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Main engine output setting 70% 85% 100%
Start time of each run (hh:mm) 7:04 7:54 8:43 9:34 10:26 12:03
Ship's heading during run (deg) 48 228 48 228 48 228
Relative wind Windmill type (m/s) 18.09 4.28 15.38 9.12 11.17 4.40
velocity Acoustic type (m/s) 18.24 4.28 15.51 9.32 11.05 4.30
Relative wind | Windmill type (deg) 0.3 -93.5 0.6 -28.6 -0.9 -17.5
direction Acoustic type (deg) 1.0 -98.7 1.8 -24.6 -0.5 -16.7
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I ISO 15016:2015(C & 3fFAFERODZE

Differences in the final performance analysis results for windmill and acoustic

Main engine output 70% 85% 100%

setting

P I haft d Difference of

inr‘i’g:afg Snjiti ;‘:See 0.1% 0.0% -0.1% | 0.0% 0.0% 0.0% attained speed
oncrtior at 75% MCR

Brake powerinideal | oo | 000 | -02% | 01% | 00% | 0.0%

conditions

Ship's speed through | 5 1o | 0.00 kts | -0.01 kts | 0.00 kts | 0.00 kts | 0.01 kts 0.00 kts

the water
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ISO 15016:2015 —  Lpp > 100m, Beaufort 6 (13.8m/s)
Lpp = 100m, Beaufort 5 (10.7m/s)

F1EDISIRRSTId = Vyppep = 6.9+ 0.38/1,,

I1SO 15016:2015 WD
O Lpp=100m&EEICEry SNSRI ERMHETZENEVSDFIERTES o :Egﬁzjgg 6.9+0.38(Lpp)"0.5
O Lpp <300mODARTIXIEFREIRAVNECRD, R RERE KB TE IS 160
WD CENF=END 150
0 ARNEMTESHLIUVAART/ NS TES(CEET -2 AEMKE o ;
U, ERROEBUZELRE TR gm i
- ERPTEEN MR ARORECE O S IR TR (|
TWBODT. 5510 DISIKZERSTNCIRESINRFRTH. 20154R g /
[CFUTNGER BRI —R(FZ <R 100 —— WDOEERE
— J2RU. Lpp=150mAT# TIRFEENIAZKRLZOT, HIFEE IS I I = o
201 SH}ﬁ(:ﬁ'DU‘EL\ 0 100 200 300 400 500

I ® BERPIEUEIMEIERLRRETA
RPIEUEIHEE SR04 TS

150 15016:2015 ps

o STAY—TRIROHETE

o IAEBININS N\ EBRE]
SIS STAWAVE-L o FHOIE, MEIVNSYRE, HESEALTGHE
o [ENUSE (0°£45°) TIEFIRIAE
® STAY )L —TRIROF4RERT
o
o
[}
[ ]

STAWAVE-2 HlBR STAWAVE-1&DHREYCSX—IHE<, ZUMBEN S ?
MEHMVE (0°+45°) TEFTIEE
ITTCTIRESNIEAETRBEE SN CIERRIEE

STAWAVE-2& B EDO R BAIE DI THD. STAWAVE-2LBHAEN
HipREnacelciofk

B LR R ERFTANFRLL A

MR CERRIFOMBRRIEZE\ MEEES AL CEX THEENSL)
BRI A RETOTS LY = AN ABN TORBLO TERIEAROEETR
LEEOBBHEEELDBEN S

IKIERERDBF IR MR

= SNNM

BbmE BB

KB ER IKIEFKER




I @ BERPIRUEIMEIEELRRETA

BORPIRFUBNMEIETT AL RSREDRREDOMIEG (RERFUCENDSD)

ISO 15016:2015 BHREHA/REART NS A RGBT A PRERL — Y —TANI NS AGHA

STAWAVE-1
Hy /s < 1.50 [Ly,/100
STAWAVE-2 Hyjs < 2.25 /Lm,/IOO

DAL H < 0.50 (L /100
KIEER 3 = 050 ke
1st DIS BRsHAEEANRI NS A BRI A 0RERL — 49 —TANRI NS At
STAWAVE-1 Hyys < 0.15\/L,,
AAREBIHH O TSTAWAVE-1IMEZ B VEE, IEEZ0°+45°0
SNNM HEECERT Hys < 0.225,/L,,
Hy/s < 0.15,[L,,
KAEEER B THEARE

I RREHADRE

FOROBRETRIIBEICRIIZEVSDFIBFETESN, IREFRTORSRI A ORRL —F — R ERREFER IS
CEICHERRR(EHD

0 FSRIA
— ERIGERBIKITIEA L. HTR— METRIFRIRFSE THWESDD
- EFBVSEREEMICHE

- BETV-MIFEEQBORVEIREMREETET. BAROBHMBIEF /KIS A TRNHRZ I dIHENE
<\ BRI A DERNEUERCEELL

0 JERL—45-
- MRKFFCEVGTAIRNBWESEHD

— BENBOIIY-I T ) EERT SRS — RN HAIAREEC RO TORIR W, RDHERA(C5T
BIARBECRBERIENAEN

- RRL—9— IR R TRHMERAEEI B ITTCEOHPIBE TRIRL —45 - DEROH 1 RI1 > F 2 (R
SNBTENEFND




I S 1EIDISIERICHFT

O 5 1[EIDIS#:E(F2023F9H25H~2023F12H18H(CITOHNI
O DISOBRIREHT

ISO/TC 8/SC 6MPAN\—[ED2/3 F DEER
B>
}iijmh\ﬁfi‘ﬁﬂmﬁ‘ La\ﬂ&@ 1/41’/{—F

0 BAREMTESLUTIEIROATRAEZIAZBEULL, ZORDICIDISIHET
MRE T

0 BHREEOIFZ/\—hTHIEERL. ASEFCIDFv > RIVEFE > TR FE 2B IR E L oI

(*) ASEF : Active Shipbuilding Experts’ Federation
EnEROR E.’&IMO&%L:.@“&.&%EE’J&b'CZOlSEl 18(GEEIIENZER
HFROFIEMBIEEDI0% U L7 EH8HD115E*DEM THESFNNE
IMODATH =)\~ ZT —H2%HID

x BAR, 8E, 1E, MO, 1OR, IL-37, RUF2H, AVRRIT, 94, RhFL, STHR-)
(>Aim— )b(IZOZSEb‘bDDEﬁ)

TRLU. RIEUCRSIALU

I ISO/TC 8/SC 6MDAYIN—H

Participating Members (20) Observing Members (14) Others
Country 1SO body Country ISO body Country ISO body
China SAC Belgium NBN Viet Nam(TC8-0) STAMEQ
Denmark DS Croatia HZN Thailand(TC8-0) TISI
Finland SFS Cuba NC
France AFNOR Czech Republic UNMZ Singapore(TC8-P) SSC
Germany DIN Hungary MSZT
Greece NQIS ELOT India BIS
Italy UNI Indonesia BSN
Japan JIsC Iran, Islamic Republic of [INSO
Korea, Republic of KATS Malaysia DSM
Netherlands NEN Poland PKN
Norway SN Portugal IPQ
Panama DGNTI Qatar Qs
Romania ASRO Slovakia UNMS SR
Russian Federation GOST R Ukraine SE UkrNDNC
Spain UNE
Sri Lanca SLSI
Sweden SIS
Turkey TSE
United Kingdom BSI * ASEFINERHBIN GBS E
United States ANSI (Singaporel(d20255H500E8)




DISISEDFGREM

1. &F (BRUN) ULETC/SCOPAYN- (LEOTHROE) d2/38 EHEERK
B>

2. RANMEREEOL/4UT (PAYN-TRLTEHI>Y MEN3B)

Case-1: PAYN-EEIHNERULEES Case-2: ASEFDOXYN-EEHRUEIEE
PAYVN—ENIATIEE 20 PAUN—ENIATIHE 20
OXN-EDIHR 0 ASEFDOX/N\—EDILE 3
R 20 R 23
ASEFUSADPAY N—BE(*)DERLE RE 15 15/20 > 2/3 ASEFUSADPAY N—EHEERL 15 15/20 > 2/3
ASEFE 5 5/20=1/4 RME (5+3) 8 8/23 > 1/4
(*) B&, &, #gE, dbLd, 2U5THs do. (5+2) 7 7/22 > 1/4
do. (5+1) 6 6/21>1/4
= M F(o v R Eh n = D2
HRE2/38 k., RAES1/ B30T, COBAUTRLTUES TN 2/ SR LB, RARDL/AZEAZOT, COB
AERENS
ASEFQOXAYN—EICRMIFRUTESS L55ET 20 EHND

I BEEDIZH

BAREBENRRALTEE, SHEICEHIAL. BAFZGTRALTES5L5XB DK

MV 2023F10ADASEFJA-SLA@FETHEH, TOEX—ILTIRITHER

XL—-37 2023%F10HOASEFIA-S L@ ETHEH, ClassNKOYTII>T—IVBHFRICETAD—%EFEVUL

AUS>h JOARRYIY—R (BEEMOBEGRL) (CA-LVTHRA, BERBEVLLE. AUS2HIEFHEFISO/TS
BICEERL TLRNOIA FHERBIICTC 8/SC 6MPAYN\—(CE R

1R 1Y RETRBETIYREEBEZ1—7 - THH#

1YRRSF | ACS (P2TMRBEES) TIF—@1YRRI7THH, TOBRX-I TR

SYBR=I | JETRO (AAEBSIREHE) FERTS VORI EHETEVE- PREZEN

54 BANEARFROREER SRS IS THERTA—)LTPDED

NMFA ACStF—PIMUEA SIERPROBLERZEFERTL Y&, ORIV TIRITHERR




I B 1EIDISIERFER

Participating Members (20) Observing Members (14) Others
Country ISO body Country 1SO body Country 1SO body
China SAC Belgium NBN Viet Nam(TC8-0) STAMEQ
Denmark DS Croatia HZN Thailand(TC8-0) TISI
Finland SFS Cuba NC
France AFNOR Czech Republic UNMZ Singapore(TC8-P) SSC
Germany DIN Hungary MSZT
Greece NQIS ELOT India BIS
Italy UNI Indonesia BSN
Japan JIsC Iran, Islamic Republic of  [INSO
Korea, Republic of KATS Malaysia DSM
Netherlands NEN Poland PKN ® P N-DERINE
Norway SN Portugal IPQ 13/18 > 2/3
Panama DGNTI Qatar Qs
Romania ASRO Slovakia UNMS SR @ T I B NTIHE
Russian Federation GOST R Ukraine SE UkrNDNC 7/22 > 1/4
Spain UNE
sri Lanca sis1 MR o SIHEEN1 /4% FEoT s AR
Sweden SIS RHER
Turkey TSE X AYRRIPFRIFIAS MEHUDD.
United Kingdom BSI * ASEFHIEEHEIN 53 E YSE(IE R CANTUEDIELDZZ !
United States ANSI (Singaporeld20255h51N88)

I B2[MDISIERICAF fif®

O SE1[MMODISERISRERZRZ(T. 2024F2H1B(CE17EE 2R 1E

O EFF/LD. DISHERCH NI R ERZ#HRT D75 M Tikam S NETHILZREERNSIERIN
hh. %@&5&:&?@‘&&%?’“%73“95&7 (J))té:bl)I\BPL(J%(C%’%E‘@”%%%D‘E&)BH HEECEREE

0 AARLEE (IR ZEDIERIC(iEE LRV

O E(FEERRFDEFIESNNMOFI AEEEEMZZACRIANBERES
- HEXPREOIFR/N-hPLOMT LRFHORINGOEBNNS (51 EIDISKFEENSHE17EIRZED
MICHPEREZEOT TOREOEED-HENO>TET . o o)

0 RRICEFVONDEZHZZHIZEE2EIDISIHR FST MENPLASES




I R EES OB T LR s ERE Rt T E S EEDRTE

ISO 15016:2015 -  MICRIESN S REMEEETZEER
$1[EDISIFRRSI b - 3D BEHRERREETCIRE
$2[MDISIRRST b - 3D BEREICBEET. ERORREETGERTR

ISO 15016:2015 2nd-DISAHWD
Lpp>100m, BF6(13.8 m/s) EER : 9.7+0.23(Lpp-50)"10.5 . . = N s " L4 ,
100m, BRG1S /e | B :97:023000 500 ERAEIRR D UEAISN A, 3DRBERELfERE
R e — OB (mE/hy)) TREN BRI ORMER RN RS
P 72, SHRIRIC— R (AR R TEIRFED10%

BIBFETEFREVSEEFEDVE

14.0

13.0

7 LIDARYIDEE KA A EERETDHS
é 12.0
£ 110 Vwrres = 10.7 + 0.23 |(L,, — 50)

10.0 — =" =

— -BEER R BRIy TRIDE B ERE T DB E
B ISO 15016:2015
&0 0 100 200 300 400 500 VWTTef - 9 7 + 0 23 ( . 50)
Lpp (m)

I RGRPIEIIE IS IE & & RURET A

O {ERATEHMEIESEDERM(IEE 1EIDISIKERSTMREU

O AR EENN GO TSTAWAVE-IMEZRVEE(F. BREHA + REIRT M5 ATSNNMAE SO EETHEA
Clfe/ )

2" DIS BREHALRERRINS L BRI A WPRL—F —TARYNS LEHE
STAWAVE-1 Hy/3 < 0.15,/Ly,
HMAEEN A H > TSTAWAVE-1AMEZ MBS . &4
SNNM A= TR Hiys < 0225 Lpp
Hy/z < 0.15,/L,,
KAEHER BRTCIEERA




I 55 2[BIDISHE R (2024438298 ~20244 58240 Ftick

O ZE1[MODISIKEEDRICLD. RIARRFFERIBELE RSN S ZHRIRELSISHEIZEDD,
O EREEETORIRICLBTIEROFZEFRVDC, BERICIHOTERRRRANERRDIE

@ STAWAVE-1NMEZ RS ECSNNMABR + REIRT NS ATESAMERATREROC. SNNMEDIFE
FBEVETOKIERERFERMAZEDS ST LI — AN ALSN ST

D2RAFTMEINELL. BAE, BE, RUSDHERIIERE
O ZB1EIDISIKHRRTRAHZRULRE. ML, A2 MIBERIEER. N\L—-27JHKRET
O 551EIDISKE TR TEBIERUILA YRR TEIRRE S
COIEROFER, DISKREMHZHEL. ISO 15016:202502025F 2AICRTEN L

O 2025%F 48 (ChESNIZMEPC83(C T, EEDM&REEFREA 1 RS1HISO 15016:20258FUITTCE

(2024)Z2 &89 2EENMEIRENTT (20, I1SO 15016:2025 (CDWTIEFATEE THY, EELEISH I ERER
HAR (BRWT7 TUDEE(RSS) %FERT 31, EEDIREHCSVTREMEEN 30132026458 1 BB (CSR N 3305 ER
HBERD, ZNETE2015EREEFET)

I SEDBETFEMIBIONT

O 2015HROTETEZFERRD. FELINFBOFELHOTWGECRENINTIE- MTITOHN. FEIBIFTORRMNTA
REDFIFEERN ORI HEIEFFZERDIKVIRRTHOL [AZ125—23> DR E]

O PLNSHEEZTEL. PLIEIZMMNKBEIN-ITEmMEIEUE  [PLOMERIEIRESHECHL TR ]

O 2015HROEEETEZERS SOV INERTHD. ITTCRIKIS (DI BZEICIDRREEIRZENN, SEIfER
A PERESEENEATHD. EERIERZHE I SHEREE R OO YA R U, RIBFEZE BV ER
FRYA NIBEEFZRL(CES UL [DISTHRLTZBZSIEHIUNFED B OK]

O ASEFNNZEHBIDE; DT 1BIDISIRREFERTE, HIREORBEZSIEHUN B2EIDISIRETFZDH
HZRICHUTASEFBHEITFMEDZEN Do [FEIDEMEDERNERDEN ? ]




I REERETVESRICHRT T X T

O MARINA2025FN5STA JIPOEHROFAIZIRIIP; STA-2 JIPZIIE LIFTHED. ROITTCEDRETHLUISO
15016MeRETICEENZMAFTRFEZBEL TLD

O BRINTA RNREIRET TEDLSBIREZ I B DEON Ffo, COIIPHSREIERETVEERF DI+ /(- XN
B THZINS. BANSESTA-2 JIPCEN (BARAERMARGROREZR . BAEMIESRES
FENS3HNSH) UTIHRIRUNELERMN YA REDBIRAEEZTITS

O EEENSIISTA-2 JIPICSINT R ERVEDN, EEEEMWNTKOSHIPA (BREEMEESI> M) 10
1 M5 EIF, ISO 15016: 2025 \DKEEIEZAIT (U FERENDNIEF S E(CEFATESHXZIRTU.
IREIISOETEE (L) I7—TE3#FERITIEDCE (SEIOWGEZRTERHEIIRARLD, Lik— MIBHUTEERAES
NEh-ERENS, IIIERDSNIEEIEE/F>THERL)

O KOSHIPANSBAREM T HER(CTOZTI MO HAREN G, KOSHIPAL DFAEICSINL. EH(CLOTASEF
(CHERTBETEICHEOTVD

To be continued!
~ REIXETIZA (F=FrM (STA-2 JIP) EDET-HEE L DA EY ? ~




F=80 : RMRRHAZDORBICE T 1=8 T RKFiTdD
BAICET HENEEOERY HH






R 3 A= HOBRRRMZTOERRICHITL:
BEIREMDOEADERYFEA

HRASHER=HF
i1 = vk 1 Zvkbk

—iREAEE AN B AR RGE EEREEZE

Bl &5h



1. ¥tiBlue Action 2035DZ#B1T
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Our R&D activities
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Great Circle

Suggested route with sail
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DarWIN Project - overview

DarWIN’s - Partnership & Functions

KPI - Progress of Fuel Efficiency as of FY2024

Improve fuel

efficiency
Milestone

- FY24
' Milestones Achieved
8.9%
________________________________________________________ _I___________.___
95.0
93.1
91.1
End of FY19 End of FY20 End of FY21 End of FY22 End of FY23 End of FY24 KPI




DarWIN Project - Integrated Process for Operational Efficiency

Three main approaches for target vessels

(s

improve hull
specification

-

" 1. Specification\
Improvements

Installing energy-saving devices to

and equipment

/

4 2. Co ndition\
Maintenance
Maintaining energy efficiency

through regular and specific
maintenance measures

\ J

M

@

Optimizing operation by
optimal route, speed,
trim(condition)

3. OptimaI\
Operation

J

kl.l

DarWIN’s Energy Saving Device Measures

DarWIN proposes to implement multiple fuel saving measures for existing ships.

X

1. Specification
Improvements

2. Condition
Maintenance

3. Optimal
Operation




DarWIN’s Energy Saving Device Measures

DarWIN proposes to implement multiple fuel saving measures for existing ships.

Fuel-efficient Sailing Conditions-
Optimum Route/Optimum
Trim/Optimum Posture: max 4%

Minimizing Tidal /Wind
Effects

Energy-saving Autopilot: \

0.5-2%

/

Maintenance, antifouling measures

Full blasting: 5-7%

High Performance AF Paint: 2-4%
Hull cleaning (by diver/ROV) : max 4%

Propeller Propulsion Efficiency
Improvement
Low load optimized propeller: 2-3%
Aft fins to propeller forward: 2-3%
PBCF to propeller aft: 2-3%

New Governor Control
Method (based on FOC /
Vessel speed) : Up tp 3%

ME SFOC Optimization in low
load
:1-2%

Main Engine Performance
monitoring /Maintenance
Optimization
:0.5-1%

Propeller Fouling Reduction
Cleaning: 1%
Propeller coating: 1%

Ultrasonic antifouling device: 1%

DarWIN’s Energy Saving Device Measures

DarWIN proposes to implement multiple fuel saving measures for existing ships.

ME SFOC Optimization in low

4 v load
? 1. Specification — £ 1-2%

Improvements

Propeller Propulsion Efficiency
Improvement
Low load optimized propeller: 2-3%
Aft fins to propeller forward: 2-3%
PBCF to propeller aft: 2-3%




. a + 1. S ificati
Propeller replacement | Fuel saving effect ? Im:f:\l:;:e:tr;

Example of a 4% Fuel-Saving Effect

Confirmed

v' Improvement through design: 2%

v' Improvement by resetting propeller
aging degradation: 2%

1. Specification

Propeller Boss Cap Fins (PBCF) | Fuel saving effect ? Improvements

World Wide Sales Record : 3859 vessels
(1987 - 2025 March)

<Under DarWIN Project since 2023>
New installation : 14 vessels
->about 3 % FOC reduction is
confirmed
Replacement with new type : 24 vessels
—>about 2 % FOC reduction is
confirmed




Electric VIT '*ﬂ*-- 1. Specification

Improvements

Electric VIT installation for existing vessels (with Mitsui-Everllence MC-C engines) is
actively promoted under the DarWIN Project.

DarWIN’s Energy Saving Device Measures

DarWIN proposes to implement multiple fuel saving measures for existing ships.

2. Condition |

Maintenance
Main Engine Performance
monitoring /Maintenance
Optimization
:0.5-1%
Maintenance, antifouling measures
Full blasting: 5-7% Propeller Fouling Reduction
High Performance AF Paint: 2-4% Cleaning: 1%
Hull cleaning (by diver/ROV) : max 4% Propeller coating: 1%
Ultrasonic antifouling device: 1%




Hull / Propeller Cleaning | Fuel saving effect

2. Condition
Maintenance

Target vessels are selected based on FOC increase.

Time Series Graph

Performance
recovery after

cleaning

Heavy fouling
? 8 suspected due to
5 (@) prolonged drifting
[
o3
2B
—
<8 | Dock_ | Dock
3 o
~

- B

Determine the appropriate timing for cleaning
based on the performance data.

Hull Cleaning (by ROV/ diver) | Fuel saving effect

2. Condition
Maintenance

The effectiveness evaluation of hull cleaning:
v" Confirmed 1~7% FOC reduction depending on the extent of fouling.




. . . 2. Condition
Propeller Cleaning (by diver) | Fuel saving effect [.gj’ Maintenance

The effectiveness evaluation of propeller cleaning :
v Confirmed 1~8 % FOC reduction depending on the extent of fouling.

e . . . . 2. Condition
Utilization of Main Engine performance evaluation tool Maintenance

Utilization of automatic engine performance monitoring tool
-->Ensuring appropriate engine maintenance / parameter settings to keep optimal engine performance.

Improper ignition timing Optimized ignition timing




DarWIN’s Energy Saving Measures

DarWIN proposes to implement multiple fuel saving measures for existing ships.

Fuel-efficient Sailing
Conditions*
Optimum Trim/Optimum
Posture: max 4%

Minimizing Tidal /Wind
Effects
Energy-saving Autopilot:
0.5-2%

\

3. Optimal
Operation

New Governor Control
Method (based on FOC /
Vessel speed) : Up tp 3%

Optimum Trim Operation

Results of Optimum Trim Tests

Optimum Trim Operation

AKISHIMA Laboratory confirms correlation between resistance, ship speed and draft, in a model

ship of each type.




Voyage Optimization (Digital Solution)

Sofar Ocean’s (U.S) products primarily consist of hardware for collecting marine meteorological
information, known as the "Spotter Buoy”, and voyage optimization tool called "Wayfinder“.

Spotter Buoy: Solar-powered buoys collect real-time
ocean data (e.g., wave, wind) every 30 minutes.

Wayfinder: Wayfinder suggests daily optimal routes and
RPM using vessel data, Spotter Buoy info, and satellite
forecasts.

Link : Sofar Ocean - Connecting the World's Oceans

Energy Saving Auto Pilot

Energy saving auto pilot :
Estimating external effects such as wind, tide and automatically control the rudder to minimize
the deviation from the planned route.

<Conventional heading control> <Energy saving mode >




New Governor Control Method

New Governor Control Method :

The new system is proposed by the several manufactures to enable governor control based on the
vessel speed / Fuel oil consumption / Horsepower instead of conventional engine RPM control.

@ Actual SOG (Speed Over Ground)

@ SetSOG
@ Actual ATW (Speed Through Water)
@ Actual FOC (Fuel Oil Consumption)
TS / ’——-~\\ POrTINY
{ y { v e N Set FOC
\\ ,I . \s~____,/' (\ 'l
Se——- ,a”— -~“~\ S’
\ . .
(\\ _/ FOCis automatically reduced
""" when the vessel speed reaches
the target

DarWIN Project - Integrated Process for Operational Efficiency

N\

-
Implementation Y108 MOL Techno-Trade, Ltd.

LDarwin team for implement energy saving device )

P
Monitoring <&

LData team for monitoring, managing, and analyzing operational data

Effect Analysis B ==

——— e

Advanced analysis utilizing vessel technology research and engineering methodologies

J
)

Visualizing effect [_]
Platform for visualizing energy-saving performance )




FOCUS - Effects Visualization & Project Management

Project Management Dashboard
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