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Overview

Summery

Bio fouling

Low friction

Marine Pollution Prevention
Cll Management

Awareness




Protection Bio fouling

» 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

YV V V VY

Cll Rating Management. =%

S

Self polishing Resin Synthesis Method

Vessel life extension

> Improve your business environment

/— conversion of ship (ife

Durability *» Economic = Rajildelanlchiel
lifetime lifetime Lifetime

‘50 Apply hull paint

Tar

Reduced hull friction resistance

» Reduce fuel consumption
(carbon generation)
» improvement of ship speed

> Best return on investment

» Cll Rating Management

I‘ Compared to existing A/F paint : 33% reduction

——0—— Smooth
42 —m=—— Conventional AF
—&—— FDRAF

Torque(N'm

4.0

38

/ I

| =/ '

85 Initial 1 2 3 4 5 6

Evalution Period (month)

Marine Pollution Protection

» Cu-free : does not use heavy metal Cu20
» Application of Magnetic Wear Resin Synthesis Technology

» the improvement of the marine ecological environment

14 2M

I‘ Cu-free pint (BN GreenGuard)
2000’ Cu20 Fouling paint application
’70 THT+Cu20 Fouling paint application

4%t Generation FDR AF 2™ Generation FDR AR
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Bio Fouling

CHART: IMPACT OF SHIP HULL BIOFOULING ON GHG EMISSIONS
Compendium of results from published research studies

15% Increase 34% increase 55% Increase
175m bulk carrber with 0.5 mm 230m contalnership with 2.5 mm 320m tanker with 5 mm
60 biafilrm and 50% coverage barnacles and 10% coverage barnacles and 1% coverage

ORB

20

% increase GHG emissions
&

10

—More than Max.

Courtesy IMO

1]
Deteriorated coating Heavy slime Small calcareous fouling or weed
or light slime |Ks 200-499) [Ks 500-1500)
[Ks 36-195]
Biofouling condition

|nC|'eaSe hull rloughness —p
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A wide variety of design, operational and economic solutions

Achieving the goals of the Initial IMO GHG
Strategy will require a mix of technical,
operational and innovative solutions
applicable to ships. Some of them, along
with indication on their approximate GHG

reduction potential, are highlighted below. 5-50%
Fleet . up to T9%
] management, 1_1 00/0 2'50 /0 Exten'sn(e speed
‘ ' logisti Concept, optimization
gistics and Voyage
-—,—a-——’ incentives S E speed and
— - optimization capability
5-15%
Power and
propulsion
systems

: 80-100% 2-20% 5-25%
L | 35% 90% Hydrogen and 1-10% Hull and Hull biofouling
50-90% Bio-LNG/LPG Bijofuel 3rd other synthetic il superstructure management
Full electric generation fuels Energy

management /‘ T \
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Low Friction

Velocity[i] (m/s)
.z 12222 9.7777 7.3333 4.8889 24444 0.00000

KCS

MODEL TOTAL RESISTANCE

Source : MDPI Impact of Hard Fouling on the Ship Performance of Different Ship Forms (2020)

Reducing “frictional resistance” has a significant
impact on improving energy efficiency.

40~ 50%

— High speed vessel
%) Friction resistance —
NN NI AR R R — Low speed vessel : !

R.= Y= (LOG BASE)

70~ 80%
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QUATERNARY
CONSUMERS

Marine Pollution Prevention /

TERTIARY B2
CONSUMERS [

SECONDARY
CONSUMERS

6. Protein
damage

/\ 5.Damage in ATP

O . k 4/ production

A

= % oy
\\
\

7.DNA damage
and degradation

30 NPuptakes e
andionrelease % &

PRIMARY
CONSUMERS / 5 :

2.Membrane
se€ g .g depolarization

“lon release from NPs

PRIMARY
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Status of CllI ratings by s |p’ s type

LT Nell=r=

Bulker Tanker Container

Qll Mansgement D D (KD
P

THE e < Dy L ‘
E—‘l. 1-‘ 1 e : ’
e " = o
B EFFICIENCY - 2
' : 14%

Grade CIl, which is lowered every year

e @Al Cdl se

Year Reduction factor Required Cll Attained Cll Cllrating Grade
2023 5% 4.808 4.471 0.93 B
2024 7% 4.707 4.471 0.95 o}
2025 9% 4.605 4.471 0.971 (o]
2026 1% 4.504 4.471 0.992 c
Required annual ﬁ B B B ) B )
operational Cll “. Sometime in the future | 17% 4.2 4.471 1.064 D

approval Review s

7 : | SCTap

2008 2019 2023 2025 2030
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Mechanism

Fuel-saving paint concept
Background technology
Technical principles
Application of ship’s paint

Patent




Fuel-saving paint concept

) SPC
6\’8{\6
\S
o
SPC
X Metallic
N
< Q(Oé '
0\)
SPC
Metallic

.............................................

Prevention of
fuel penalty

AF

Harmful

.............................................

Cu20 Free

AF

Cu20 Free

.............................................

Eco-friendly
& No harmful

..............................................

FDR
Low friction

..............................................

Fuel saving by
friction drag
reducing

SPC : Self polishing copolymer
AF : Anti fouling
FDR : Friction drag reducing

Competitor’s
saving paint

GreenGuard
635

GreenGuard
FS
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FDR Background technology

Toms effect

e Tom (1949): Dissolve polymer material very thin

80% reduction in frictional resistance

Pipeline application from the 1970s

Ship’s paint application

WATER + 30ppm PEO . 0u
A

/ Bl TWO FIREHOSES

Water only distance

Fire truck 1
Water + 30 ppm PEO

Effect of Drag reduction
in Fire Hose

Water only + o distance

]

Fire truck 2

> o m o

| Turbulent

U*=2.44In(y*) + 5.1
Newtonian turb. flow |

Water only

Surface

laminar flow

Laminar =—=

turbulent flow

—G -
—er e
EES e,

Water only + B distance
(length)

Surface

Friction Coefficient

(OPEAI=)

Cu

1.6

1.2

0.8

0.4 P E
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FDR Background technology

(Quote from Role of Bio-Based Polymers on Improving Turbulent Flow Characteristics)

3. Flow Geometry for Turbulence A preliminary study to reduce the hull resistance of the U.S. Navy

To study the drag reduction properties, most studies adopted turbulent pipe flow that produces
pressure-driven flow within a closed conduit as an internal flow. As shown in Figure 1, there are three
flow layers in turbulent pipe flow, including a laminar sublayer (next to the wall), a transitional zone,
and a fully turbulent layer (in the center of pipe). With the addition of polymer additives to a pipeline
flow system, minute amounts of polymer suppress the formation of turbulent bursts in the buffer
region and the propagation of turbulent eddies [40].

—~——

l DRA Injection point 'yﬂjeCﬁon &

Laminar Sublayer £ e > - ~ Ay
Transitional ‘/

Turbulent Flow ‘

Polymer Injection Slot Hil Surtace

Figure 1. Schematic diagram for the methods of added polymer to a solution with pipeline
turbulent flow.
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A novel frictional drag reducing self-polishing copolymer (FDR-SPC)
was first developed by the authors. The FDR-SPC is a special

Technical principles 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
Re, = Ux/v Re, = Ux/v
— o 2E+06 4AE+06 6E+06 8E+06 2E+06 4E+06 B6E+06 8E+06
E [ T 'I 1 1 T |' T 1 T I T 1 1 I T T 1 I T T 1 I T 1 T T I T T T T I T
o S - | — - — - — 1/7th power law
'% B M §§g§ ggg z:H 0.005 o Smooth surface
V25 i [ ----v---- PRD3-S9D 6H
S2or _ — e PRD3-S9D 48H
8 i o -
Bt £
e e @
€ 2 0,004 |-
s I £
=4 B [:}]
=] - =]
O15F (&)
o f s
e T © 0.003
2 [ s
] £
a | 7]
Bos5} 1
g [ = 0.002 -
ST
> [ Ll ﬁc.l PR T N T T [N N TN SO N Y AU N [T N N A N NN
< 04 2 3 4 5 6 7 8 _ L ' L L —

5
Flow speed, U [m/s] Flow speed, U [m/s]
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® FDR
Anti Foultant

Application of ship's paint

%mz\\C}(mz\\
= " ot *
o i .
op Wetti.ng , Hydrolysis | » Yo,
Swelling i | o Gnitia) k) “ g
e
The surface of the fastest fish, 3 o | PR *
the marlin, was applied. P : o = @
AF Paint Sea Water AF Paint Sea Water e

® o
°

« Hydrolysis
®(enough)
oo o

X Polishing
oo _Wetting

™
o
ol
o
o
9
9
o
o
o
o
o
ol
:
o
o
o
o
P

STRIPED MARLIN ARE SOME
OF THE FASTEST-SWIMMING

FISH IN THE SEA, REACHING

SPEEDS OF AT LEAST 30 AF Paint Sea Water AF Paint Sea Water
KILOMETERS PER HOUR.
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ted Inner Cyliner until 500 RPM(equal to 16.3 kts)
ot MEfZ 500 RPM2 2 Rotors 7|5

lutching at the 500 RPM

=

r off to inner cylinder stop

= gtsto2 =0, &4 ot ol ool Rotordt A A& whet
k SHC.

Rotor Test (Skin Friction Reduction Test)

= Clutch
=) Torque Sensor

est Il step (After 6 month inundated state)
A/F Paint Coated Inner Cyliner for 6 month

o2 67§ X = Rotorg X 7| &30 HAE

oque variations each of A/F Paint Coated Inner Cyliners
A = HE O 7K AlZHS Checkdto] H3tE HA

= Inner Cylinder
(A/F patint Coated)

=) Sea Water

(32.3 sec.)

= Mount
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Rotor Test Result (Skin Friction Reduction Test) was checked monthly for 6 months.

ard FS Shows avg. 7.6 % Skin Friciton Reduction Effect
h Conventional

Torque(Nm)
4.2 -

GreenGuard FS —+-Smooth

Torque

Average /.6% 4.0
reduction 3.8

3.6

3.4

3.2

3.0

4 o) 6 Month
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For reference: Various tests are conducted for product development
HEE HZ NL=S Sloll 0] A& Aot

).
- = R Digital Indicator

-

i : = . : BNC Connector [ ] \
3] ! kid * & N 4
‘ '-g: ’g ‘ ] i sy N _ & Chiller ' ‘
" | i B i | 1 AN ‘. : /A . y ] ’ : o ‘
" Vil P 58 B e 3 i' ey ,‘ i b l
Nt 4 JIRAN |} : < Lol IR

Rotor Torque \
Measurement || NN 7

Verification of
long-term FDR
performance :
around 6 months

T-6
fé After 3 month

T-5
Initial ’ After 3 month
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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 GreeGuard FS Coated Plate.

- Compare Measured Skin Resistance
Gravity

l I Force Balance Flexture

AF Paint Coated Plate

SHare gtress

Floating plate

b
Water Flow .
(Fully developed Turbulance)
4—

1/14 scale model of LCC

Test section : 0.22m x 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 (Rey = 1.04 ~ 8.70x109)



High-Speed Water Tunnel Test Result (Skin Friction Reduction Test)
2 Evaluation based on Resistance Reduction Agent Content
-2

C; results : Average DR effect
PEO 1%
16.0% (rel. to baseline AF, 71= ar tjH])
0.5% (rel. to uncoated, oj& sk = cijy|)
PEO 2%
33.1% (rel. to baseline AF)
21.7% (rel. to uncoated)

Uncoated Baseline AF
U(m/s) [Re,(x10%)| (Smooth)

Cr(x1073) Ce(x103)
1.24 1.041 2.74 3.24
3.01 2.537 3.62 4.98
4.01 3.379 3.45 4.45
5.04 4.249 3.30 4.15
6.07 5.118 3.33 3.98
7.11 5.996 3.27 3.55
8.16 6.879 3.26 3.88
9.19 7.751 3.24 3.51
10.32 8.697 3.18 251515

Re,

2E+06  4E+06 6E+06

——0 —~- Smooth(Uncoated)
——a—— Baseline AF
—=A—— PEO 1%

—¢— PEO 2%

34E+06 6E+063

Re,

8E+06

Theoretical
Smooth(Uncoated)
Baseline AF |
PEO 1%

PEO 2%

8E+Oé




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

2 Evaluation of Developed Products
-3

% 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

Uncoated FDR-SPC Baseline  FDR-AF FDR-AF
Rex (Smooth) (PRD3-1) AF (T-2) (T-5)

(X10£) Cr Cr . Ce Cr . B z
(109 (x10% PR xq09 (x10%) PR (xgge ORVA)

4 68 2977 2700 930 3708 2838 2346 2935
6 1028 2829 2471 1265 3472 2684 2270 2813
8 13.71 2708 2363 1274 3415 2665 2196 2677
10 1714 2646 2246 1512 3431 2674 2206 2.551
12 2056 2580 2212 1426 3467 2771 2007 2485
14 2399 2491 2132 1441 3392 2869 1542 2374
16 2742 2490 2087 1618 3362 2989 1109 2279

U(mls)

T heovetlcal

. ——o—— Smooth(Uncoated) :

[ —©o—— FDR-SPC (PRD3- 1)

| =~ -~ 4 -~ -~ Baseline AF :
- — - — FDR AF (T-2)

| ——+— FDR AF (1-5)

Re,
1E+07 2E+07
L} L} L l L}

5 8 "Hb"'HZH
Flow Speed, U (m/s)




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

2.

Friction

Average 25.4%
reduction

f

0.0050

0.0045

0.0040

0.0035

0.0030

0.0025

0.0020

Conventional AF -=-BN GreenGuard FS A-Smooth
1E+0.7 2E+0.7
0
— A
\.
\\/\ A
- l\\e A A
i
4 6 8 10 12 14 16

Flow Speed (m/s)

- BN GreenGuard FS Shows avg. 25.4% Skin Friciton Reduction Effect compared with Conventional AF
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Static Immersion Test by HHI (Antifouling Performance Test)

» Test&Verification Company
- Hyundai Heavy Industry Co., Ltd.

» Test Place (Korea)
- Ulsan(Bangeojin), Gyeongsangnam-do(Ge
Bangeoijin

Dadaepo \

Geojedo O
\O

p Test Period
- 6 Month("14. April ~ '14. October)

» Test Method
- Collected AF Paint on sale from Manufac
- AF Paint Coated to the Test Plate by HHI
- Performed Immersion Test at the 3 Place
- Checked Immersion Test Execution Resul

» Verification Method
- Visual Inspection after 6 month by HHI



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

D G |
Manu- C BN
facturer Chemical
Silicone
Product E Paint
Tvbe GreenGu
yp ard CF
—— "g’. =
7 -
After
1 Month
(Jun) :
l
; .:--"i . | 8 y ." -.~ o
: : g L
After
5 Month
(October)

Bangeoijin

o
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Static Immersion Test (Antifouling Performance Test) / Geojedo

B C D G |
Manu- BN
facturer K N C Chemical
Silicone
Paint
Product EN
Tvpe GreenGu
yp ard CF
i d
After
1 Month
E — - __:4—_-_-5;-—“-‘_‘\-‘__
1 4
After | v
6 Month ' F

Geojedo

D



Static Immersion Test Report (Company(HHI) Internal)-2

5) Antifouling Performance Evaluation Results

(D Plant fouling begins to form on the surface one month after immersion
(2) Animal fouling starts to be produced in all products except BN chemical
antifouling at 6 months of immersion. (Dadaepo and Geoje)

D @ Differences in the attaching speed of marine life occur due to
3 A& 67§0j| BN 71]1]]?* H} EE_E HMelstn ZE HE oA
0] MAE|7| )\|x+zﬂ (CHCH = SL-AHA).
® %*01 RI(KCC), CICHZ(BN), AN =(1P)2l s ¥et Geojedo Island.
S x| 7} Ast = No animal fouling until 5 months in defense close to the East Sea.

oH01I =g H*W"WIM‘- S7HE MK S
l—foHOP 40| 717 CHof = S AN = = Dadaepo and Geoje Island, which are close to the southern coastal

AE7|' HHPE|.XI

differences in the marine environment of Bangeojin, Dadaepo, and

environment, have a faster occurrence of animal fouling.

@ Friction reduction antifouling paint has similar antifouling performance

'i‘.fS'l“

compared to the control group.

(® G.H Chemical has excellent antifouling performance in all
environments, so it is expected to be expanded after comparative review

with existing paints.
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SEAHAWKA
Static Immersion Test by SeaHawk / Callfonla (USA)

\ L

[\ '——-——
Per1od Ap‘r "Sﬁa\2017 5 moﬁ,ugs,)‘ -
Place Flor1da/US Y -
EMPLOYEE

SPOTLIGHT — Mario Garneau

Y 4
mHaWk AkzoNobel

“l 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) ‘a/tetrgcl;geztaﬁggelooselv x?é ;irir;tc.les e
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Static Immersion | : e e
Test (During 2 years) ‘ . . . -

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

<+ Method

- Long term Immersion
(71 "X Al™A)

+ Place
- Dadaepo/Busan

% Sample (3 makers)
- functional low-friction ﬁ‘::.“ ; SARLS 15.0213
paint (X OtE =) . ' .

- Our product 1 type

A $we . M ins
‘ - » " .
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Patch Test (Antifouling Performance Test) / 181K Bulk Carrier

35

* 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

Pilotimark

BN GreenGuard CF

BN GreenGuard FS

BN GreenGuard OS







Patch Test (Antifouling Performance Test) / 176K Bulk Carrier » Intermidiate Inspection (‘15. August)
- Keep a reliable Antifouling Condition

After 31 months

Excellent condition

—
IGreen Guard CF B Green Guard FS Green Guard OS
lﬁ'l
o “.
) 7
: ’
i ¢
= S
s %
.
* «
| \‘r
h < 5 &
; i - = o g
: : 4 .
= . . -
.4&) =
L} -

Port Side



Adhesive performance
5.

Viscosity | Specific Solid Volume Sagging Res. | Particle size | Non-volatility
(KU) Gravity Ratio (SVR, %) (W F.T, pm) (pm) .V,

e [ oes | s | s | s |
e o | | e | | w | ee

Specimen Commercial Control
T-2 T-5 T-6A RF-05 RF-13
5A 4A 4A 3A 5A




Existing Vessel Verification by ISO 19030
6.

v' Ship Yard : NTS

v' LOA(m):291.8, Breadth(m); 16.6 v 3
v Deadweight(M/T): 175,132.6(S.S.W)  Designed Speed|(kts): 14.9 =

v/ M/E Engine: MAN B&W 6S70MC (16,860kW x 91RPM) -* 4

SPMS Installation (Ship Performance Monitoring System) Nov. 2014

1 st service period

(5years, data available only for the 5t year after SPMS installation) e > Conventional
y y y

Relative wind speed and direction Nov. 2015

Ship heading Nov.2015~Nov.2018 FDF
Shaft revolutions Dec. 2018

Static draught fore and aft Jan. 2019~Dec.2019 Conventional

Ballast / Laden 29~37

Ballast / Laden 38~63

Ballast / Laden (64~75)



Existing Vessel Verification by ISO 19030 Data Exclusion Conditions

» Abnormal data (sensor malfunction, fault, etc.)
5 » Data with large variation (during acceleration/deceleration, turning, etc.)

» After dividing the data into 10-minute increments to obtain the mean value and
B Collected data standard deviation, remove the Outlier using Chauvenet's Criteria

Standard deviation

Speed over ground [knots] 10.0 ~ 16.5 less than 0.5knots
Shaft Power (kW] 4,000~20,000 - -
: : . Less than 15.6 knots Using a correction method
0 > 0
Relative wind speed and direction [knots],[©] (Less than BF 4) [*] 1SO1506
Ship heading [©] - - -
, I Standard deviation
Shaft revolutions [min"'] - Less than 3 RPM -
Static draught fore and aft [m] o = .
Water depth [m] = = =
Standard deviation
O (0] -
Rudder angle [®] +5 Less than 1 ©
Seawater temperature ] More than 2 © = =

1) Validation R"): 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

1) Validation®" : GIO|H & 10 CtHel2 SEEC= L0 2 252 EEHA &7| 7|8 FE2otA| S 8% == A HA
2) Speed-power 2| Displacement= & H| Displacement + 5% O[LHOf| ‘I Admiralty formula® 2783510 A& 7t
3) Speed-Power2| Trim2 XX Trim2| +/pp, + 0.2%0|LHQl AL 0Tk AtE 7t



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

e g s . Ships and marine technology — Measurement of changes in hull and propeller performance
Existing Vessel Verification by 1SO 19030 S e ' Of Ehang PIOpETErP
The relationship between the condition of a ship’s underwater hull and propeller and the power
E required to move the ship through water at a given speed

Performance Value Calculation

Performance Value : (measured speed-expected
speed)/expected speed x 100(%)

Speed -power curve
1ISO150160]| R&tst= WHo = 3ot A|2H Za}

2 A 21t

speed measured
i speed expected

“TT" power measured

shaft power in kW

13 14 15 16 17

speed through water in knots
[Speed — Power Curve]




o . ® Results after 32 months of solid line application
Existing Vessel Verification by ISO 19030 ® Confirmation of performance improvement when comparing PV values before
and after BN GreenGuard FS painting.
6.;

Y4 232 HE F 22
. . - . . . . BN GreenGuard FS =2 7/ £ PV gt b/id Al &
[Confirmation of Friction Resistance Reduction, O}&HA gtA 2+ &101]

PV Ballast Draft

Before Dry dock (Dry dock ,Nov.2015) After Dry dock'
20159118 Dry Docking & <:] \:J‘> 20159118 Dry Docking ¥

—

— 00— PAN BONA

J015.69 2 2016-03 -  201G-10 - 2017-04

~ Abt-8 -

Development of Ship Performance Analysis Techniques Using Big Data




Existing Vessel Verification by ISO 19030

6.

Conventional A FDR-AF  Conventional AF

PV

Average 367%
Improvement

Comparison before DD

1st dry-docking

T

10 20
Months after the 1st d




Existing Vessel Verification by ISO 19030

6

SPEED

Average 3.72%
Improvement

Aft Dry dock

Speed deviation [%]

Cdnventidnal AF  FDR-AF

]
—

AN
w

R
S

©-
e
=
o
@
=
o
[=8
=
2
o
8
=
5
—
2
E
£

st drfldu:king

20

Conventional AF

 Average: -9.82%

30

2nd ﬁw:&acking

Mnnths after the 1st dry-docking



Existing Vessel Verification by ISO 19030

6.

SPEED 7Conventional AF FDR-AF Conventional AF
0) : | .
AVG rage 9 . 3 8 /) i P1-4(2): 0.71% g::::tlon

Average:

Improvement

Pl-4(1): 9.38%

- Reference Period

Before/After Dry dock Average: -10.53%

power curve)

&___vReference Period
Average: -15.49%
e}

Speed deviation [%]
d

[}
()]
Q.
w
(43}
(8]
&
:.:,-20
o
£
£

SPEED 00
Average 4.96%
I m p rove m e nt : 1st dry-docking ~ 2nd dry?docking

before Dry dock

10 20 30
Months after the 1st dry-docking




> Cleaning effect: differences in surface conditions before and

Existing Vessel Verification by 1ISO 19030 after dry docking
6 » Damage Recovery effect: compensate for the effects of initial
-/

coating damage before dry docking

Comparison of PI-1 and PI-4(1) Comparison of Pl-1 and PI-4(2)

Power saving W Coating — W Coating

M Cleaning — | ®Cleaning

1 1 - 7 % W Damage

Quantification of fuel efficiency improvement

e Speed drop (AV/V) and

the power increase ( AP/P) Pl-4(2) = - Coating Effect+ Hull Cleaning Effect
* n: determined by the vessel type and draft (AR + 4.43)

(n=1.91, 2.40 for VLCC for the laden & ballast respectively) PI-4(1) = Coating Effect+ Hull Cleaning Effect + Damage Recovery Effect
* Power saving by FDR-AF coating (9.38 = +4.43 +1.23)

(n=2.16) > (AP/P) = 11.7% (from AP/P = 3.72%)



2024.10.03 ~ 2024.10.10 ZHOUSHAN LONG SHAN SHIPYARD 183 months GreenGuard FS (A/F) S.M Joung

% Builder : SAMSUNG HEAVY INDUSTRIES CO.,LTD.
¢ Delivery: July-2009
% Kind: 4.3K Full CONTAINER SHIP
% GT:40,029
» DWT:50,815
% Length
- LOA:260.00 M
-LBP:245.00 M
- Breath: 32.30 M
- Depth:19.30 M
% CLASS:KR



Level4

6 months after Dry dock to verify performance
O Before 2024 DD

7 @ Aft 2024 DD
BF Level Sul?. e Sav.mg Raile Saving ratio
ratio (Converting

2024 DD Level 4 8.3% 12.5 % 1 3 3 (y
Before & Aft Level 5 7.0% 14.0 % o (v}

Level 3 4.0 % 4.4 %

2019 DD . . 0
e LA Level 4 2.0% 3.0% 4.4 %

DFOC (ton/day)

Level 5 2.9%

Level9

Level 8

Level” O Before 2024 DD
Levels @ Aft 2024 DD

O Before 2024 DD Level 5
‘ Aft 2024 DD o
o Level 4

DFOC (ton/day)

Level3

DFOC (ton/day) by BF

40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98100

ME RPM







* Name of vessel : M/V “PAN BONA"
* Tonnage & Type : DWT 175,401 Bulk carrier
> Apply : BN GreenGuard FS

* Ship’s owner : PANOCEAN S
YW~ e o\ o=
PAN BONA

> Ship’s operator : STX MARINE SERVICE
: Date of dockyard : November 2015

: Place of dockyard : Shanhaikwan in China

------



)

PAN BONA

Application (full coat)

cHY

%

-~

Upper side of waterline

Under water side

<After 32 months>




cccc

Application (full coat)

v' Name of vessel : M/V “SEA INDONESIA”
v Tonnage & Type : DWT 404,389 & ORE carrier
v'Ship’s owner
- PANOCEAN
v Ship’s operator
- BERNHARD SCHULTE SHIPMANAGEMENT
v'  Date of dockyard : Aug. 2017
v Place of dockyard

- PAX OCEAN SHIPYARD / CHINA




Application (full

Coast Guard’s high-speed ship
of &4 =M 84 (20164 53)




2024.10.03 ~ 2024.10.10 ZHOUSHAN LONG SHAN SHIPYARD 183 months GreenGuard FS (A/F) S.M Joung

¢ Builder : SAMSUNG HEAVY INDUSTRIES CO.,LTD.
¢ Delivery: July-2009
% Kind: 4.3K Full CONTAINER SHIP
% GT:40,029
» DWT:50,815
» Length
- LOA:260.00 M
-LBP:245.00 M
- Breath: 32.30 M
- Depth:19.30 M
% CLASS:KR



Simulation of Cost saving & ROI

Cost saving & ROI :
ROI : 55 times P.B : 0.2 month
5,100,000 - 1.50
4,800,000
4,500,000 - 1.30
4,200,000 ROI : 11.8 times P.B : 1 month
. 3,900,000 . 1.10
S .
S 3,600,000
g 3,300,000 . 0.90 o
< 3,000,000 =
- <))
© 2,700,000 o
§ - 0.70 ~
) 2,400,000 =
8 2,100,000 % FOC_Ton/day Saving Amt Saving cost USD Saving cost KRW Investment/year  Pay back ROI
ED 1,800,000 B 0°50 = 10 241 192,720 260,172
> 20 482 385,440 520,344 20,000 046 26.0
n 1,500,000 30 723 578,160 780,516
- 0.30 40 964 770,880 1,040,688
1,200,000 50 1,205 963,600 1,300,860
900,000 60 1,445 1,156,320 1,561,032
70 1,686 1,349,040 1,821,204 60,000 0.40 304
600,000 - 0.10 80 1,927 1,541,760 2,081,376
300 000 90 2,168 1,734,480 2,341,548
’ 100 2,409 1,927,200 2,601,720
- -0.10 110 2,650 2,119,920 2,861,892
120 2,891 2,312,640 3,122,064
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 130 3132 2.505.360 3382236
140 3373 2,698,080 3,642,408 80,000 0.26 455
FOC/Day 150 3614 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 4336 3,468,960 4,683,096 85,000 0.22 55.1




Thank you for your attention.

OCEANCARE

BEST SOLUTION YOUR PARTNER
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