; biofouling electrochemic

al or optical

Kill or reduce the growth transduction
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foulers (antimicrobial)
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attachment of fouler

organisms (antifouling
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/ attachment of fouler
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N atur al|includes QS inhibitors, |Most of | Compounds | 33, 22-27
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specific enzymes which |surfaces/coati | amounts
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method Description Advantages Limitations References
Disinfectants/c | Mechanisms of action |Comp ared | Insufficient 10, M,
hemical of disinfectants depend | to oxidizing | information 12, 14,
treatments on the treatment | isavailable to 15
type/class but include | agents, accurately

the;

Damage and loss of
the structural integrity
of the cell wall and
cytoplasmic membrane

Leakage of intracellular

non-oxidizing
chemical
treatment
agents, such
as quaternary
ammonium
compounds,
can be more

determine efficacy
against all relevant
biofouling taxa

Most of the
chemical
Compound
concentrations

components and cell |specific need to be actively
lysis monitored because
their efficacy
Inhibition of cellular depends on
metabolism/replication different factors
Denaturation of cellular
constituents
Cleaning|Commonly employed |May be | Associated with 10, 13
Technologies before other treatments | performed in high
and include physical |a dry-dock or | maintenance
removal by; in water. costs and reduce
-Brushing the commercial
-Scraping Present fewer | operation time of
-Pressure cleaning with |toxicological | ship hulls.
-water/air jetting and Not entirely
-Mechanical cleaning | environmental | feasible when
using wipers risks. applied to sensors
with sensitive
components
UV and laser | Radiation leads to | A cheaper and | Incorporation into | 12,13
radiation the formation of toxic | more sensors has not

by-products.

reliable
application of
UV radiation is

likely

to be a
powerful
approach
Requires low

maintenance

been practical due
to the high energy
requirements

Can be better
suited as a
pretreatment
rather than a final
strategy against
marine biofouling
Difficult to

apply to large,
submerged
structures
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method Description Advantages Limitations References
Thermal stress | Heating seawater to |[Well-suited |It is only fitted to 10
above the thermal |for application |confined spaces
tolerance of biofouling |to internal
organisms pipework, |It requires
given the continual
con fi n ed |monitoring of
spaces and |water
relatively small |temperature to
total ensure lethal
volumes to be |conditions are
treated maintained
Resilient taxa |throughout the
can render it |process
nonviable in 2
h or less
It poses few
risks to
operators and
is unlikely to
harm vessel
components
at or below 60
deg C
F e w e r
toxicological
a n d
environmental
risks are
presented
Deoxygenation |Reducing dissolved |It enables |It can take several| 10,28, 29
oxygen vessels to be weeks to  Kkill
concentrations to below |treated in situ, |resilient fouling
the preventing the |taxa
tolerance of biofouling |expense of
organisms by wrapping |removingboats |Absolute  anoxic
fouled surfaces with |from the water |conditions may be
impermeable plastic required to expose
F e w e r |all taxa to lethal
toxicological conditions
a n d
environmental
risks

Page No ’



MIANEX

method Description Advantages Limitations References
Hydrodynamic |[Hydrodynamic | They seem to It may be limited |12, 13, 30,
cavitation mode—cavitation is | have no by energy costs 31
Acoustic|produced by pressure |adverse effects
cavitation (by variations obtained using | on marine life |The installation of
ultrasonic |the geometry of the ultrasonic
irradiation) system, creating velocity treatment
variation systems are
Acoustic cavitation—the expensive
pressure variations in the
liquid are accomplished Further research
using sound waves, is required to
usually high-intensity optimize operating
ultrasound parameters
(16 kHz-1 MHz), which accounting for the
creates high liquid shear effects of acoustic
forces that prevent the
settlement of organisms treatments on
on the submerged coating
surfaces integrity and
the influence of
(16 kHz-1 MHz), which pressure waves
creates high liquid shear on the viscoelastic
forces that prevent the properties of
settlement of organisms biofilms
on the submerged
surfaces
Osmotic shock | Reducing salinity |[F e w e r|it is unlikely (10
interferes with the |toxicological [to be effective
osmotic balance of |a n d |within acceptable
marine organisms environmental |timeframes
risksassociated
Some marine
bivalves
can survive weeks
in
freshwater
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Marine Fouling Mitigation and Management within ISS

There are proactive and reactive anti fouling systems that are currently employed in marine
shipping industries. Marine fouling in ISS are currently managed with the following methods.

*Use of antifouling coatings (biocide free) are proactively applied to the surfaces of sea chest
grates and the sea chest itself however, due to issues including access, compatibility, and
utility, these coatings are not applied throughout the system and are usually limited to ISS
components most exposed to ambient seawater conditions. Some critical ISS components
are also constructed of (or lined with) fouling-resistant materials, mainly copper nickel (37).

*MGPS (Marine Growth Prevention System) and ICAF (Impressed Current Anti-fouling)
systems is a form cathodic protection. The system usual is composed of a pair of copper
and aluminum anode installed within the sea chest or sea strainer as a means of chemically
treating the influent of ISS. The electro chemical reaction copper and aluminum ions creates
copper-aluminum hydroxide floc that inhibit marine growth larvae to settle on piping walls,
instead they pass directly to discharge. These floc builds up on the internal surface of the
pipes and also suppress corrosion.

*Electro-chlorination dosing systems are widely used for its properties for disinfection

of potable water supplies and control of marine fouling in ISS by virtue of being dosed at
measured level in ppm. However, very few independently verified, published, and accessible
data on the efficacy of these systems (37).

*Reactive treatments involve a range of chemical additions (e.g., descalers, chlorine, bromine,
acetic acid, and quaternary ammonium compounds) or physical treatments (such as manual
cleaning, steam/hot water, fresh water, deoxygenation) to kill or remove biofouling in ISS. While
there are some promising approaches and existing commercially available reactive treatments,
these can be prohibitively expensive, lack information on efficacy as well as safety or
compatibility with ISS components, and/or may not be feasible at ship-scale. Treatments may
also inadvertently contribute to occlusion problems if reactive techniques remove biofouling
from pipework surfaces and drive debris to block pumps, filters, or equipment (37) (Davidson,
et. al Biofouling of Ships’ Internal Seawater Systems).
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Biofouling on Static Submerged Artificial Structures (SSAS)

Effect of Marine Fouling to Static Submerged Artificial Structures (SSAS)

Marine fouling when unmanaged to accumulate to uncontrollable extents, marine growth cause
issues to oil & gas and renewable energy offshore infrastructures by increasing drag effect
cathodic protection leading to corrosion of offshore structure and create micro-environments
that encourage microbial corrosion. Marine growth also causes additional weight and increases
the inertial mass of submerged structural members of an offshore platform thereby increases
the surface circumference and roughness of the structure, which results in increased wave
load. Microbial corrosion also reduces material integrity thus affects the strength and service
life of the fouled structure.

This negative transformation of the structure’s exposed areas (immersed and splash zones)
due to marine fouling overtime, results to considerable costs and financial losses associated
with over-engineering to combat hydrodynamic impacts and weight loadings during SSAS
development as well as the requirements for extensive inspection and post deployment
maintenance requirements.

To present the weight loading issue of marine growth attached to offshore platforms, in one
paper reviewed, during commissioning of platforms in other oil & gas producing zones had
noted that for example marine growth on Heather Alpha in North Sea estimated the weight of
accumulated marine growth of 2,000 tons (assumed to be the wet weight), representing 9%
of the jackets weight. Another event, on the NW Hutton platform it was estimated at 915.5
tons, which equated to 6% of the jacket and piles weight. In some cases, it was estimated to
be 10% of the jacket weight as in the case of Miller jacket (BP, 2010). (34, The Management of
Marine Growth During Decommissioning)

There was a study conducted in Malaysia, to determine the Residual Strength Ratio (RSR) of
a fixed platform considering effect of aggressive corrosion and marine fouling. It was found
in the study that the platform is limited to at least 50 years of service life when subjected to
average corrosion. In this study, however found that if the structure is subjected to severe
corrosion coupled with marine fouling, enhances the progress of corrosion by dropping RSR
of the structure to 38% at a span of 5 years while further decreases by an average of 7%
per year and crossed the safety limit at 29 years (4). This study shows that marine fouling
contributes significantly in enhancing corrosion of platforms undermining the platforms
overall strength. This however is not applicable considering Company’s current corrosion
system which guarantees ample protection against corrosion by Cathodic protection and
epoxy coating. However, this information deliberately included here to expand awareness of
the effect of marine fouling to SSAS.

Management of Marine Fouling in SSAS
Our review of some literatures identified a range of existing and emerging approaches to prevent

and manage biofouling on static infrastructure, including approaches initially developed for
vessels that could be refined for
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SSAS, see Tables 1 & 2. It is also important for the company to have a structured marine
biofouling management firstly, a standardized literature shall be developed by Company’s
relevant standard committee and Secondly, a dynamic knowledge library of published
documents and information from various global research entities who either manage or own
marine infrastructures or undertake maintenance on infrastructures in Marine environment.

Some removable components of offshore platform that are affected by marine fouling are
designed and constructed with antifouling coatings or layered with fouling resistant material
and can re-coated by removing only that part during periodic maintenance or as necessitated.

Table 1: Existing approaches to managing biofouling on static submerged marine Infrastructure
(2)-(Managing Biofouling on Submerged Static Artificial Structures in the Marine Environment -
Assessment of Current and Emerging Approaches)

Method Category Frequency |In situ or Removed Examples/References
Mechanical Physical Periodic Both Do (1991); Hodson et al. (1997),
brushes/scrapi Guenther et al. (2011), and Li
ng/abrasion et al. (2020)

High pressure Physical Periodic Both Forrest and Blakemore (2006)

jets and and Hopkins et al. (2010)

power washing

Air Physical Periodic Both Forrest and Blakemore (2006)

exposure/desic and Hopkins et al. (2016)

cation

Encapsulation Physical and

(also with chemical Periodic In situ Inglis et al. (2012); Atalah et

chemical al. (2016), and Ammon et al.

additives) (2019)

Traditional Chemical

biocidal paints Continuous] Removed | Braithwaite et al. (2007); de

(majority) Nys and Guenther (2009),
Guenther et al. (2011), and
Bloecher et al. (2015)

Sprays and dips | Chemical Periodic Both Denny (2008); Guenther et al.
(201M), Fitridge et al. (2012),
and
Sievers et al. (2019)
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Table 2: Emerging approaches to managing biofouling on submerged marine infrastructure.
2)-(Managing Biofouling on Submerged Static Artificial Structures in the Marine Environment
— Assessment of Current and Emerging Approaches)

control

Method Category | Frequency | Insitu or Removed Examples/References
Autonomous | Physical | Both In situ https://www.jotun.com/us/en/b2
and remotely b/news/hull-skating-solutions/;
operated https://www.ecosubsea.com/
cleaning (September 12, 2020)
systems
Laser radiation | Physical | Periodic In situ Kostenko et al. (2019)

Bubble streams | Physical Continuous In situ Scardino et al. (2009); Bullard et al.
(2010), Lowen et al. (2016), and
Hopkins et al. (2021)

Ultrasound Physical | Periodic In situ Guo et al. (2013, 2011) and Legg et
al. (2015)

Electrical fields | Physical | Continuous In situ www.electroclear.co.nz (accessed
May 13, 2020)

Heat Physical Periodic Both Wotton et al. (2004); Piola and
Hopkins (2012), Cahill et al. (2019b),
and Sievers et al. (2019)

Novel coatings | Physical Continuous| Removed Hodson et al. (2000; silicone),

and surface | a n d (majority) Scardino et al. (2003), de Nys and

materials chemical Ison
(2004; wax), Carman et al. (2006);
Schumacher et al. (2007), Bakker
et al. (20M; food grade oils),
Carteau et al. (2014); Azemar et al.
(2015),
Gibson and Arun (2016); Yang et al.
(2018), and Ye et al. (2019)
Enright et al. (1984); Lodeiros and

Biological]|Biological | Continuous In situ Garcia (2004), Ross et al. (2004);

Switzer et al. (2011), and Atalah et
al. (2014)

In situ or removed’ refers to whether the method can be applied to an existing structure as they are found

(submerged), or only apply to new builds, or otherwise require removal from water
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Marine Growth Protector Rings, that have been also developed to continually clean surfaces on
offshore installations. These devices consist of buoyant rings, linked by vertical linkages, that
are powered up and down column-shaped surfaces by waves and tides. While performance
evaluations were unavailable, it is claimed that these devices can remove existing fouling
(reactive) and prevent fouling from reoccurring (continuous) (2) (Do 1991).

SUMMARY

To date, there is still no available ultimate solution method against marine biofouling. The most
common solution employed in the industry is combination of cleaning/grooming and antifouling
compounds. However, these method carries with it a significantly high maintenance cost and
reduced in operating time of the vessels. This combined method however is not applicable to
static submerged structures due to the fact once the structure is deployed, it is not possible
to recoated the submerged part of the structure. Ideally for static submerged structures, the
antifouling treatment should be selected and carried out during design and construction stage.

With advancement of research and quest for a non-toxic, environmentally friendly and
maintains high performance in prolonged period anti fouling agent is still in its infancy.
Coupled, with a vast knowledge gap with regards to understanding of the holistic character of
marine fouling community, its adaptation and reaction to the different environmental factors
such as temperature, weather patterns, salinity, nutrients value in seawater among others

adds to its complexity. In-vitro models must continuously and proactively reproduce the
environmental conditions in different regions globally as these factors affects the biofilm
structure, composition and mechanical properties.

Overall, investing in the research and development of innovative technology that can provide
practical and feasible tools to control biofouling while protecting the marine environment
from harmful chemical and/or biological waste is essential. Therefore, economic factors and
biosecurity risk-management decisions should be taken into consideration to contemplate
the practicality, feasibility, and environmental impact of biofouling management options.
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