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GREEN AMMONIA: A NEW SUSTAINABLE FUEL SETS SAIL

'WHAT'S ALL THIS AMMONIA MANIA?

The search for green energy has never been more urgent. O,

‘And while we are all getting used to hydrogen popping. (]

upin policy targets and news headlines, ammonia s the

apparent new kid on the block. In reality, ammoniahas  OF AMMONIA

‘been around for over a century, just not as fuel — almost  TODAY IS USED
used as fercliser the restfor ~ AS FERTILISER

But could green am-
‘monia be the sustainable fuel of the future?

STATUS QUO

MEET THE MOLECULE

Ammonia, chemical formula NH,, is a simple molecule

00

NH,

0 0 O
ing significantly to global greenhouse gas emissions.
""“

— Hoh et

A RISING TIDE FOR GI AMMONIA/

About 183 million tonnes of ammonia are produced
e

ion tonnes by 2050. This increase in
i s mainly due to a whole new market opening

transport and

tainable fuel alternatives, like green ammonia. Green

ammonia is produced with renewables, meaning the Haber-Bosch process is
‘powered by wind or solar energy, instead of fossi fuels. And that s the plan: By
2050, 80% of ammonia s projected to be produced with

~ up from just 0.01% today!

PROJECTED DEMAND AND
PPRODUCTION OF AMMONIA BY 2050

Demand per sector Production source

FUEL UTILISATION

FOSSIL FUELS? TIME TO ABANDON SHIP

The sigpingindurzy scorants for three par cant

@ @0e

HEAVY FUEL OIL

HYDROGEN AMMONIA

« Easytohandleand trans- | renewables renewables
tem-

perature and atmospheric|  sions when used

ergy and offer up to ten times the energy density
lthium.ion battery. mnrmmmmpmm
cons, as shown in this table.

density (50% higher
than liquid hydrogen)
+ Liquifies below -33°C

« Very little toxicity in
case ofleaks

High tamperature
"and pre

« Highsir pollution

1zu%nt heavy fuloi) (30% of heavy fucl oil)

humans and ecosystems
in case of leakage
« Major contributor to

« Risks linked to leaks:
toxic to humans and
‘marine ecosystems

intensivetostore and
transport: H2 liquifies
below 253 °Candit

gil

DUAL FUEL: THE BEST OF BOTH WORLDS

‘We've seen that both ammonia and hydrogen have their own drawbacks that
‘make them challenging t use. A dual-fuel engine could be the answer,
using a fuel mix that combines the high energy density of ammonia with the
easy combustion of hydrogen. Ammonia is mixed with a small amount of hy-
gt oG g (o gyl
to pure hydrogen. This dual fuel is burnt in the combustion engine
andvolk Propulsion!

Pros

« Hydrogen enables easy combustion

« The hydrogen can be cracked from ammonia on site

« Faster and more complete combustion already at 5% hydrogen by
weightadded

« Even less emissions than from pure ammonia combustion

« Existing maritime internal combustion engines can be retrofitted
to be dual fuel compatible

addition o the fuel

sk of explosion dueto | gas emissions (nitrous
flammability oxide)

'WHAT ABOUT FUEL CELLS?

Fuel cells use pure ammonia or hydrogen at higher energy
efficiencies than intemal combustion engines (ICE). Thi:
technology is still in early development stage for shipping
applications.

KEELING OVER EMISSIONS

Green ammonia s CO, free, but stll causes some emissions, and leakages
could happen. These can be mitigated with the right precautions. The pos-
sible emissions are:

« Nitrous oxide (N,0) is a potent greenhouse gas, with 300 times the
atmospheric warming capacity of carbon dioxide! Mixing ammonia
with hydrogen and optimising the combustion process cuts down these
harmful emissions.

« Nitrogen oxides (NO,) affect the ozone layer and cause smog. They can be
ltered out at the exhaust and neutralised.

+ Ammonia itselfis dangerous if i leaks into the environment. This can be
prevented with careful storage construction, like double tank walls.

e

ARM ALMO!

0

Our green
ammonia
infographic

explainer
poster
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IKEM - Institute for Climate protection, Energy and Mobility
Latvian Association for Local and Regional Governments
Polish Wind Energy Association

German Offshore Wind Energy Foundation

Energy Agency of Southern Sweden

Lithuanian Energy Agency
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OWE in BSR: Cusp of acceleration

—— North Sea

- |rish Sea

- Baltic Sea

2% (512 MW) Atlantic Sea
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Erneuerbare Energien: Anteile in den Sektoren Strom, Warme und Verkehr
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6,8 10%
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Quelle: Umweltbundesamtauf Basis Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE-Stat)
Datenstand: 02/2022
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A&\ Mission

To foster a transnational green,
integrated energy system in the Baltic
Sea region, with offshore wind and
green hydrogen at its core.
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Infographic OWE & H: roadmap

& Infographic report outlining policy, grid,
A \ Mission and planning towards transnational

OWE and green H: development (2024)
To foster a transnational green,
integrated energy system in the Baltic
Sea region, with offshore wind and
green hydrogen at its core.



m Baltic Offshore Wind
Energy to Hydrogen

A&\ Mission

To foster a transnational green,
integrated energy system in the Baltic
Sea region, with offshore wind and
green hydrogen at its core.

iterreyg

Baltic Sea Region

Co-funded by
the European Union

Infographic OWE & H: roadmap

Infographic report outlining policy, grid,
and planning towards regional OWE
and green H: development (2024)

*

Events & network

Four real-life and two online events
to foster exchange and build a
regional OWE and H2 network
(ongoing)
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BOWE2H event timeline

Kick-off event (digital)

Overview of OWE and H2 in the
BSR, national insights, BEMIP

vision, policy, grid perspective, National event: Sweden
green H2 and green fuels. May National event: Poland Nov Jul
2023 2023 2024
Feb Sept Feb l

2023 National event: Germany 2023 National event: 2024 Closing event (digital)

German OWE + H2 policy and Lithuania + Latvia

targets, pilot projects, transnational
cooperation, obstacles &
opportunities to regional planning

Presentation of results
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= Infographic OWE & H2 roadmap
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Meta-study (2023)

OWE and H2 in the BSR,
transnational developments
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= Infographic OWE & H2 roadmap
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Meta-study (2023)

OWE and H2 in the BSR,
transnational developments

+

Interviews & co-creative
workshops on challenges and
solutions (2023/2024)
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= Infographic OWE & H2 roadmap
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Meta-study (2023)

OWE and H2 in the BSR,
transnational developments

+

Interviews & co-creative
workshops on challenges and
solutions (2023/2024)

Infographic roadmap to regional
OWE & H2 (2024)
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Regional offshore wind and
green hydrogen in the Baltic Sea

14 February 2023 | 9.00-12.00 CET / 10.00-13.00 EET go‘l"?}\:m“ \\/),
7C

BLOCK 1 BLOCK 2

® Introduction to BOWE2H e Estonia and Latvia joining forces: The

* The energy market in the Baltic Sea cross-border offshore wind farm ELWIND
region: Policy and vision of the EU ® Bornholm Energy Island: Where offshore

e Offshore wind energy in the Baltic Sea: and green hydrogen meet

From potential to reality Panel discussion with the speakers
* Green hydrogen and offshore wind: Workshop: Obstacles and solutions for
Connecting the dots in the Baltic Sea transnational offshore wind and hydrogen
® Panel discussion with the speakers development

REGISTER HERE
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BOWE2H IN-PERSON EVENT

Offshore wind and green hydrogen in Germany:
national and transnational innovation

22 May 2023 | 13:00-18:00 | Berlin




Co-funded by
the European Union

m Baltic Offshore Wind Hi“i’f@f‘f“ég
Energy to Hydrogen Baltic Sea Region

Timeline

- Metastudy:
April 2023

- Events, workshops and interviews:
Ongoing til summer 2024

- Infographic roadmap:
Summer 2024






