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AMON | AMON Objective amonm -

Specific Objectives

S0kl Design and develop a fuel cell stack module at a scale of 8 kWel, tested and qualified to convert (directly
or through an integrated ammonia reformer) ammonia into power, possibly using the internal reforming
capacity of a solid oxide cell operating at high temperature and managing the power output through the
control of the cell fuel utilization. The stack module will be qualified through cell testing (electrochemical,
long term and posttest analysis), SRU testing (to qualify interconnecting materials to ammonia), single stack
testing (to qualify long term durability, optimization of cell control and fuel utilization, heat balance), and full
stack module testing (to qualify and test the specific module operating modes and qualify the stack highest
efficiency and specific control strategy).

Qualify a system 100% tolerant to ammonia in all the components and related materials, including heat
exchangers, burner and potential reformers and anode gas recirculation, as well as the fuel cell in all the
building materials, layers and interconnects.

Target 70% system electric efficiency, pursued by the optimal use of the cell to reduce heat generation and
consumption and leveraging the fuel utilization to a maximum, integrating novel solutions such as anode gas
recirculation to eventually be utilized.

Validate the stack and system flexibility to allow for 30% partial load and full flexibility in the overall range.
Qualify the system for at least 3000 hrs operation with demonstrated 90% availability in the operating
hours and less than 3% degradation rate at nominal power condition measured over 1000 hours of
continuous operation.
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AMMONIA TO POWER

Expected Outcomes

ST A P e e o A R ER | N i N B A e i N B e LRI @B FIEREES Several players of the relevant EU industry, representing the value chain, are part of the AMON Consortium:
utilising ammonia as a fuel. stack supplier (SOLYDERA), system integrator (ALDK) and technology end user (SAPIO) to bring the technology to
the application sectors.

101 o1 S ¥ =T (o 1g e} M T o4 g =T el =T TS AR (V= el | B e T =T AV T gy oo =T =R =To e g BT T (o Ta IE M e I e el Vil SR IENAGT el i o R IG5 A piilot testing will be run for a total period of 6 months and a minimum time of 3000 hours of operation. This
(o1 | [P AT o o G [ (Y F=Ta AN T s AR Yo U e (o I E ol | [ =X EE = o] Vg T oA E LTSS T S oS L N (TS S R G [T SRR T | will be done in a maritime environment, at the port of Venice, where ammonia is expected to be a commodity
existing players in industrial markets through the import of the NEOM project by Air Products — SAPIO. The piloting will involve the validation of several
operating modes including the sectors related to autonomous power systems. An end user board will be activated
to link the development of AMON technology to the different final sectors

(0061 ¥ i1 IVRT=N {0 I (=W [=ToE T d ofo TSN i) g oy =TV do ) (o1 g g e VN e AT SV 1 s e o LT ERE =T R T RE N T [V e o T sTely B IR N REREARG I EL] A full FC ammonia system will be operated at a scale of 8 kWel, in line with all the potential autonomous power
(6 EYENT = [ 5SS 01 BT o RS Tel  E ISR STl gy W (SR R /1) Belo1 0 T IV [T YA oY a RS T e ool ol Mol gl IR T ESE (VG T =N (VOB e R=) systems identified. At the same time, the Consortium will establish a relationship with the port of Venice to
LWL PR A AT e e A (s e e K 4 VAT ) R e = [ ATV 1 o =S VS = B TR BV [ [V [T E R R E I R R = S plis =l ) demonstrate the system in the harbour as well as engaging further end users, to support the decarbonization
These market opportunities represent a suitable steppingstone to deploy fuel cell systems with highly efficient [fsEH{aE Rl R{RI1{N

energy conversion rate of ammonia fuel to power within a reasonable timeframe

SR N S E T (o o€ (5 SV FoT oy (=1 N 0T 8 o=l o T oM =T =TT o ol [ g (= KO JO N QAT To R \AVAS o2 | ER To T WS E eI ST [S1E=) A scaled-up design for the AMON system will be performed looking for systems at the hundred kW and MW
L e TEREREVET o) (SR el y g [aglele [TAAE [f=E e A oL E AN €T =TT e 0 g (o T E W TE=RE S e (oo [[s EF TN o lele] [ NN EN[§=Y scales, based on demonstration of the AMON prototype in a maritime environment
standard fuels in maritime applications
Gain and transfer knowledge and experiences to the maritime providing sector SAPIO has several business relationships with Italian ports, Venice, and Livorno above all, where the specific
location of the port of Venice will be utilized as pilot testing site. The port of Venice will be part of the End user
Advisory Board (EAB).
= o TR T e L (o I A =N M g SN (S AT (Y N o g Mot S V() ol R To S =R To g T VA o o) KoY e I o LR LN AV RV [o (TR EEL | SOFC in AMON wiill be fully qualified to be operated with ammonia, validating from the single cell to the stack
hydrogen-rich fuels whilst keeping high performance module against most of the relevant operational parameters.
Target: The targeted efficiency of the AMON system is 2 70% with an optimal Hot Bop for heat recovery over all dynamic
Electrical efficiency of the system >50%. ranges of operation. Total system power degradation <2,5% at nominal power measured over at least 1,000 hours
g 01| IS VS =3 B T\ V7T a6 [=To = o Rl o) o IS T 7Y A Vo) g 11 | I e TI VYT g (2F VT ETe IRV R il SR S s Mo [0 [O B el el of continuous operation, conducing to an availability of the system of 290% during the entire testing period
continuous operation. gathering 23,000 operating hours; fuel cell system able to operate at partial loads down to 30%;
availability of the system 290% during whole testing period gathering 23,000 operating hours.
fuel cell system able to operate at partial loads;
Fuel cells operating on alternative (renewable) fuels. The AMON fuel cells will be operating in a stack module of 8 kWel composed of G8X cells by SOLYDERA, supporting
Target: partial load operation down to 30% of the nominal capacity. Hot and Cold BoP (Balance of plant) will be
. 5-15 kW fuel cell system operating with green ammonia including operation at partial load; developed to guarantee such dynamic range of operation (30-100%).

New technologies and components to reduce costs and improve flexibility in operation. The AMON target cost of the system is confirmed to be < 5,000 €/kWel for 100 MW annual production, with a
Target: target for the FC to be < 2,500 €/kWel in the same production capacity
. fuel cell system costs <5,000 €/kWel for 100 MW annual production.

Beyond SRIA
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Beyond the state of art

Pathways

« Assess the need for novel coatings or materials at AMON
State of the cell or stack levels Final
art * Demonstrate an effective DA-SOFC system with
advanced BoP to achieve very high efficiencies
* Lowering system CAPEX for DA-SOFC system
* Lowering the impact from nitridation

prototype
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SPECIFIC NEEDS

EXPECTED RESULTS

aMmonm'-

AMMONIA TO POWER

D & E & C MEASURES

Security of Supply: In response to recent events,
Europe feel the urge to diversify energy supplies
and accelerate renewable energy roll-out to
replace fossil fuels in homes, industries and in
power generation.

Ammonia represents one of the best solutions
for efficient long-distance transportation of
renewable and low-carbon energy sources and
can be directly used as fuel in such applications
through highly efficient SOFC.

Unlock wide markets potential: Renewable
Ammonia in efficient conversion systems to
decarbonize hard-to-abate sectors such as
maritime, autonomous power systems, where
volumetric density and long-term storage
solutions are key requirements.

Raise  industrial interest in ammonia:
components used in the fuel cell system are still
at prototype phase. With AMON, we can develop
new components, validate those components in
a relevant environment and bring them at
industrial scale.

08/02/2024

Novel SOFC stack module resistant to ammonia
fuel validated.

Novel Ammonia BOP components such as:
resistant heat exchangers, catalytic burner,
(optional) ammonia cracker and (optional)
anode gas recirculatory qualified and tested.

Ammonia fuel cell system at an 8 kW SOFC,
with high conversion efficiency, long term
system durability.

Realisation and validation of the AMON
integrated system in a relevant environment.

Validation of the material exposed at very high
temperature in a relevant environment.
Estimation of the lifetime expected from those
material and components.

Safety analysis and technology certification
guideline

Scaled up technology layout with techno
economic analysis

Market assessment and specific business case
development

Exploitation: a further development to a higher TRL of the new system
developed within the project to consolidate the technology and eventually
propose it to new customers; development of a new ammonia market as a
renewable and low-carbon hydrogen and energy carrier.

Dissemination towards end users, scientific community and potential clients:
organization of a workshop and a final dissemination event involving external
stakeholders, participation to relevant FCH conferences, seminars, events, and
fairs, scientific publications in high-impact journals and in ORE platform, open
access of research data, in line with IPRs, engagement of local educational
institutions.

Communication towards citizens: public website and social media, graphic
and video materials, participation in science events organised as part of
activities in WP5 targeting the broad public.

Communication towards EU and National institutions: to raise the interest on
a novel validated solution and to support the specific market growth with
proper policy actions.

Market assessment and Business case: to identify the specific characteristics
and need of the targeted priority market to pivot the technology design and
development, the communication strategy, the end user engagement, and the
future exploitation actions after the project end. This measure would include
the analysis of the business case including all valorisation patterns, whatever
direct of indirect, towards the various stakeholders.
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WP1
TECHNOLOGY BASIS DESIGN AND ASSESSMENT
WP2 AMON
DEVELOPMENT OF AMMONIA
FUEL CELL TECHNOLOGY WP4
SYSTEM
: INTEGRATION RESULTS
WP3 AND
DEVELOPMENT OF BOP VALIDATION
INNOVATIVE COMPONENTS
\_WP5 DISSEMINATION, COMMUNICATION AND EXPLOITATION
WP6 PROJECT MANAGEMENT
\_ J \_ Y,
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AMON | Dissemination e ® s el NOMA° -
s o a The acti f AMON Praject EU have besn presented at the 10th adition of
#Ammonia is an emerging key topic in the #decarbonisation process and AMON Umhe European Hydrogen \"_eE 5 the #EFC23 Canference! MONIA TO POWER
Praject EU wants o be part of itl @ || |t #ydrogen, and AMON Project EU L bl Luca Prattico, researcher at the FBK-SE | The Centre for Sustainable Energy | 4
Bruno Kessler Foundation presented the work entitled “From dirs
@ Debasis! raborty - Principal Scientist at Alfa Laval, prasented the #project & Join uz at ooth of Fondazione Bruno Kessler - FBK at the Hydrogen fid oxids fuel cells to the next generation of ammor
et Eurapean Fownt o e oo G emee: Europe Research Pavilien! You will mest the Projsct Coardinater Mattea Testi and - Rin the session Altemative Fules = 4
e _eop eoge . the ressarcher Luca Pratticé fram FEK-SE | The Centre for Sustainable Energy |
V I s I b I I It a n d N etwo r kl n The #Confersnce is part NH3 Event Europe 2023 and took place on the Bth Bruno Kessler Foundation. ==l more shout It onithe wehist
ki o e e am At the avent are also present other #project parmers as Alfa Laval and EFCF - #dissemination #energy #hydrogen #ammonia #greenpower #conference

European Electrolyser and Fuel Cell Forum. Husloelby-tern FSOFC

jow” and stay tuned for more updates! & FBK-SE | The Centre for Sustainable Energy | Bruno Kessler Foundation |
Companies: SolydEra Itaia | SolydEra Group | Alfa Laval | Alfa Laval - Marine
e ok e A " solutions | Sapio Group | Kiwa Nederland | Kiwa Htalia

FBK-SE | The Centre for Sustainable Energy | Bruno Kessler Foundation #axhibition #fair fconfarence #dissem n #ammonia #gi r Research centers: VTT | DTU - Technical University of Denmark | EPFL (Ecole

AMON Project EU SolydEra Group | Alfa Laval | Alfa Laval - Marine sobutions | Sapic Group | Kiwa #maritime #sofc polytechnique fédérale de Lausanne} | EFCF - Eurapean Electrolyser and Fusl Cell
k = © Nederland | Kiwa ltalia | VTT | DTU - Technical University of Denmark | EPFL JE———- | T Forum | Lucere University of Applied Sciences and Arts

(Ecole polytachnique fédérale de Lausanne] | European Electrolyser and Fuel Cell - =

Forum | Lucere University of Applied Sciences and Arts

Jirydronen Esneray Boresn uvent Epower Finwxsiion @ We are logking forward to mesting you thers

2 AMON fii

1 10 South Koreal

At the end of October, our partner Alfa Laval | Alfa Laval - Marine solutions
participated in #Kormarine Conference and Exhibition 2023

& AMON Project EU has been manticned among the ongeing activities of the
company in the field of Zammr the presentation “Developmant of Mathanol
& Ammonia ralatad Products for Decarbonization of Shipping™

Formare information & https://inkd in/dUB4bE4R

Read mare on our website

#dissemination #event #canference ¥exhibition #shipping #decarbonisation
#maritime

Nicoletta Spazzadeschi Davide Rossin - PMP® MBA Debasish Chakraborty

AMON Project EU
-®
for AMON Project EU %

First confar

Matteo Testi and Dario Montinare participatad in the roundtabie “Ammor
Power" organised within the First talian #Workshop on #Ammenia #Energy. heid
in Florence on May 31.2023.

to

*. Matteo Testi - Coordinator of #AMON and researcher t FBK-SE | The Centre
for Sustainable Energy | Bruno Kessler Foundation, outiined the activities of the Torouen
Centre in the #ammania field znd focuszd on $AMON

PROJECT PROTOTYPE RESULTS

@ A e e G E R B e
: ey & Dario Montinaro - Innovation Technology Manager at SolydEra halia.
explzined the #technology that will be developed within the project.

Alfa Laval speaks about AMON at Kormarine - Amon

This #project is financed by the Clean Hydrogen Partnership and is coaedin
by Fondazione Bruno Kessler - FBK, through the Centre SE
€ Dario Mantinaroand § atl 2rep Formore information & https://energy.fok eu/news

#hydrogen #energy #green #warkshop #SOFC Zpower Zinnovation

Website and Social media MH: =2

Anovel system for the utiization and conversion of
ammonia into electric power at ¢

efficiency using

https://www.linkedin.com/company/amon-

First Italian Workshop on
project-eu/

a solid oxide fuel cell system.

. . Ammonia Energy
https://twitter.com/AmonProjectEU Hlorence, 31 May, 2023

Auditorium di Santa Apollonia

https://amon-project.eu/
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