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Global CO2emissions and goals challenge all sectors

Other Transport
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Further reduction of emission limits will force new technologies

Emission limit value for IWT engines > 130 kW
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Former and current hydrogen projects aim at niche applications

SF Breeze

the most quiet
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IWT is a notable mode of transport in Europe

Modal split of freight transport

Development of transport capacity of inland waterways
for countries over 100 tkm
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Currently most hydrogen is produced from fossil fuels

Distribution of H, production on the production lines

Coal Gasification
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WTT Analysis (2020+): Primary energy consumption strongly depends on

the way of hydrogen production
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Only full renewable H, production is CO,competitive in a well to tank

consideration
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Significant advantages turn out in a well to wheel consideration

WTW energy expended and GHG emissions for 2020+ FCEV
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Cargo vessel

Technical Data

Dimensions  Length 110 m
Width 11.45m
Max. draught 3.65
Cargo capacity 3285t

Container capacity 192 TEU

Propulsive Main engine 1300 kW
power

Tl | “M”

[——

L .
KENYRO

Bow thruster 500 kW

*
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Pushed convoy

Dimensions Length Width Max. draught Cargo capacity

% 193 m - 268.5 m 11.4m—-34.2m Push boat: 1.7 m 16000t
S Barges: 2.8 m

IS Propulsive power

g P P Main engine Bow thruster

=

|G_J 3 x 1360kW 2 X 400kwW
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Rhine ferry

Technical Data

Dimensions  Length 35m

Width 10 m

Max. draught 1m

Cargo capacity 60t
Propulsive Main engine 300 kW
power
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Cabin vessel
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Dimensions
Length Width Max. draught Passengers Crew

@
T 135 m 11.45 m 2m 190 45
o
A Propulsi
%’ FOPUISIVE POWET Diesel electric engine gensets Propulsion Pumpjets
<
@ 2x994KW  2x383kW 4 x300kW 2 x 340 KW
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High energy density of Hydrogen is used up by heavy and spacious
storage
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From fuel to power - LOHC is complex and spacious

Complexity of fuel conversion

1 : :
SN * Requirements - Disadvantages
TEATEXCHANGERS é,_ I > — Many heat exchangers
: LN — Dehydrogenation system
EXHAUST GAS RECOVERY j —_— CO m p resso r

—> Complex, expensive, spacious

TWO STAGE
COMPRESSOR

EI * Advantages

L — Standard simple diesel tanks are sufficient

GAS CONTROL
I'Q PRoPULSION for LOHC storage
H,PRESSURE

STORAGE

I -3
=
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From fuel to power - Liquid Hzis compact but difficult to handle

Complexity of fuel conversion

[ > * Requirements - Disadvantages
= ‘_‘ — Heat exchanger

EXHAUST
(: §§ GAS RECOVERY
— Compressor

|||I — Insulation

TWO STAGE

COMPRESSOR .

mﬂ — BOI|—Oﬁc|OSSES

H,PRESSURE - ° AdVa ntageS

STORAGE

— Evaporator

}O — No dehydrogenation system

GAS CONTROL PROPULSION

—> Conversion less spacious
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From fuel to power - Comp. Hz1s simple but very spacious

Complexity of fuel conversion
* Requirements - Disadvantages
— Low storage density of gaseous hydrogen
w - —> High space demand
w _ons I-O rropusion — © Advantages
w — Lowest complexity

—> No further steps of conversion
necessary
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ICE can be designed for or converted to H, operation

Valvetrain
e Material
* Timing

lgnition System —
* Sparkplug
* Prechamber

Turbocharger
Fuel System e Dimensions
* PFI
* DI

Exhaust gas

recirculation
e Controls

Engine control unit
e (Calibration
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Conversion Technologies: Fuel Cell

I [ O N S
40-60 120-180 700-1000
- 99.999% H, CO<3% Light hydrocarbons (S<20ppm)
250-1000 80-230 8-80

300-1550 s0-100 2

5,000-20,000 10,000-60,000 10,000-40,000
- <20s 10-60 min 30 min to hours
- <10s 2-5 min <15 minutes
- Water cooling Water cooling Air cooling
ooy | -
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Promising technology applications are identified systematically

 Definition of requirements
* Rating of requirements to their ship-specific relevance

Cargo Pushed Cabin Rhine
vessel convoy vessel ferry
[ |
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Range (length of trip)
Reliability -
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Promising technology applications are identified systematically

* Analysis of technical features for storage and converters separately

Noise/Vibration Noise/Vibration

- B "
i Emission (exceeding regulation) o Emission (exceeding regulation) n/a
g 2
“3 Range (length of trip) n/a “2 - Range (length of trip) - + +
© . = e _
® Easy Bunkering n/a = Easy Bunkering + - _
§- 4 Cost per ton (or person) and km + 0 -

(@]

Cost per ton (or person) and km -- . --
N _ ]

Handling (req. crew competences) Handling (req. crew competences) +

e Storage and converter
combinations are evaluated
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Conditions for the exemplary calculation of a cargo vessel

@fom’uﬁster ;7 Route

N 400 (
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4* 2 * 542 km = 1084 km

Ha
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~ Q@ E\ . .
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Conditions for the exemplary calculation of a cargo vessel

Antwerp €-> Mainz Investigated storage systems

* Total energy needed for one round trip » Compressed Hydrogen = cH,
— Upstream: 44571 kWh  Liquid Organic Hydrogen Carriers
— Downstream: 22286 kWh >|L0OHC
— fotal: 66857 kWh « Liquid Hydrogen > LH,

* Required amount of fuel
— Total: 2408 kg H,

MariGreen
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Comparison of storage systems for selected usecase

* LOHC storage:
Hydrogen mass 2408 2408 2408 J
Two separate tanks /
Hydrogen volume 61 34 - :
5-chamber tank [ diaphragm
s wislat oy
Storage weight 49 21 56

* Exemplary storage
system for cH,

— 40 ft container:
1021 kg H2

DlNTErHItEGd
utschlan
ﬁectlserland

MariGreen

Maritime Innovations in Green Technologies

| 8 S ,.'
Picture Source: ems N




Technology packages for selected application cases

e Matrix combination outputs most favorable technologies for each application case

 Conditions for each usecase defines limits and boundaries

| Storage ___|Converter

Cargo Vessel Compressed H, ICE genset
Pushed convoy Liquid H, ICE

Cabin Vessel LOHC SOFC fuel cell
Rhine ferry Compressed H, LT PEM fuel cell

c
o
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©
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o
<

Q
7]
©

S,

« Wide variation of technologies for further evaluations (cost, typical operation profiles, handling etc.)
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Legal Situation and Training

* Legal Situation * Instruction and Training
— Analysis of status quo — Definition of requirements
— ldentification of blank gaps — Various jobs, levels of education

— Parallels to training in other sectors
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Key Take-aways

* Today hydrogen technology is not economic.

e Regarding future trends it is worth introducing this technology.

e Current local distribution of hydrogen sources facilitates this introduction.
« Different technical solutions exist for all application cases.

* Demonstrator projects could further prove the technical concepts.
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Thank you for your attention.
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