Ammonia powered bulk carrier

Ambition: To realize the first ocean going open
hatch/bulk carrier to be powered by green ammonia
— retrofit.

Joint project. ZESM has been invited in as partner.
Presentation of findings for ZESM ExCo May 11th

Trond Moengen,
ZESM Secretariat / Research Council of Norway




The pilot fits in perfectly with the ZESM

ambitions, way of working - and action plan




Main conclusion from pilot study - summarized

“ The main barrier today is the combination of high
retrofit investment costs, lack of availability of

'I High retrofit nvestme .
. competitively priced green ammonia and unclear
INnvestment costs effects of regulatory frameworks.

2 Lack of availability of
competitively priced green ammonia

3 Unclear effects of regulatory
frameworks

>
Green Shipping Programme



High retrofit
investment costs I

Estimated costs and Financial implications

« USD 22M retrofit cost (not including off-hire)

« OPEX increase approx. USD 200 000 (USD 550/day)
« Maintenance
« Specialised service engineers

- Dry-doc cost for the main engine (spread out
over the dry-dock period)

« In audition, sligtly reduced cargo intake

—
Green Shipping Programme



Lack of availability of competitively
priced green ammonia

The outcome of the interviews shows a range in port-readiness levels across the continents.

* European ports
« dachieve the highest score on the port readiness level, compared to Brazilian and American ports.
« They show a clear focus on sustainability, and concrete goals on how they are working towards limiting
their CO2 emission.
« Though none of the ports have indicated ammonia volumes,

« Brazilian ports
« score medium in terms of port readiness level.
+ not as active as European ports but show an eagerness in engaging in
projects and initiatives within green hydrogen and ammonia.
« Some of the Brazilian ports have formed partner-ships
with European ports,

« American ports

« score lowest on port-readiness level.

« The ports have included sustainability in their
strategy, but target this in different ways.

« Some ports have begun preparing for a green
transition, while others are still focusing on business as-is.

«  This will, however, most likely change now with the Inflation
Reduction Act of 2022, aiming to reduce carbon emissions by

+  40% within 2030 by providing subsidies to the green

+ hydrogen production.



Lack of availability of competitively The team have interviewed several 11 ports in Europe, USA, and
priced green ammonia Brazil focusing on strategies, plans - and supply today




Unclear effects of regulatory
frameworks

We have a significant chicken-and-egg challenge:

Green ammonia production is awaiting visibility on
offtake volumes from shipping.

Simultaneously the shipping industry depends on
known availability to facilitate the required
modification. External funding mechanisms are
crucial to create momentum for deepsea application
of green ammonia.
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“Retrofitting a vessel to run
on green ammonia
represents a significant
investment, in the evaluated
case >50% of the vessel's
fair market value. Such an
investment will depend on a
stable regulatory framework
supporting long-term
functioning market
mechanisms and
continuous green ammonia
availability to be viable”



How to use the results
IN further ZESM work?



First follow up:

At the request of Grieg and the partners in the pilot, ZESM organized the 19" of April a workshop looking into on of the
barriers identifies in the pilot study: The challenges on the availability of ammonia in US ports

Program
GMT+2 ET |
The aim of the workshop: 1600—1620 | 10:00—10:20 | Part 1 - Introduction — setting the scene
. . . 5 min Welcome and introduction Trond Moengen, ZESM
* To improve the understanding of what it takes to : : : . —oeng
. . . oo ] Main results and conclusions from the pilot — Torleif Frimannslund,
realize ammonia as fuel in Sh|pp|ng and brmg the 10 min focusing on availability of ammonia VP Technology and
Grieg Pilot one step closer to realization; Decarbonization, Grieg Star
. 5 min Questions and comments All
® to understand the US drivers that affect port 1620-1700 | 10:20-11:00 | Part 2 — Ammonia as maritime fuel — US perspectives
strategies; Ammonia as maritime fuel — Overall US policies, | Joshua Messner
. 10 min barriers and possibilities Technology Manager, US
e to understanq the effec_ts .of us Ioca! and national Department of Energy
regulatory shipping emission reductions; and 15 min Port of Savannah — Plans for ammonia ship-to- | Taiki lijima, Sumitomo
ship bunkering Corporation of America
* to map any US paraIIeIs to EUETS 15 min Discussion, comments and reflections All

1700-1730 | 11:00-11:30 | Part 3 — Ammonia as maritime fuel — European perspectives
Examples from ongoing pilot project: Ammaonia | Andre Risholm, CEO

15 mi o )
Results: min bunkering in Florg Azane Fuel Solutions
' Ammonia as maritime fuel — considerations Celin Tonheim, Chief Engineer
. Successful WOFkShOp 5 min from regulatory authorities NDCP - Norwegian Directorate
for Civil Protection
* 28 participants, mostly from relevant US 10 min Discussion — learnings All
authorities and stakeholders 1730-1800 | 11:30-12:00 | Part 4 — The way forward — recommendations
: US regulations developing — how to align and Discussions — all
10 min .
learn by cooperation
10 min Improving ammonia availability in the Gulf — Discussions — all
How should the Grieg project proceed?
5 min Closing Trond Moengen, ZESM
il p—
’ ‘ ~ GRIEG MARITIME GROUP
Green Shipping Programme issian ]




Roadmap and Action plan

Industry Roadmap (April 2022) Action Plan (September 2022)
- Thranresuldssgupsrelewant for . 43 prioritized actions,

ZESI\W'B%?&%?'E"QEH@%?H ars o * 18 actions - the Mission will lead

* Fuels — 53 innovation gaps
* Infrastructure — 33 innovation gaps




