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Hydrogen represents our opportunity to link together energy secu-
rity, climate neutrality and competitiveness. This is why we want to
make Germany a "hydrogen republic".

Our National Hydrogen Strategy shows us how to reach this goal. A
central aspect in this regard is the importation of hydrogen, because
here in Germany, our potential to produce hydrogen is limited.
Between 50 and 70 percent of the hydrogen we expect to need in
2030 will have to come from outside Germany. After that, this per-
centage is even likely to rise. Countries with plenty of sunshine and
wind such as Namibia or Australia are especially good candidates for
producing green hydrogen. This means we will need suitable infra-
structure for transporting the hydrogen — both for importing it, and
for distributing it within Germany.

And this is precisely where TransHyDE comes in. The aim of the
project is to research and demonstrate exactly how hydrogen can be
stored and transported: as a gas in pipelines and high-pressure
tanks, in liquid form, or as part of compounds in the form of am-
monia or LOHCs. Science and industry work hand in hand as part of
the project, thus guaranteeing the direct transfer of research into
practice. This is also the case in the two other hydrogen flagship

Dear reader,

projects. The H,Giga project conducts research into how large-scale
electrolysers can be mass-produced, while H,Mare is all about pro-
ducing hydrogen out at sea.

We, the Federal Ministry of Education and Research, are investing
more than 700 million euros in these three hydrogen flagship pro-
jects alone. As such, we are paving the way and setting the pace for
the creation of a "Hydrogen Republic of Germany" set to put its
know-how to good use around the world. We want to become a
lead market for hydrogen technologies, thus creating new export
leaders with the label “Made in Germany”.

| invite you to read on and learn more about TransHyDE for yourself,
and hope you will find this brochure informative.
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The National Hydrogen Strategy envisages security of supply through
intra-European production as well as diversification and securing
international imports of hydrogen. This inevitably results in the need
for a supra-regional transport and storage infrastructure for the energy Norm P.16

carrier.

A total of 109 partners and associated

partners are working on ten projects to P.18 LNGZHydrogen

146.6 mio. euro funding
89 Partners

20 Associated partners
04.2021 - 03.2025 Duration the efficient transportation and storage

of green hydrogen.

overcome the technological and eco-
nomic obstacles that currently hinder
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Funding of the Federal Ministry of Education and Research (BMBF) for
TransHyDE amounts to 145 million euros over a period of four years.
The technical focus of TransHyDE is on four different transport options:
gaseous hydrogen (gHi), liquid hydrogen (LHi), ammonia (NHT) and
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liquid organic hydrogen carriers (LOHC). TransHyDE also analyses the
regulatory framework and makes recommendations for an accelerated
ramp-up of the hydrogen economy. CAMPFIRE P.24
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TransHyDE Coordinators

At the end of 2020, Prof. Robert Schldgl, Prof. Mario Ragwitz and Jimmie Langham designed the hydrogen flagship project TransHyDE and
defined the project structure. Since 2021, they have been appointed by the BMBF as the three overall TransHyDE coordinators.

Prof. Dr. Robert Schlogl

The chemist Prof. Robert Schldgl is a key
figure in the German energy transition.
The results of his research projects form a
multi-faceted foundation for his diverse
advisory work for the German govern-
ment and supranational organisations on
energy policy issues.

Since 1994, Prof. Schldgl has been
Director at the Fritz Haber Institute of the
Max Planck Society and Honorary
Professor at the Technical University of
Berlin. In 2011, he was founding director
of the Max Planck Institute for Chemical
Energy Conversion in Mulheim an der
Ruhr which he directed until 2022. Since
2011, he has been Vice President of the
National Academy of Sciences Leopoldina
in Halle, since 2013 Honorary Professor at
the University of Duisburg-Essen, and
since 2016 Chairman of the Advisory
Board of the BMBF-funded Copernicus
Research Initiative on Energy Transition.
In 2019, the Center for Catalysis and
Surface Science at Northwestern Univer-
sity in Evanston, lllinois appointed Prof.
Schldgl as an Ipatieff Lecturer. In 2020, he
received an honorary doctorate from the
University of Darmstadt. He has been
President of the Alexander von Humboldt
Foundation in Bonn since 2023. During his
career, Prof. Schlggl has received many
awards for his scientific commitment,
including the ENI Award in 2017 for his
"Multifaceted Approach to Enabling the
Transformation of Energy Systems", the
Innovation Award of the State of North
Rhine-Westphalia in 2016, and the Alwin
Mittasch Price in 2015.
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Prof. Dr. Mario Ragwitz

The physicist Prof. Mario Ragwitz focus-
ses his scientific work on issues of energy
system analysis, modeling and analysis of
energy systems and infrastructures, as
well as policy analysis and transformation
research in the field of energy and cli-
mate.

Since 2014, Prof. Ragwitz has been
Honorary Professor at the Albert Ludwigs
University Freiburg at the Faculty of Envi-
ronment and Natural Resources, and
since 2017 Part-time Professor at the
Robert Schuman Centre for Advanced
Studies of the European University Insti-
tute in Florence. Since 2019, he is heading
the Fraunhofer Institute for Energy Infra-
structures and Geothermal Energy IEG
together with Prof. Rolf Bracke. As Scien-
tific Director of the Fraunhofer Cluster of
Excellence "Integrated Energy Systems",
he coordinates the joint research of eight
Fraunhofer Institutes in the field of ener-
gy system transformation. In 2020, he
was appointed spokesman of the Fraun-
hofer Hydrogen Network, which coordi-
nates the work of 35 institutes in this
field. As a professor at the Brandenburg
University of Technology Cottbus-Senf-
tenberg, he heads the department of
"Integrated Energy Infrastructures" at the
Faculty of Mechanical Engineering, Elec-
trical Engineering and Energy Systems. In
addition to the German Federal Govern-
ment, Prof. Ragwitz advises the European
Commission, the German Bundestag, the
EU Parliament, the World Bank, national
governments and companies.

Jimmie Langham

The former national table tennis league
coach and chief executive of the German
Table Tennis Coaches Association studied
architecture and urban planning in Karls-
ruhe, Hamburg and London. After his stu-
dies, he worked for several years as a
freelance project manager for various
planning and engineering offices in Ham-
burg. In this context, he took up his con-
sulting work in the energy sector in 2008.

In 2012, he started working for E.ON in
the field of project development Offshore
Wind. From 2017 onwards, he was re-
sponsible for project development in Off-
shore Wind & Hydrogen as "Regulatory &
Strategy Advisor". During the realignment
of E.ON and RWE in 2019, he moved to
RWE Renewables. As part of his advisory
role he co-founded the AquaVentus ini-
tiative in 2020 - one of the largest
planned hydrogen generation projects in
the world.

As managing director of AquaVentus, he
led the coordination office that became
the cruh2l consulting firm in 2021, of
which Langham is managing director. The
company's consulting focus is on green
hydrogen, sector coupling and the renew-
able energy system. For its research and
development activities, cruh2l was re-
cently awarded the "Innovation through
Research" seal on behalf of the German
BMBF.



The TransHyDE project Communication and Coordination is part of
the overarching project structure. It consists of the coordinators and
an office, which supports the three TransHyDE coordinators in an
administrative and advisory capacity and serves as the first point of
contact for the project. In addition, the office is intended to strength-
en the transfer of information between the TransHyDE coordinators
and the TransHyDE projects as well as among the TransHyDE pro-
jects. The office is formed by staff from the Max Planck Institute for
Chemical Energy Conversion, the Fraunhofer Research Institution for
Energy Infrastructures and Geothermal Systems IEG and the strategic
project consultancy cruh21.

indirectly involved experts. Another task of Coordination concerns
the management of interfaces among the TransHyDE projects and
towards the advisory board. The focus here is on exploiting
synergies, avoiding duplication of work and receiving relevant
impetus. In this context, the office organises quarterly virtual
meetings, biannual hybride meetings with the advisory board as well
as annual thematic workshops, plenary meetings and supports other
TransHyDE projects with their external events. Additionally, the
qualitative project reports to the Project Management Jilich and the
BMBF are coordinated.

o - - oofdi"atio The Internal Communication continuously compiles detailed
The responsibilities comprise four work areas: Coordi- C 7] news for the TransHyDE projects. By means of an inter-
nation, Internal Communication, External Communi- nal newsletter and regular project get-togethers, cur-
cation and Regulatory Affairs. However, to provide rent external topics (e.g. events) as well as internal
an overview of the objectives and results to date, content (e.g. research and work results and recent-
the individual tasks are shown in excerpts ly published white papers) can be shared
and by way of example. ) 0‘\ 5:,? and discussed.
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Governance structures for pub- 50 2 The results and progress of the
lications were jointly estab- g g TransHyDE projects are also
lished in Coordination, where- g 3 made accessible to a wider
by the procedures created ap- O § public and the specialist com-
ply not only to regular publica- /&% Q’? munity. The External Communi-
tions (such as the white papers "0}(/ ooQ' cation uses among others print
available on the TransHyDE web- 7 media such as specialist journals and
site), but also to publications on ad hoc white papers as well as digital platforms such
requests, such as political consultations. The con- as the TransHyDE website and social media. Two
tent of the contributions is prepared by the know- project brochures were created to provide a broader
ledge and competence carriers from the TransHyDE >, - introduction to TransHyDE activities, which are used as
projects, followed by an internal review process that &llatory Aﬁa\( information material at different occasions like trade fairs.

enables commenting and participation opportunities for the

In addition, a digital innovation brochure was elaborated to



illustrate individual innovations from partners that were developed
as part of TransHyDE. New technological inventions are continually
being added to the portfolio through the ongoing revision of the
document.

A lively personal exchange with the public takes place through regular
participation at trade fairs and visits at national and European level.
The organisation of a TransHyDE scientific conference and participa-
tion in external events, including project presentations, workshop
moderations and panel discussions, also strengthen the discourse
with other active and interested stakeholders in the field of transport
and storage infrastructure for green hydrogen.

The regulatory affairs work package focuses the legal framework sup-
porting the green hydrogen ramp-up. A regulatory community was
established to address the legal and regulatory issues across the en-
tire spectrum of TransHyDE technologies and to develop optimisation
proposals. This consists of experts from the individual TransHyDE pro-
jects. They draw up their own brief analyses and recommendations
for action and commission external studies on specific topics. The re-
sults are continuously made available to political decision-makers and
published digitally on the TransHyDE website. In addition, parlia-
mentary evenings serve as a direct means of addressing the political
level.

Name: TransHyDE Office

Institution:

To always stay up to
date with our
activities follow us
on LinkedIn

Link to TransHyDE video

Video of Scientific
Conference

Further information
regarding TransHyDE and
all of our Whitepapers

Infrastructures and Geothermal Systems IEG and cruh21

E-mail: koordination@transhyde.de

Total amount of funding: 5.1 mio. euro
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Max Planck Institute for Chemical Energy Conversion, Fraunhofer Research Institution for Energy


https://www.linkedin.com/company/wasserstoff-leitprojekt-transhyde/
https://www.youtube.com/watch?v=0PpgJwa1o1c
https://www.youtube.com/watch?v=ZxSmkpC7JzM&t=3s
https://www.wasserstoff-leitprojekte.de/projects/transhyde

Within the technology platform TransHyDE, the consortium of
TransHyDE project System Analysis researches transport options of
green hydrogen and its derivatives, including the relevant infrastruc-
tures. Major demand is expected to originate from the energy-inten-
sive industries. Energy system models are based on macroeconomic
cost optimisation.

For the hydrogen import study of the TransHyDE project System
Analysis, different transport options are analysed in terms of their
technical feasibility. Currently, all future transport options contain
processes that are not yet commercially available e.g., the cracking of
ammonia to extract hydrogen. Available gas infrastructure could
easily be used with green synthetic gas. However, this requires
access to sustainable sources.

Furthermore, perspectives of different stakeholders are analysed
within the project System Analysis as well. There are various political
and industrial opinions as well as technical requirements within
Europe. For example, TransHyDE System Analysis published a media
analysis of hydrogen transport infrastructures and organised a
stakeholder workshop in Salzgitter.
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Part of the project System Analysis is the modelling of a potential
future hydrogen grid. The project established a set of tools with
which grid topologies and configurations can be modelled. These
grids can be fed with the results of different hydrogen demand
scenarios. Additionally, fluid mechanics in this system can be
simulated. Next steps include increase of temporal resolution of the
model, as well as the spatial expansion of the model network from
Germany to Europe.



https://www.youtube.com/watch?v=Z9d-hk99604&t=2s
https://www.wasserstoff-leitprojekte.de/lw_resource/datapool/systemfiles/elements/files/0A1937CCA5172837E0637E695E86B987/live/document/Transport_von_gr%C3%BCnem_Wasserstoff_-_Welche_Akteure_sind_im_technologischen_Innovationssystem_aktiv.pdf

Artistic accompaniment to the stakeholder workshop in Salzgitter. Source: Fraunhofer ISI, drawing by Hyko Stéber

Comparisons of model methodologies and their results is also part of
the project work. The resulting review “TransHyDE-Sys: An
Integrated Systemic Approach for Analysing and Supporting the
Transformation of Energy Systems and Hydrogen Infrastructure
Development” has been published.

The results of all above mentioned works will be part of a roadmap,
which will consist of scenarios, background information, framework
conditions, and fields of research and action. The roadmap is
currently under development.

A first comprehensive outline of the project results is presented in
the flagship publication "European Hydrogen Infrastructure

Name:
Institution:

E-mail:

Total amount of funding: 17.5 mio. euro

Planning". It provides the reader with a deeper insight into the
analysis of the future development of hydrogen demand, supply,
infrastructure  and derives initial

storage options and

recommendations for decision-makers in industry and politics.

E ??gr..rr

g...& o’

Flagship-Paper: ,,European .!.

Hydrogen Infrastructure e "ol
ydrog gt

Planning* 1o e S 00 3
[=]r. :

Dr. Florian Ausfelder and Prof. Dr. Mario Ragwitz

DECHEMA Society for Chemical Engineering and Biotechnology and Fraunhofer Research Institution
for Energy Infrastructures and Geothermal Systems IEG

florian.ausfelder@dechema.de and mario.ragwitz@ieg.fraunhofer.de


https://www.wasserstoff-leitprojekte.de/lw_resource/datapool/systemfiles/elements/files/148FFEF003673B67E0637E695E8625E5/live/document/20240321_European_Hydrogen_Infrastructure_Planning.pdf

Upon a time, a simple question was raised »Can our current natural
gas grid also be used for hydrogen?« Simple questions do not
necessarily mean simple answers. Since April 2021, a consortium
formed by industrial and research partners explores plenty of details
to work together on a validated answer to this simple-sounding
question — the TransHyDE project Safe Infrastructures.

Storing hydrogen safely and transporting it reliably to end customers is
the key to success. The hydrogen infrastructure must be able to
withstand these high loads. Existing natural gas grids and new
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Core tasks of the TransHyDE project Safe Infrastructure.
Source: TransHyDE project Safe Infrastructure

components must therefore be thoroughly qualified for hydrogen use.
In all areas of our project, standards, guidelines, and regulations play
an important role. Therefore, technical regulations for materials
design and storage must be analysed accurately, capacities of
transport and distribution gas grids need to be calculated and safety
concepts and risk analyses must be worked out.

Addtionally, knowledge of the quality and quantities of the hydrogen
fed in and out the gas grid as well as the reliable and fast detection of
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leaks, which can also occur over long distances, are of great
importance. Hence, existing or new sensor systems must be
enhanced or developed for this purpose, so research is essential.
Further, hydrogen embrittlement must be understood in detail, a
mechanism where atomic hydrogen can cause damages, cracks up to
failures of components by penetrating crystal lattice structures of
steel, for example. Therefore, the careful qualification of the many
different steels used in the existing natural gas grid needs to be closely
examined to be suitable for this new application.

The 6 key tasks of the TransHyDE project Safe Infrastructure are:

1. Safe components and materials design for a reliable hydrogen
infrastructure

Underground storage of hydrogen

Highly sensitive determination of hydrogen gas impurities

Calibration of flow meters for precise quantification of hydrogen quantities
Detection of gas leaks in the transport and distribution grid

Demonstrating the transformation process of a natural gas grid into a
hydrogen gas grid

Our achievements of today

Salzgitter Mannesmann Forschung and Fraunhofer IWM were each
able to set up innovative test infrastructures at their facilities to
examine steels in hydrogen atmospheres in terms of their material-
mechanical load capabilities. A round robin trial was started between
the partners to confirm results, important for the conformity of results
and thus for the safety of the hydrogen infrastructure.



In addition, standards and regulations such as AD2000, ASME 31.12,
or DVGW-Leaflet G 221 were identified and the applicability for
hydrogen was analysed. Ontras Gastransport accompanied the
selection of steels by providing material information and boundary
conditions for the operation of long-distance gas pipelines.

Fraunhofer IEG was able to compare existing and planned trans-
port infrastructures with potential new storage sites for hydrogen.
Evaluation criteria for underground hydrogen pore storage were
formulated and storage and barrier rocks for hydrogen have been
characterised. With the help of Monte Carlo simulations, they for-
mulated storage capacities as examples.

Endress + Hauser developed a prototype for the determination of
carbon monoxide (CO) and water (H,0). This sensor detects trace
gases in hydrogen very sensitively. The detection limits in hydrogen
are 15 ppm for carbon monoxide and 50 ppb for water.

A hydrogen test bench for calibrating flow meters for determining
hydrogen quantities precisely and accurately was designed, manufac-
tured, and put into operation in June 2023 at RMA Rheinau. It is
expected to become an official test center of Germany’s national
metrology institute (Physikalisch-Technische Bundesanstalt, PTB).

The H, test bench is located opposite the natural gas test bench, both
together represent RMA's new TwinLoop.

Detecting leaks in components of the hydrogen infrastructure is
anything but trivial. Infrared sensors are often used. Unfortunately,
hydrogen is not infrared active. The Fraunhofer IPM therefore relies
on Raman spectroscopy, an established technology for identifying and
quantifying chemical substances, and has come a significant step
closer to developing a cost-effective sensor for the selective quan-
tification of hydrogen in any gas matrices.

Using hydrogen for space heating and water heating was the
ambitious goal of Thiga, Energie Sidbayern and Energienetze
Bayern. The first hydrogen entry station has now gone into operation.
An existing natural gas grid was successfully converted to a hydrogen
gas grid. Through collaboration with Vaillant, who developed and
delivered free of charge the H, heating systems, nine households and
a commercial enterprise are now being supplied with hydrogen in a
field trial for a period of 18 months.

The partners of the TransHyDE project Safe Infrastructure continue to

face the challenges to give hydrogen a safe future and thus contribute
to a successful energy transition in Germany and world-wide.
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underground H, storage

H, transportation grid

~AAdH

H, distribution grid

Store, transport and distribute hydrogen through safe materials and reliable leak detection.

Source: TransHyDE project Safe Infrastructure

Name: Thomas Plocher
Institution: RMA Rheinau GmbH & Co. KG
E-mail: thomas.plocher@rma.de

Total amount of funding: 12.0 mio. euro
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The aim of the TransHyDE project AmmoRef is to research and devel-
op an application-oriented, industrially feasible, safe and cost-effect-
tive technology for the reforming of ammonia, i.e. the recovery of
pure hydrogen, in order to ensure an environmentally friendly, eco-
nomical and safe solution for a future energy supply. To date, no
large-scale industrially applicable technology exists for this purpose.
A comprehensive analysis of published data from international re-

searchers shows that the precious metal ruthenium achieves the

highest conversion rates.

However, ruthenium is characterised by low availability combined
with high costs. Catalysts based on the more common metals iron,
nickel and cobalt also show promising activity. Iron in particular
stands out as a potential catalyst material, as its availability can be
determined as non-critical. A disadvantage, however, is that the
catalytic activity of iron only occurs at higher temperatures com-
pared to the other elements mentioned.

At the beginning of the project, catalyst
test rigs (one example shown in Figure 1)
were initially set up in order to be able to
study ammonia reforming in detail under

standardised conditions. Initial investiga-
tions were then carried out on selected
catalysts known from other industrial
catalysis processes. In addition to precious
metal-based catalysts, catalysts used in
other reforming processes (e.g. methane
reforming) proved to be well suited. The
catalysts developed in the project, which
are based on iron, cobalt or nickel, among
others, show different potentials depen-
ding on the other components they
contain. Supported as finely dispersed
nanoparticles on oxidic materials with a
such as
magnesium oxide, cobalt and nickel have
so far shown higher conversion rates than
iron-based catalysts (see

large specific surface area,

comparable
Figure 2).

Figure 1: Catalyst test rig at the Max Planck Institute for Chemical Energy Conversion (MPI CEC).
Source: Simon Ristig, MPI CEC
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