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Center for Hydrogen Energy Technologies oy Eﬂ

Areas of research /A
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Research in the field of hydrogen energy technologies.
Synthesis of hydrogen separation membranes and analysis of their properties.
Hydrogen production using water reactions with metals and nanoparticles of their alloys.

Synthesis of metals and their alloy hydrides designed for hydrogen storage: analysis of their
properties.

Synthesis of hydrogen fuel cell components (anodes/electrolytes/cathodes) applying physical
vapour deposition methods.

Analysis of battery material properties.
Synthesis and analysis of photocatalytic materials.

Application of physical vapor deposition methods for thin films formation and surface
modification.

Improvement of various surfaces characteristics by application of glow discharge plasma.

H, energy training courses for industry
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Project: Don Quichote
Place: Belgium

Date: 2011

Electrolyser: Hydrogenics
Funding: 5.0 m€

Project: Hybalance
Place: Denmark

Date: 2014

Electrolyser: Hydrogenics
Funding: 8.0 m€

Cathode

Membrane

Project: Haeolus

Place: Norway

Date: 2017

Electrolyser: Hydrogenics
Funding: 5.0 m€

2.5 MW 3.2 MW

Project: Demo4grid
Place: Austria

Date: 2016
Electrolyser: IHT
Funding: 2.9 m€

Application

Project: H2future
Place: Austria
Date: 2016

Electrolyser: Siemens
Funding: 12 m€

Project: Refhyne
Place: Germany
Date: 2017
Electrolyser: ITM
Funding: 10 m€

56 projects, 180 M Eur, 16.7 % of Clean H2 JU support

Project: Djewels
Place: The Netherlands
Date: 2018
Electrolyser: McPhy
Funding: 11 m€

20 MW - 60MW
3x100 MW

Green Deal Projects:
+ Refhyne Il

« GreenHyScale

* GreenH2Atlantic
Date: 2021

Funding: =30 m€



[P[]]j Project — ALICE-WHY (Aluminum in circle economy - from waste @
Iceland .

Liechtenstein through hydrogen energy to alumina) |—|:||:|
Norway grants

Pure Waste
aluminum aluminum

The main goal of the
project is to investigate

the Al reaction with water
Clean Al,O; Fuel cel Hydrogen
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Plasma treatment

Electricity

Hydrogen Formation of plasma
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e petroleum industry
* optoelectronics

e water treatment

* membranes

* asan absorbent

* and etc.

Method for synthesis of y- aluminium oxide using plasma - modified aluminium and water reaction. D. Mil¢ius, M. Urbonavicius, M. Lelis. EPO, EP3768640B1



Al source Reactor Design 3
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Coordinator

Fe/Ni

Lithuania

InnoHyppy (INNOvative
Production via methane Pyrolysis)

Patented
technology
({3:0))

Contaminated catalyst regeneration
(plasma treatment)
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catalyst and its regeneration for clean HYdrogen @

* Method for synthesis of gamma aluminium oxide using
plasma - modified aluminium and water reaction. D. Milcius,
M. Urbonavicius, M. Lelis. EPO, EP3768640B1

The present project aims at the fundamental
and practical investigation of Fe/Ni materials
by development of novel catalyst for cleaner
and more efficient clean hydrogen
production via methane pyrolysis technique
as well as their regeneration in order to
increase its durability, where all the residues
will be used as secondary raw materials for

further application

Slovenia ee
00

Jozef Stefan Institute




Methane Pyrolysis - Turquoise hydrogen

Mthane pyrolysis
Oy =2 215

. partial carbon
’ recycle

Stephen Jackson,

Chief Market & technology Officer at Hydrogen Europe:

)) Turquoise hydrogen made from pyrolysis is a clean and

cost-effective production method that, if properly
exploited, can play an important role in growing the
hydrogen market and achieving our energy-transition

goals. g
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Bubble column reactor
1

Mobility, industry,
climate-friendly heating

Carbon powder for pigments, lightweight design,

Molten tin (> 1,000 °C) polymers, high-tech applications

Natural gas, biogas ) When the gas bubbles burst, hydrogen is released and
| the solid carbon is precipitated as a powder.

https://hydrogeneurope.eu/he-dvgw-pyrolysis-report/ 8



Carbon application

Potential quantity
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Pyrolysis carbon
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Hydrogen
10 kgh 100 kgh  production
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2014 - 2018 2020 - Present

Cooperation with ElFaZZ1]



Synthesis of metal hydrides Eﬂ

MgH, and Mg,NiH, metal hydrides could be used as a hydrogen source for fuel cell application in
mobile devices. The objective of this invention is novel technology for hydrogenation of metals and

their alloys which allows avoiding the usage of expensive catalysts such as Pt and Pd.

- - Powder
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Metal hydride

Metal Metal hydride

European patent: Method of hydrogenation of metals and their alloys, EP 2338834 B1. 10



The use of metal hydrides in production of synthetic fuels

Mg,NiH, — as Sabatier reaction catalyst and hydrogen source

CO, + 4H, > CH, + 2H,0
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H,:C0:CO, H,:C0:CO, 1]
catalyst :
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waste \Water vapor
Methanation catalytic
g """""" reactor
. Figure 8. Optical and SEM images: (a) as received Mg,Ni alloy grains, (b) Mg, Ni grains after grinding,
Bio-methane (CH,) ; .

(c) catalyst-Al,O3 mixture after methanation test, and (d) EDS elemental mapping of catalyst-Al,O3
mixture after methanation test.

Project: Development of innovative biomethane production technology using the catalytic thermochemical conversion method (01.2.2-LMT-K-718-01-0005)

Lelis M. [LEl], Varnagiris S. [LEI], Urbonavicius M. [LEI], Zakarauskas K. [LEl]. Investigation of Catalyst Development from Mg2NiH4 Hydride and Its Application for the CO2 Methanation
Reaction In: Coatings. Basel: MDPI, 2020, vol. 10 (12), 1178, p. 1-15. ISSN 2079-6412. 11



BalticSeaH?2

Demonstrating hydrogen economy with the largest
cross-border Hydrogen Valley in Europe

Lithuanian
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[ )\ Association

ydrogen energy association:

Communication and dissemination;

Social awareness and acceptance

activities; T st
Collection and sharing of information;
Cooperation and networking;

Contributing to the development of VaIIey?

Replication Toolkit.

The project is supported by the Clean
Hydrogen Partnership and its members.

~

@ BalticSeaH2

. @BalticSeaH2

% Clean Hydrogen

i Partnership
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Co-funded by
the European Union


https://balticseah2valley.eu/
https://www.linkedin.com/company/balticseah2
https://twitter.com/BalticSeaH2
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BalticseaH 2
FINLAND
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* Coordinated by CLIC Innovation and |
Gasgrid Finland
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* Main valley between Finland and
Estonia: replication valleys in Norway, =
Sweden, Denmark, Latvia, Lithuania, 4%
Poland and Northern Germany =

Baltic Sea (EYTYNNITY

e 25 demonstration cases under

preparation . * \
* Total budget 33 M€, EU funding for 25 ‘/’ ' BELARUS

M€

GERMANY

13
https://cordis.europa.eu/project/id/101112047



Hydrogen value chain and infrastructure

Green and Smart

Technology Cluster
(GreenTechLatvia)

Uppsala University
Wartsila

. CLIC Innovation
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RERUEES Hydrogen production Hydrogen infrastructure Fuel cell demos Hydrogen utilization

energy production and transmission Borealis Highly dynamic market
Solarstone Helen Gasgrid Ballard iéegn e SNy mog%ddéﬁi'rt%“;ﬁﬂon’
Helen P2X Solutions Flexens ABB City of Tallin digital twins *  Electricity
Viru Vesinik Green North Energy LHYFE Helen Helen markets
K/'\l/?éilns Vantaa Energy Bolrealis Elcogen Vantaa Energy . ABB « Heat market

PowerUp Helen Convion P2X Solutions o i .

Skyborn Renewables LHYFE Vani Y T Flexens ) ggzg:?det'ca hHAydLogen
Sweden AB Lithuanian Energia Solar Stone . Helen arket
Energy Valley Norway Hydrogen Energy Solarstone Power UP ) PY. Solutions * P2X markets
Energy Cluster Association Power UP Viking Line . Green North C Transport
Denmark Polish Hydrogen Vams YARA Energy \ sector )
Energiforsk Cluster Neste _ . Power UP -
Estonian Hydrogen E;erzta;oFEtO ?]fn I:uga ) s
Cluster RISE . Aalto
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Use cases and industries involved in BalticSeaH?2
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P2X Solutions Oy demonstration case:
Green H, production in Harjavalta

The four stacks have 20 MW of capacity
* 3000t/aH,
* Plant is stated to be completed in 2024

* The plant is also to include methanation
capacity for the production of renewable
synthetic methane from hydrogen and
captured CO, from industrial processes

* Also develops the ICT integration of H,

plant. Effective data handling will play an
increasingly crucial role in the future energy
market: as the markets become more tightly
integrated, real-time data becomes the
lifeblood of operations.

https://p2x.fi/en/the-first-electrolyzer-stacks-delivered-to-the-construction-site-of-p2x-solutions-hydrogen-plant-in-harjavalta/
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Thank You.

Dr. Marius Urbonavicius
marius.urbonavicius@lei.lt

https://www.lei.lt/en/

25 January 2024, Vilnius, BOWE2H
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