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From Sulzer to WIinGD

@ I WARTSILA
New
@‘ Sulzer
Diesel

15t Sulzer
Diesel Engine




WINGD ya—nizxy b7—9 &5

A4t

Winterthur, Switzerland
2y b7—9:
China, Korea, Japan,
Singapore

RLERHE:

Switzerland, China, Japan

fL—Z=2T0tR2 45—
Switzerland, Greece, China, Korea,
Philippines, India, Poland, Singapore

24—
China, Korea, Japan
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WINGD 51t>o— (#i&)
China: I'I'I\\ FIREH AR

HUDONG HEAVY MACHINERY CO.,LTD.

(m FiEMR=RiskxtilaRAaE
CSSC-MES Diesel Co., Ltd.

LSSE cx22anel
LKL HEIH IS T FL iR S

CHINA SHIPBUILDING INDUSTRY CORPORATION DIESEL ENGINE CO.LTD.

E 7~ RITN NRINBIRL S

YUCHAI MARINE POWER CO., LTD.

Korea: AHYUNDAI Hs@ engine

HEAVY INDUSTRIES CO.,LTD.

M mitsuiess Hitz

Japan: witsuiess ou co, Lta. Hitachi Zosen

5  ©2024WinGD WIN GD




FLHRESE

1streversing

two-stroke
diesel engine
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engine on ofa
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diesel engine

o 1St 1st14 cylinder §
S mechanically RT-flex96C
controlled low engine —
pressure dual-  largestdiesel 12X92DF: the 9
fuel two-stroke  Cycle engine largest Otto- &
engine ever built cycle engine
ever built.
3 Super-long- ot twostron
© stroke WO-Stroke m
= concept with low-pressure § TCS%CG|0b;|
Sulzer RTA dual-fuel engine estCentre
endine series Stroke Engines
’ Established

2020

X-DFA
X-DFM

Methanol and
ammonia fuel engine
development

X-DF2.0
with iCER
technology

2022

mmmmmm

WinGD X-EL
Energy

1sttwo-stroke Management
diesel engine in an

ocean going ship
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1stelectronically

1St

controlled two-
A turbocharged § stroke common-
3 two-stroke « rail engine
— engine

1sthigh-pressure

dual-fuel engine

X-Engine series WIDE —
with lower fuel WinGD
consumption and integrated

Digital Expert

2011

higher power

100t X-DF
engine
ordered

2018

Engineered to

X-EL
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X40 Small/Handysize Small Product General Cargo
Bulker IEULG Carrier
2t e el—
flex50  Handymax MR Tanker Small Container
Bulker/Tanker
X-DF B8 (Dual-fuel)
LLs m
- BBER BRI o2 i ol—
- LNG, )( 9 / _}lls 7 €= flex58T  panamax LR/Aframax

7 Bulker/Tanker Tanker

hh

Cape Bulker Suezmax Tanker Feed Container LNG Carrier

X $#4B8 (Diesel/HFO)

- MefiiiEERE & L TERE
=17

- CAPEX OPEX&Ex#E 1L

VLCC Mid & Large
Container

Ultra Large Container
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- BEOT «—EILHEEIC L. BEAKAITEBE

R1 R1+
100% —

SBEEDT «—EIILBEATIE., BREFEHROBRANDS
T4D—T4J7#§<&méhfmétwks§ 202
RO —XATlE, BEAHANEBWNWC ENREETLEL S
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— 5 CIEEX-DF#BEIEFDL—T 1 > 74— F
ggus&ﬁﬁuﬁ%EﬁToﬁtmﬁwﬁmﬁﬁ
HhI MO TIEHAHHERENRBRLY,

82%

70% { .- R2+

Engine power [%]

62%

58% 1 - .

X62 78% 94% 100%

[C___1X62DF Engine speed [%]
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EORRA - 7R bR EORERA : 167 EE

BHEE (FLY) 1 x£7% EHEE (FLY) 1 £19.7%
EFRIEHETICTHR MY v FRISEHETICTHR Y v
7"»&< HRE— F OB % 2 7"»&< ﬁx=E 0L LR

160 -
—Filtered speed —GAV duration
—Fuel command —Engine speed reference
180 —setpoint engine speed ——engine speed 140 TC speed /100 —Firing press cyl #2
—fuel command —pressure cyl 3
160 =—GAV duration
120

140 cylinder pressure: 150bar to 160bar or 155bar +3.2%
100

120

80 r\vvnvl\ 4 2 [\ A\ /\v/’\VA f
100 | engine speed: 79.6rpm to 87 .8rpm or 83.7rpm +5% 4 YR U U U \

T P N o 60
g0 I~ ~ o~ ¢ T A . ~
set point for engine speed: 84.2rpm

o W 40
torque (fuel command): 51.4% to 59.5% or 55.5% +7.2% /\"’“/\/\M/\/\/\/\/\/\—/\

40 20
P T W, T ——
20 gas admission: 27.3ms to 32ms or 29.7ms £7.9% 0
1750 1800 1850 1900 1950
0 Time [sec]
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Dynamic Combustion Control DCC

« Dynamic Combustion Control (DCC) [Tk Y., AR 2F 2/3— (MN) A65LL ETHNIZE.
RIBEGOBEAL—T« VIl . 100%FE TORBEEFZH OTTEE

o —BMIINGIREDIFEA EIEZMNGSLLEZ H/IN—TES

BEBIR At 7 D#IR
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R e I
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o FOEHILEH T TIEDCCHES
I

50% 1 —old full BMEP rated ‘tropical’
—new full BMEP rated 150"

Engine Power

60 65 70 75 80 85 90 95 100
MN
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BAOHE
VCR (Variable Compression Ratio: AJEFE#EtL) S XA T LIEFEXR FoF

SELZAMMT. BEE LTERLEEEATEE (V)

COBBERAWVT., UTOGSICEfELEE&EI#IRApEE 4 5
HR/ T14—EIE— FEOFEHEL

W AR E
K&k
rE
—iBR9 75 FEFELL ;R L
| Fo—tAME | XOFME | OFBBIVCR
e e ~20..25 @%E —12. 16 _
TA4—EILE—F (EAES L fER) = 20..25 A%

HRAE—F N/A (FE#E > LEER) ~14..25 G| ¥

26 © 2024 WinGD




X'DF I) 7 7 l/yz 31st Dec. 2023

X-DF engine type Vessel type Total OnOrder  After ST Total Estimated RH

X40DF 9’500 cu.m. LNGC

15-33K dwt Prod/Chem Tankers

1-2K TEU Feeder CVs

14-20K cu.m. LNG Carriers
RT_ﬂeXsODF 80K cu.m. LNGC/twin screw

3’600 vehicles PCC

5’800 lane m Ro-Ro

125K dwt Shuttle Tanker
50K dwt Chemical Tanker
X52DF 30K cu.m. LNG Carrier
Deck Cargo Carrier
7’000 vehicles PCC

2 2 11K

48 1 47 683K

23 2 19 179K

115K dwt Crude Oil Tankers

X62DF 95K+ dwt Bulk Carriers
180K cu.m. LNGC/twin screw
174K cu.m. LNGC/twin screw
7’000 vehicles PCC

75 17 58 950K

X72DF 174k cu.m. LNGC/twin screw
180K dwt Bulk Carriers
114K dwt Product Carriers

520 208 268 4'329K

X82 DF 300K dwt Crude Oil Tanker
8K TEU Intermediate CVs

7 4 3 33K

22K TEU Post-Panamax CVs " ol S = =
X92DF 15-16K TEU Neo-Panamax CVs “artii = : 44 22 22 237K

TOTAL 717 (ca. 12.7 GW) 254 419 6°422K
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DF #%B BAMREDISDT7 1 —NINV ¥

X-DFERE D ¥ E e ] (X500 A KFfEl 2 8 R 5

o X-DF BEHDEEIKRIZBIF 34085 LI EOHEIER L. EOHEI TIZ400008F
LI E

o PYIHADFESIINEETN. FORDOX-DFEBEIZD —FNAvHEShTUL3S

+ WinGD &, MMREZEHLLITAVTFURAE  WINGD T a—
fRE XTI 4 EOPEXDRBE L #E S e

Maintenance intervals and [ Date: | Eorral s |
component life expectancies implomentations 9! ir’rforlmation
only
Intervals & Lifetime
Component X62DF/X72DF Work to be carried out T ] RT-flex50-D, RT-flex58T-E, RT-flex50DF Maintenance Information:
s i i o S e L Updated maintenance intervals and
Gas admisslon valve (GAY, Perform pressure check of gas manifolds for each engine i;g; xffg/g? /2);?!'2)5?:23(’;92%&1 0. X92DF life expectancies for engine
group 21xx) side individually. Tightness of the GAVs, the vent valve 12000 y : Ea components, superseding all
and the shut-off valve can be confirmed by this check previously stated values.
) _ 3000040000 (orb
Overhaul/replace compression spring
- - - yearsj Information for:
Visual check of compensator gas inlet pipe 6000 gl oo WD
Estimated lifetime: Rail valve 60000 two-stroke, low-speed engines.
Estimated lifetime: Housing and servo drive engine lifetime
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- T4—EIEBEALE CERERICAZ/—IL. TUEZTH
HES S R T L% BN

— T4—EWYALIONIZKY T+ —EILHEER CEE
—- BETs—EILBEALE CRHEZERTEE
— F4—EILBEBEEENVI Ty TE LTHEATEE

— A3 /)=, FUOEZTHBHELIC. T—EILBHES L
B CHA. HaeZEEMT S

- F4—ELREWERAK. SCRESH REBEE(SCR)DF A
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DY FAN—BREBR T2y bo+—L, BEEE

EBMOY—HRA AN TS5 A
i I’ A

AR /=L, TOEZTHRE
B AT L

H—1RA A ILL—ILBE

AR /=L, TOEZTHRE
448 2 5/

Ja—INN)LTa=vF
(Fuel Valve Unit)
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AREHREEL 7 AHR

I CICHEIL Lo >t T F&ER

NOx ##l: SCR [Z7T IMO Tier Il X5t
A4 /=)L (LP-or HP-SCR):

M EREIE L. RILLTILT £ FEEH Z#%
T E=7 (HP-SCR only):

CNFE TOREBRFER D 5 [EN,0 BEH (FEABE 5 (= THIFI AT
BELEEZX B, NLODF=-HDRWEEE[TFE

. ?ﬁﬁzibuwaﬁnﬂ-;wm?/% ZT ARy TERIN

« R#ENH, ZSCRIZFIF> Urea (R¥*) HEEDIER

NEW: #$R8 1+ ZE —{REISCR (iISCR) A% 52/62 AZ (=4 7
Eﬁégﬁuoé%tﬁﬁﬁ@%ﬂtﬁ%ﬁﬂ@%ﬁlﬂﬁ

Example: integrated SCR (iSCR) X62-S2.0
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< | 6X82DF-M
(D) o A
5X52DF-M-S Upgrade from diesel to methanol in Q3/°26 15k dwt CT
LPG/Ammonia
e 6X52DF-A Carrier
c
o
E 6X72DF-A VLBC
<C
6X62DF-A LR2/PCTC
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A& /) — )b Dualfuel ¥%E5

Engine Portfolio

New Engine Designation (from October 2022)

6X52DF-A-51.0

Technology level

Update level . . x- D F M
Future methanol engine portfolio b WinGD

Application X52 X52DF-M—-1.0 _ 79-105
S: Short-stroke X52-520 X52DF — M — S1.0 1) S, S— — 85-120
Blank: Others X62-520 X62DF —M —S1.0 T | . _ B2-108
A 1628 X62DF —M 1.0 =] 77-103
ueltypeapplication b -
M: Methanol X72-B X72DF—-M—-1.0 (T i i | _ 66-89
A:Ammonia XB2-20 X82DF—-M—-1.0 (T e T 58-84
Blank: Others X92-8 X92DF —M — 1.0 [ [ [ [ ] 70-80
Power Speed
Fueltype (MW) 3 & 6 @8 10 15 20 30 40 50 60 70 BO (RPM)

DF: Dual-fuel,
Blank: Standard
engine
Boresize (cm)
Engine type

Number of cylinders

Example engine designation 6X52DF-A-51.0 representinga WinGD & cylinder, short-
stroke engine for dual-fuel operationwithammonia and diesel.

2024 A2 O IZi88FE
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Methanol-Powered 9k TEU
Built at Yangzijiang Shipbuilding

COSCO Methanol-Powered 16k TEU
Built at COSCO Heavy Industries

WIN GO

PRESS RELEASE

24 MARCH 2023

WInGD to deliver methanol engines for COSCO
SHIPPING Lines container vessels

WinGD will supply 10X82DF-M methanol-fuelled engines to four 16,000 TEU container vessels to be built
for COSCO SHIPPING Lines at COSCO Shipping Heavy Industry (Yangzhou) Co. Ltd. These vessels will be
delivered from 2025 and will feature WinGD's first X92DF-M engines in China. This ground-breaking
order was celebrated at a signing ceremony attended by the collaboration partners from COSCO and
CSSC onsite at CMD on 23 March.

mnnsamssn 2528 XTI

The methanal engines will be delivered from engine builder CSSC CMD in Shanghai, which is jointly
developing the engines with WinGD. The fourth vessel in the series will be the first to have methanol
engines installed from the beginning. The earlier vessels will initially have methanol-ready X92-B engines
installed and will be converted for methanol before entering service.

These vessels will be among the first methanol-fuelled container vessels to be built in China and
represent a significant investment in China’s green transformation strategy.

The X92DF-M engines will be based on the widely used X92-B engine, which has long been deployed by
leading containership owners including COSCO SHIPPING Lines, MSC and CMA CGM. The reliability and
efficiency of the X82-B will translate directly to the X92DF-M, which will utilize the same high-pressure
Diesel combustion cycle.

The order enables WinGD to advance its timeline for developing conversion packages for methanol-
fuelled engines. WinGD will introduce a methanol package for the X92-B engine as soon as the fourth
vessel in the series is delivered - opening the market for existing vessels with X92-B engines to be
converted to use the carbon-neutral fuel.

© 2024 WinGD

WIN Go

PRESS RELEASE

20 November 2023

WiInGD to supply methanol-fuelled engines
for six green container vessels

Swiss marine power company WinGD will supply X-DF-M methanol-fuelled engines for a series of six
container vessels to be built at Yangzijiang Shipbuilding in China. The 9,000 TEU vessels will each be
powered by an X82DF-M engine built by HD Hyundai Heavy Industries’ Engine & Machinery Division
(HHIEMD), to be delivered in August 2025.

The new order, which includes options for further engines, expands WinGD's methanol engine orders into
the 82-bore size. As announced previously, early interest in the X92DF-M resulted in an order for four
engines to power ultra-large container vessels being built for COSCO SHIPPING LINE.

Volkmar Galke, Director Sales, WinGD, said: “This order confirms that our X-DF-M engines will be in
service long before green methanol is widely available and before regulatory requirements come into
force, giving operators time to build experience with the new fuel and engines. We are delighted that one
of the biggest and most influential container lines has also invested in our X-DF-M technology, sending a
strong signal to all operators currently making their own alternative fuel decisions.”

As previously stated, both X-DF-M and ammonia-fuelled X-DF-A engines will be available for delivery from
Q1 2025. The combustion principle and engine platform deployed for X-DF-M engines is based on the
latest X-Engines from WinGD, supplemented by high-pressure methanol injection. X-Engines, including
the highly efficient X92-B and X82-2.0 engine, already power many of the warld’s biggest container ships.

Notable features of X-DF-M engines include comparable performance with X-Engines in both methanol
and diesel modes, low pilot fuel requirements achieved through precisely controlled common rail
injection, and NOx Tier Il compliance in both modes with selective catalytic reduction. The new engine
concept will be retrofittable to the X-Engine series as soon as X-DF-M engines are available in the
relevant bore sizes.

The new vessel series will enter service in 2026 and 2027.
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X-DF-M e 5%
Fuel Supply System (FSS)

nt, From inert gas

© P TNGHHBHE Y AT L (IR EINGE =
S

« VATLEH#HATURE L =
. EMT/MERAFSSY TS 4 v —EER na | W - =
.« BEMEREHIEFSSH TS AV —I2&B : |

From inert gas Vent,
supply system gn%gt
o

Vent. Frominertgas

. @
Main S v Fss
Engine

AFrom methanol Fuel preparation space

1 purging water

isupply” Return & purging 1 - Methanol supply pump 10- Char\geover valve: methar\ol/purging tank

—— Venting 2 - Heat exchanger (heating and cooling) 11 - Strainer for pump protection
3 - Duplex filter (10 micron) 12 - Pressure regulating valve

~

Double-wall pipe
- Filter (25 micron) 13,19, 20 - Manual valves
Pa ram eter Val u e O 90 -Engine connection: 5a - Combined master fuel valve and 14 - Methanol transfer pump
* Methanol fuel ;upplyand purging inlet double-block & bleed valve 15 - Manual non-return yalve
5b, 5¢ - Double-block & bleed valves 16, 17 - Pressure transmitter

+ Ventilation intlet !
O 92 -Engine connection: 6 - Adjustable orifice 18- Flow transmitter

Supply pressure 13 bar T erdesendpuno e, ool 18- Flow ransmier
p p y p g + Ventilation outlet 8a, 8b, 8 - Double-block & bleed valves

(purging water supply)
9a - Purging valve

Methanol state liquid ob-sefetyvabe SM.0004
Temperature range 25...50 degC
Methanol flow Acc. Engine type/rating
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[OP
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Methanol mode
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Power [%]
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77 - € =7 Dual-fuel #%B
Engine Portfolio

New Engine Designation (from October 2022)

6X52DF-A-51.0
Update level . . . x-D F A
R Future ammonia engine portfolio il

Application X52 X52DF—-A-1.0 _ 79-105
S:Short-stroke X52-520 X52DF-A—-S1.0 ) E—) [— — | B5-120
Blank: Others X62-520 X62DF —A—S1.0 i I | i _ 82-108
Fueltype application 8622 X62DF —A—-1.0 I 272103
S el X72-B X72DF—A—1.0 N G — | , 66-89
A:Ammonia XB2-20 X82DF-A-1.0 (T I ' 58-84
Blank: Others ¥92-8 X92DF—A—1.0 — 20-80
Power Speed
Fueltype (Mw) 3 4 [} 8 10 15 20 30 40 50 60 70 80 (RPM)

DF: Dual-fuel,
Blank: Standard
engine
Boresize (cm)
Engine type

Number of cylinders

Example engine designation 6X52DF-A-51.0 representinga WinGD & cylinder, short-
stroke engine for dual-fuel operationwithammonia and diesel.

2024 A2 O IZi88FE

42 © 2024 WinGD




43

)7 7L
JAILA =2

Bocimar Ammonia-Powered 210k dwt BC Exmar Ammonia-Powered 46,000m3 LPG/Ammonia carrier
Built at Qingdao Beihai Ship Yard Built at Hyundai Mipo DockYard

pressrReteast WINGD CMB
JECH WinGD to power EXMAR LPG's first ammonia-

fuelled vessels

31 January 2023

WinGD and CMB.TECH co-develop large
ammonia-fuelled engines

16 October 2023

Swiss marine power company WinGD will deliver ammoniza-fuelled X-DF-A enginesfora
series of two £6,000m3 LPG/ammonia carriers to be built for EXMAR LPG BV, a joint

venture of EXMAR and Seapeak, at Hyundai Mipo Dockyard The two 52-bore X520F-A
WInGD and CME.TECH bring expertise to zero-carbon fuel in ) i e el A I i
collaboration for fleat of ammonia fuelled bulk carriers. engines will be delivered in 02 2025 and will be ameng the first of WinGD's ammaonia-
Swiss marine power company WinGD and Belgian shipping and cleantech group CMB.TECH have fuelled engines to enter ser
signed an agi on the of fuelled two-stroke engines. The companies

aim to install the ammonia dual-fuel X72DF engine on a series of ten x 210,000 DWT bulk carriers !‘

to be built ata Chinese shipyard in 2025 and 2026. The order represents WinGD's entry into an emerging market for ammonia-fuelled gas

carriers. Such vessels have traditionally been early adopters of new power technology

Under this joint development project, CMB.TECH will support WinGD in establishing its ammonia-

fuelled engine concept for a large bore engine. CMB.TECH has significant insight into alternative L.'Sil'lg their cargoes as fuel, and the ammaonia '.‘.’al'lEpCI’t market is prDjecf_E-d to surge over
fuels and builds, designs, owns and operates large marine and industrial applications that run on h fow v i L i | de d forthe cart 3 fuel and hyd
hydrogen and ammonia. - the next few years as global demand for the carbon-free fuelan ydrogen carrier

Both WinGD and CMB.TECH belleve that will play a tolein the ) accelerates
of the maritime industry. The series of large bulk carriers powered by WinGD's ammonia engines
will be the first of its kind and proof that large sea-going vessels can be powered by zero-carbon
fuels.

CMB CEO Alexander Saverys said: “We believe that ammonia is the most promising zero-carbon
fuel for deep sea vessels. Our intention is to have dual-fuel ammonia-diesel engines on our dry
bulk vessels, container vessels and chemical tankers. Collaborating with WinGD on the
development of the first ammonia-fuelled two-stroke engines for our fleet is a pioneering
partnership on the road to zero emissions in shipping.”

m_._._m‘ .L

POWERED BY AMMONIA L

© 2024 WinGD




Z7oEZ7ERNRIETH

: D t 70 I“ Control Valve Unit

Cyl. layout & injector

c 3PVE-TREAFZEIFEM

e NA0Ovy FMEHIZ. BEFEDT « —EILBRERES S R 85bar at
T L&Y fte naNw

« BREFHIE “Control valve unit”IZTHT 5
« Controlvalve unit %, RE&Z% % Fuel distributor
o REFOIRAETHH LIS S
« Servo oil unit EIE X {EREFH

o T UEZTRESEROHMBE P

Servo oil supply layout
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Ammeonia vapour processing

i Ventjlati system
IF required by infetSutiat (including catch technology)

A b T R HATURIZEEND 1 O: =T
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From inert gas
© 77 supply system,
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!
e Fuel Suppl tem (FSS
uel su Syste |
'
!
. ! |
- Fuel Valve Unit (FVU . )
uel Valve Uni : v A
= mmonia .
: @storage tank [P
— = 1 25
® F2OEZT ﬁﬂ B ! | 22b
i 22c.
v A
-~ — Vo — 2224
. PUEZTFP&LETOER - . :
\ .
— i == T
A N — = ssasse: ) 3 i ‘
® / Z ’ A s L 98 Main Components:
n HE H 1 ‘ i 1-LP pump 13 - Remote-controlled two-way valves (linear)*
i i ?E H : 2 - Flow meter 14 - Remote-controlled non return valves*
10a 10a g ! 3 - Pre-filter (duplex type-optional) 15a - Purging valve®
= J — 8 £ i 4 - Heat exchanger 15b - Safety valve
e m y Z J ot 'E i . 5 - HP pump 16 - Ammonia detector
ai] T . ! 6 - High-pressure filter (duplex type) 20 - Bleed valve
/‘ AMmmonia distribytgr 15b ' . 7,17, 19a, 19b, 25 - Manual valve 21a, 21c - Double-block & bleed valves (inertgas system)
N o o 10b ! 8a - Combined master fuel and 21b - Remote-controlled two-way valves (linear)®, as part of the
NG — A g — = 1 double-block valve double-block & bleed arrangement
o ,\ / a b y a / V Z 7 15a” )L : 8b, 8¢, 12a, 12b, 12¢ - Double-block & bleed valves ~ 22a, 22l:). 22¢ - Double-block & bleed valves (drying system)
! 9 -Pressure regulating valve 23, 24 - Pressure transmitter
155 i 10a, 10b, 11, 18a, 18b - Remote-controlled
. 96 a) two-way valves (open/close)*
M/E :
Legend:
L . 96 - Engine connection - Ammonia fuel supply,
Inert gas —_— :;::b?:::[rﬁlhm purging inlet and ventilation inlet
- - - — supply system O 98- Engine connection - Ammonia pressure
= f\ sSILE ‘ FS S ' = release, purging outlet and ventilation outlet
A d~ [ =] i 7 -
SM-0837
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e TA4—EIADKFY YT IZWDOTHERRETHRE

« HELIOOULLLETOEERITT 1 —EILE—FICT
o 25%BFLITTOESRICE L THRE S

STOP

DEAD SLOW
SLOW
HALF
FULL

SEA SPEED

Ammonia mode
Tier ll/Tier lll compliant (with exhaust gas aftertreatment)

Diesel mode
Tier Il/Tier lll compliant (with exhaust gas aftertreatment) Overload

0 10 20 30 40 50 60 70 80 90 100 110
Power [%]

* Ammonia mode is currently available from 25% to 100% CMCR power.
An extension of the operating range to a lower CMCR power is under development. SM-0927
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Thank you

Winterthur Gas & Diesel Ltd.
Schitzenstrasse 3,

8400 Winterthur, Switzerland
www.wingd.com
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