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Introduction

1.1 Problem of Invasive Species
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- Invasive species have the potential to hybridize with the native species.
- Invasive species cause competition for native species and because of this 400 of
the 958 endangered species under the Endangered Species Act are at risk.

[1] Primtel, David(2005) Ecological Economics. 52: 173-288
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Introduction

1.1 Problem of Invasive Species

3 Regulation B-3.1 of the BWM Convention requires a wessel constructed =

before 2009, as follows:
“"Regulation B-3 Ballast \Water Management for vessels
1 A vessel constructed before 2009:

A with a Ballast WWater Capacity of between 1,500
and 5,000 cubic metres, inclusive, shall conduct Ballast Water
Management that at least meets the standard described in
regulation D-1 or regulation D-2 until 2014, after which time it shall

at least meet the standard described in regulation D-2; - Deta”s Of BWMS RGgU'ﬂthﬂS

2 with a Ballast Water Capacity of less than 1,500 or greater
than 5,000 cubic metres shall conduct Ballast Water Management
that at least meets the standard described in regulation D-1 or
regulation D-2 until 2016, after which time it shall at least meet the
standard described in regulation D-2.

2 A vessel to which paragraph 1 applies shall comply with paragraph 1 not
later than the first intermediate or renewal survey, whichewver occurs first, after the
anniversary date of delivery of the wvessel in the year of compliance with the
standard applicable to the vessel."

-—
4 A vessel constructed before 2009 with ballast water capacity of between 1,500
and 5,000 cubic metres and with a capacity less than 1,500 or greater
than 5,000 cubic metres will have to install the ballast water management system (BWMS)
not later than the first intermediate or renewal survey after the anniversary date of delivery of 2
the vessel in 2015 and 2017, respectivelv. 2]

Recently, IMO Regulated Ballast Water Management System.

[2] MEPC 61-2-17
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Introduction

1.1 Problem of Invasive Species

Science Bait
Ornamental Not assessble

Range expansion Lessepsian migration

Stocking

Aquaculture

Ballast water
22%

Hull fouling
16%

- Invasions caused by hull fouling are on the rise.

- Hull fouling is the biggest cause after ballast water.
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Introduction

1.2 What is Fouling?

Fouling is an unwanted growth of biological material —
such as barnacles and algae -on a surface immersed in water.

[ Development processes of marine fouling |

LR

n .', i Yon .
by T SN

substrate Conditioning  Non-adherent Adherent  Bacterial Bacteria, Macroalgae, larva of
film bacteria bacteria biofilm diatoms, Invertebrates and
microalgae invertebrates
spores

[4] D. M. Yebra, S. Kill, and K. Dam-Johansen, Progress of Urganic Coatings, 50, 75 (2004)
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Introduction

13 Why is Fouling a Problem?

- Fouling leads to an increase of the risks of introducing non-native, invasive species

All ports

1072

107

Bay barnacle

European fan worm . : _
Amphibalanus improvisus

colonial tunicate
Sabella spallanzanii

O
§ Didemnum vexillum

Asian green mussel
Perna viridis

Black striped mussel
Mytilopsis sallei

North Pacific seastar
10° Asterias amurensis

[ Mapping of global routes of ship-borne invasive species ] [invasive species ][6]

5/29

[5] http://sites.google.com/site/invasivespeciez/

[6] Common Hull Fouling Invasive Species www.imo.org



Introduction

13 Why is Fouling a Problem?

increase the drag resistance of the hull surface

l

Low speed, maneuverability and more fuel
consumption (increasing up to 40%)

l

higher costs and higher emissions of polluting gases

[7] Robert F. Brandy.Jr, “Composition and Performance of Fouling Release Coatings”, 2000, p1 6/29



Introduction

1.3 Why is Fouling a Problem?

[ Increase in frictional resistance (C¢) according to fouling patterns ]

100% coverage of slime,
occasional patches of
weed

| e~ 20%
(Increase in FOC ~ 14%)

As above , plus
additional 20% coverage
of tubeworm < 6 mm
in height

| —~ 30%

(Increase in FOC ~ 21%)

As above, plus,
additional 20% coverage
of barnacles <5 mm
in height

|~ 40%

(Increase in FOC ~ 28%)

- - 100%

(Increase in FOC ~ 28%)

§ - 150

(Increase in FOC ~ 28%

[8 ] M.P.Schultz,(7 OCtober 2010),Economic impact of biofouling on a naval surface ship 7/29



Introduction

14 Anti-fouling and TBT

- To prevent the formation of a fouling layer, anti-fouling paints using metallic compounds,
in particular the organotin compound tributyltin(TBT) were used to coat ship’s hull.

However, these compounds persist in the water and cause deformations in some kinds of sea life.

[ During anti-fouling paint removal can result in deleterious
substances being released into the aquatic environment. |

[9] http://www.coastalwiki.org/wiki/TBT_and_Imposex#cite_note-omae-3
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Introduction

1.5 Restrictions to TBT

5. vsphere Year Regulations 7

Australia 1939 | Prolubuted the use of TBT-based pamts on vessels less than 25 ) LOA. Maximum leaching rate of 3 mictograms
per siquare centimetre per day (nglem?/day) for vessels greater than 25m LOA. All dry-docks mmst be registered
with the Environmental Protection Agency because of discharges. All antifoulants nmst be registered.

New Zealmd | 1989 | The application of TBT copolymer antifoulng paint 15 banned with three exceptions: hulls of aluminmm vessels, .
the ahuminium out-drive or any vessel sreater than 25 m LOA. There have been regulat|ons
The application of TBTO free-associafion paints is banned. Maxinmim leaching rate of Sug/cm’/day for vessels . . .

1993 | greater than 25 m LOA. All antifoulants must be registered. Use of any organctin contaming anhifouling paint - in countries that have preVIOUS|y

prohibited

South Affica 1991 | Prolubited the use of TBT-based paints on vessels less than 25 m LOA. TBT anfifoulants available only n 20 L deteCted the danger Of TBT.
contamers All antifoulants to be registered.

Hong  Kong, | NA AN TBT antrfoulants must have a valid permut for moport/supply. All antifoulants mmst be registered.

China

Japan Year Regulations
Japan 1990 | TBT bamned for all new vessels.
1992 | TBT bamned for all vessels. _

IMO measures | Year | Regulations

World-wide 2003- | Proposed ban for 1 Jan 2003 - no reapplication of TBT. 1* Jan 2008 No ships or strucfures shall bear TBT. To

ban proposal 2008 | enter into force 12 months after 23 States representing 23%of the world's merchant shipping tormage have ratified
the Convention, [10]

IMO completely prohibited TBT’s application after 1 January 2003
and its presence on ships after 1 January 2008.

[10] MEPC 55 INF.4
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Discussion

2.1 Alternative Anti-Fouling Paint

- After the TBT was banned, the replacement for tin coatings appeared.

- Most common replacements are Copper-based coating and Silicone coating.

= But Copper-based coating and Silicone coating have drawbacks.

&

Alternative Anti-fouling paints Drawbacks

10/29



Discussion

21 Alternative Anti-Fouling Paint

" Drawbacks of Copper-based coating

- Copper-Based Coatings can be release its toxicity elements while operating ships.

- Secondary biocides which is included in Copper based coating can be harmful
if dissolved in water."""

160 200000 17 —

5‘ M—T Tanker +—> |€ Container > € LNGC »
~ l‘o / 180000 p= } l , 1
S. 120 /.‘ - ‘ ‘ 8
al 160000 fpt b
< 100 " £ ’ ‘ )
i 80 g 14000 08- . Q ] ’ | -
i &0 R*=0.648 é 120000 }- 4 R
b ‘o g 100000 = + 1 ‘ '
g 2: ’ x 4 80000 - . ‘1
8000 : :‘n;:.c:v:'ﬂduop and Mennen method
0.0 50 10.0 l‘ 0 00000 | Neural networks In the before design
{2 3 4 5 6 7 8 9 10 n 2 [12]
Leached thickness of the polymers (jim) Ship number

According to the above references, about 11kg of copper is released per day
from the container ship, which has wetted surface area of 14000m.

[11] Robert F. Brandy.Jr, “Composition and Performance of Fouling Release Coatings”, 2000, p2
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[12] Yoichi Yonehara,"A new antifouling paint based on a zinc acrylate copolymer”,Progress in Organic Coatings,2001,p155



Discussion

21 Alternative Anti-Fouling Paint

" Drawbacks of Silicone coating

- The silicone oils are lost, usually within two years in temperate waters.

- Silicone oils are released into the environment.
They have at least the potential for environmental impact
while these oils leach from the coating.

f e '
 — B vl
-

' | > 4 '. ‘/ ~1“. .'\.'
BT ?;'L;-./.,/ AR |

[13] Robert F. Brandy.Jr, “Composition and Performance of Fouling Release Coatings”, 2000, p5
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Discussion

21 Alternative Anti-Fouling Paint

- Even after applying anti-fouling paints, marine organisms adhere

[14] https://www.researchgate.net/publication/264149856_Image_Analysis_Method_for_the_Performance_Evaluation_of Marine_Antifouling_Coatings




Discussion

22 Hard Coat Paint

Hard coating is a paint that they are applied for the entire lifespan of a ship.
Moreover, hard coatings do not contain substances to prevent biofouling on ship hulls.

Hard Coat Paint

Tie-Coat Paint

Anti-Corrosion
Paint

14/29



Discussion

22 Hard Coat Paint




Discussion

23 Why 3 months?

Relation between the degree of fouling and the amount of time spent in port

15% _
HEAVEZ :(2)
FOURNGS HEAVY 113[3)
MODERATE FOULINGS
FOULINGS
13%{13)

CLEAN

CLEAN 25%()
27%(28)
61%
1~2 3~5
MONTHS MS%'E‘L;'S
SPENT T
18%0{4) MODERATE
FOULINGS
S0%{14)
LIGHT
FOULINGS
HB3(60)

After three months in the port, macrofouling began to occur.

[15] U.S. Naval Institute,Annapolis,Maryland, The Effects of Fouling,1,3

16/29



Discussion

23 Why 3 months?

In-water cleaning and maintenance [16]

1.5 In-water cleaning can be an important part of biofouling management. In-water
cleaning can also infroduce different degrees of environmental risk, depending on the nature
of biofouling (.e. microfouling versus macrofouling), the amount of anti-fouling coating
system residue released and the biocidal content of the anti-fouling coating system. Relative

Microfouling can be removed with gentler techniques.

may enhance a ship's hull efficiency, reducing fuel consumption and greenhouse gas
emissions. It is, therefore, recommended that the ship's hull is cleaned when practical by
soft methods if significant microfouling occurs. In-water cleaning can also reduce the risk of

spreading invasive aquatic species by preventing macrofouling accumulation.

According to MEPC 62, microfouling can be removed easily
and it takes less time to remove.

It is therefore advisable to removed the microfouling
before macrofouling occurs.

[16] MEPC 62-24-Add.1
17/29



Discussion

24 Current Cleaning Methods

- In-water hull cleaning

In-water cleaning is carried out
by divers using a cleaning tool.

|t takes 3-4 days depending on
the size of the ship.

- Dry dock cleaning

o S K080

Dry-dock the vessel and
physically remove fouling by
high pressure water blasting.

Dry dock cleaning is about once
every five years.

18/29



Discussion

24 Current Cleaning Methods

. nvﬂllll‘\ﬂf\llb I\‘ IH,\I'O*I\F I\If\ﬁhiﬂﬂ

[ Cleaning methods need
improvement

B _ Due to cost, time and location constraints,
Dry dock cleaning is often not conducted.

19/29



Discussion

25 Suggestion of Cleaning Methods
B Necessary Conditions for Cleaning Methods

- Holding all the debris

- Reasonable Cost (cheaper than existing cost)
- Fast speed (1000~1500m/h, completed while ships are anchored in a harbor)

w;wﬁ':‘) (':":otmc:‘n ) (;d’fg—;::) Shio size Number of Number of Average
in USD in USD in USD P ports days to sail berth time
27 million 32.4 million 5.4 millon 15550 21 80 21
Container-
- B Large 9220 8 40 19
18 millicn 21.6 million 3.6 million
8160 18 80 17
Tanker 8.1 millicn 9.7 million 1.6 milon 4360 10 35 14
LNG ship 18.7 million 22.4 million 3.7 million Medium 4275 9 53 15
4258 10 40
Bulker » 6.1 million 7.3 million 1.2 million
. 1860 6 22
Naval ship & 12millicn 14 .4 milion | 2.4 million [17] Small 1367 11 63 21
Jor 2 Q000TEVY Contamer wassel, 160K LNE, VLOC 318X DWR) 1118 5 40
[ Cost loss due to increased fuel consumption | [ Average docking time per port

according to ship's linearity . ]

[17] James A. Callow, "Trends in the development of environmentally friendly fouling-resistant marine coatings",(nature communications),p22
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Discussion

25 3Suggestion of Cleaning Methods

Hone News 5
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The U.S. Navy developed a prototype mult-brush hull cleaning system that captures the
debris generated from hull cleaning and transports it to the pier for processing in a mobile
treatment trailer. The AHCS was developed primarily to reduce the amount of copper discharged

Demensiration in Potang yugang increase the vater treamert plant was finished product

commerciaization and export expectations.

Cleaning Head during hull cleaning of U.S. Navy ships. It was not specifically developed to process marine
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Floerl etal. (2010) also reported on the development of an Automated Hull Maintenance
Vehicle (AHMV), a specialized remotely operated vehicle (ROV) technology developed for
Unkan Fectn Slonsing so VR automated underwater hull maintenance and inspection of U.S. Naval ships. The unit addresses
que jectory plnning software ows for partil
ooning o the ol the expense and l implications of traditional d d cleaning equipment that
discharge potentially toxic effluent into the marine environment, along with biofouling debris
and potential ANS (Floerl et al, 2010). Biofouling is cleaned from the hull using rotating

bl by 0 vopsa W ::mhm_d " (I‘ ’ o brushes incorporated into the unit, and the debris is collected by a vacuum-sealed mantle that
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Many countries are developing hull cleaning equipment such as
a underwater cleaning robot.
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Conclusion

31 Qur Proposals to IMO

@ Ban on the use of anti-fouling paint.

l°°' Load a hull cleaning equipment
W |nall ships.

Clean ships periodically once every
three months with the equipment.
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Conclusion

3.2 Advantages

0

1. Reducing fuel consumption 2. Reducing the risk of spreading 3. Cost effectiveness
and greenhouse gas emissions. invasive marine species

23/29



Conclusion

3.2 Advantages

In-water cleaning and maintenance [18]
75 In-water cleaning can be an important part of biofouling management. [n-water
cleaning can also introduce different degrees of environmental risk, depending on the nature
of biofouling (i.e. microfouling versus macrofouling), the amount of anti-fouling coating
system residue released and the biocidal content of the anti-fouling coating system. Relative
to macrofouling, microfouling can be removed with gentler techniques that minimize
degradation of the anti-fouling coating system and/or biocide release. Microfouling removal

Hull cleaning can reduce fuel consumption and greenhouse gas emissions.

soft methods If significant microfouling occurs. In-water cleaning can also reduce the nsk of
spreading invasive aquatic species by preventing macrofouling accumulation.

- :u:' T 1. B [19]
. VPY Son Myl cloanin o Caanng " (e
¢ 50 g '
g5
g « L
2y Extra gain
0

P
g : Expected
g | resistance

0 T v v v o

1670 1870 2070 an M0 270

Days for development of added resistance

[18] MEPC 62-24-Add.1
[19] C-LEANSHIP AS,The Fouling Problem, Basic Challenge 24/29



Conclusion

3.2 Advantages

In-water cleaning and maintenance

[20]

75 In-water cleaning can be an important part of biofouling management. In-water
cleaning can also introduce different degrees of environmental risk, depending on the nature
of biofouling (i.e. microfouling versus macrofouling), the amount of anti-fouling coating
system residue released and the biocidal content of the anti-fouling coating system. Relative
to macrofouling, microfouling can be removed with gentler techniques that minimize
degradation of the anti-fouling coating system and/or biocide release. Microfouling removal
may enhance a ship's hull efficiency, reducing fuel consumption and greenhouse gas
emissions. |t is. therefore, recommended that the ship's hull is cleaned when practical by

Hull cleaning can reduce the risk of spreading invasive aquatic species.

Effects of Hull Cleaning 21

1000 4

LAY

(00

40 1

200 4

a

W Belore Hull Cleaning

B Al Wl Cleant g

Swisun Bay Jarmes River Bewumont

eNumber of Species per sample {mean £ SE)
N
eAbundance per sample {mean + SE)

Sulsun Bay

James Rver Beaumont

[20] MEPC 62-24-Add.1
[21] PB Tankers SPA, PIETRO BARBARO GROUP- Training - Biofouling Onboard -27
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Conclusion

3.2 Advantages

more fuel consumption

loss of income during ~y The cpst of hull
relocation and docking time. ANS/  cleaning regularly

+
dive labour

The cost of

<Vessel applied by current anti-fouling systems> -

[22] Department of Fisheries, Western Australia, "In-Water Hull Cleaning System Cost & Cost Benefit Analysis”,
Fisheries Occasional Publication No. 115, 2013,p13 26/29



Conclusion

33 Amendments to MEPC-62 Annex

MEPC 62 ANNEX 26

GUIDELINES FOR THE CONTROL AND MANAGEMENT OF SHIPS’
BIOFOULING TO MINIMIZE THE TRANSFER OF INVASIVE AQUATIC SPECIES
AND POLLUTION

6 ANTI-FOULING SYSTEM INSTAITATION AND MAINTENANCE

6.1 Anti-fouling systems and operational practices are the primary means of biofouling

prevention and control for existing ships' submerged surfaces, including the hull and niche

areas. An anti-fouling system can be a coating system apphed to exposed surfaces,
non-toxicity and non-biocide materials used for piping and other unpamted components
for sea chests and internal seawater cooling systems, and driving portions,

or other innovative measures to control biofouling.

Coatings have to be painted only for protect.

27129



Conclusion

33 Amendments to MEPC-62 Annex

Choosing the anfi-fouling system

6.3 Different anti-fouling systems are designed for different ship operating profiles so it

is essential that ship operators, designers and builders obtain appropriate technical advice to
ensure an appropriate system 1is qpphed or installed. If an appropriate anti-fouling system 1s
not applied, biofouling accumulation increases.

6.4 Some factors to consider when choosing an anti-fouling system include the
following:

1 planned periods between dry-docking — mcluding any mandatory
requirements for ships survey:

2 ship speed — different anti-fouling systems are designed to optimize
anti-fouling performance for specific ship speeds;

3 operating profile — patterns of use, trade routes and activity levels, including
periods of inactivity, influence the rate of biofouling accumulation;

4 ship type and construction;

5 any legal requirements for the sale and use of the anti-fouling systems;

New factors are added as follows
.6 control foulings — load hull cleaning equipment to wash periodically; and
7 cleaning hull has to do in impermeable systems.

28/29



Conclusion

33 Amendments to MEPC-62 Annex

AMENDMENT TO ANNEX

CONTROLS ON ANTI-FOULING SYSTEMS

Anti-fouling system

Control
measures

Application

Effective date

All of anti-foulin
compounds, needless
to say mcluding
biocides; and wash
periodically

Ships shall not bear
all of compounds as
an active
anti-fouling
substance on their
hulls or external
parts or surfaces

And Ships have to

All ships that have
been constructed
prior fo 1 January
2019:; Have to clean
Hull when every
times to dock

Ships to be built

be cleaned after 1 January
periodically 2019; Have to load
[per 3months] cleaning equipment

1 January 2024
[or enfry onto
force of the
Convention,
which ever is
later]

[23] AFS-CONF 1-2
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