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1.1 Problem of Invasive Species 

- 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 

[1] 
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[2] MEPC 61-2-17 

[2] 

Details of BWMS Regulations 

 

Recently, IMO Regulated Ballast Water Management System. 

1.1 Problem of Invasive Species 
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Introduction 

[3]  Gollasch, 2006 

1.1 Problem of Invasive Species 

[ 3 ] 

- Invasions caused by hull fouling are on the rise. 
 

- Hull fouling is the biggest cause after ballast water. 
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1.2 What is Fouling? 

Fouling is an unwanted growth of biological material – 

 such as barnacles and algae -on a surface immersed in water. 
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[ Development processes of marine fouling ] 

[ 4 ] 

[4] D. M. Yebra, S. Kill, and K. Dam-Johansen, Progress of Urganic Coatings, 50, 75 (2004) 
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1.3 Why is Fouling a Problem? 

Introduction 

[ invasive species ] 
[6] 

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

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

colonial tunicate 

Didemnum vexillum 

European fan worm 

Sabella spallanzanii 

Bay barnacle 

Amphibalanus improvisus 

North Pacific seastar 

Asterias amurensis 

Black striped mussel 

Mytilopsis sallei 

Asian green mussel 

Perna viridis 

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

[5] 
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[ Mapping of global routes of ship-borne invasive species ] 
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1.3 Why is Fouling a Problem? 

Introduction 

increase the drag resistance of the hull surface 

Low speed, maneuverability and more fuel 

consumption (increasing up to 40%) 

higher costs and higher emissions of polluting gases 
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[7] Robert F. Brandy.Jr, “Composition and Performance of Fouling Release Coatings”, 2000, p1 

[7] 



1.3 Why is Fouling a Problem? 

Introduction 

[ Increase in frictional resistance (CF) according to fouling patterns ] 
[8] 

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



1.4 Anti-fouling and TBT 

Introduction 

 

[ During anti-fouling paint removal can result in deleterious  

  substances being released into the aquatic environment. ] 

[9] 

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

- 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. 

8/29 



1.5 Restrictions to TBT 

Introduction 

There have been regulations  

in countries that have previously 

detected the danger of TBT. 

 

 IMO completely prohibited TBT’s application after 1 January 2003  

and its presence on ships after 1 January 2008. [ ] 

[10] 

[10] MEPC 55 INF.4 
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2.1 Alternative Anti-Fouling Paint 

Discussion 

- 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 
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2.1 Alternative Anti-Fouling Paint 

Discussion 

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. 

[12] 

[11] Robert F. Brandy.Jr, “Composition and Performance of Fouling Release Coatings”, 2000, p2 

According to the above references, about 11kg of copper is released per day 
from the container ship, which has wetted surface area of 14000㎡. 

11/29 

[11] 

[12] Yoichi Yonehara,"A new antifouling paint based on a zinc acrylate copolymer",Progress in Organic Coatings,2001,p155 



2.1 Alternative Anti-Fouling Paint 

Discussion 

- 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. 
 

Drawbacks of Silicone coating 

12/29 

[13] 

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



[14] 

2.1 Alternative Anti-Fouling Paint 

Discussion 

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

   to the surface of hull. 

Ban on the use of Anti-Fouling Paint ] [ Instead,  Apply hard coat paint [ ] 

[14] https://www.researchgate.net/publication/264149856_Image_Analysis_Method_for_the_Performance_Evaluation_of_Marine_Antifouling_Coatings 
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2.2 Hard Coat Paint 

Discussion 

Anti-Fouling 

Paint 

Tie-Coat Paint 

Anti-Corrosion 

Paint 

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. 
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2.2 Hard Coat Paint 

Discussion 

Hard coat paint does not contain biocide materials 

Fouling occur easily and quickly 

Remove it more often. 

15/29 

Clean periodically once every three months 

  
[ ] 



2.3 Why 3 months? 

Discussion 

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

 

[15] 

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

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

16/29 



2.3 Why 3 months? 

Discussion 

[16] 

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 

Microfouling can be removed with gentler techniques. 
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2.4 Current Cleaning Methods 

Discussion 

- In-water hull cleaning 

In-water cleaning is carried out 

by divers using a cleaning tool. 

 

It takes 3-4 days depending on 

the size of the ship. 
 

- Dry dock cleaning 

Dry-dock the vessel and 

physically remove fouling by 

high pressure water blasting. 
 

Dry dock cleaning is about once 

every five years. 
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2.4 Current Cleaning Methods 

Discussion 

- Because In-water cleaning do not collect fouling debris, it facilitates the   

  translocation of harmful marine species. 
 

- Underwater cleaning operations remove not just biofouling,  

   but layers of anti-fouling paint’ chemicals. 

- The dive labour costs are expensive.($18,810~$81,950) 

 

Drawbacks of In-water cleaning 

- Water blasting for removing fouling causes  

   paints' pealing off. 
 

The vessel needs to be repainted. 

Drawbacks of Dry dock cleaning 

- Due to cost, time and location constraints,       

  Dry dock cleaning is often not conducted. 

Cleaning methods need 

improvement 
[ ] 
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Discussion 

2.5 Suggestion of Cleaning Methods 
Necessary Conditions for Cleaning Methods 

- Holding all the debris  
 

- Reasonable Cost (cheaper than existing cost) 
 

- Fast speed (1000~1500㎡/h, completed while ships are anchored in a harbor)  
 

[17] 

[17] James A. Callow, "Trends in the development of environmentally friendly fouling-resistant marine coatings",(nature communications),p2 

Ship size 
Number of 

ports 

Number of 

days to sail 

Average 

berth time 

Large 

15550 21 80 21 

9220 8 40 19 

8160 18 80 17 

Medium 

4360 10 35 14 

4275 9 53 15 

4258 10 40 

Small 

1860 6 22 

1367 11 63 21 

1118 5 40 

[ Average docking time per port   

  according to ship's linearity . ] 
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[ Cost loss due to increased fuel consumption ] 

 



Discussion 

2.5 Suggestion of Cleaning Methods 

Many countries are developing hull cleaning equipment such as  

a underwater cleaning robot. 

21/29 



3.1 Our Proposals to IMO 

Conclusion 

Ban on the use of anti-fouling paint. 

Load a hull cleaning equipment 

in all ships. 

Clean ships periodically once every 

three months with the equipment. 

22/29 



3.2 Advantages 

Conclusion 

1. Reducing fuel consumption  

and greenhouse gas emissions. 

3. Cost effectiveness 2. Reducing the risk of  spreading 

 invasive marine species 

23/29 



3.2 Advantages 

Conclusion 

[19] C-LEANSHIP AS,The Fouling Problem, Basic Challenge 

[18] 

[19] 

[18] MEPC 62-24-Add.1 

Hull cleaning can reduce fuel consumption and greenhouse gas emissions. 

24/29 



3.2 Advantages 

Conclusion 

[21] PB Tankers SPA, PIETRO BARBARO GROUP- Training - Biofouling Onboard -27 

[20]  MEPC 62-24-Add.1 

[20] 

[21] 

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

25/29 



<Vessel applied by current anti-fouling systems> 

 

3.2 Advantages 

Conclusion 

The cost of hull 

cleaning regularly 
+ 

+ 
more fuel consumption 

 

loss of income during 

relocation and docking time. 
 

dive labour  

The cost of { 

26/29 
[22] Department of Fisheries, Western Australia, "In-Water Hull Cleaning System Cost & Cost Benefit Analysis",  

     Fisheries Occasional Publication No. 115, 2013,p13 

 

 

[22] 



3.3 Amendments to MEPC-62 Annex 

Conclusion 

27/29 

Coatings have to be painted only for protect. [ ] 



Conclusion 

3.3 Amendments to MEPC-62 Annex 
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Conclusion 

3.3 Amendments to MEPC-62 Annex   

[23] 

[23] AFS-CONF 1-2  
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