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ANNEX A 

SCIENTIFIC SYMBOLS AND UNITS

Symbol ame Dimension Common unit
RT Total resistance Force [N]
RF Frictional resistance Force [N]
RR Residuary resistance Force [N]
RVP Viscous pressure resistance Force [N]
RW Wave-making resistance Force [N]
CT Total resistance coefficient None [-]
CF Frictional resistance coefficient None [-]
CR Residuary resistance coefficient None [-]
CVP Viscous pressure resistance coefficient None [-]
CW Wave-making resistance coefficient None [-]
Ra Arithmetical mean roughness height (i.e. centre-line average height) Length [mm] or [μm]
Rt50 Maximum peak-to-valley roughness height over a 50 mm sample length Length [mm] or [μm]
MHR Mean hull roughness Length [mm] or [μm]
AHR Average hull roughness Length [mm] or [μm]
ks Equivalent sand-grain roughness height Length [mm] or [μm]
kG Equivalent Grigson roughness height Length [mm] or [μm]
FR Fouling rating None [-]
hbarnacle Barnacle height Length [mm] or [μm]
hslime Slime thickness Length [mm] or [μm]
%SCbarnacle Barnacle percentage coverage None [%]
ks Biofilm thickness Length [mm] or [μm]
%SCbiofilm Biofilm percentage coverage None [%]
U+ Non-dimensional velocity None [-]
y+ Non-dimensional distance from wall None [-]
κ Kármán constant None [-]
B Log-law intercept None [-]
ΔU+ Roughness function None [-]
k+ Roughness Reynolds number None [-]
Uτ Friction velocity None [-]
τw Wall shear stress None [-]
ρ Density of fluid None [-]
ν Kinematic viscosity of the fluid None [-]
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Ablative anti-fouling coating – Also known as a self-
polishing anti-fouling coating, this is a soft coating that 
wears off at a controlled rate. 

AFS Convention – International Convention on the Control 
of Harmful Anti-fouling Systems on Ships

Anti-fouling system (AFS) – A coating, paint, surface 
treatment, surface or device that is used on a ship to 
control or prevent attachment of unwanted organisms.

Biocide – A chemical substance sometimes incorporated 
into anti-fouling systems to prevent settlement or survival 
of aquatic organisms.

Biofouling – The accumulation of aquatic organisms, 
such as microorganisms, plants and animals, on surfaces 
and structures immersed in, or exposed to, the aquatic 
environment. May include microfouling and macrofouling. 

Contaminant – Any detrimental substance occurring in the 
environment as a result of human activities, even without 
adverse effects being observed.

IMO – A specialized agency of the United Nations, it is the 
global standard-setting authority for the safety, security 
and environmental performance of international shipping.

IMO Biofouling Guidelines – Guidelines for the control and 
management of ships’ biofouling to minimize the transfer 
of Invasive Aquatic Species (resolution MEPC.207(62)), 15 
July 2011.

IMO Biofouling Guidance for Recreational Craft – Guidance 
for Minimizing the Transfer of Invasive Aquatic Species as 
Biofouling (Hull Fouling) for Recreational Craft (MEPC.1/
Circ.792), 12 November 2012.

In-water cleaning (IWC) – The physical removal of 

biofouling from a ship or other submerged structure while 
in the water.

Invasive Aquatic Species (IAS) – A non-indigenous 
species which may pose threats to human, animal and 
plant life, economic and cultural activities and the aquatic 
environment.

Macrofouling – Large, distinct multicellular organisms 
visible to the human eye, such as barnacles, tubeworms 
or fronds of algae. 

Marine growth prevention system – An anti-fouling system 
used for the prevention of biofouling accumulation in niche 
areas.

Microfouling – Microscopic organisms including bacteria 
and diatoms and the slimy substances they produce. 
Biofouling comprised only of microfouling is commonly 
referred to as the slime layer. 

Niche areas – Areas on a ship that may be more susceptible 
to biofouling due to different hydrodynamic forces, 
susceptibility to coating system wear or damage, or being 
inadequately painted or unpainted, e.g. sea chests, bow 
thrusters, propeller shafts, inlet gratings, dry-dock support 
strips. 

Ship – For the purposes of this report, the definition of 
ship is consistent with the definition in the IMO Biofouling 
Guidelines: A vessel of any type whatsoever operating 
in the aquatic environment and includes hydrofoil boats, 
air-cushion vehicles, submersibles, floating craft, fixed or 
floating platforms, floating storage and production units 
(FSUs) and floating production storage and off-loading 
units (FPSOs).
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The total resistance, RT, of a ship can be divided into two main components: the frictional resistance, RF, and the residuary 
resistance, RR, given by

RT = RF + RR  (A1)

The frictional resistance arises from the friction between the fluid and the hull surface while the residuary resistance is 
pressure-related resistance consisting of viscous pressure resistance, RVP, and wave-making resistance, RW, given by

RT = RF + RVP + RW  (A2)

The viscous pressure, also known as form drag, is broadly assumed to be proportional to the frictional resistance (Lewis, 
1988), with the use of form factor, k, as given by

RVP = kRF  (A3)

RT = (1+k) RF + RW  (A4)

The resistance components can be non-dimensionalized by dividing each term by the dynamic pressure, ½ρV2, and the 
wetted surface area of the ship hull, S. The resistance coefficients can be defined as

CT = CF + CR  (A5)

CT = CF + CVP + CW  (A6)

CT = (1+k) CF + CW  (A7)

where, CT, CF, and CR are the coefficients of total, frictional and residuary resistance, respectively.
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ANNEX G 

NSTM FOULING RATINGS

The most common quantification method for biofouling 
surfaces is the fouling rating used by the US Navy based 
on Naval Ships’ Technical Manual (NSTM, 2002). FR is a 
fouling index ranging from 0 to 100, which represent a clean 

surface to a fully fouled surface, respectively. Descriptions 
of the fouling rating ranges defined by NSTM (2002) are 
given in Table G1. 

Table G1 Difference in the total CO2 emission with different anti-fouling scenarios (Mediterranean region)

Type Description FR

Soft A clean, foul-free surface; red and/or black AF paint or a bare metal surface. 0

Soft Light shades of red and green (incipient slime). Bare metal and painted surfaces are 
visible beneath the fouling. 10

Soft Slime as dark green patches with yellow or brown coloured areas (advanced slime). Bare 
metal and painted surfaces may by obscured by the fouling. 20

Soft

Grass as filaments up to 3 inches (76 mm) in length, projections up to ¼ inch (6.4 mm) 
in height; or a flat network of filaments, green, yellow or brown in colour; or soft non-
calcareous fouling such as sea cucumbers, sea grapes or sea squirts projecting up to ¼ 
inch (6.4 mm) in height. The fouling cannot be easily wiped off by hand.

30

Hard Calcareous fouling in the form of tubeworms less than ¼ inch (6.4 mm) in diameter or 
height. 40

Hard Calcareous fouling in the form of barnacles less than ¼ inch (6.4 mm) in diameter or 
height. 50

Hard Combination of tubeworms and barnacles, less than 1.4 inch (6.4 mm) in diameter or 
height. 60

Hard Combination of tubeworms and barnacles, greater than ¼ inch (6.4 mm) in diameter or 
height. 70

Hard
Tubeworms closely packed together and growing upright away from surface. Barnacles 
growing one on top of another, ¼ inch (6.4 mm) or less in height. Calcareous shells 
appear clean or white in colour.

80

Hard Dense growth of tubeworms with barnacles, ¼ inch (6.4 mm) or greater in height; 
Calcareous shells brown in colour (oysters and mussels); or with slime or grass overlay. 90

Composite All forms of fouling present, Soft and hard, particularly soft sedentary animals without 
calcareous covering (tunicates) growing over various forms of hard growth. 100
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ANNEX I 

ECONOMIC AND ENVIRONMENTAL 
IMPACTS OF BIOFOULING 
INTERPRETED FROM THE LITERATURE

Ship/propeller Speed/
operational 
condition

Surface condition/ exposure time Interpretations
ΔFC: increase in fuel consumption
ΔGE: increase in GHG emission

23 m fleet 
tender

Unknown Thin slime (too thin to measure)/ 240 
days

ΔFC = ΔGE=19-21%

23 m fleet 
tender

Unknown Thick slime (~1 mm)/ 500 days ΔFC = ΔGE=62-69%

58 m 
Passenger 
carrier

5-15 knots Slime/ 40 days ΔFC = ΔGE=4-5%

62 m offshore 
patrol ship

13.5-16 
knots

Light slime/ 2 years ΔFC = ΔGE=5%

120 m cargo 
vessel

9 knots Barnacles and slime ΔFC = ΔGE=270-320%

150 m flat plate 
(representative 
of midsized 
merchant & 
naval ships)

12 knots 1.  max. 6 mm barnacles with 60% 
coverage 

2.  max. 7 mm barnacles with 75% 
coverage

3.  max. 5 mm barnacles with 1% 
coverage

4.  max. 5 mm barnacles with 4% 
coverage

5.  max. light layer of slime (1 mm 
thickness)

*for 150 m bulk carrier
1. ΔFC = ΔGE=140-160%
2. ΔFC = ΔGE=150-170%
3. ΔFC = ΔGE=50-60%
4. ΔFC = ΔGE=70-80%
5. ΔFC = ΔGE=35-40%

96 m destroyer 24 knots Barnacles and slime ΔFC = ΔGE=130-145%

111 m 
destroyer

10-20 
knots

12 months ΔFC = ΔGE=100%

115 m 
destroyer

28 knots 8 months ΔFC = ΔGE=32%

124 m frigate 15 knots 1. Typical as applied AF coating
2. Deteriorated coating or light slime
3. Heavy slime
4. Small calcareous fouling or weed
5. Medium calcareous fouling
6. Heavy calcareous fouling

1. ΔFC = ΔGE=2%
2. ΔFC = ΔGE=11%
3. ΔFC = ΔGE=21%
4. ΔFC = ΔGE35%
5. ΔFC = ΔGE=54%
6. ΔFC = ΔGE=86%
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Ship/propeller Speed/
operational 
condition

Surface condition/ exposure time Interpretations
ΔFC: increase in fuel consumption
ΔGE: increase in GHG emission

124 m frigate 30 knots 1. Typical as applied AF coating
2. Deteriorated coating or light slime
3. Heavy slime
4. Small calcareous fouling or weed
5. Medium calcareous fouling
6. Heavy calcareous fouling

1. ΔFC = ΔGE=4%
2. ΔFC = ΔGE=10%
3. ΔFC = ΔGE=16%
4. ΔFC = ΔGE=26%
5. ΔFC = ΔGE=38%
6. ΔFC = ΔGE=59%

124 m frigate 15 knots Tubeworm fouling ΔFC = ΔGE=23%

124 m frigate 30 knots Tubeworm fouling ΔFC = ΔGE=13%

142 m 
destroyer

15 knots 1. Typical as applied AF coating
2. Deteriorated coating or light slime
3. Heavy slime
4. Small calcareous fouling or weed
5. Medium calcareous fouling
6. Heavy calcareous fouling

1. ΔFC = ΔGE=1%
2. ΔFC = ΔGE=9%
3. ΔFC = ΔGE=18%
4. ΔFC = ΔGE=31%
5. ΔFC = ΔGE=47%
6. ΔFC = ΔGE=76%

142 m 
destroyer

30 knots 1. Typical as applied AF coating
2. Deteriorated coating or light slime
3. Heavy slime
4. Small calcareous fouling or weed
5. Medium calcareous fouling
6. Heavy calcareous fouling

b1. ΔFC = ΔGE=3%
b2. ΔFC = ΔGE=7%
b3. ΔFC = ΔGE=12%
b4. ΔFC = ΔGE=20%
b5. ΔFC = ΔGE=30%
b6. ΔFC = ΔGE=47%

183 m 
battleship

21 knots 10 months ΔFC = ΔGE=37%

13,000 TEU 
container

Unknown 1.5 years ΔFC = ΔGE=9.2%

230 m 
container ship

24 knots 1. Typical as applied AF coating
2. Deteriorated coating or light slime
3. Heavy slime
4. Small calcareous fouling or weed
5. Medium calcareous fouling
6. Heavy calcareous fouling

1. ΔFC = ΔGE=7.1%
2. ΔFC = ΔGE=18.1%
3. ΔFC = ΔGE=30.8%
4. ΔFC = ΔGE=49.1%
5. ΔFC = ΔGE=72.6%
6. ΔFC = ΔGE=107.5%

230 m 
container ship

24 knots 1. 1.25 mm barnacles with 10% coverage
2. 1.25 mm barnacles with 20% coverage
3. 1.25 mm barnacles with 40% coverage
4. 1.25 mm barnacles with 50% coverage
5. 2.5 mm barnacles with 10% coverage
6. 2.5 mm barnacles with 20% coverage
7. 2.5 mm barnacles with 40% coverage
8. 2.5 mm barnacles with 50% coverage
9. 5 mm barnacles with 10% coverage
10. 5 mm barnacles with 20% coverage

1. ΔFC = ΔGE=17%
2. ΔFC = ΔGE=27%
3. ΔFC = ΔGE=43%
4. ΔFC = ΔGE=45%
5. ΔFC = ΔGE=32%
6. ΔFC = ΔGE=43%
7. ΔFC = ΔGE=63%
8. ΔFC = ΔGE=66%
9. ΔFC = ΔGE=46%
10. ΔFC = ΔGE=66%
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Ship/propeller Speed/
operational 
condition

Surface condition/ exposure time Interpretations
ΔFC: increase in fuel consumption
ΔGE: increase in GHG emission

230 m 
container ship

24 knots 1. 100 μm biofilm with 50% coverage
2. 500 μm biofilm with 50% coverage
3. 100 μm biofilm with 25% coverage
4. 500 μm biofilm with 25% coverage
5. 100 μm biofilm with 15% coverage
6. 500 μm biofilm with 15% coverage
7. 100 μm biofilm with 5% coverage
8. 500 μm biofilm with 5% coverage

1. ΔFC = ΔGE=9-10%
2. ΔFC = ΔGE=26-29%
3. ΔFC = ΔGE=6-7%
4. ΔFC = ΔGE=22-24%
5. ΔFC = ΔGE=4-5%
6. ΔFC = ΔGE=12-13%
7. ΔC= ΔGE=0.1%
8. ΔFC = ΔGE=5-6%

230 m 
container ship

24 knots 1. 100 μm biofilm with 50% coverage
2. 500 μm biofilm with 50% coverage
3. 100 μm biofilm with 25% coverage
4. 500 μm biofilm with 25% coverage
5. 100 μm biofilm with 15% coverage
6. 500 μm biofilm with 15% coverage
7. 100 μm biofilm with 5% coverage
8. 500 μm biofilm with 5% coverage

1. ΔFC = ΔGE=9.5%
2. ΔFC = ΔGE=28.9%
3. ΔFC = ΔGE=5.5%
4. ΔFC = ΔGE=23.0%
5. ΔFC = ΔGE=3.9%
6. ΔFC = ΔGE=11.5%
7. ΔFC = ΔGE=0.0%
8. ΔFC = ΔGE=4.6%

230 m 
container ship

24 knots 1. 1.25 mm barnacles with 10% coverage
2. 1.25 mm barnacles with 20% coverage
3. 1.25 mm barnacles with 40% coverage
4. 1.25 mm barnacles with 50% coverage
5. 2.5 mm barnacles with 10% coverage
6. 2.5 mm barnacles with 20% coverage
7. 2.5 mm barnacles with 40% coverage
8. 2.5 mm barnacles with 50% coverage
9. 5 mm barnacles with 10% coverage
10. 5 mm barnacles with 20% coverage

1. ΔFC = ΔGE=18%
2. ΔFC = ΔGE=28%
3. ΔFC = ΔGE=40%
4. ΔFC = ΔGE=44%
5. ΔFC = ΔGE=32%
6. ΔFC = ΔGE=42%
7. ΔFC = ΔGE=56%
8. ΔFC = ΔGE=59%
9. ΔFC = ΔGE=42%
10. ΔFC = ΔGE=60%

230 m 
container ship

24 knots 1. 7 mm barnacles with 25% coverage
2. 5 mm barnacles with 25% coverage
3. 7 mm barnacles with 5% coverage
4. 5 mm barnacles with 5% coverage
5. 7 mm barnacles with 1% coverage
6. 5 mm barnacles with 1% coverage

1. ΔFC = ΔGE=86%
2. ΔFC = ΔGE=80%
3. ΔFC = ΔGE=74%
4. ΔFC = ΔGE=61%
5. ΔFC = ΔGE=49%
6. ΔFC = ΔGE=45%

230 m 
container ship

24 knots Hull fouling
1. 1.25 mm barnacles with 10% coverage
2. 1.25 mm barnacles with 20% coverage
3. 1.25 mm barnacles with 40% coverage
4. 1.25 mm barnacles with 50% coverage
5. 2.5 mm barnacles with 10% coverage
6. 2.5 mm barnacles with 20% coverage
7. 2.5 mm barnacles with 40% coverage
8. 2.5 mm barnacles with 50% coverage
9. 5 mm barnacles with 10% coverage
10. 5 mm barnacles with 20% coverage

1. ΔFC = ΔGE=16%
2. ΔFC = ΔGE=26%
3. ΔFC = ΔGE=37%
4. ΔFC = ΔGE=41%
5. ΔFC = ΔGE=29%
6. ΔFC = ΔGE=39%
7. ΔFC = ΔGE=53%
8. ΔFC = ΔGE=57%
9. ΔFC = ΔGE=40%
10. ΔFC = ΔGE=58%

230 m 
container ship

19 knots 1. Typical as applied AF coating
2. Deteriorated coating or light slime
3. Heavy slime
4. Small calcareous fouling or weed
5. Medium calcareous fouling
6. Heavy calcareous fouling

1. ΔFC = ΔGE=5.9%
2. ΔFC = ΔGE=21.2%
3. ΔFC = ΔGE=37.0%
4. ΔFC = ΔGE=59.5%
5. ΔFC = ΔGE=88.2%
6. ΔFC = ΔGE=130.9%
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Ship/propeller Speed/
operational 
condition

Surface condition/ exposure time Interpretations
ΔFC: increase in fuel consumption
ΔGE: increase in GHG emission

230 m 
container ship

19 knots 1. 1.25 mm barnacles with 10% coverage
2. 1.25 mm barnacles with 20% coverage
3. 1.25 mm barnacles with 40% coverage
4. 1.25 mm barnacles with 50% coverage
5. 2.5 mm barnacles with 10% coverage
6. 2.5 mm barnacles with 20% coverage
7. 2.5 mm barnacles with 40% coverage
8. 2.5 mm barnacles with 50% coverage
9. 5 mm barnacles with 10% coverage
10. 5 mm barnacles with 20% coverage

1. ΔFC = ΔGE=22%
2. ΔFC = ΔGE=34%
3. ΔFC = ΔGE=48%
4. ΔFC = ΔGE=53%
5. ΔFC = ΔGE=39%
6. ΔFC = ΔGE=50%
7. ΔFC = ΔGE=67%
8. ΔFC = ΔGE=71%
9. ΔFC = ΔGE=51%
10. ΔFC = ΔGE=73%

230 m 
container ship

12-26 
knots

1. 1.25 mm barnacles with 20% coverage
2. 2.5 mm barnacles with 20% coverage
3. 5 mm barnacles with 20% coverage

1. ΔFC = ΔGE=29 - 19% (for 12-26 knots)
2. ΔFC = ΔGE=44 - 28% (for 12-26 knots)
3. ΔFC = ΔGE=66 - 40% (for 12-26 knots

230 m 
container ship 
with 7.9 m 
propeller

24 knots Hull & propeller fouling
1. 1.25 mm barnacles with 10% coverage
2. 1.25 mm barnacles with 20% coverage
3. 1.25 mm barnacles with 40% coverage
4. 1.25 mm barnacles with 50% coverage
5. 2.5 mm barnacles with 10% coverage
6. 2.5 mm barnacles with 20% coverage
7. 2.5 mm barnacles with 40% coverage
8. 2.5 mm barnacles with 50% coverage
9. 5 mm barnacles with 10% coverage
10. 5 mm barnacles with 20% coverage

1. ΔFC = ΔGE=23%
2. ΔFC = ΔGE=36%
3. ΔFC = ΔGE=52%
4. ΔFC = ΔGE=57%
5. ΔFC = ΔGE=41%
6. ΔFC = ΔGE=54%
7. ΔFC = ΔGE=75%
8. ΔFC = ΔGE=80%
9. ΔFC = ΔGE=55%
10. ΔFC = ΔGE=82%

230 m 
container ship

24 knots Hull & propeller fouling
1. 100 μm biofilm with 50% coverage
2. 500 μm biofilm with 50% coverage
3. 100 μm biofilm with 25% coverage
4. 500 μm biofilm with 25% coverage
5. 100 μm biofilm with 15% coverage
6. 500 μm biofilm with 15% coverage
7. 100 μm biofilm with 5% coverage
8. 500 μm biofilm with 5% coverage

1. ΔFC = ΔGE=9.0%
2. ΔFC = ΔGE=25.8%
3. ΔFC = ΔGE=6.4%
4. ΔFC = ΔGE=22.1%
5. ΔFC = ΔGE=4.0%
6. ΔC= ΔGE=11.9%
7. ΔFC = ΔGE=0.48%
8. ΔFC = ΔGE=5.3%

320 m tanker 15.5 knots 1. 7 mm barnacles with 25% coverage
2. 5 mm barnacles with 25% coverage
3. 7 mm barnacles with 5% coverage
4. 5 mm barnacles with 5% coverage
5. 7 mm barnacles with 1% coverage
6. 5 mm barnacles with 1% coverage

1. ΔFC = ΔGE=117%
2. ΔFC = ΔGE=105%
3. ΔFC = ΔGE=92%
4. ΔFC = ΔGE=84%
5. ΔFC = ΔGE=71%
6. ΔFC = ΔGE=61%

320 m tanker 9-17 knots 1. 1.25 mm barnacles with 20% coverage
2. 2.5 mm barnacles with 20% coverage
3. 5 mm barnacles with 20% coverage

1. ΔFC = ΔGE=27 - 36% (for 9-17 knots)
2. ΔFC = ΔGE=42 - 53% (for 9-17 knots)
3. ΔFC = ΔGE=65 - 78% (for 9-17 knots)

175 m bulk 
carrier

16.3 knots 1. 100 μm biofilm with 50% coverage
2. 500 μm biofilm with 50% coverage
3. 100 μm biofilm with 25% coverage
4. 500 μm biofilm with 25% coverage
5. 100 μm biofilm with 15% coverage
6. 500 μm biofilm with 15% coverage
7. 100 μm biofilm with 5% coverage
8. 500 μm biofilm with 5% coverage

1. ΔFC = ΔGE=8.1%
2. ΔFC = ΔGE=29.0%
3. ΔFC = ΔGE=4.4%
4. ΔFC = ΔGE=24.3%
5. ΔFC = ΔGE=1.6%
6. ΔFC = ΔGE=12.7%
7. ΔFC = ΔGE=0.015%
8. ΔFC = ΔGE=5.4%
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Ship/propeller Speed/
operational 
condition

Surface condition/ exposure time Interpretations
ΔFC: increase in fuel consumption
ΔGE: increase in GHG emission

7.9 m propeller 
(for 230 m 
containership)

J=0.7 
(operation 
condition 
at 24 
knots)

Propeller fouling
1. 1.25 mm barnacles with 10% coverage
2. 1.25 mm barnacles with 20% coverage
3. 1.25 mm barnacles with 40% coverage
4. 1.25 mm barnacles with 50% coverage
5. 2.5 mm barnacles with 10% coverage
6. 2.5 mm barnacles with 20% coverage
7. 2.5 mm barnacles with 40% coverage
8. 2.5 mm barnacles with 50% coverage
9. 5 mm barnacles with 10% coverage
10. 5 mm barnacles with 20% coverage

1. ΔFC = ΔGE=6%
2. ΔFC = ΔGE=9%
3. ΔFC = ΔGE=13%
4. ΔFC = ΔGE=14%
5. ΔFC = ΔGE=10%
6. ΔFC = ΔGE=13%
7. ΔFC = ΔGE=18%
8. ΔFC = ΔGE=19%
9. ΔFC = ΔGE=14%
10. ΔFC = ΔGE=20%

7.9 m propeller 
(for 230 m 
containership)

J=0.7 
(operation 
condition 
at 24 
knots)

Propeller fouling
1. 100 μm biofilm with 50% coverage
2. 500 μm biofilm with 50% coverage
3. 100 μm biofilm with 25% coverage
4. 500 μm biofilm with 25% coverage
5. 100 μm biofilm with 15% coverage
6. 500 μm biofilm with 15% coverage
7. 100 μm biofilm with 5% coverage
8. 500 μm biofilm with 5% coverage

1. ΔFC = ΔGE=3%
2. ΔFC = ΔGE=8%
3. ΔFC = ΔGE=2%
4. ΔFC = ΔGE=6%
5. ΔFC = ΔGE=1%
6. ΔFC = ΔGE=3%
7. ΔFC = ΔGE=0%
8. ΔFC = ΔGE=2%

7.9 m propeller 
(for 230 m 
containership)

J=0.7 
(operation 
condition 
at 24 
knots)

Propeller fouling
1. 7 mm barnacles with 25% coverage
2. 5 mm barnacles with 25% coverage
3. 7 mm barnacles with 5% coverage
4. 5 mm barnacles with 5% coverage
5. 7 mm barnacles with 1% coverage
6. 5 mm barnacles with 1% coverage

1. ΔFC = ΔGE=39%
2. ΔFC = ΔGE=35%
3. ΔFC = ΔGE=30%
4. ΔFC = ΔGE=28%
5. ΔFC = ΔGE=25%
6. ΔFC = ΔGE=23%

9.9 m propeller 
(for 320m 
tanker)

J=0.5 
(operation 
condition 
at 15.5 
knots)

Propeller fouling
1. 7 mm barnacles with 25% coverage
2. 5 mm barnacles with 25% coverage
3. 7 mm barnacles with 5% coverage
4. 5 mm barnacles with 5% coverage
5. 7 mm barnacles with 1% coverage
6. 5 mm barnacles with 1% coverage

1. ΔFC = ΔGE=47%
2. ΔFC = ΔGE=43%
3. ΔFC = ΔGE=39%
4. ΔFC = ΔGE=35%
5. ΔFC = ΔGE=32%
6. ΔFC = ΔGE=30%

9.9 m propeller 
(for 320m 
tanker)

J=0.5 
(operation 
condition 
at 15.5 
knots)

Propeller fouling
1. 100 μm biofilm with 50% coverage
2. 500 μm biofilm with 50% coverage
3. 100 μm biofilm with 25% coverage
4. 500 μm biofilm with 25% coverage
5. 100 μm biofilm with 15% coverage
6. 500 μm biofilm with 15% coverage
7. 100 μm biofilm with 5% coverage
8. 500 μm biofilm with 5% coverage

1. ΔFC = ΔGE=3%
2. ΔFC = ΔGE=8%
3. ΔFC = ΔGE=3%
4. ΔFC = ΔGE=6%
5. ΔFC = ΔGE=1%
6. ΔFC = ΔGE=3%
7. ΔFC = ΔGE=1%
8. ΔFC = ΔGE=2%

ANNEX I ECONOMIC AND ENVIRONMENTAL IMPACTS OF BIOFOULING INTERPRETED FROM THE LITERATURE

75



More information:
GloFouling Partnerships Project Coordination Unit

Department of Partnerships and Projects
International Maritime Organization 

4 Albert Embankment 
London SE1 7SR 
United Kingdom 

www.glofouling.imo.org
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