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Agenda LGC

* Pre-combustion carbon capture
a EU Horizon2020 project“  HyMethShip ”

» Post-combustion carbon capture
a FVV-project “CCS on Ships”
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Agenda LGC

e Pre-combustion carbon capture
a EU Horizon2020 project “  HyMethShip ”
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The Goals & Path LGC

HyMethShip Project

Funded from the European Union’s Horizon 2020
research and innovation program under grant
agreement No 768945

@ Emissions reduction goals
* 90+ % reduction in CO, emissions
« Elimination of SO, and PM emissions
« IMO Tier Il NO, emission levels w/o after treatment
« Investigation of hydrogen dual fuel combustion concepts

@ Case study shi p design

Q

Full-scale system demonstration
@ Life cycle assessment for costs and env. impact
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Project Consortium:
6 countries, 13 organizations
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The Concept LGC
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On-board Setup LGC

Pre-combustion carbon capture system

iMembrane Exhaust Gas Waste Heat *  Receiving liquid methanol & water
{ Reactog W * Producing hydrogen fuel using waste heat
Methanol :> (I L " « Liguefying CO2 w. cooling driven by waste

H%o - heat

« Feeding liquid CO2 to tanks

Propulsion engine
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« Consuming hydrogen fuel
- )) * Methanol used as back-up fuel

= Supplying waste heat for reformation and
carbon capture

Absorption

Chiller

Exhaust Gas & f
. Cooling Water Exhaust gas temperature > 400 °C !
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Methanol Reformer CHs0H ]

H,O
Two processes in the same reactor:

o Catalytic methanol reforming
(CH;OH+H ,0a CO, +3H ,)

0 H, separation via membrane permeation

Ceramic-based carbon membrane technology
o0 Free of precious metals

Reaction pressures up to 50 bar

H, pressures 10-20 bar

Low risk of poisoning (e.g. from CO)

o O O o

Membrane tubes stacked together working in parallel in
pressure vessel
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Dual-Fuel Engine — H, or MeOH operation LGC

H,
Standard operation
, - Hydrogen combustion — medium pressure port
Alr fuel injection & spark ignition.
Methanol
Redundancy / back-up operation
Methanol  combustion - spark ignition Air —

system for hydrogen as well as for methanol
combustion. Reduced emissions, no diesel
fuel systems required
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Technology demonstration LGC

Exhaust gas system Exhaust gas-thermal oil heat exchanger

Heat exchangers

s Thermal oil conditioning system

Multi-cylinder engine Va 3

Membrane methanol reformer

Engine dynamometer
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CO2 emissions
reduction / %
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O Pre-prototype

Technology
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HyMethShip Case Study Vessel
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m Acquisition cost (CA) mFuel cost (CF) m Replacement cost (CR)
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m Acquisition cost (CA) m Fuel cost (CF)
m Replacement cost (CR) m External cost (CE)
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Case 1
MGO ICE
MGO ICE + OCC
LNG ICE
LNG ICE + OCC
Case 5
MEOH ICE
MEOH ICE + OCQ
HyMethShip
NHS3ICE
Case 10
LHPEMFC
NH3SOFC
Battery-electric

m Other consumption stage

® Manufacturing phase ® Total impact
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High H, / CO, selectivity of membranes L < :

Full scale engine operation with 100 % hydrogen

Onshore system demonstration complete
.... Project conclusion in 2021...

...will the story continue?
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A versatile simulation platform for the optimization of
sustainable energy systems

Features
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Fossil system (HFO) Hybrid systems (shaft generator)

Battery electric
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Electric
machine

Engines
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Electric
machine
Concept 1

Engines

Concept 2 Electric
) machine
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Concept 2 Electric
machine
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Concept 3 Electric
machine
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HEm CO, incomes

25.3

Annual costs (M€)

L L L
Concept 1 Concept 2 Concept 3
(Re-MeOH) (HyMethShip basic) (HyMethShip + boiler)
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Application of simulation platform LEC ENERsim to ship propulsion concept

Post-combustion: Assessment in progress
Pre-combustion: Cost advantage of pre-combustion carbon capture over pure methanol

propulsion; integration of an additional boiler significantly improves carbon capture rates and
further decreases annual net costs
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