Ammonia cracking in H2SITE membrane reactors:
Producing fuel cell-purity hydrogen in Birmingham, UK
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Join in the conversation with AEA Technology Manager Kevin Rouwenhorst.
Register now, and submit your questions in advance.
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Ammonia as hydrogen carrier

* Ammonia (NH,) is currently used for its Nitrogen
content, e.g. for fertilizer applications
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e Ammonia is also a zero-carbon fuel and Hydrogen
carrier
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Ammonia cracking

Ammonia Air/&) 2NH363H2+N2
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Technology Spotlight: Ammonia cracking. Ammonia Energy Association. (Forthcoming)
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Large-scale ammonia cracking

radiant wall cracker
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2400 TPD-NH; ammonia cracker for heavy water
production (Topsoe)

"Efficient and proven ammonia cracking at scale". Topsoe. Nitrogen+Syngas 385 (September-October 2023).
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Membrane reactor demonstration

The ammonia-to-hydrogen demonstration, Brisbane, Australia, August 8, 2018. Photograph courtesy of CSIRO.
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<= Ammonia Cracking in membrane reactors
=y for high purity hydrogen production



.IEI. HES'TE The Problem

Low carbon hydrogen
production areas and points of
use are often disconnected

Lack of efficient long distance

hydrogen transportation
solutions

When available, transportation
solutions add 80 to 300% to
hydrogen generation cost
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H2SITE is part of the solution

THE TECHNOLOGY
KEY COLLABORATION
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Integrated membrane
reactors
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Fluidized/Packbed configuration
Scaling up of reactor capacity
Different feedstocks

Boost Pd membrane properties
Authothermal reforming
Separation from the grid
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H2SITE's founding team

industrialization

Deep-tech passionate, highly committed, focused on

V4

Gorka Herhoso, MBA
CFO

Andrés Galnares
CEO

General management, strategy
and business development

Responsible for finance

and internal structuring
Startup founder and board member

Extensive startup experience both as

Extensive corporate experience in board member and CFO

the energy segment 8y in global strategic consulting

(BCG) on industrial goods and energy
industry

+10y in distributed renewables and
Renewable gases project development

1

Jon Meléndez, PhD

Technical Director Membrane
development
Industrialization and
membrane R&D

PhD Cum Laude on Pd-based supported
membranes as a H2 separation technology

Built +1000 of Pd membranes during the
last 12 years

He has led the design of the industrial
production process

Our dreamis to create a unique Deep-tech European Industry, that contributes strongly to the

Energy Transition and enables the hydrogen value chain.

José A. Medrano, PhD
Technical Director Reactor
Engineering
Design, construction,
commissioning and monitoring.
Leads engineering and operations teams,

PhD Cum Laude on development of membrane
reactors for H2 generation

+15y experience on integrated membrane reactors
(ammonia, methanol, syngas...) and separators

))
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Falladium and paladium alloys
- * Dense selective layer
Ceramic
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/- Pd-membranes integrated in Hydrogen generation processes (working at\
> 300°C) lead to:

* Higher conversion

* Lower working temperatures

\ + More compact units /
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H2SITE’s Competitive advantages

46 47
Pd| Ag

Palladium - Silver alloy

Higher H2 permeability
Protection against embrittlement
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Thin selective layer

Higher %H2 recovery
Cost reduction

Patented double-skin
layer

Protection against catalyst
Level of defects decreases

Fi
o

Palladium recycling

Patented technology on
100 % palladium recovery

Supported membranes

High pressure gauge resistance (100 bar)
Ammonia on-board cracking proved
(H2OCEAN video)

¢

Leak tigth configuration

Higher H2 purities
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2009 - 2016 2017-2020 2022 2022 - ...
From first supported Scaling up and first pilot  First palladium membrane Quality and reproducible
membranes to lab scale integrated membrane Manufacturing line process. Thousands of
production optimization reactor testing Officially launched membranes since

Development
and validation

Reproducible
process

Scaling up Industrialization
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We enable two solutions to transport hydrogen:
H2-infrastructure management solutions
H2-carriers with well-known supply chains

e

The Solution

We separate pure hydrogen
from gas blends:

% Gas network management
(Salt caverns, aquifers,
deblending)

% Natural hydrogen

We transform carriers into
pure hydrogen

% Ammonia cracking
% Methanol reforming

% Waste to hydrogen



oxsxo HES'TE Ammogen project

% Project objectives:
Department for . 200 ka/d Hvd

Energy Security g/d Hy irogen
& Net Zero * Fuel cell purity grade

Delivery to
Tyseley Energy Park

%

EP b  Gemserv [' o

. <H2SITE's

A : advanced
UNIVERSITYOF .x:x. r—'—| L | Saeting
BIRMINGHAM H2SITE © @ reacter ogen
. £ I':queollgn
@, o™ @ ?ystem ??r
& ‘ J,‘,’Sf.c"&.ons
o o
((( r AIR SEPARA:W? @
YARA f E _.9.1 IH ﬁ"”l °§ UNIT ELECTROLYSIS

; }{



@
°X;I' H2SITE Ammogen project — cracking technology
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membranes and how they g 20 S
are integrated in reactors & Processes with thermodynamic restrictions get £
separators favored when chemical equilibrium is disturbed 3
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H, production via ammonia decomposition in a catalytic membrane reactor, Fuel
Process Technology, 2021




oxsxo H2SITE Ammogen project - results

H2SITE's core is in the Cracking unit running in continuous operation
membranes and how they

are integrated in reactors & BN LI W I(S]e

separators Feed pressure: 4 — 14 bar(g)

H, output pressure: Vacuum — 4 bar(g)
Proven quality > 99.98%
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ox:xo HES'TE Scaling up-technology x10 every year since 2020 to limit risks

Sustainable x10 growth following market trends and risk-
Manufacturing site controlled technology validation.
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We are commissioning +10
reactors/separators in Western Europe
and producing thousands

of membranes

France
Biomethane

UK

Ammonia cracker
for PEM FC

UK - Birmingham

Ammonia cracker
Waste to Energy

reformer for mobility

Waste/Biomass to
Hydrogen unit for

mobility

South of Spain

Ammonia cracking
testing facility

Gulf of Biscay

Onboard ammonia
cracking + FC for
auxiliary power unit

North of Spain

Low pressure
deblender (5 - 20%
H2 concentration)

80bar deblender
(5-20% H2
concentration)




Jols H2SITE Enabling low carbon hydrogen
: transport solutions

Jon Meléndez Rey in Jose Antonio Medrano Jiménez in
+34 667 119 639 +34 630 116 649
Jon.Melendez@h?2site.eu Jose.medrano@h?2site.eu
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