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Overview
Summery

Bio fouling

Low friction

Marine Pollution Prevention

CII Management

Awareness



Protection Bio fouling Reduced hull friction resistance

Marine Pollution ProtectionVessel life extension

 Biofouling's response to tightening regulations (enforcing Australia)

 Hull-attached organisms solve marine ecosystem disturbances

 Reduce fuel consumption (carbon generation)

 Prevention of ship speed degradation

 CII Rating Management

 Reduce fuel consumption
(carbon generation)

 improvement of ship speed

 Extending the life of the ship's environment

 Improve your business environment

 Cu-free : does not use heavy metal Cu2O

 Application of Magnetic Wear Resin Synthesis Technology

 the improvement of the marine ecological environment

Tar

‘50 Apply hull paint

’70  THT+Cu2o Fouling paint application

2000’ Cu2O Fouling paint application

Cu-free pint (BN GreenGuard)

Durability 

lifetime

Environmental

Lifetime

Economic 

lifetime

BN 

Glass 

Conv. AF

Compared to existing A/F paint : 15% reduction

 Best return on investment

 CII Rating Management

Self polishing Resin Synthesis Method



Bio Fouling

Biofouling: Barnacles, algae and shellfish on the hulls of ships (Illustration: Ricardo Macía)

More than Max. 55%

Courtesy IMO





마찰저항

형상저항

조파저항

모형선 전저항

Low Friction

Source : MDPI Impact of Hard Fouling on the Ship Performance of 

Different Ship Forms (2020)

Low Friction

High speed vessel :  40~ 50%

Friction resistance

Low speed vessel :  70~ 80%

Reducing frictional resistance has a significant impact

on improving energy efficiency.



Marine Pollution Prevention

Extinction

Reduction

Deformity

Death

Tin-free

Cu-free



CII Management
Status of CII ratings by ship’s type

Grade CII, which is lowered every year



Awareness



Mechanism
Background technology

Technical principles

Application of ship’s paint

Patent



Toms effect

• Tom (1949): Dissolve polymer

material very thin

• 80% reduction in frictional resistance

• Pipeline application from the 1970s

• Ship’s paint application

Fire truck 1

Fire truck 2

Water only

Water + 30 ppm PEO
Surface

Surface

Water only + β distance
(length)

Effect of Drag reduction
in Fire Hose

Water only + α distance
(height)

Water only distance
(height)

0

0.4

0.8

1.2

1.6

2

Friction Coefficient
(마찰계수)

Cu

PE

Background technology



Toms effect & Polymer FDR Agent

Ship application ? Injection holes ? Reliability ?

SPC (Self-Polishing Copolymer) + Polymer DR agent 

Friction-reduction paint

(Quote from Role of Bio-Based Polymers on Improving Turbulent Flow Characteristics)
A preliminary study to reduce the hull resistance of the U.S. Navy

Background technology



A novel frictional drag reducing self-polishing copolymer (FDR-SPC) was

first developed by the authors. The FDR-SPC is a special derivative of an

SPC that was designed to achieve skin frictional drag reduction in

turbulent water flow by releasing polyethylene glycol (PEG) into water

through a hydrolysis reaction.

FDR-SPC elution control for speed Verifying the coefficient of friction for velocity

Technical principles



Application of ship’s paint

Hull AF Paint Sea Water

Wetting
Swelling

Hull Sea Water

Hydrolysis
(initial)

AF Paint

Hull Sea Water

Hydrolysis
(enough)

AF PaintHull Sea Water

Polishing
Wetting

AF Paint

PEO

Anti Foultant

The surface of the fastest fish, 

the marlin, was applied.



Verification

1. Rotor Test (Skin Friction Reduction Test)

2. High-Speed Water Tunnel Test 
(Skin Friction Reduction Test)

3. Static Immersion Test by HHI 
(Antifouling Performance Test)

4. Static Immersion Test (During 2 years)

5. Patch Test 
(Antifouling Performance Test) / 181K Bulk Carrier 

6. Existing Vessel Verification by ISO 19030



Rotor Test (Skin Friction Reduction Test)

Motor 

Torque Sensor

Inner Cylinder
(A/F patint Coated)

Mount

Cylinder Case

Sea Water

Clutch

▶ Rotor Test I step
∙ Rotating A/F Paint Coated Inner Cylinder until 500 RPM(equal to 16.3 kts)
∙ Cut off the Power by Clutching at the 500 RPM
∙ Time check from power off to inner cylinder stop

▶ Rotor Test II step (After 6 month inundated state)
∙ Rotating A/F Paint Coated Inner Cylinder for 6 month
∙ Check Troque variations each of A/F Paint Coated Inner Cylinders

Conventional A/F Paint
(18.2 sec.)

BN GreenGurad FS
(32.3 sec.)
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Month

3.0

3.2

3.4

3.6

3.8

4.0

4.2

0 1 2 3 4 5 6

Conventional AF BN GreenGuard FS SmoothTorque(Nm)

 Performance was checked monthly for 6 months.

 BN GreenGuard FS Shows avg. 7.6 % Skin Friciton Reduction Effect 
compared with Conventional

 AF in a Chart

Rotor Test Result (Skin Friction Reduction Test)

Average 7.6% 

reduction

1-2

Torque



 Rotor Torque 
Measurement 

 Verification of 

long-term FDR 

performance : 

around 6 months

Chiller

Digital Indicator

Motor

Motor Controller

BNC Connector

T-6
Initial

T-5
Initial

T-6
After 3 month

T-5
After 3 month

Uncoated
(smooth)

High-Speed Water Tunnel Test (Skin Friction Reduction Test)

1-3

For reference: Various tests are 

conducted for product 

development



High-Speed Water Tunnel Test (Skin Friction Reduction Test)

∙ Measure Skin Resistance of Smooth Plate

∙ Measure Skin Resistance of Reference AF Paint Coated Plates 

and BN GreenGuard FS Coated Plate. 

∙ Compare Measured Skin Resistance

 1/14 scale model of LCC

 Test section : 0.22m  0.22m

 Local skin friction measurement : floating plate balance

 Performed ONR project : “Skin Friction Testing of Various Coatings”

 Force balance flexure : shear force measurement on flush-mounted specimen

 Flow speed : 1.24~10.4 m/s (ReX = 1.04 ~ 8.70106)

2-1

Water Flow
(Fully developed Turbulance)

Force Balance Flexture

Share Stress

AF Paint Coated Plate

Floating plate

Gravity



CF results : Average DR effect 

 PEO 1%

• 16.0% (rel. to baseline AF)

• 0.5% (rel. to uncoated)

 PEO 2%

• 33.1% (rel. to baseline AF) 

• 21.7% (rel. to uncoated)

U(m/s) Rex (×10-6)

Uncoated

(Smooth)
Baseline AF PEO 1% PEO 2%

CF (×10-3) CF (×10-3) CF (×10-3) DR(%) CF (×10-3) DR(%)

1.24 1.041 2.74 3.24 1.08 66.67 2.33 26.91 

3.01 2.537 3.62 4.98 3.42 31.33 3.63 26.52 

4.01 3.379 3.45 4.45 4.66 -4.72 3.32 24.90 

5.04 4.249 3.30 4.15 3.90 6.02 2.68 34.98 

6.07 5.118 3.33 3.98 3.24 18.59 2.32 41.50 

7.11 5.996 3.27 3.55 3.49 1.69 2.06 41.76 

8.16 6.879 3.26 3.88 2.93 24.48 2.25 41.93 

9.19 7.751 3.24 3.51 3.66 -4.27 2.46 29.65 

10.32 8.697 3.18 3.55 3.39 4.51 2.48 29.87 

Flow Speed, U (m/s)
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High-Speed Water Tunnel Test Result (Skin Friction Reduction Test)
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Evaluation based on Resistance Reduction Agent Content



 Compared to Smooth

-. PRD3-1 : Avg. 13.53 % reduction

 Compared to Baseline AF

-. Development paint T-2 : Avg. 19.54% reduction

-. Development paint T-5 : Avg. 25.38 % reduction

High-Speed Water Tunnel Test Result (Skin Friction Reduction Test)

2-3
Evaluation of Developed Products



∙ BN GreenGuard FS Shows avg. 25.4% Skin Friction Reduction Effect compared 
with Conventional AF 

Flow Speed  (m/s)

Cf
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Conventional AF BN GreenGuard FS Smooth

1E+0.7 2E+0.7

High-Speed Water Tunnel Test Result (Skin Friction Reduction Test)
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Average 25.4% 

reduction

Friction



Static Immersion Test by HHI (Antifouling Performance Test)

▶ Test&Verification Company
∙ Hyundai Heavy Industry Co., Ltd.

▶ Test Place (Korea)
∙ Ulsan(Bangeojin), Gyeongsangnam-do(Geojedo), Busan(Dadaepo)

Bangeoijin

Dadaepo

Geojedo

▶ Test Period
∙ 6 Month(‘14. April ~ ‘14. October)

▶ Test Method
∙ Collected AF Paint on sale from Manufacturer
∙ AF Paint Coated to the Test Plate by HHI 
∙ Performed Immersion Test at the 3 Places for 6 Month
∙ Checked Immersion Test Execution Result

▶ Verification Method
∙ Visual Inspection after 6 month by HHI

3-1



Static Immersion Test by HHI (Antifouling Performance Test) / Ulsan 

A B C D E F G H I

Manu-
facturer

K K N C J I
BN 

Chemical
BN

Chemical

Silicone
Paint

Product
Type

BN
GreenGu
ard CF

BN 
GreenGu
ard FS

After
1 Month

(Jun)

After
5 Month
(October)

Ulsan3-2



Static Immersion Test by HHI (Antifouling Performance Test) / Busan

A B C D E F G H I

Manu-
facturer

K K N C J I
BN 

Chemical
BN

Chemical

Silicone
Paint

Product
Type

BN
GreenGu
ard CF

BN 
GreenGu
ard FS

After
1 Month

After
6 Month

Busan3-3



A B C D E F G H I

Manu-
facturer

K K N C J I
BN 

Chemical
BN

Chemical

Silicone
Paint

Product
Type

BN
GreenGu
ard CF

BN 
GreenGu
ard FS

After
1 Month

After
6 Month

Static Immersion Test (Antifouling Performance Test) / Geojedo

Geojedo
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외부 기관 검증 : 현대 중공업 (내부 보고 자료 인용)-2Static Immersion Test Report (Company(HHI) Internal)
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“I have never had to scrub with any

pressure to remove algae. it is always one

or two light passes with the soft side of   

a sponge and panel looks brand new the

waterline cleans easily, and i have never

witnessed more than 1 barnacle growing”

(commented by Mario garneau on

Sep.30’17)

2 months exposure 5 months exposure

Very light and loosely 

attached algae
Very light.

No barnacles growing

• Period : Apr. ~ Sep. 2017 (5 months)

• Place  : Florida / USA

• Owner : Erik Norrie(CEO), Mario Garneau(CTO)

enorrie@seahawkpaints.com/mario@seahawkpaints.com 



 Period 
- 2 years
(1 Jan. 13 ~ 13 Feb.15)

 Method
- Long term Immersion

 Place
- Dadaepo/Busan

 Sample (3 makers)
- functional low-friction 
paint 

- Our product 1 type
- Global maker 2 type

4

Static Immersion Test (During 2 years)



Adhesive performance It is very good (Grade 5A) for compatible adhesion with

other maker products.



Patch Test (Antifouling Performance Test) / 181K Bulk Carrier 

Pilot mark

BN GreenGuard CF BN GreenGuard FS BN GreenGuard OS

Port Side

5-1

Name of vessel : M/V “NEW JOY”

Tonnage : DWT 149,297(Cape size)

Test Period : Dock(‘13 Jun) to Next Dock

Manag. company : STX MARINE SERVICE

Place of dockyard : Shanhaikwan in China

Apply : BN GreenGuard Series (2m x 10m)

Method : Visual inspection

Spot patch up test (During 36 months)



Port Side

Starboard Side

Patch Test (Antifouling Performance Test) / 181K Bulk Carrier 

5-2



Patch Test (Antifouling Performance Test) / 176K Bulk Carrier 

Green Guard CF Green Guard FS Green Guard OS

Port Side

▶ Intermidiate Inspection (‘15. August)
∙ Keep a reliable Antifouling Condition 

After 31 months
5-3

Excellent condition



Existing Vessel Verification by ISO 19030

6-1

Event Time/period AF Coating Voyage no.

SPMS Installation (Ship Performance Monitoring System) Nov. 2014

1 st service period 
(5years, data available only for the 5th year after SPMS installation)

Dec.2014 ~ Nov.2015 Conventional Ballast / Laden 29~37

Relative wind speed and direction Nov. 2015

Ship heading Nov.2015~Nov.2018 FDF Ballast / Laden 38~63

Shaft revolutions Dec. 2018

Static draught fore and aft Jan. 2019~Dec.2019 Conventional Ballast / Laden (64~75)

 Ship Yard : NTS 

 LOA(m) : 291.8 ,  Breadth(m); 16.6

 Deadweight(M/T): 175,132.6(S.S.W) Designed Speed(kts): 14.9

 M/E Engine: MAN B&W 6S70MC (16,860kW x 91RPM)



Items Unit Filtering Validation R1) Correction

Speed over ground [knots] 10.0 ~ 16.5
Standard deviation
less than 0.5knots

-

Shaft Power [kW] 4,000~20,000 - -

Relative wind speed and direction [knots],[O]
Less than 15.6 knots

(Less than BF 4)
- [O]

Using a correction method 
ISO1506 

Ship heading [O] - - -

Shaft revolutions [min-1] -
Standard deviation
Less than 3 RPM

-

Static draught fore and aft [m] - - -

Water depth [m] - - -

Rudder angle [O] ± 5 O
Standard deviation

Less than 1 O
-

Seawater temperature [O] More than 2 O - -

■ Collected data

Existing Vessel Verification by ISO 19030

Data Exclusion Conditions
• Abnormal data (sensor malfunction, fault, etc.)

• Data with large variation (during acceleration/deceleration, turning, etc.)

• After dividing the data into 10-minute increments to obtain the mean value

and standard deviation, remove the Outlier using Chauvenet's Criteria

1) Validation R1): If the standard deviation of each block does not meet the above criteria, the entire block is removed by dividing the data into blocks in 10-minute increments

2) Speed-power displacement can be calibrated with an Admirality formula within the actual displacement ± 5%

3) Speed-Power Trim is only available if it is within ±Lpp, ± 0.2% of the actual Trim

6-1



ISO/DIS 19030 : Standard for the in-service performance analysis 

 Ships and marine technology — Measurement of changes in hull and propeller performance 

 The relationship between the condition of a ship’s underwater hull and propeller and the power 

required to move the ship through water at a given speed
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Performance Value Calculation

 Performance Value : (measured speed-expected 

speed)/expected speed x 100(%)

 Speed –power curve

• ISO15016에 부합하는 방법으로 수행한 시운전 결과

• 모형 시험 결과

[Speed – Power Curve]

Existing Vessel Verification by ISO 19030
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[Confirmation of Friction Resistance Reduction]

Development of Ship Performance Analysis Techniques Using Big Data

6-3

Before Dry dock After Dry dock(Dry dock Nov.2015)

Existing Vessel Verification by ISO 19030

Abt 26

Abt 8

 Results after 32 months of solid line application

 Confirmation of performance improvement when comparing PV values before

and after BN GreenGuard FS painting.



36%

Existing Vessel Verification by ISO 19030
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Average 36% 

Improvement

PV

Comparison before DD



Average 3.72% 

Improvement

SPEED

Existing Vessel Verification by ISO 19030
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Aft Dry dock



Average 9.38% 

Improvement

SPEED

Before/After Dry dock

Average 4.96% 

Improvement

SPEED

before  Dry dock

Existing Vessel Verification by ISO 19030
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PI−4(2) = − Coating Effect+ Hull Cleaning Effect

(0.71 = -3.72 + 4.43)

PI−4(1) = Coating Effect+ Hull Cleaning Effect + Damage Recovery Effect

(9.38 = 3.72 + 4.43 + 1.23)

 Cleaning effect: differences in surface conditions before and 

after dry docking

 Damage Recovery effect: compensate for the effects of initial

coating damage before dry docking

11.7 % 
Power saving

Quantification of fuel efficiency

improvement

• Speed drop (△V/V) and 

the power increase (△P/P)

• n: determined by the vessel type and 

draft (n=1.91, 2.40 for VLCC for the laden

& ballast respectively)

• Power saving by FDR-AF coating

(n=2.16)  (△P/P) = 11.7% (from

△P/P = 3.72%)

Existing Vessel Verification by ISO 19030
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Application



Name of vessel : M/V “PAN BONA”

Tonnage & Type : DWT 175,401 Bulk carrier

Apply : BN GreenGuard FS

Ship’s owner : PANOCEAN

Ship’s operator : STX MARINE SERVICE

Date of dockyard : November 2015

Place of dockyard : Shanhaikwan in China

Application (full coat)



Application (full coat)
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Upper side of waterline

Under water side



 Name of vessel : M/V “SEA INDONESIA”

 Tonnage & Type : DWT 404,389 & ORE carrier

Ship’s owner 

- PANOCEAN

 Ship’s operator 

- BERNHARD SCHULTE SHIPMANAGEMENT

 Date of dockyard : Aug. 2017

 Place of dockyard

- PAX OCEAN SHIPYARD / CHINA 

Application (full coat)



Korean Coast Guard’s high-speed ship

8 vessel (May 2016)

Application (full coat)
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Simulation of Cost saving & ROI

FOC_Ton/day Saving Amt Saving cost_USD Saving cost_KRW Investment/year Pay back ROI

10 241           192,720             260,172             

20 482           385,440             520,344             20,000             0.46 26.0

30 723           578,160             780,516             

40 964           770,880             1,040,688           

50 1,205        963,600             1,300,860           

60 1,445        1,156,320           1,561,032           

70 1,686        1,349,040           1,821,204           60,000             0.40 30.4

80 1,927        1,541,760           2,081,376           

90 2,168        1,734,480           2,341,548           

100 2,409        1,927,200           2,601,720           

110 2,650        2,119,920           2,861,892           

120 2,891        2,312,640           3,122,064           

130 3,132        2,505,360           3,382,236           

140 3,373        2,698,080           3,642,408           80,000             0.26 45.5

150 3,614        2,890,800           3,902,580           

160 3,854        3,083,520           4,162,752           

170 4,095        3,276,240           4,422,924           

180 4,336        3,468,960           4,683,096           85,000             0.22 55.1

ROI : 55 times

ROI : 11.8 times P.B : 1 month

P.B : 0.2 month





Thank you for your attention.

Gyuil, Kim, Director

Tel  : +82 70 4849 1771 

Fax  : +82 70 4275 1812

Mobile : +82 10 3151 8393 

email :kimguil@naver.com

Authorized Agency


