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With it started with...... <

» Cut carbon emissions of all ships by at least 40% by 2030

» Cut carbon emissions of all ships by at least 70% by 2050
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ENERGY TRANSITION TO LOWER-CARBON SHIPPING

TOWARDS 2050 — ALTERNATIVE FUEL OPTIONS
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Hydrogen

Methanol/
Ethanol

Key considerations

Life Cycle Assessment : How much Carbon is

produced on the whole lifecycle ?

* Method of manufacture

* Emission of pollutants during Manufacture and
Consumption

* Need to consider Renewable Energy and Carbon
Capture on the production side

Specific energy by weight and volume
Safety considerations : flammability, toxicity

Regulatory framework

Global availability of fuel
bunker = 300 MT equivalent HFO in 2020

Cost & Application

1828
VERITAS



Production routes Power -To -X

» which X ?

Syntheseprozess

O Strom o Wasser % Luft 0 Niedertemperaturwarme @ Hochtemperaturwarme 0 nachhaltige Biomasse g
Source: Oko-Institut



Hydrogen safety

. Hydrogen Methane
Low temperature hazard Boiling temp (K) 20.3 111.7
) (-253°C)  (-161.5°C)
H Igh p ressure h daZd rd Gas density at standard cod. 0.09 0.72
Hydrogen embrittlement skl
. Gas density at boiling point 134 182
Permeability (ka/m?) | '
. . L Liquid density (kg/m?) 70.8 4225
H 18 h diffus IvVity Evaporation Latent heat (ki/L) 31.6 215.8
. < e Flammability range (% vol) 4-75 5-17
EXte nsive ﬂ dmma b I € I Im |tS Min. Ignition Energy (mJ) 0.017 0.274
Low ignitability Diffusios (CC‘;j{Zj"e”f Tt 0.61 0.16



UNDERSTANDING ENERGY DENSITY

Heavy fuel oil plus SOx scrubber Hydrogen

Proy - ‘B

LNG (fossil, bio-, and e-) Ammonia based on Hydrogen Battery packs

Source: Anthony Veder

Source: SEA-LNG



UNDERSTANDING ENERGY DENSITY

Gasification,

Reforming
CH,, Coal,
Bomass. |
atalytic
IS

TANKS SIZE MATTERS j_ﬂ Addt Slrce

Battery packs

RELATIVE VOLUME PER UNIT OF ENERGY Source: Anthony Veder

Source: SEA-LNG



Hydrogen facts - investments

70 MILLION
METRIC TONS

Global demand for

pure hydrogen

€140 BILLION

European Commission
investment in
hydrogen by 2030

60%
Efficiency offered

by hydrogen
fuel cells®
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Die einzelnen Schritte des Fahrplans fiir ein europdisches
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won Elektrolysearen filir
erneuerbaren ‘Wasserstoff
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Eektralyseuns: for emeserbaren
Wasserstaf mit einer Ledsbung
van mindestens 40 G
inszalliesen, die in der EL bis zu
10 sa. Fonnen emewerbaren
Wassersboff erpeugen

Shipping?
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Eeithorzont ab 20350 )

Ab 2050 wird
grneucrbarer
Wasserstoff in

groflem Umfang
in allen Sektoren
eingeseizt, in denen
diz 00 2-EmBsionen
besher rar schwer
geserkt wenden kinnen.



Global hydrogen demand by segment until 2050

Hydrogen end-use demand by segment, MT hydrogen p.a.

660

B Power generation W New industry feedstock
B Mobility B Existing industry use
W Building and industry heat

2020 2030 2040 2050

1. [EA net-zero scenario with 340 EJ final energy demand in 2050. HHV assumed. Excluding power.
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660 MT

hydrogen required
p.a. in 2050 for
net-zero

22%

of global final
energy demand’



Energy Observer

ENERGY OBSERVER
ENERGY OBSERVER, FRANCE

Project status: in service

ENERGY OBSERVER
VESSEL INFORMATION

PROJECT LEADER
Energy Observer

PROJECT PARTNERS

QAQ, Accor, thélem assurances,
Delanchy, engie, Toyota, CMA
CGM, CCR, Afhypac, Hydrogen
Coundil

U}) PROJECT COMPLETION
In operation since 2017 Leseettrea,

ROUTES
Worldwide operation

T
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This research vessel is currently in service for worldwide
operation, having entered into service in 2017 [14].
Originally designed and built as a sailing racing
catamaran, it was converted into a research/campaign
vessel. It features compressed H, storage, a 60 kW PEM
fuel cell, electric and wind propulsion. It has an enboard
electrolyzer, supplied by an extensive PV system and
hydrogeneration under wind power.

FRANCE

(o)

TECHNICAL DATA

HYDROGEN STORAGE
Compressed gaseous

STORAGE LOCATION

49~
Partially enclosed in hull
-Dn
=0

.

STORAGE PRESSURE
350 bar

HYDROGEN CAPACITY
62 kg

*tesaenn”

WIND PROPULSION
2 OceanWing soft wingsails

PHOTOVOLTAIC SYSTEM
141 m?

E%J FUEL CELL POWER
60 kw

+—»| LENGTH BREADTH
lwm_ml 30m 1280m
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