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TECHNOLOGY APPLICABILITY/AVAILABILITY OVER TIME

Energy Transitions Commission (ETC), Nov 2018: www.energy-transitions.org
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Copied with pride from: DNV GL, MARITIME Forecast to 2050 (2019 version)
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b
- SEEYHRIHVO (Hydrated Vegetable Oils)
- RERAEL BB ESFAME (Fatty Acid Methyl Esters)

=Y 3 5 « KEREWIRELCrude Biofuels (X HSoya, F47 i
HFO. MGO. LNG. LPG Rapeseed, ¥=1EHPalm Oils, £ #HFish Fat)

» Compressed biogas (CBG)

S5 REECENESR - EERNESLT BASEY B rLiquid Bio Methane (LBM)

AE:
o RfREmZEE Scrubbers ( SOX)

- BEALARBBEEESCR (NOX) ﬁ%ﬁﬁ%ﬁf
o FR¥EZAZEE Carbon Capture — not yet . ESAmMONa

available in maritime applications « HfEEMethanol

& BB T Synthetic Methane (LSM)
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INfaE S X LR BRI ?
E A
LH, NH, MeOH CH,
Hydrogen Ammonia Methanol Synthetic methane GREEN FUEL
LR E AR B RS k09%, Sk SRR E R TE

REZMSEHNENEAT KINERESREBEY PR 2 SRR AL EA99%, et (electrolysis to H2 =
DERINGAISSRAMRME  ERDNABRES R ROE RRRRENF R Power to X).
REBEESCMBRENT GSEAHM BIEES  DERRES, BB INGHEREERENED R fr SR M P RIRAS -
75 - BATRAE— A - 57 - K2 (IGF code)

Operation range with the same
fuel volume and efficiencies

100%

55%

40%
30%
22%

Diesel CH4* MeOH NH3* H2*
*in liquid form

12 © Wartsila 15.9.2020
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ZBSSGreen hydrogen ¥FERMBKHPEEN—2, ZRMENMMAR, ATHESHEER.
FEREEZR, HIRERK , AZEREBER, M™RENBFRUANZ R K RARILEN = o] R
RIE BE & 2 E R M RAV PR Ak

ZBESGreen ammonia EANFRAERARNE), SRS NFTEMCHMMIES BT S
FEMANERE, XNTREZERGIMER, GF2&aITRIZEIN ; AN RRASKEMNBRRER
RIiFEaRAREE. FToREEA—TENSEYE, FBUBAKEEERMm, MESNAESIEZKUTX P
ERAFTEEARE N,

ZEBHEEGreen methanol BARNEFIRFESMSBNMERS, EMATEAN—LFEESEN
ERME, BIEEAHEAEMRLEEFE  PREARNSEMM Stena Germanica” ERAM{ERZ &£, E%EE‘EE
FEEEIANSZTESE BREELIDUZETOERETHE, ERUMELAZEZN, ZEFEEFIREZES
EHEZSbm, FTHER,
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NOTE

Every customer, business
operation and region is
different, which changes the
propensity for various fuels.

Green implies a synthetic fuel
based on hydrogen that is
produced using renewable
energy, or a fuel produced
from sustainable biomass
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ZeEtBIRGreen biomethane HAFHAMZ, BHANESFTERERMCHERNZTFHRE 2
—, HNEREBERZEZNEE, ANt ELUBEEEIKWEENESK, fHRTEYSH, EEMBESSEHEESRS
BEEMREmREE, SYRRAES, 2eXASHMBEFERR, MBEREEFERZESFMNES (ARLE
BeBRIN) &

fi@.AEEEﬁX;ﬁGreen synthetic methane RE#FEATIZ EABTEY PR, FlINEIHEEESSH
SIEHREK ; TEMHFRABELSHKBRBABR, AFE|KFIEILHRRERE, FMUEZEMNEE
#RE’]?JFWEPW%‘??:Wfl:ﬁmfﬁjj_i.fz}?ﬁ/ﬂ N2 —NRANL5OUTERRIBERASE,

AY5EilBiodiesels (E—RMEZR) EATLUEERFNAN AN IMTEEINECIEIMY SIS
A, FHRREElIHFEFaRBAEENXR, YMENSTINENTEEEEKRKL, RANtT=EIEREEM
T RN =S,
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Vessel-operation range with the
same fuel volume and efficiencies

100%

55%

Diesel CH4* MeOH NH3* H2*

*in liquid form

NOTE

The business impact of the
need for more bunker space
has not been considered. The
implications of specific fuels
must be investigated in
cooperation with each
customer.
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.« FEES A RO B 0 Hh R 7 B TS ST 2% co, »
- MERASIRIE RASERG TN =5 N, -99% 5

R BRI S HE 8 IsE 7] so0, U .

Particulates

Diesel
engine
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NANEMIEARERHE FRESHE (GHG) BRIFMERXER D
EiFa FRTTEE HEURE=SEREE N
S AL o BATFRMAEBMY - PORBEH AR (HE ) 15 e -1t0-3%
EREAIYE =S e . -7 to -15%*
o FEEMABLE A NREY R IA= AN
WA RN o BEUFRNABHE - IBERGLUIES R e -11t0-3%
o ,Jﬁ’}‘EﬁXJT:L = * up to -10%
Optimisation of vessel operation plus LNG as a fuel Carbon-neutral fuels
| : \
EEXI IMO vessel target IMO fleet target
® -40% CO, -50% GHG, —70% 902
2020 2030 2040 2050 + Reference: Thinkstep, "Lte Cycle GHG Emission

Study on the Use of LNG as Marine Fuel”, 2019
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Biofuels available Green fuels available
| |

. | |

Diesel cycle | |

| |

Biodiesel
Ammonia
Methanol

Diesel

Diesel
engine

. Conversion to a DF engine increases fuel flexibility .

|
|
Diesel cycle |
|

Diesel Biodiesel
Ammonia
Methanol

Otto cycle

Dual-fuel
engine

BioLNG*
Synthetic LNG***
Ammonia

© Wartsila 15.9.2020
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* Option to blend LNG with 25% (vol) H,
** Synthetic refers to a fuel produced
using Hydrogen as feedstock
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Engine type Diesel ml\(/)lf/ iigt-hane Hydrogen ~ Ammonia  Methanol iyer::]git.ec

Diesel ° . ) )

SG . i . .

> ’ ° ¢ ° ° °

- . o .

@ Ready solution
e Industrialisation needed
e Development needed

© Wartsila

* FAME, HVO: biodiesel
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Fuel PAC Diesel LPG LNG FAME/ Bio- Hydrogen Ammonia Methanol Synthetic

HVO* methane methane

LNGPac

Stainless steel ° ° ° o o °

vacuum insulation

LNGPac

Ni9 Polyurethane ° ° ° °

insulation

LH2Pac °

NH3Pac )

i * FAME, HVO: Biodi |

i Ready SO|UtI0n ** Tanks can be llj(;el(?saes a complement, if already
e Minor development needed installed

® Development needed

22 © Wartsila 15.9.2020
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Hoad

*
S _

Liquid and
gaseous fuels
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EnergoProFin (1-3%) HP Nozzle (2-5%

4 Rudder (5-10%)

EnergoPac (2-9%)

New Propeller (2-15%)

ECO Control (1-3%)

OPTI Design (2-5%)

New! Air Lubrication
(5-10%)

* ESD applicability is vessel specific. Combinations can be considered.
** Propulsion power improvements are application depended

28 © Wartsila 08/04/2020
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- tERCE : 2-S + FPP

e il - fRSSAGE Td: 14.5 kn
| ? -CMCR:13.450 kW
o - - NCR: 9100 kW

30 15.9.2020
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10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

kW

—e—Td
—e—Th

11,5 kn Td: 4700 kW

o FHLELTT: 35% (CMCR 13.450 kw)
11,5 kn Th: 3700 kW
Source: Clarksons April 2020 e EHLETT: 28%

31 © Wartsila 15.9.2020
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Low-pressure DF Engine energy consumptions, 5% tolerances, without engine built-on pumps
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