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Marine applications must go green

Even more so, after 2020. With 30 year ship ownership actions towards reducing CO, emissions should start now!
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Figure 2. IMO sulphur limits for years 2008-2020 (% mass).
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https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008L0056

Existing technologies, even combined, are not sufficient

LNG has proved efficient to address particulate emissions, but fails significantly contributing to CO, reductions
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The alternative design is the process by which it must be demonstrated that safety, reliability and dependability of the
systems is equivalent to that achieved with new and comparable conventional oil-fuelled main and auxiliary machinery
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Anticipated role of hydrogen in the maritime sector

Increasing social pressure on the sector together with multiplying hydrogen related studies

Seizing today’s opportunities
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Ship emissions cost €24m in
« health, environment damage

Emissions fall into same carcinogenic category as smoking and
asbestos

Report prepared for the
2 Hydrogen Energy Ministerial Meeting
InTokyo, Japan
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Heading to Venice? Don't forget your pollution
mask
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Feasibility of the Zero-V:

Optimization of Zero Emission Hydrogen
Fuel Cell Ferry Design, With
Comparisons to the SF-BREEZE
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Feasibility of the SF-BREEZE:
a Zero-Emission, Hydrogen Fuel Cell,
High-Speed Passenger Ferry

Zero-Emission Vessels:
Transition Pathways.
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Part of the Low Carbon Pathways 2050 series.
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https://www.npr.org/2019/07/16/716693006/the-dawn-of-low-carbon-shipping?t=1572946878851
https://www.lr.org/en/latest-news/lr-and-umas-release-new-zero-emission-vessels-transition-pathways-study/
https://eto.dnvgl.com/2017/maritime
http://www.emsa.europa.eu/emsa-documents/latest/download/4545/2921/23.html
https://webstore.iea.org/download/direct/2803?fileName=The_Future_of_Hydrogen.pdf
https://energy.sandia.gov/wp-content/uploads/2018/01/SAND2018-0421.pdf
https://energy.sandia.gov/transportation-energy/hydrogen/market-transformation/maritime-fuel-cells/
https://energy.sandia.gov/transportation-energy/hydrogen/market-transformation/maritime-fuel-cells/sf-breeze/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Hydrogen_2019.pdf
https://www.travelpulse.com/news/cruise/palma-de-mallorca-citizens-call-for-cruise-ship-limit-of-one-per-day.html
https://timesofmalta.com/articles/view/ship-emissions-cost-24m-in-health-environment-damage.683564
https://amp.theguardian.com/environment/2017/jul/31/heading-to-venice-dont-forget-your-pollution-mask?__twitter_impression=true
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Anticipated role of hydrogen in the maritime sector

Different scenarios illustrate how H,-based fuels will represent between 25% to 80% of maritime fuels by 2050

Energy use and projected fuel mix 2018-2050 for the simulated IMO ambitions pathway with main May 2019 status of uptake of alternative fuels by ships in operation and on order
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https://www.itf-oecd.org/sites/default/files/docs/decarbonising-maritime-transport-2035.pdf
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FCH vessels are accelerating

Fiskerstrand car and passenger ferry
Energy Observer (2017) . _
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One size will not fit all "™ Hydrogen

Preliminary results, analysis done by Hydrogen Europe Europe

High fuel autonomy
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IMO role, what is the support needed to make it happen

Institutional support for convergence of actions

Context

* Experience is built from the industry and demo projects to support an establishment of rules

* FCH ships are multiplying and approval processes are taking place in an ad hoc and isolated manner
* Some guidelines from the IGF code lead to unsafe designs when applied to hydrogen (e.g. double-wall piping)
What needs to come next?

* Capitalise on the experience gathered through the various designs and approval processes

* Enable a better convergence between class agencies, for example on risk-based design methodology
* Highlight the IGF related guidelines which do not apply to hydrogen

» Establish specific must-have safety assessments and guidelines

What is the support needed to make it happen?

* A coordinated process, superseding the individual interests from the different project/stakeholders

* Aforum to exploit experience and exchange safety assessments, regular meetings, etc.

* Pre-normative research focusing on must-have safety assessments

Would IMO be willing to take over the coordinator role this would help drive progress at the international level




And now, more details on...
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Two hydrogen flagships deployed in this project illustrate the business viability and promote
social acceptability of zero-emission shipping based on hydrogen and fuel cells

FERRY

A passenger and car ferry operating as W
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Project overview

AMBITION: lllustrate the business viability and promote social acceptability
of zero-emission shipping based on hydrogen and fuel cells

FEATURES
Total Budget: 6.8 MEUR A total of 1 MW installed on-board On-site hydrogen production with electrolysis
Duration: 4 years, 2019-2023 fuel cell power powered by renewable electricity

Specification

Design
BN Build

Test & approval

2019-2020 2021-2022

Operation in commercial service
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Hydrogen vessels
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Passenger & car ferry Pusher
- Stavanger area Norway - Lyon, France
- 600 kW FC power - 400 kW FC power
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Stavanger case data

* Route: Judaberg-Helggy with 6 stops (route changes through the day)
* Daily operation: 140 nm (260 km), 19 hours (6 a.m.—1 a.m.)

* H, fuel consumption: 460 kg / day (to be confirmed)
* Comparable to ca. 1900 litres / day of (bio)diesel

* H, storage: 250 bar gaseous with 600 kg total capacity (TBC)
* Bunkering: every night, from shore to ship

* Power system
* 3x 200 kW PEM fuel cell modules
e Battery capacity planned 0-500 kWh (need for batteries is under consideration)
* Biodiesel generator back-up power

 Class and flag: approval by DNV-GL, under Norwegian flag (NMA)




Lyon case data

* Route: Port area for local work + Port of Lyon — Docks of Fulchiron
* H, fuel consumption (180 kg / week)

* H, storage (250 — 350 bars / 300 — 350 kg H,)

* Refuelling by swapping H, storage rack.

* Power system
e 2x PEM FC modules
* Batteries
» 2x diesel generators for back up power

 Class and flag: approval by Bureau Veritas, by French national authorities
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Contact points

e Coordinator: VTT Technical Research Centre of Finland Ltd.
* Antti Pohjoranta, antti.pohjoranta@vtt.fi, tel. +358-40-5709825

* HFC supervision: Persee
* Valentina RUIZ, mvr@pers-ee.com
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