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Shipping industry

» The shipping industry is responsible for approximately 3%
of the world’s anthropogenic carbon dioxide emissions

» The shipping industry is under increasing pressure to act
upon the COP 21 Paris Agreement, the new carbon dioxide
(CO,) reduction targets from the International Maritime
Organization (IMO), and to reduce greenhouse gas (GHG)
emissions.

» Focus 1is also on emissions of nitrogen and sulfur oxides
(NO,, SO,) and particulate matter (PM).

» The next big deadline for the shipping industry is 2050:
The IMO is committed to halve emissions by 2050 (compared
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Solutions

» Operational options: Speed reduction, just—-in time
shipping, optimum vessel wutilization (reducing
ballast time)

» Vessel design: optimize hull forms, reduce hull
friction

» Carbon capture solutions

= Fuel cells & batteries

» Alternative fuels
= Ammonia
= Biofuels
= Methanol
= Hydrogen

American Bureau of Shipping, Setting the course to low carbon shipping, 2019 *



— Hydrogen ships

PEM Fuel Cell System for Ships
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H,MARINE Project

“Hydrogen PEM fuel cell stack for marine applications” aims at the design,
testing and validation of 250-300 kW PEM fuel cells for utilization
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H,MARINE Project

» Benefits for introducing PEMFC in shipping: Deliver power in modular and
scalable designs, stable power with low maintenance costs, reduced environmental
footprint

= H,MARINE innovation: Enhance state-of-the-art stack design, innovative on-line
diagnostic and monitoring procedures

= H,MARINE innovation: Create designs for upscaling the fuel cell system to 10 MW
by 2030; target lifetime of U40,000-50,000 hours; target CAPEX of 1,000 €/KW in
2030

» Design marinization: Increase power density for on-board integration, improved
design to withstand windy and salty conditions, tilting and vibrations, provide
power according to sailing profile/load request of a real vessel, integration
with the ship energy system



- Methanol use in the maritime sector

Widely investigated as fuel for the marine sector

= First methanol container
ship “Laura Maersk” (2023)
= Dual Fuel (methanol/diesel)




— Carbon emissions from methanol use?

 Methanol contains carbon, which when combusted releases CO, in the atmosphere.

 Vessels opting for carbon-based alternative fuels may potentially incur emission fees.

« Within the European Union's Emissions Trading System (ETS), ships using carbon-based
fuels will be obliged to acquire carbon credits to offset emissions generated during
voyages to and from Europe, regardless of origin.

Biogenic CO, emissions refer to those naturally
Atmosglg= occurring within the carbon cycle or arising from
various processes like biomass combustion,
fermentation, or digestion.

Atmosphere

CO2

VS

Biogenic CO2
Fossil CO2

When biomass is combusted, the carbon released is
part of this biogenic carbon cycle, essentially
returning to the atmosphere the carbon previously
absorbed by plants during their growth.
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- M?ARE Project

“Maritime Methanol: Adaptable, Renewable and Environmentally-friendly” aims to develop and demonstrate a
novel process for “Maritime Methanol”, a new grade of low-cost green methanol based on biogenic CO, and
renewable H,, to support the needs of the global shipping sector to reduce their CO, emission.
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methanol synthesis

= An improved methanol process based on a new
reactor system based on process
intensification

» Engine tests for fuel evaluation

= A digital model of the whole value chain to
de-risk the technology and boost its scale-
up by assessing and optimizing different
geographical scenarios as for the
deployment roadmap.
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-  (Conclusions

Hydrogen and hydrogen—-carriers can provide solutions for the
maritime sectors as well as enable the creation of a global
hydrogen market.

Hydrogen fuel cells (H,MARINE) and biogenic methanol (M?ARE) are
investigated as potential clean energy solutions for the marine
sector.

To transport and use hydrogen or hydrogen—-carriers by ship,
hydrogen infrastructures are required in ports
(production/transport, storage, supply/bunkering).

At the same time, there should be connection of the port with
the domestic hydrogen production infrastructure.
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Thank you!

Questions?

Kyriakos Panopoulos
panopoulos@certh.gr

Advanced Renewable Technologies & Environmental Materials in Integrated Systems, ARTEMIS

Chemical Process and Energy Resources Institute, CPERI
Centre for Research and Technology — Hellas, CERTH
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