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1. IMO IRIEFRRHI & X oRixs SHIFBUILDING

IMO RIGREIATYD

SE: BR<. NOx AR
GHG
e o -70% Efficiency
All ECA 0.1% S Global Cap 0.5% S EEDI Phase3 H > SO
EEDI Phase1°( 10%) EEDI Phase2(-20%) (-30%) -40% Efficiency 50% GHG Emission
2015 2020 2025 2030

RHEIGR
(IMO 2050 era)

FRRAXTSR

(IMO 2020 era)
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2. IMO ##l 2050(GHG) Xori=H SHreUiine

GHGtI:II~‘J/E|/0)ILU)0)EﬂH$U%

RERR Carbon FreefA#}. IE{ba / ALESRARRIOFBANERIRXTER
(F&F HERERS=R)

BEOREIRINF—DEEFE = ALTE -ZE}EZRASI JEAICE DD

INAABRE = SATH949)LELTOCO20EEH £ E

BESItE IXIF-—ZEMEN (iR, BMIICEDERD)

Carbon free #4K} . owRsame 4
_ Hydrogen (H2) Ammonia (NH3) Methane (CH4) Methanol (CH3OH)

YV V VY

BAMREIRIILY—FA N2+3H2=2NH3 4H2+CO2=>CH4+2H20 3H2+CO2=>CH30H+H20
IKERR OKREISE : BE) UKFREIE : BE) OKFREIE : @)
. -252.9°C « -33.4°C .« -162°C * 64.5°C
o « SG=0.071 « SG=0.674 e SG=0.422 e SG=0.792
* 141.9MJ/kg + 18.63MJ/kg * 48.0MJ/kg * 19.96MJ/kg
- KFMEM - B -
RO FAHERE =48 ®mL mL EE 2 EEHY
SCR SCR SCR XI¥ EGR RE XIE
A E (SOx free) B E (SOx free) A E (SOx free) A E (SOx free)
X & BT AR 2 ERFAT  (BIFsdin) wEnTe (BAfEetn) BE R E Rl
- BEZTRHE 2 FERE . 2EERE - 2EERE . 2EEMRE
N> KU~ . BOG &I . BOG B . BOG &%
HBE =) 4§ E {K
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2. IMO #3%l 2050(GHG) Xt &R{E# MITSUBISHI

IMO 2050 GHG A50%#M#Ixdi KRR, YU1-S3>

Hi73

BEDTRE o . i
. ERRY HERERE AR GHG
IRILF
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[ mArmE | =5 =528 |- [ E#mbE [ Diesel+Boiler/GCU |\ (NO x UI2E)
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[ co2muy ] |—-{ BIEME | Diesel+Boiler/GCU |  (NO x LEE) [ 0% [~toMmw] & |
X5 —I DecarbonICE™
= Echiges BreR 80%
| BIEIABE | Diesel+Boiler/GCU = BFIACCS |---= | 0% |~100MW
—>] | — HEHACCS ] : 20%
1
X 1
QEEST I—E Fuellcell | mzuit | D [o% 1 ~sww [ & ]
1
DAC [[coz2mux BB | Diesel+Boiler/GCU |/ (NO x {Li2%) i [ 0% [~1oMw] & |
RKHFHsEE | X5)-) DecarbonICE™ 1
> CO2[ER o > > BrhivE GTER l -80%
R R e | BiEMME | Diesel+Boiler = PIHACCS |-+ | 0% |~100MW
. ] HEHZXCCS > ! 20%
1 r | ~
] 1
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’
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DAC >> CCS |
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2. IMO #3%lI 2050(GHG) Xt &R{Efd# MITSUBISHI
SEZER  S4794)) CO28EH =51 (DNV-GL)

WTT and TTP emissions for alternative fuels
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=
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Qil fuel Oil fuel LNG (from LNG (from Methanol Methanol Biodiesel Biogas (97% Hydrogen Hvdrogen
(HFO) (MGO) Qatar used Qatar used (from CH4) (from black methane)  (liquid) (liquid)
in Europe) in Qatar) liquor) (liquefied) (from CHA4) (from
water)
WTT: Well To Tank [ ]
TTP: Tank To Propeller .
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3. finfiA TOIZvSa4&sT (2018FEENE: it ECCSIEs) MITSUBISHI

4794 '))bcox
FOIsyiay

PEH A co2[ER & oy

& AR S o
(Metnanation) 1 R R¥

) i

\Eﬂﬁﬂ

CC-Meth

(Carbon Cycle system utilizing Methanation)
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3. finfiA TOIZvSa4&sT (2018FEENE: it ECCSIEs) MITSUBISHI

; g Z FLERE &
02 ElREE < Aﬁ.?—_—
BEARETRILEY—

02 ER3EE
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(3H2+C02=>CH30H+H20)
(4H2+C0O2=>CH4+2H20)

CC-Meth

(Carbon Cycle system utilizing Methanation)
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3. finfiA TOIZvSa4&sT (2018FEENE: it ECCSIEs) MITSUBISHI

Case-2  VLCC X7)—)LiEEl

7w D PR PR Y

Case-1: VLCC-XI>1A¥ Cadse-2: VLCC-A%J—)ViA%l

7G80ME-C9.5-GI-ECOEGR 7G80ME-C9.5-GIM-ECOEGR
MCR 21,060 kw, NOR 18,950 kw (90%) MCR 21,060 kw, NOR 18,950 kw (90%)

CO2 #FHtiE @ NOR 168.0 t/d 209.0 t/d

&5t HIifE 85.7%
(CO2 EMREEME= 90%, CO2 BIL/—IHR OA=3.1%, CO2 KLIEM OA= 1.6% )

+ 40.0% | + 47.0%
i == . L — . CO2 EMVERE = RINERY T, SEART 07—, BElEKK T
CCS=ERED EMIFIF ER OIS . CO2 MRLEE = CO2 M, BgaE
. CO2 BEEBMAES
CCSEEFEE - 4,550 ton - 5,000 ton
(Dead weight adjust) (- 1.53 %) (- 1.68 %)
ABLBEAR T 85 M$ 85 M$
Py BT +21.5% + 16.0 %
EenissE -
CCSE& i@ + 34.0 % + 36.9 %
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3. finfid TOIZY2a AR5 (2018 EXENE: Mn ECCSEH) STaUREe

AF1—23YRABMIAN HE

BETRITIILF—FIA P N o =

3.0 ¥/kW-h 91.0 ¥/kg 54.2 ¥ /kg

4.0 ¥ /kW-h 116.5 ¥ /kg 63.8 ¥/kg
5.0 ¥ /kW-h 142.0 ¥/kg 73.5 ¥ /kg

6.0 ¥ /kW-h 167.5 ¥ /kg 83.2 ¥/kg

7.0 ¥ /kW-h 193.0 ¥/kg 92.8 ¥/kg

2% mhizhig 2017 4Q 49.3 ¥ /kg 42.9 ¥/kg

*1 X EMREN = BARIRINF AT FENECHITEPower to gasDrIEEM 12015512H
A5k 4L &S] = HIS Markit PEP review 2015-13
*2 XA )=V EEE ) = =FF T FEF¥RVol35-Nob6(*3)

&% | RN OF LEEBFDEM 8.1%/kW-hIDEZMI(CR AT .
BARDF FEEENEMNE 30.0 ¥ /kW-h,
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3. finfA YOIZv a3 4&5T (2018FEEME: fin ECCSIEE:) MITSUBISHI

EEGKERESE (7). DWTHASEEEEY)

> N—Af :
BEFOREMGO (@600%/t) ZARHIAE T EEL . GHGHIRBZEZER TERVENS RRIESHIE2EAL.
SHEBBRHCAIL T A—R T5A A Mg L 2R SN2 UL,

> CO2[EURfR (ATEMRAAREHERM) :
AR AR ERE (SBEAEUL L. EURUCO27ZBRRIIN—R TSR (B3R - BEtiiE) [fitRIBS CFEE TESEEL.
MGORBIEAIR -3V AR EDFERR . RRUNR—AnDRARREL DE TR ERIINGTEOREL U,

Case-1 Case-2
40.0 90.0 &
VLCC CO2[EIY-# & #REHA% VLCC CO2BY-# & /7 — M RBHERR
35.0 _ 80.0
o ZE AN REEE
| R s @5 ¥/kw-h 70.0% - MGO 70.3¢d
78 B I
XA 57.2t/d - 60.0F +~ XAH/— 141.0t/d Z& B B
25.04F | Pilot/ 3.3td \ @6 ¥/kwh Pilot 3.3td @5 ¥ /kw-h
\ \ 50.0F -
20.0 F

\ 40.0% 4&%
< L ] @ 4 ¥/kw-h \
15.0 & 30.0 % w

%¥/k“{'h \ \ \
10.0 % 200
\ \ N

ook | 0.0% — .
PSS S T A R ey (00% &,ooq’ (00% (00% (00% N,c)‘bq' vv_oo“' (00‘1’ (ooq' '600“'

’&Q@& x@‘%‘w \@%\P @QGS' %@G& %‘&GQ" q}@sé“ C‘SOQGQ“ %%st\“ ,@;Q%} \@Q \@‘Q \’%Q‘Q \ )QQGQ @9‘5 %bp“‘é C)SOQ‘*‘} ‘139‘3 s QQ‘Q
VLCC CO2[EIYX- A5 > 1Ak} VLCC CO2[EIUX- A5 ) — LR
FEEHIM @5¥/kw-h HHET. h—HR>T54 A4 FEBHMEIO@5Y/ kw-hBETH. H—R> T4 ALK
& (PARIERERE)Z200$/t-CO2 tH3H. [EURCO2% (PARIEKERE) H'280%/t-CO2 tHEH. [EIUXCO2% 28%/t-
20%$/t-CO2 {HATEGEITENIRERLIN20FEZE CO2) HHETHESI L REINIE IREBIUN20FEZE N AT
HERFHKES. H SRR,
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3. finfil TOIZY 3485 (2018 EEE: Aa_ECCSHES) MITSUBISH!
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w5 EE®D (Mitsubishi CC-Meth)

CO2[ElYR /1L / BrEiz=i& (CCS)
R - FACOWVWT(EPE_EARBLERmE U TEEHZ. AT (FHEL,
AORA(CIE SRR I D E(CHRIRRIAR O E ST
VLCC CO2HIiEZE A 85%%i#iR. UTOFRHATHNIISERLURNIFI20£F :
> RREERESIEOER. (h—R2T7AIEMISHEZZEE. 200~240%/t-CO2)
> BEnReIRIF—FIESHEM,. (89 4 ~ 5%kw)
> [EIYRUIZCO27ZBRARIIA—RTIA R (FR3eft - HEHAE) MStETRE. (20 to 24$/t-CO2)
SEDRE : \—FH
> CCS&EED/NEE, ATME. JANMDY
> IEfERETE-SLEk>ATL (BIYXCO2E. KU CO2 HI#EZR)
> AAR= VBRI R 55 E. RRUCO2MEHE 5%/
SEDRRE : YI MR
> MBM (Market-based Measure)
> RRREREHIEELCO 2 BB A+ —1A
> CO 2 HIBARDERERF— L
INBYR D GHGHIRICBAUL TR
A EICRARMERO2EIUN - BT R EZ A I 2B (IR EEEDRV ENKEK FLIRERDEIELIFE
(CEVHRBELEV. ZOH. LT OISR TLU THRFT W E
> BRUEE (T371>)\v7l)-)
> ARERRL L N ARRR
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4. fBoRE YOIV 85T (20195 #®s1FE) ol MiTsUBISHI

20194FF : T35 2 MBI 7 MeREHIESD ZETHE

1. iR ECCSEHH — 20,000TEU C/S
2. POEZ7RR$IER = 80 Bulk Carrier




BIMEHRO KKHFHSIEZECO2[EUR (DAC) MITSUBISHI
A1 A Climeworks %t hF45 hiAY—XKEF David Keith 2%
ASPO-BLREEEURT 375> MR ATHMEBIE, | | Carbon Engineering  amospheric Al

11-CO,
f£[900 b > & EIUR A B
ZA AClimeworkstt (32017458318 (BRMERE) . ASHHS bk (CO,) &®EUY Nat Gas Elec - ) Pure CO,
TRITS> rEFI-UEAMCERSE, BEEBDHEERERLE, COBDTSY M 8.81GJ 0kWh Direct Air| (1.3-1.5¢t) Fuels or
WEIEHBOFERDEE LTVD, BHEIEEAL T, KADSCO,EHEEDHS L s Bes o | CFPHre T (questration
5. BEOQECS, COTS> ~MIFEMTI00 b OCOABIRT BEEHER > TS EL S
EL | Levelized Cost |

A1 AClimeworkstA'Se M & BIEARRN 5 T BLREEEBINT 5T 5> b

Pilot plant performance Commercial scale reference
data design

(/sites/default/files/images/news/news3974 picl.png)
HAf  Climeworks#t

h=R>-IYIZPUSI DTSV TR,
CO2ENR3E : CO2MTAVS - REICHFHICHERS, COLERBAALIRS. 100°C EREKBRILD S U LERESIEIC

EITLTCO2EMIENI ST AICEAE
&, TOROATYTTHREANSIA
DIICTB.

TS5YNTEDHECO2(E, BEZEETIRELEEED, REKNERET IR, B
A —N—RREDARTE.

REEHIVS D LI INERT BEEALDILS
ULECO2(CEETBDT, CO2ET%E
DML TEMEL. )\1T'51%8ELT

SHBIEFRPTRFL TVBPISEATINEBLBHADETENRLIHBITSITHS5,
2025 F TICHFRRDCO20D 1 %ZEIURTZLZBIBLTNS. EDRHICIE, SE=EH

UR&SBT5Y ME25 T hFRICERET BB EN B3, HFICEHTVS.
Climework#t(d, JBiE 1ton@COEHLTIDICH 600K (#1¥66,000) 00 2T L FRIICHTDCO2EFIALTRRO
SHREMBMISIONT S 10FERICEIAM 100K (#1¥11,000)EFEISRIA BHEE.

#THB.

SELLR : fin ECCS MSB FFFERE (ATAYVREHER) = CO2[EYR 53~68 $/ton-CO2, CO2i&/{L 30~38 $/ton-CO2
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BIMEIRD DecarbonICE™ Project Platform (Denmark MDC) % Mimsusis

C020) |~7*f 74 _Z{IS\ AP :ﬁIEETEE

10E-5PEED: 0
q’ 40/ SEC .

% .*"FO-'N/ cALS (UM

SEDMENTS ﬂ@cﬂou LIMESTONE *+ CO2+120 7 G iee e

decarboniCE 2019 2020
Sep Oct Nov Dec Jan Feb Mar Apr MayJun Jul Aug Sep Oct Nov Dec

Project management and QA
Communication and stakeholder management
Cryogenic capture plant

Ship integration
- Newbuilding
- Retrofit

Chute system
Descent analysis

Sediment storage analysis
- IMO presentations

Cost and impact analysis

- Capex

- Opex

Class notations and inscurance clauses
Safety and operation

Steering committee

© 2019 MITSUBISHI SHIPBUILDING CO, LTD. All Rights Reserved.
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> FREIEIRIR

> 1RME

> BB LUIEINDRIE

> JTOSTYNEBETIN)—F

ERIN—PMr—

10~ 120t HYiR— N @€50,000)

> Wartsila : CO20D RS54 71 Z{LETE 5> hNe&ET

> DSME : ¥miSAnfanDT 5> MES - AZH#EFSE

> MAN : BEEaADTS> L hOJ 1y Ne&ET
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The New MAN B&W ME-LGIP Engine

LGIP Technologies Confirmed at RCC - LGIP Injection Concept

Cylinder cover with LPG injection valve and
gas block — same system to be used for NH3

Valve control block:
— ELWI-valve (fuel pressurization)

— ELGI-valve (injection timing)

— Hydraulic accumulator

— Hydraulic and sealing oil connections

Double wall gas piping:
—LPG inlet
—LPG return

NOx emission - ammonia.

Selective Catalytic Reduction
(SCR) Process - removing NOX emissions

40% urea solution o
CO (NH,), - 5(H,0) -

This SCR process
requires ammonia in
order to work.

M No ‘_\1\\ T o@

HoO —— ™~

4NO + 4NH; + O, = 4N, + 6H,0
6NO, + 8NHg = 7N, + 12H,0

© 2019 MITSUBISHI SHIPBUILDING CO, LTD. All Rights Reserved.

The new MAN B&W ME-LGIP engine

This engine type can be modified to burn ammeonia as well.

N, + servica tank vent Vent N, vent Vent Vent Vent air outlet
~ "~ ~

~
| ! !

L .
Knock-out.—, Knock-out
drum € drum B
(supply) (bleed)

v Dry air inlet

o Nitrogen storage

6 Knock-out drums

o LPG service tank 9 Low-flashpaint fuel supply system e Fuel valve train

Conclusion

Propulsion solutions on short term:
® New fuels with lower CO, emisson will be needed to meet EEDI

® Toincrease the efficiency; solutions like PTO, WHR will be more common

Propulsion solutions on long term:
® Two stroke engines will remain as the most dominating propulsion solution
® Carbon free produced methanol, ammonia, LNG and biofuels will be available
® All above fuel types can be burned in the 2-stroke ME-C, ME-GI or ME-LGI engine
® Efficiency above 60% incl. WHR & PTO
Development of an ammonia fuelled ME-LGI engine:
® History shows that ammonia works as an engine fuel.
® Engine development will be done when the market comes.
® Development time is estimated to 2-3 years.
L ]

Development cost of an ammonia engine, estimated to 5 mill EUR.
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MAN-SIEMENS

Ammonia, NH3 as green fuel produced with renewable energy
Ammonia is the logic option »

Storage time

»

Weeks

Days

Flow-
Batteries

Hours

P Batteries

0 Aquion

. Na$S, Lead Acid

Q@ Nanic
. Li-lon

Minutes

Thermo-mechanical

@ eTesy

Q@ caes?
(® AcAesy

0 Flywheel storage
(= 1MW Flywheel, up to 100 MW Turbines]

SIEMENS Gamesa

RENEWABLE ENERGY

O Chemicals: Methane / Hydrogen /

Ammonia

storage . :t;r;ped
ro

Technology
Hm Chemical
Bl Thermal

©7 Il Vechanical
Electrical

Maturity

Seconds

.

1 kW 100 kW 1MW
"I Electro-Thermal Energy Storage

Source: lan Wilkinson, Siemens

© 2019 MITSUBISHI SHIPBUILDING CO, LTD. All Rights Reserved.

10 MW 100 MW

%) Compressed Air Energy Storage

1,000 MW

% Adiabatic Compressed Air Energy Storage

B Flectrochemical

& Conceptphase
) Demonstration

) Early commercial
() Commercial

Power

NH3 advantages as green fuel:

>

>

No carbon. Clean combustion
without CO2 or carbon

Can be produced 100% by
electrical energy

Can easily be reformed

to H2 and N2

Can be stored with high energy
density at <20bar

Low risk of fire. Relatively
specific ratio of NH3 and air
(15-25%) is required to sustain
combustion



BIMEER@ HyMethShip project (HORISON 2020 program) MITSUBISHI

H,0

H,Production @ Renewable

Methanol
Production

¥

CO, Capture
Szystam

CO, Tank

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

co,

I
g 2 Fraunhofer
Energy Sources 2 o |
blc': -
S MEYER WERFT
s (Y e o
Air  Clean Exhaust Gas :
o B
N B
N P
N N
N E
L 1O
PROPULSION
E

GHG Emissions [%]
o 8 &8 8 8 B8

HFO Tier Il technology
Replacing HFO by fossil LNG

LNG and
post-combustion CCS

Methanol and
post-combustion CCS

7% aRr?c'l‘g‘rYgge?' methanol
i pre-com usﬂion CCS

The project started in 2018 and will run for 3 years.

The work is structured into 11 work packages that deal with the pre-
combustion carbon capture system and the internal combustion engine as
well as assess safety, economic and environmental factors and system
integration. The consortium consists of 13 partners including a globally
operating shipping company, a major shipyard, a ship classification
society, research institutes and universities and equipment manufacturers.

The publication will present the structure of the work and preliminary
results of the project.

The project has received funding from the European Union’s Horizon
2020 research and innovation program under grant agreement No 768945

diysyaNAH
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BIMEHR® Ocean Hyway Cluster (Norway) MITSUBISHI

Use of hydrogen in maritime
. ARENA Ocean sector.ln Norway - pilot cases and
N...s Hyway Cluster establishment of the hydrogen
maritime consortium

Trond Stremgren
Senior Advisor Renewable Energy and Hydrogen Value Chain

OHC - Mission Focus Area for Collaboration

> At the forefront in commercializing effective and climate
T A — “m i
= Exploiting sustainable growth opportunities OCEAN
g A HYWAY Dwuhnmlm unnn-mmnmauuculnru
= Strengthening competitive advantage CLUSTER Y eecramslor ralabor studenl meeling areas, professional
» Radical innovation through cutting edge collaboration across
: HyF nm-mlmmnnmnm Networking mpﬂmm
company, sector and country boarders public & ok
.egal

» Accessing the best resources and skills throughout the entire punoRes _ Annual uf pdmumw ind goals, ik and barier analyst
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#BIMEIRG Ocean Hyway Cluster (Norway) L S

SHIPBUILDING

OHC - Participation
» Partners m"m -1 QN ﬂ

4} BRODRENE AA W LueemcT e NAVAL CONSULT

Ccecn
2% Technology

Stakeholder companies who define themselves to be in Paftnars @ SINTEF
the centre of the mission and who are taking on a bigger / OCEAN Sognog fiordane
responsibility in developing the Cluster .

\, Skipskompetanse
: & -
> Coro Mombar el Fiord?®  |FC &MU MARTAME { }

Corporates who share our ambition and acknowledging Collaborators phvestiandet
the need for collaboration across sectors and boarders

to succeed in the market . NTNU OCEANS & iSRG SiiRSkING SRE
» Collaborators o vostt

Companies that cooperate on defined areas or projects

o5
i
"k == == @ ocasnr equinor
» Supporters ‘
Cheerleaders and supporters from all parts of the society
who actively support our mission & Py oo ohuhfor ocean

30 metres - 28 knots - 2 x 600 kW electric engines
100 — 150 passengers

Light weight carbon fibre construction

Ready to be launched in 2021

DNV GL - Norwegian Green Shipping Pilot no. 7

HyExpress

Trondheim
Rute 2: d . RERZEY

Trondheim -
Kristiansund

Trondheim - Trondheim
Brekstad

N
S
%@ Kristiansund

- . T HyCruise _ HyExport
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BIMBEIR® Hydrogen project within CMB (Belgium) MITSUBISHE

. . Before ‘zero emission technology’ can be used widely, one
CMB (Compagnie Maritime Belge) needs a ‘low emission technology’ as kick starter ~ ¢% ~_
owns/operates go ships ﬁ —»

+ CMB is a maritime group with its registered office in
Antwerp and was founded in 18g5.

= Zero emission applications require innovations at 3 domains:
> Hydrogen supply: H, purity of 99,995% is required. Also the refuelling/bunkering
station must be operational (in reality only 70-98% uptime)
> Proven Hz storage system: large enough to have a realistic autonomy with some
backup fuel quantity
»Hydrogen Fuel Cell: FCs are still novel technology and are not yet proven in the
demanding transport industry (salt, dust, degradation & lifetime issues)
* Innovation on 3 domains implies risks, which restrain fleet owners to invest massively in
this technology. A dual fuel combustion technology can mitigate these risks.

= The group consists of 4 divisions:
#Bocimar: active in dry bulk shipping
# Delphis: container fleet, mainly ice classed
»Bochem: chemical tanker fleet
»CMBTechnologies
* Dual fuel technology is the transition technology enabling the H, supply and the H,
storage technology to mature and to create a market for hydrogen as a fuel.

1" Dual fuel hydrogen diesel combustion engines are a low carbon technology. Without |
hardware modifications to the engine (so only software tuning for the hydrogen 1
combustion), reductions of 65% up to 85% can be achieved.

I CM B Technologies Non public version - © 2019 - CMB nv

| Tokyo
" "Hong Kong
aSingapore

v’

© = Heagquaners * cmces i
https:/fwww.youtube com/watch?v=hkfixWEMQE 40

l CMB Technologies o publc verson - 2019 - CME

Combustion engines are the cheapest way to convert 2 new types of h_ydrogen engines
hydrogen into power and heat are currently being developed

B . .
s{kW Durability. Weight/power Efficiency. —V 2)'\;0_P£ﬂ_ta_|:113 il th L230_OBP_N_1)_
(h) ratio (kg/kW) »#Suitable for crew transfer vessels, patrol boats, gen-
[ 350 150,000 10,7 £45% sets, trucks, heavy duty (mining) vehicles, etc.
| | > D13 has a yearly production volume of 85.000 pieces

Medium speed 1MW combustion engine

High speed 0.4-0.7MW combustion engine | 100 24,000 2,4 42% o : . -

Fuel cell (PEM) B 5000 o 0% and has the newest injection technology with a twin
£ 4 - turbo and steel pistons.

Fuel cell (SO) | 4500 50,000 50 50%

; : ; : + Medium speed engine (1000RPM):
Combustion engines produce torque which can power wheels or propeller directly. Fuel ) )
cells produce electricity which requires expensive/heavy power equipment to convert it > Joint Venture between ABC Engines and CMB;

into mechanical power, which reduce the total efficiency. »Due to low rotation speed, high efficiency is obtained;
> Lifetime of >150.000h with low maintenance cost;

> Power range of 0,8-3MW (L6—> V16);

» Available as dual fuel as well as mono fuel;

Fuel Cell 'j.“g‘;;’f‘“"“r”ti“ Battery for ramp up power Electric motor *MNO, of mono fuel less than 1/20™" of IMO Tier IIl. MW medium speed
ll CMB Technologies o pblicvrsion - © a5 CH v | CMB Technologies Nnotic - © 02 CME s
2 Hydrogen medium speeds engines will be built Hydruvi“e: Hydrogen Powered Catamaran A Hydrocat is developed in cooperation with Windcat
inside a container to test the technology (hi-speed with non-planing hull) workboats and will be used by Vattenfall

- Based on Hydroville technology, a Hydrocat is
being developed to be opera(eda( an offshore
wind par

. Desgn is based on the proven and efficient
WindCat MK3.5.

= Dual fuel capability diesel - hydrogen.

- The hydrogen storage is distributed over 3
locations.

* Daily hydrogen refuelling of 170kg {=-g81| of
Salsraen e ene S anke s

Q muuh}) in tatal pushing the vessel for +30
knots full speed.

= 13,3t bollard pull + 2x 4.5t wind grip.
= The Hydrocat is expected to sail mid 2020,

Ex [ CMB Technologies

« The dual fuel (hydragen — diesel) as well as the mano fuel hydrogen engine will be built inside
acontainer as a genset for easy testing

=

+ The engines have already been tested during 3 test sessions at a research institute (\WTZ)

Mona cylinder test cell

Cantainer housing sV

| CMB Technologies
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