Hydrogeit / www.h2-international.com / Issue 2 / March 2025 / 21.90 €

908 b7 .

e ave
EEL_98) 0 €00 ) wV0)
— X TSP A IS

- 4908338
.

oooooo

-----
000/ )

L 4

> |IRON NUGGETS AS (@3"
H, TRANSPORTER o
h ' N ~‘ Q
> ANALYSIS: WHY DO SN
WE NEED H,? T N
S, &
iy &0 <(/



31 March — 4 April 2025 = Hannover, Germany

h2fc-fair.com

4 HYDROGEN
CONNECT. CREATE. SUCCEED . ?
' EURGPE HANNOVER

MESSE



https://www.hannovermesse.de/en/topics/industry-trends/hydrogen-fuel-cells/

NEW PERSPECTIVES

In shifting times, Hydrogeit Verlag does not want to stick
unnecessarily to the old, but actively advance, shape and
intensify what we can best do: inform, document, classify
and report - on all the many interesting developments and
activities in the hydrogen and fuel cell sector.

This should continue to be possible in the usual quality both
in HZwei and H2-international. In view of the diverse chal-
lenges and current changes in the energy industry as well as
in the political spectrum, some adjustments are now una-
voidable. In the editorial of the January 2025 edition, I al-
ready informed you that Hydrogeit Verlag has teamed up
with Gentner Verlag in order to make both magazines, the
German and the English edition, fit for the future.

But what does that mean specifically? As some have cer-
tainly noticed in the meantime, the appearance of HZwei
and H2-international was increased to five times a year
in early 2025. In 2026, it will increase further to six times,
which means significantly more input for the readers and at
the same time a lot more space to present the advertising cus-
tomer. However, this is only the beginning.

On April 1, 2025, Hydrogeit Verlag will be giving both
the German magazine HZwei and the English e-journal
H2-International over to Gentner Energy Media. The pre-
paratory measures for this have been running for some time
so that a seamless transition is guaranteed.

We are very pleased that our editorial team will be large-
ly preserved; only in the distribution of tasks will there be
some adjustments. For example, our long-time freelancer
Eva Augsten, as a future editor-in-chief, has been busily pre-
paring for the new tasks for weeks. In addition, together with
our long-time graphic team Neonbold, she created a fresh,
more modern layout that will give this new era a visual ex-
pression.

From then on, Gentner Verlag is taking over all areas
of subscription support, accounting, sales and advertising
acquisition. The family-owned Stuttgart-based company re-
leases a total of 17 magazines — among others “Erneuerbare
Energien” and “Photovoltaik,” so HZwei and H2-interna-
tional ideally complement the portfolio in terms of content.

In order to further expand the range of offers, talks with
other potential partners are already underway. For example,
they are about stabilizing our expertise in the financial sec-
tor — after the painful loss of our long-time analyst Sven Jost-
ing. At the same time, there are interesting considerations for
reshaping the international experience. So look forward to a

new outfit, even more clarity and additional formats that will
gradually settle in starting April 2025.

I am very happy to be able to put the main responsibil-
ity in good hands after over 20 years of releasing HZwei on
my own and to have found a partner in Gentner Verlag who
can further develop both HZwei and H2-international and
lead them into a hydrogen-rich future. I am not completely
disappearing from the scene, however, but will continue to
advise from the stern of the boat — and at the same time I
am excited to see what new fields of work will arise from this
changed setting.

When I look back on what has happened since 1997 - my
early days in the H, and FC sector — I am confident that a lot
will happen in the next few years. It is an honor for me that
as a HZwei and H2-international editor I was able to accom-
pany the development, with all its highs and lows, and may-
be also contributed to where we are today. Now, I'm looking
forward to what’s to come.

Sincerely,

S

Sgen Geitmann
Owner of Hydrogeit Verlag
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FOUNDATION STONE LAID
FOR 100-MW PLANT
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Fig.: Foundation stone laid by the project partners [Source: Salzgitter]

Europe’s largest production plant for green hydrogen is to be
built in Salzgitter. The foundation stone was laid on Febru-
ary 12, 2025 so that around 9,000 tonnes of green hydrogen
can be produced annually starting 2026. This CO,-free H,
gas is to be used for the production of CO,-reduced steel. For
the project partners, this represents the “beginning of the
industrial use of hydrogen.”

The 100-MW electrolysis plant, which uses HydrogenPro’s
pressurized alkaline electrolysis technology, is being built by
the international technology company Andritz at the Salzgit-
ter Flachstahl site in order to ensure more environmentally
friendly and lower-emission steel production in the future.

Gerd Baresch, managing director of technology at
Salzgitter Flachstahl GmbH, said: “Today’s laying of the
foundation stone is another big step within our SALCOS*®
program. We hereby show that in the transformation of our
company, we are progressing towards a low-CO, steel pro-
duction.” As part of the SALCOS® project, a direct reduction
system, an electric layer stove (both under construction) and
the 100-MW electrolyzer are being gradually built. In 2026,
the first products are to be produced, but the switch to al-
most CO,-free steel production at the Salzgitter location will
not be completed until 2033. «

H, COMING FIRST TO NEUSS

Nordrhein-Westfalen (NRW) is well on the way to becoming
a key hub for hydrogen in Europe. In the tradition-rich en-
ergy-producing state, there are not only countless H, initia-
tives on the local, regional and national level. Since January
29,2025, there has also been another hydrogen roadmap that
was created on behalf of the Rhine district Neuss with the
support of the hydrogen hub Wasserstoff Hub Rhein-Kreis
Neuss/Rheinland e.V. It was developed by DMT Energy En-
gineers GmbH, among others.

Stefanie Peters, managing director of the Neuman & Es-
ser Group and member of the German National Hydrogen
Council, stated, “This roadmap is different from other stud-
ies, because concrete projects are presented here.” In addi-

NEWS

tion, challenges and obstacles are named and also paths by
which to overcome them.

Dr. Dieter Ostermann, CEO of Wasserstoff Hub Rhein-
Kreis Neuss, confidently said, “Our region has the potential
to take a pioneering role in the national and international
hydrogen economy.” Study author Dr. Thomas Kattenstein,
who presented the results in the Neusser Zeughaus in front
of over 200 guests, confirmed, “Hydrogen is coming - and
first in Neuss.” Corresponding political support is certain,
because Diisseldorf and Neuss want to be CO,-free by 2035.
NRW wants to “become the first climate-neutral industrial
region,” according to State Secretary Silke Krebs.

Fig.: David Ziilow, Dirk Briigge, NRW minister Mona Neubaur and
Dr. Dieter Ostermann (left to right)
[Source: Wasserstoff Hub RKN/Rheinland]

SCHOLZ AT OPENING OF
H, STATION

Chancellor Olaf Scholz took time for the opening of a new H,
gas station four days before the federal election. In Bremer-
haven, together with representatives of HY.City.Bremerhav-
en as well as Bremen’s mayor Andreas Bovenschulte and SPD
member of the Bundestag Uwe Schmidt, Scholz cut the rib-

Fig.: First official refueling by the German chancellor

[Source: HY.City.Bremerhaven/Fotoscheer]
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bon, releasing the operating activities. The planning and design work had taken

five years — the actual construction period “only” one year.

Chancellor Olaf Scholz said at the opening, “We want and will remain a strong,
successful industrial country. We will only succeed in the long run if we prioritize h - f C e l l
being CO,-neutral as part of our prosperity.”

The project Hy.City.Bremerhaven is part of the Hyways for Future market International
activation program for the transport sector establishment of green hydrogen in Expo and Conference

the metropolitan region Northwest Germany. As part of the HyLand program
of the national innovation program for hydrogen and fuel cell technology, it was
funded with a total of 5.5 million euros by the German ministry of digital and
transport infrastructure. «

DAIMLER TRUCK RECEIVES
226 MILLION-EURO PROMOTION

The German ministry for digital and transport Affairs (BMDV) and the German
states of Baden-Wiirttemberg and Rhineland-Palatinate are funding a small series
production of 100 FC trucks with over 226 million euros. “This funding is not only
a strong signal for Daimler Truck, but for the entire commercial vehicle industry,”
says Karin Radstrom, CEO of Daimler Truck.

The funding project is part of the EU’s IPCEI hydrogen program. In addition
to the development of the vehicles and the construction and operation of the fuel
cell trucks, the money will also be used to carry out feasibility studies. These
will examine the H, supply chain and the necessary processes in preparation for
planned series production.

Daimler had already submitted the funding application in 2021. The compa-
ny will now receive almost two thirds of the eligible project share. However, a
significant part of the total investment for the development of the fuel cell truck
will remain with Daimler Truck. Important components are to be built at various
production sites in Germany and made available for final assembly.

The Kassel and Mannheim plants are among those involved. The fuel cells will
come from Cellcentric’s pilot production in Esslingen and will be assembled into
a fuel cell system at the Gaggenau plant. The further development of the tractor
units based on the Mercedes-Benz GenH2 Truck will take place at the Mercedes
plant in Worth.

The 100 FC trucks are expected to be delivered to customers from the end of
2026. For a transformation to sustainable goods transport with H, drives to suc-
ceed, however, a nationwide tank infrastructure and sufficient supply of green
and inexpensive hydrocarbons would have to be set up in the next few years,
Rédstrom emphasizes. o

Change happens -
right here, right now.

Join one of the world's premier
trade fairs and conferences for
hydrogen & fuel cell technology.

Your benefits:
® Innovations from top suppliers

® Focus on research & applications
around mobility & production

® Collaborations all across Europe

Secure an unbeatable
ticket price for
conference and

Fig.: Minister of transport Volker Wissing visited the Daimler Truck test and development center )
in Worth am Rhein. At the wheel: Daimler Truck CEO Karin Radstrém [Source: Daimler Truck] s trade fair!
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TWO H, TRUCKS FOR BMW
FACTORY IN LEIPZIG
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Fig.: H, truck at an H, gas station [Source: BMW]

As part of the H2Haul project, the first two Iveco S-Eway
Fuel Cells were handed over on February 20, 2025. Together,
the project partners BMW, Teal Mobility, Bosch and Total-
ly are presenting these fuel cell-powered semitrailers at the
BMW factory in Leipzig. The occasion was the start of the
commercial phase of the EU support project H2Haul to test
H, trucks in long-distance transport. On this occasion, the
opening of a new hydrogen refueling station from Teal Mo-
bility in Leipzig was also celebrated. Another of these mod-
ern stations will be built in Hormersdorf near Nuremberg
under the TotalEnergies brand.

Michael Nikolaides, head of production network and
logistics at the BMW Group, said: “For the first time, hydro-
gen-powered trucks are now being used for German auto-
motive production. We have been working with our partners
to implement the pilot fleet for several years. This project is
an important milestone for gaining experience in series op-
erations and further promoting this important technology.”

A total of 16 H, trucks at H2Haul will be funded by the
Clean Hydrogen Partnership and tested in various Euro-
pean countries. The knowledge from the practical company
should help to further bring the technology to market ma-
turity and to pave the way for a broad introduction in road
freight transport.

MORE INSOLVENCIES

The current tense economic situation does not stop at the
H, industry. Home Power Solutions (HPS) now had to step
into a series of insolvencies. The Berlin company is cur-
rently looking for investors who enable the Heliocentris
successor to continue working or restructuring. Dr. Henrik
Colell, the co-founder and long-time managing director of
both HPS and the predecessor Heliocentris, left HPS in Oc-
tober 2024. His long-standing companion and former CEO
Zeyad Abul-Ella has not been there since December 2023. In
mid-January 2025, the new chairman of the board was Ro-
man Thomaflin, who succeeded Matthias Holder.

NEWS

Before that, companies such as Proton Motor and HH2E (see
reports in H2-international Jan. 2025) had already released
employees. Inhouse Engineering also registered insolvency
at the end of 2024, but has now found a company, Schubert
GmbH, that is taking over part of the assets. However, what
will become of the previous fuel cell activities and In-house
5000 is currently still open.

Hydrogenious LOHC Technologies also announced in
December 2024 that it would have release about a quarter
of its staff. This affected around 50 employees at the Neuss
and Erlangen locations. In mid-February 2025, however,
the message came in that the chemical company Covestro
and the Winkelmann Group, Chevron Technology Ven-
tures and Anglo American Platinum would invest 17 mil-
lion euros as part of a new funding round to secure the
business ramp-up.

It is currently still open whether things will run similar-
ly happily with Quantron and Hyzon. Quantron AG initiat-
ed the insolvency proceedings on January 1, 2025, after the
manufacturer of H, commercial vehicles had played well
to the media for years. Company founder Andreas Haller
wanted to renovate the company himself. However, there
seems to be no hope for the US Hyzon Motors. After the
manufacturer of FC trucks prepared employees for layofts
at the end of 2024, the board voted in January to dissolve
the company.

The company Pepper Motion, which, among other things,
carried out the system integration of the electrical drive
train in H, commercial vehicles from Paul Nutzfahrzeuge,
has been in the insolvency self-administration process since
February 2024. In the summer of 2024, however, a Turkish
investor bought up Pepper, so its future is secured for the
time being. In the meantime, Paul ramped down its H,
activities significantly. In mid-February 2025, the Vilshofen-
based truck builders announced that a mediation agreement
was concluded with the Mercedes-Benz commercial vehicle
center in Germany in order to promote the sale of the PH2P*
hydrogen trucks.

With Nikola, another commercial vehicle provider is
currently threatening to decline, so things could run simi-
larly there as with the US provider of alternative H, storage
for aircraft Universal Hydrogen, who went bankrupt last
summer.

Fig.: After layoffs, Hydrogenious is getting new money and a new

management team [Source: Hydrogenious]



Advance report for Hannover Messe 2025

PROGRESS IN ALL AREAS

Processes for the production, storage and use of hydrogen scaling, reduc-

Ing costs and increasing efficiency: The trade fair Hydrogen + Fuel Cells

Europe in Hannover is again proving the progress the hydrogen economy

can show.

Author: Jens Peter Meyer

Fig. 1: In 2024, the Hydrogen + Fuel Cells Europe was well attended

No energy transition without hydrogen. H, is a central en-
ergy storage medium in a world liberated by fossil energies,
and its use is the key to decarbonizing industrial processes.
At the Hydrogen + Fuel Cells Europe 2025 from March 31 to
April 4, which takes place at the Hannover Messe, visitors
can learn which solutions and technologies the hydrogen in-
dustry can already offer today. Over 500 exhibitors from all
areas of hydrogen use are presenting their services and prod-
ucts — from start-up to large, internationally known compa-
nies, to renowned research institutes.

This year, organizer Tobias Renz again is offering visitors
two forum areas: At the Technical Forum, the exhibitors will
have the opportunity to present their latest developments
and products in short lectures. This also includes an “eleva-
tor pitch” on the subject of hydrogen production. At the Pub-
lic Forum, exhibitors and guests from industry and politics
will discuss new projects and developments. Here the pro-
duction of green hydrogen and its derivatives from renewa-
ble energies, CO,-neutral industrial production and fuel cell
applications are in focus.

H2-international, in this trade fair preview, is focusing
on a selection of innovations that visitors expect this year.

HYDROGEN TRANSPORT Hydac is showing a new sen-
sor-based clamping tape for hydrogen tanks in Hannover.
The “Hy-Ros H, Mount Smart” is said to be the world’s first

sensor-based transport protection for this application. The
clamping tape equipped with sensors is intended to improve
the safety of H, vehicles, because it enables reliable real-time
monitoring of the tank attachment. The circumference of H,
tanks can change by up to 2.5 percent in the refueling and
emptying process, which is a challenge for the fastening sys-
tems.

Hydac compares its preventive approach to a tire pres-
sure monitoring system. The data about the condition and
integrity of the fastening is continuously supplied, which
means that any deviations can be recognized early and ap-
propriate measures can be initiated.

— Hydac, Hall 13, Stand C44

COMPONENTS FOR FUEL CELLS AND ELECTROLYSIS
SYSTEMS The Swiss company Celeroton TurboCell has spe-
cialized in the development and production of ultra -high
turbo compressors and drive systems for fuel cell applica-
tions. The products are used in applications such as intra-
logistics, the heavy-duty area, in stationary systems, drones
and the marine sector. The company has expanded its port-
folio of next-generation compressors and wants to increase
the number of quantities. The complete solutions consist of
the gas-stored turbomachine with an electric motor as a con-
struction unit and coordinated electronics.

New is the CTI-1100 compressor, the second generation
of the turbo compressor with integrated inverter of the com-
pany. The new generation should have a higher efficiency and
improved aerodynamics and at the same time offer a com-

Fig. 2: The compressor CTE-4000 ensures the air supply of fuel
cells [Source: Celeroton TurboCell]
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pact size. Thanks to the efficiency and a long lifespan of the
compressor system, customers should be able to achieve low
total operating costs.

Likewise new is the CTE-4000 compressor with
CC-4000-inverter, which is intended for the air supply of
fuel cells with a net output of 100 to 200 kW. The new sys-
tem is available with an optional turbine expander and in
several aerodynamic modes. In addition to a portfolio made
of standard systems, Celeroton TurboCell also offers tai-
lor-made solutions for specific customer requirements.

— Celeroton TurboCell, Hall 13, Stand D50
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Fig. 3: In hydrogen applications, the quick detection of gas leaks is
particularly important [Source: Pilz]

The automation company Pilz presents solutions for func-
tional safety in the hydrogen industry. It is about recognizing
gas leaks reliably and quickly, always keeping pressure, level,
voltage and electricity in view and safely monitoring com-
bustion processes. Proven security principles of automation
are used. Pilz also shows how hydrogen applications can be
protected against manipulation and incorrect operation.
Safe automation is also a topic on the accompanying lec-

ture program of the trade fair: At the Public Forum, Albert
Cot, Market Development Engineer at Pilz, is reporting on
the challenges of “functional security” and “industrial se-
curity” in hydrogen applications. At the Technical Forum,
Thomas Braasch, Sales Engineer at Pilz, is dealing with the
importance of functional security and industrial security in
electrolysis procedures.
— Pilz, Hall 13, Stand D34

Neo Hydrogen Sensors, part of the Neooxid Group, offers H,
measurement technology and burners. At this year’s Han-
nover Messe, the company is presenting a new generation
of intelligent hydrogen sensors. According to the company,
conventional H, gas sensors often reach their limits when
highest demands on concentration resolution and the re-
sistance to pressure, temperature and moisture are required.
Such requirements prevail, for example, in the automotive
industry or aerospace technology. The sensors of Neo Hy-
drogen Sensors GmbH should meet exactly these challenges
and enable precise H, measurement, even under the most
extreme conditions.

TRADE FAIRS AND CONGRESSES

In addition, the company presents catalytic hydrogen burn-
ers for an emissions-free combustion. These include catalytic
convertors for the efficient cleaning of electrolysis gases. The
company has maintained a branch in Canada since 2021 and
can therefore also serve the innovative market of this year’s
partner country of the Hannover Messe.

— Neo Hydrogen Sensors, Hall 13, Stand E19/3 (NRW Pavilion)

The engineering office Emcel specializes in advice and en-
gineering in the field of hydrogen, fuel cells and e-mobility.
For customers, the engineers develop concepts for the energy
transition and sector coupling and support in the develop-
ment of products. This can be vehicles, hydrogen refueling
stations or electrolyzers.

The team led by managing director Marcel Coneille also
offers its customers the measurement of the hydrogen pu-
rity and quality. The company’s H, quality system enables
continuous real-time monitoring of the hydrogen quality
on site and at all points in the value chain. Fair visitors can
experience live how the measuring device detects different
contaminants. Because at the stand, the company wants to
demonstrate how reliably and easily the measurement tech-
nology can be to ensure the hydrogen purity today.

— Emcel, Hall 13, Stand E15

Fig. 4: The engineering office EMCEL presents a measuring device

for hydrogen purity [Source: Emcel]

Heraeus Precious Metals, a provider of precious metals, is
coming to the exhibition center with the new Actydon brand.
The new product family belongs to “Actydon | Platin”. These
are platinum catalysts, the area of application of which is pri-
marily electrodes of PEM electrolyzers and PEM fuel cells,
which are also used in other fuel cell and electrolysis tech-
nologies. “Actydon | Iridium” includes the corresponding
iridium solutions. Among them are innovative catalyst solu-
tions with low iridium content and catalysts that combine
iridium with ruthenium.



Fig. 5: Under the Actydon brand, Heraeus sells precious metal

catalysts for hydrogen applications [Source: Heraeus]

Heraeus Precious Metals also offers a precious metal recy-
cling for hydrogen applications, and also recycling entire
stacks. The company recycles old materials as well as produc-
tion residues and production waste, such as paints and pastes
from the fuel cell and electrolyzer area with high precious
metal return rates. “Actydon | Loop” depicts the recycling
family of the company’s product portfolio. The recycled pre-
cious metal can be used for the next generation of applica-
tions in the hydrogen economy.

— Heraeus Precious Metals, Hall 13, Stand C21

RESEARCH In order to reduce the material and manufactur-
ing costs for PEM electrolyzers, the Fraunhofer Institute for
Solar Energy Systems (Fraunhofer ISE) is researching scal-
able production processes for catalyst-coated membranes
(CCM). At this year’s Hannover Messe, the Institute is pre-
senting microporative transport layers (MPLs), which the
researchers have made scalable for the first time using indus-
trial screen printing systems. The approximately 20-um fine
MPLs should enable the use of catalyst layers with signifi-
cantly reduced iridium loading by improving the connection
to the catalyst and thus increasing its use. In addition, they
should simplify the use of thinner membranes so that ohmic
losses can be reduced.

NS

Fig. 6: Fraunhofer ISE has produced a microporous titanium layer
on a titanium fiber substrate with the screen printing process,
which is supposed to serve as an MPL

[Source: Fraunhofer ISE / Joscha Feuerstein]

The institute also examines customer-specific procedures
for the production of membrane electrode assemblies
(MEAs) for electrolyzers and fuel cells. Various MEA de-
signs with a reduced precious metal load can be seen at the
exhibition stand, manufactured with commercially availa-
ble materials.

In addition, Fraunhofer ISE is showing the 3D exhibit
“Wasserstoff-Modellregion” (hydrogen model region) as a
typical local, self-contained hydrogen infrastructure with
regional production, distribution and storage, but also with
connection points to national and international infrastruc-
tures. The exhibit is intended to represent the competencies
of Fraunhofer ISE over the entire hydrogen value chain.
— Fraunhofer ISE, Hall 13, Stand C41

The institute for technical thermodynamics of the German
aerospace agency (DLR) also deals with catalysts for electro-
lysis and fuel cells. The researchers use flame spray pyroly-
sis. According to the institute, this technology needs little
resources to produce materials quickly and in large quanti-
ties. It does not change the heat or the chemical composition
if it is used on a larger scale. With this technique, the DLR
has developed stable catalysts for PEM fuel cells and electro-
lyzers. These should show an extraordinary performance
and durability. And that with reduced amounts of precious
metal catalysts.

In addition, the researchers are working on the use of
pressure hydrogen for heat pumps or air conditioning sys-
tems. A heat exchange reactor is operated with different
metal hydride powders, which also produces heat and cold.
The heat and cold can then be used, for example, in trains,
trucks, buses, in industry or for neighborhood solutions.
The hydrogen-based heat pump can be integrated into any
H, infrastructure with a pressure difference between hydro-
gen supply and consumer. The aim is to increase the overall
efficiency of the system - simply by converting the energy in
the compressed hydrogen into a heat pump effect.

At another stand in Hall 2, the DLR is presenting its
research in the field of mobility. For example, the research
center has developed a hybrid SOFC battery system that is to
be used in cruise ships. It combines the highly efficient solid
oxide fuel cell technology (SOFC), which offers significant
emission reductions and fuel flexibility, with a lithium-ion
battery storage in order to meet the fluctuating energy re-
quirement of a ship.

— DLR Thermodynamik, Hall 13, Stand B36
— DLR, Hall 2, Stand A48

Fraunhofer IMM also deals with hydrogen as a drive for
ships. At the booth of this year’s Hydrogen + Fuel Cells, the
institute is presenting the Gamma project. As part of the
project, a bulk carrier is to be converted so that it can be sup-
plied with climate-neutral fuels and green electricity. Fraun-
hofer IMM is bringing its experience in the development of
compact reformer systems, on which the innovative fuel sys-
tem for the ship is based.

Ammonia and green methanol are brought on board
and then converted into hydrogen with cracker and reform
technologies. After cleaning, the hydrogen is converted into
electricity in fuel cells, which supplies the ship with electric-
ity and the power generators operated with fossil fuels are
replaced. The technological approach of Fraunhofer IMM
reduces the size of the reactors by up to 90 percent, which
is particularly advantageous for mobile and space-limited

H2-International 02 | MARCH 2025
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Fig. 7: The methanol reformer of Fraunhofer IMM
[Source: Fraunhofer IMM]

applications. The researchers have now managed to convert
700 kg of methanol into hydrogen per day in a compact meth-
anol reformer. The plan is to further expand this service.
— Fraunhofer IMM, Hall 13, Stand C47/1

HYDROGEN TRADE The gas provider Air Liquide assumes
that the purely battery-electric drive, especially for heavy
load vehicles, can often not be economical due to high costs
for the necessary charging infrastructure. The use of renew-
able hydrogen in mobility also offers short refueling times
and a long range of the vehicles. Therefore, the gas provider
expects steadily increasing amounts of hydrogen in the mo-
bility sector. The company creates hydrogen in the 20-MW
PEM electrolyzer “Trailblazer.” It is said to be the largest
electrolyzer in Germany currently connected to a pipeline.
— Air Liquide, Hall 13, Stand E27/1

The Westfalen Group, a petrol station operator and provider
of gases, is presenting its services for H, supply to the last
mile — whether through electrolysis on site, trailer supply
or cylinder and bundle deliveries. The company is active in
numerous hydrogen projects. This includes the construc-
tion of an electrolyzer in France to supply the steel producer

7 Hier kommt Wasserstoff

Fig. 8: Westfalen delivers hydrogen by trailer
[Source: Westfalen]

TRADE FAIRS AND CONGRESSES

ArcelorMittal. In the Netherlands, Westfalen is cooperating
with the energy supplier Alliander in a pilot project in which
hydrogen is fed into a natural gas network. Daimler Truck
uses mobile trailer solutions from Westfalen for the supply
to its fuel cell test stands.

One of the long-term H, projects is the joint venture
Two4H2, which Westfalen founded together with RWE last
year. The aim is to build an H, gas station infrastructure es-
pecially for heavy goods traffic. In addition, both companies
are still working on an H, refueling hub in Lingen, which
has a public hydrogen gas station and a non-public refueling
station for tank vehicles.

— Westfalen, Hall 13, Stand E21/1

SYSTEM INTEGRATORS Siemens is introducing itself at the
industrial show as a partner along the entire H, value chain
for OEMs, EPCs, operators, end customers, governments
and municipalities. The company wants to support custom-
ers in making hydrogen a future-proof, profitable and scal-
able business. Siemens offers its expertise in digitalization,
automation and electrification.

The solutions from Siemens range from the first pilot
projects to scalable and standardized blueprints. This also
includes the production of green electricity, the network
connection and the H, production. Siemens also provides
concepts for storage, transport and use that are tailored to
the requirements of hydrogen.

— Siemens, Hall 13, Stand C48

Fig. 9: Siemens is presenting its expertise in production, storage,
transport and use of hydrogen [Source: Siemens]

JOINT STANDS Baden-Wiirttemberg is offering companies
from the southern German state the opportunity to present
their products and services at a joint stand. The-Lind-Ge-
meinschaftsstand (see Fig. 9) will be organized and super-



vised by the state agencies E-Mobil BW and Baden-Wiirt-
temberg International as well as the economic promotion
office of the region Stuttgart. All three institutions provide
information about various offers regarding knowledge
transfer, networking and support for business and science in
Baden-Wiirttemberg.

Industrial energy solutions based on hydrogen and fuel
cell technologies are the focus of the trade fair this year.
Around 40 companies, startups, SMEs, business associations
and networks are presenting current trends and develop-
ments when using fuel cells and electrolyzers in industry.
Highlights are, for example, a low-PFAS membrane produc-
tion, highly efficient fuel cell stacks and innovative electrol-
ysis technologies.

In addition to H, and FC technologies, current develop-
ments, proven know-how and skills for battery technology,
electromobility, research, IT as well as machine, tool and
plant engineering are being presented at the exhibitions. «

— Baden-Wiirttemberg-Gemeinschaftsstand, Hall 13, C78

Fig. 10: Around 40 exhibitors will be represented at the

Baden-Wirttemberg stand this year [Source: e-mobil BW]

Start of series production of container solutions

HYDROGEN STORAGE AND SAFE

TRANSPORT

Transport iron to use hydrogen: The new H, storage technology of Ambartec
AG conveys iron granulates and obtains the hydrogen on site through oxida-
tion. In mid-February 2025, Ambartec, together with Purem by Eberspacher,

signed a cooperation agreement (MOU) to prepare a serial production of

this iron-nugget hydrogen storage and for its transport in standard 20-foot

containers.

Authors: Sven Geitmann, Jens Peter Meyer

Dresden-based Ambartec AG has worked on a storage and
transport process for hydrogen in recent years, in which no
hydrogen is transported at all, but iron. Iron, which is avail-
able in the form of small nuggets, removes oxygen from the
water when these two media are brought together, that is, it
rusts or oxidizes. What remains is hydrogen that can be used
on site. The oxidized iron is then transported back so that
the iron nuggets can be reused for the next transport, which
works more than 5,000 times. The storage is renewed by re-
ducing the iron oxide with added hydrogen.

Iron nuggets are relatively easy to store in unpressurized
vessels. Several of these vessels are then installed in contain-
ers so that they can be transported easily and in large quan-
tities. Matthias Rudloff, CEO and one of the co-founders of
Ambartec AG, told H2-international: “We’re not limited by
the German emissions law nor any accident regulation or

the like. We deliver hydrogen to every company - this is not
difficult with our storage solution.” His vision is that the iron
nuggets in the near future “are only driven back and forth as
bulk cargo in intercontinental transport.”

Compared to conventional 300-bar pressurized gas stor-
age, this technology offers the advantage of significantly larger
storage capacity. A volume of 1,000 liters can release 90 kg of
hydrogen. The company recently received funding from the
EU and the German state of Sachsen. Together with the tech-
nical university TU Bergakademie Freiberg, the storage tech-
nology is to be expanded promptly to 800 kg of hydrogen. The
preparation of series production is being funded by Sachsen
and the EU with funds from the program “FuE-Verbund-
projektforderung 2021-2027” (R&D joint project support) with
more than 4 million euros. The aim is to build Europe’s first H,
storage power station at the Freiberg location by early 2026.

H2-International 02 | MARCH 2025



Fig.: Container-based demonstration unit [Source: AMBARtec]

USE AS STATIONARY H, STORAGE POWER STATION The
transport of releasable hydrogen in the form of iron nuggets
is only one aspect of Ambartec’s technology - it can also
serve as stationary H, storage power stations. It thus offers
an alternative to large electricity storage from lithium-ion
batteries, the market of which is currently growing. The
combination of the storage with a reversible high-tempera-
ture solid oxide electrolysis cell (SOEC) should offer a lot of
potential. If the power supply is high, the unit can provide
SOEC hydrogen, which serves to load the storage. The water
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required for the SOEC is also obtained during this. When
unloading with water vapor, the hydrogen is created, which
is then used in the SOFC operation (solid oxide fuel cell) for
electricity generation. Although a reversible SOFC is still
very expensive today, Ambartec CEO Rudloft is certain that
there is a noticeable cost advantage compared to battery stor-
age for larger systems with more than one megawatt-hour
power storage capacity.

Rudloffis relying especially on the German power station
security law. This requires that long-term energy stores are
provided for power plants so that 1 MW is available under
full load for at least 72 hours. With the container solution,
this is possible at any time, according to the company CEO.

“If hopefully the first tenders come this year, we can offer
something exciting,” he says.

The Sachsen company is currently targeting the public
with their innovative technology, since the storage method
is now ready for marketing: “You can already order. From
the beginning of next year we can provide hydrogen in con-
tainers,” says Rudloff. From 2028, Ambartec plans to sell sev-
eral hundred of these 20-foot standard containers every year

- each of which holds ten vessels with iron nuggets. The CEO
also reports: “Purem by Eberspécher is now accompanying
us in gaining important findings for the later series produc-
tion and effectively using the knowledge gained for product
optimization — with the aim of producing the final product
as low costly as possible.”

Ambartec is presenting its hydrogen storage technology
at the Hydrogen + Fuel Cells Europe taking place as part of
Hannover Messe (see exhibition preview on page 9).
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Start of the year for the industry at Hyvolution 2025 in Paris

STAYING POWER OVER SPLENDOR

As a mood barometer at the start of the year, the Paris-hosted Hyvolution with

530 international exhibitors and brands as well as over 15,000 specialist visitors

from 65 countries reflects both the tense climate across Europe and the com-

mitment of an international industry - with a correspondingly great echo in the

French media that reported comprehensively.

Perhaps it is the interplay of economic and ecological interests that not only shows
itself in the exhibitor diversity of the Hyvolution, but also makes this European
leading event so special with French charm: It presented itself in an almost bal-
anced relation of regions, countries and institutions with and in addition to com-
ponent, production system, fuel cell and electrolyzer manufacturers.

However, it may also be the mix of parallel events for a wide variety of target
groups — from the C-Level Summit organized for the third time to specialist con-
ferences and discussion rounds to mobility, industry, regulation and financing up
to the 120 workshops in the forums in the middle of the exhibition halls.

Perhaps it is also the Paris location as an important European hub and home of
many European headquarters of international corporations. Or everything together.

The now eighth Hyvolution took place in a similar size to 2024 from January 28
to 30, 2025. A total of 15 hydrogen associations from all over the world presented
themselves in two exhibition halls, and the twelve country pavilions also testified
to the global interest in the economic factor hydrogen. Representatives from pro-
duction countries discussed transport routes and energy storage solutions with
importers and users.

The exhibitors came primarily from France, but also a third from India, Po-
land, Taiwan, Canada, Belgium, Italy, Chile, Morocco, Brazil, Japan, Germany,

Authors: Silke Frank, Uta Mummert

Hungary, Iceland, Colombia - just to
name a few countries. At the head of
the foreign exhibitors were Germany
(41 exhibitors), Italy (23) and Great
Britain (21).

In addition to larger transport and
industrial applications, smaller motor
vehicles also got into the spotlight on
the three days of the fair. Brands such
as Hopium and Stellantis are increas-
ingly relying on innovative small-for-
mat solutions, while in motor racing,
projects such as Missionh24 in cooper-
ation with Bosch are trying to set new
standards.

PERSEVERANCE IS SCHEDULED Nev-
ertheless, the situation all over the EU
remains uncertain. The exhibitors and
trade visitors know that the next few
years will not be easy for the hydrogen
industry. A period of perseverance is
required. Who will be able to invest
a few more years or to keep investors
happy through steady communication?
Who will hold out until the large buyers
from industry can really use hydrogen
in large quantities? One of the exhibi-
tors tells us that his company has not
tackled a new hydrogen project since
summer 2024.

If you have been in the scene for a
long time, the ups and downs of the in-
dustry are not new. At the moment the
hydrogen economy is on the descend-
ing part of the curve of the “Gartner
Hype Cycle,” and the coming years will
show whether this technology is going
towards “Valley of Disillusionment” or
everyone can get the curve back to rise
(“Slope of Enlightenment”).

Is the still not solved chicken-and-
egg problem between refueling station
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Fig. 2: Numerous side events [Source: Silke Frank]

infrastructure and vehicles now moving over to challenges
when switching from construction to series production? In
Paris is still agreement: Only via numbers of units can the
costs be reduced and the market finally be penetrated. The
first manufacturers of production facilities could now deliv-
er systems, but in view of the uncertain future, many com-
panies still shy away from these relatively large investments.
Agile manufacturers offer modular systems for industry or
laboratory systems for the meantime, but this is not a long-
term goal.

Nevertheless, something is happening on the market,
and that was also evident at Hyvolution. Here are just a few
examples:

- Siemens France and Fertilhy signed a memorandum of
understanding (MOU) at the fair to optimize the planning
of an industrial production facility for the production of
low-carbon fertilizers in northern France.

- Schneider Electric and Breathing in Paris sealed their
partnership around a technology-based platform for au-
tomated certification for hydrogen and PTX supply chains.

- Helion Hydrogen Power and M Reformer also signed a
strategic partnership at the fair.

- Equans and Inocel announced that they would offer a scal-
able solution together to cover the energy requirements
of infrastructures, smart grids, buildings, data centers or
ports with their fuel cell system.

- he well-known adventurer Mike Horn, who invested a few
million euros in the startup Inocel, stopped by Incognito
at the Hyvolution.

Two Brazilian H, associations were honored: Both for Fer-
nanda Delgado, managing director of the ABIHV (Asso-
ciagdo Brasileira da Industria do Hidrogénio Verde), as well
as for the president of the Brazilian hydrogen association,
Paulo Emlio de Miranda, was Hyvolution 2025 one key Eu-
ropean event. This visit was particularly special for the latter,
since in cooperation with Medef International and, among
other things with Brazilian participation, the Natural Hy-
drogen Alliance was founded.

With a country pavilion and a delegation of more than
20 representatives of regulatory authorities, industry asso-
ciations, companies and consulting companies, according

TRADE FAIRS AND CONGRESSES

to Guarani de Morais, investment analyst in the Apexbrasil
office in Europe, this was the largest Brazilian presence at
an international hydrogen event. In addition to an embassy
reception, the focus was on high-level discussions on regula-
tion, financing and project structure as well as the expansion
of strategic partnerships.

The large number of preliminary events, (embassy) re-
ceptions and networking events, which were also organized
outside the exhibition halls, speaks for an unbroken interna-
tional dynamic and commitment of the players.

The large hype of 2020/2021 is over. Overall, the image of
a somewhat disillusioned industry was shown - full of short
and medium-term challenges, but also full of long-term
prospects. The coming years will be crucial for the break-
through of hydrogen technology as a load-bearing pillar of a
global sustainable energy future. o

Hyvolution Paris is part of a trade fair series that has
been designed and organized by GL Events since 2016.
The international player of the event industry has long
since recognized the global importance of the hydrogen
economy: Since 2023 has been the satellite Hyvolution
Chile, and in 2025 another Hyvolution event will appear,
in Canada.

Authors:

Silke Frank
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Guest article by Friederike Lassen, chair of the DWV

HYDROGEN RAMP-UP NOW
RESOLUTELY STRUCTURED

Germany is at a crossroads: Is hydrogen the load-bearing pillar of our climate-

neutral energy supply or does it remain a large, expensive promise? The political

course of the coming months will decide whether we create a globally compet-

itive hydrogen market - or whether Germany loses connection to international

development. This was pondered with our members at the German hydrogen

association Deutscher Wasserstoff-Verband (DWV). We therefore formulated and

published recommendations before the election of the German parliament under
the title "H2Five: FUnf vor 2030" (five before 2030).  author: Friederike Lassen

The German government has set itself ambitious goals:
10 GW of electrolysis capacity in Germany is to be set up
by 2030. The reality looks bleak: At the end of 2024, final
investment decisions for just 1 GW were available. That is
only ten percent of the aimed goal - a blatant deficit that is
due to a variety of problems: excessive bureaucracy, unclear
regulatory requirements and high costs. Colleagues and in-
dustrial players are hesitating to conclude long-term delivery
and acceptance contracts. They lack the certainty that hydro-
gen projects will pay off economically. Without scale effects,
the production costs remain high and competitiveness is low.

The new federal government must now act and send inves-
tors clear signals. In addition to reducing electricity costs
- one of the largest cost factors for hydrogen — the EU re-
quirements of additionality, locality and temporal correla-
tion must be met in order for the ramp-up to not be delayed
unnecessarily. The European Commission has set strict
guidelines for the classification of green hydrogen, but in
practice they slow down the development instead of pro-
moting it. Only when hydrogen can be affordable can it dis-
place fossil alternatives. In addition, we need the possibility
of using grid electricity based on hourly emission values
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for the production of low-carbon hydrogen, which does not
meet the requirements for green hydrogen.

BUREAUCRATIC HURDLES BLOCKING RAMP-UP Howev-
er, it is clear that the regulatory framework for the hydrogen
market is currently one of the largest hurdles for investments.
In addition to adapting the EU criteria, urgently needed is
implementation of European proof of origin systems for hy-
drogen in Germany, in the sense of a book & claim system.
This is the only way to meter and track hydrogen - similar to
electricity — and use it across borders.

Approval procedures must also be accelerated massively.
There is currently no uniform legal framework for electrolyz-
ers, pipelines and hydrogen infrastructures. While wind and
solar parks already enjoy regulatory privileges, complex ap-
proval requirements still apply to electrolyzers. In our view,
the incoming federal government must resume the work on
the hydrogen acceleration law and introduce binding man-
agement periods for approval procedures.

INDUSTRY AND MOBILITY NEED RELIABLE MARKETS The
hydrogen market will not get going without a stable de-
mand. Industry is one of the greatest potential customers,
but so far there is a lack of concrete incentives. The imple-
mentation of the RED III (Renewable Energy Directive) in-
dustry quota must be implemented sensibly to ensure relia-
ble demand. Sitting out the poor economic situation is not
an option, because the competition does not sleep in China
and the USA.

Hydrogen also remains essential in the mobility sector.
From our point of view, the introduction of a binding sub-
quota for renewable hydrogen in the transport sector by 2030
must create a stable minimum demand. At the same time,
financial incentives are needed to improve the economy of
hydrogen-powered vehicles - for example by maintaining
the toll exemption for emissions-free commercial vehicles or
adapting the taxation of hydrogen compared to diesel. The
construction and expansion of hydrogen refueling stations
along the TEN-T network must be promoted more ambi-
tiously in order to ensure a nationwide supply.

WITHOUT STORAGE AND INFRASTRUCTURE, HYDROGEN
REMAINS INEFFICIENT The expansion of storage capacity
is essential to ensure safe hydrogen supply. Existing natural
gas stores can be converted, but that is not enough to meet
the increasing demand. A clear and binding storage strategy
is needed that defines the transition from the natural gas to
the hydrogen economy. At the same time, approval processes
for new constructions and conversions must be drastically
accelerated.

The expansion of the H, infrastructure must not stall
either. The first successes have been achieved with the ap-
proved H, core network, but there is no strategy for connect-
ing industry and business. Many companies are faced with
the question of whether they should invest in hydrogen tech-
nologies - these investments will not appear without clari-
ty about the infrastructure. Alternative transport solutions
must be developed in particular for decentralized produc-
tion systems that are not connected to the core network.

GERMANY NEEDS TO REVAMP ITS IMPORT STRATEGY
Germany will not be able to cover its hydrogen requirements
solely by domestic production. The import via pipelines and
ship carriers will be essential. But the German port infra-

ASSOCIATIONS

structure is insufficiently prepared for hydrogen imports.
The federal government must therefore provide financial
support for the expansion of H, import terminals and port
infrastructures.

At the same time, existing natural gas pipelines should be
upgraded for the transport of growing quantities of renewa-
ble hydrogen. Within Europe, close synchronization of grid
expansion with the European hydrogen grid is necessary to
ensure a reliable supply.

IMPROVE FINANCING INSTRUMENTS, MAKE INVEST-
MENTS EASIER A functioning hydrogen market needs stable
financing instruments. Practice shows that many advanced
projects are currently not coming to the final investment
decision. Increasing construction costs, shortage of skilled
workers and regulatory uncertainties inhibit progress. In-
creased use of the European Hydrogen Bank and better in-
tegration with existing support programs could eliminate
structural disadvantages for German companies.

The ramp-up of the hydrogen economy is crucial for the
future of industrial location Germany. So far, however, there
has been no resolute implementation. In many places, poli-
cymakers are hesitant, overly cautious and too slow. The di-
rection is clear: Costs must be reduced, bureaucracy must be
reduced, storage and infrastructure must be expanded and
stable demand secured. Only then can hydrogen become a
real alternative to fossil fuels — and Germany take on a lead-
ing role in the global hydrogen economy.

A STRONG VOICE FOR THE HYDROGEN ECONOMY The
ramp-up of the hydrogen economy requires a strong and
united voice that effectively brings the interests of the in-
dustry into the political debate. The German hydrogen as-
sociation DW'V is taking on this task: As a representative of
the entire value chain - from the production to transport
to use - it is committed to ensuring that the right course
is set for a successful hydrogen future. The DWV ensures
that the demands of the industry are heard in politics and
brings companies, research institutions and political deci-
sion-makers to one table. Only with a clear strategy, coordi-
nated measures and a common voice can Germany survive
in the global competition for the hydrogen markets of the
future - at the DWYV, we’ve taken on the duty of working
towards this goal. «

On October 30, 2024, Friederike Lieben succeeded Wer-
ner Diwald, who had managed and shaped the DWV since
2014. Diwald developed the association from a band of
idealistic H, friends to an industrial lobby association
that belongs to both the German and the European level.
Now, the DWV is in a phase of restructuring and renewal.

Author:

Friederike Lassen
Deutscher Wasserstoff-Verband, Berlin
— lassen@dwyv-info.de



Fig. 1: The Ecore One can be operated via the EMS touchscreen [Photo: Infener]

Everything combined in one unit

INFENER WANTS TO SUPPLY
ENTIRE NEIGHBORROODS WITH
SELF-SUFFICIENT ENERGY

The Swiss company Infener wants to promote hydrogen throughout Europe.

Decentralized H, hubs will be used to generate green electricity as well as green

heat. The Ecore One is a compact containerized solution that combines various

energy technologies in one unit: electrolyzer, fuel cell and battery as well as

compressor and a heat pump with its own energy management system or EMS.
H, production is due to start 2027 at a site in the Black Forest, Germany. However,

the needs of regional industry are already far greater today.

“The components — from the electrolyzer and fuel cell to batter-
ies and heat pumps through to the H, compressed gas storage
tank - are available individually,” says Tobias Gruber, Head
of Products at Infener. The young company’s innovation is to
combine these technologies efficiently into a single energy sys-
tem. The Ecore One is flexibly scalable and therefore not just
limited to single-family homes. It can also supply larger build-
ings such as hotels, companies or entire neighborhoods with
self-sufficient and CO,-neutral heat and electricity — or the
system can be operated to serve the grid if required. The built-
in PEM electrolyzer covers an output of between 10 and 50 kW.

The complete plug-and-play solution also received the
German Innovation Award last year. The jury was impressed
by the energy system, which can be adapted to different

Author: Niels H. Petersen

buildings and comes in a compact turnkey solution, making
it “particularly convenient.” Another advantage is that “this
solution eliminates the need for equipment rooms, as the
transportable containers are located outside the building,”
according to the jury.

The young company — headquartered in Stansstad, south
of Lucerne in Switzerland - is a spin-off from the W&P En-
gineering Group. “We recognized hydrogen as a key area for
the future back in 2018,” explains Gruber. The Ecore One was
the first idea of the two founders Joel Vogl and Felix Schmid.
The system is designed to enable an independent and hydro-
gen-based supply of electricity and heat to buildings. “How-
ever, we quickly realized that the demand for hydrogen was
greater,” says Gruber.
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Many energy-intensive industries want to switch to hydro-
gen, but the supply is simply not there yet, according to
Gruber. “That’s why we have also started to implement hy-
drogen hubs and large-scale projects,” he says, describing
the holistic approach. The aim is to meet the demand from
energy-intensive industries and medium-sized companies in
a decentralized manner and independently of the core net-
work. The company is currently growing continuously and is
implementing projects in Norway and Portugal, for example.

INVESTMENT OF 45 MILLION EUROS REQUIRED Plans for
the hub in the Black Forest are already far advanced: It will
be built in Villingen-Schwenningen on an area of around
10,000 m? (108,000 sq ft) in the Salzgrube industrial park.
This is because the industrial region is not expected to be
connected to the cross-regional H, pipeline before 2040. For
this reason, the electrolysis capacity of the plant will grad-
ually increase from 5 MW to 20 MW from 2027 - enough
to produce around 2,000 metric tons of green hydrogen
per year in the final stage. The investment is expected to
amount to 45 million euros. The energy requirements of
the regional logistics, transport and industrial sectors are
already greater today.

The design of the hub is visually impressive thanks to
its natural wood cladding. It was designed by the Hamburg
architecture and design office Hadi Teherani. As for project
management on site, this will be undertaken by the architec-
ture firm Schleicher.

Fig. 2: Heat pump at the front and solar inverter on the wall
[Photo: N. Petersen]
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Fig. 3: Tobias Gruber (left) with the two founders Joel Vogl (CEQ)
and Felix Schmid [Photo: Mary Goldau]

This is not just about the efficient generation of electricity
and heat. Even the waste heat from the operation of the fuel
cells is used and further optimized with the help of the heat
pump so that it can be used for industrial processes or in
heating networks. The oxygen that is also produced during
electrolysis is primarily used for oxyfuel combustion. This
also helps to decarbonize industrial processes more effec-
tively. Direct electricity supply contracts, known as power
purchase agreements or PPAs, with operators of wind and
photovoltaic plants in the region provide the green electrici-
ty for the operation of the H, hubs. Potential customers have
also already been acquired: The logistics company Noerpel is
planning to use the green hydrogen to refuel H, truck or bus
fleets, and the Move transport association is also supporting
the project.

In addition to the 20-MW hub in Villingen-Schwennin-
gen, further projects are already being planned in Gengen-
bach and Neumiinster. The commissioning of the 50-MW
hub in Neumiinster, for example, is planned for 2027. Gen-
genbach is located just a few kilometers south of Offenburg
in Baden-Wiirttemberg. The town wants to help establish
the use of green hydrogen, says former mayor Thorsten Erny,
who was in office until the end of 2024 and supported the
project.

2,000 TONS OF GREEN HYDROGEN PER YEAR The project
on the Kinzigpark I industrial park is currently in the design
phase. Whether or not it will be built still depends on the
results of this planning phase and the signing of the PPA for
green electricity as well as the final investment decisions. Lo-
cal politicians, municipal utilities and the regional economic
development agency are already supporting the project. The
plan is to produce around 2,000 metric tons of H, per year.

Politicians want to support the expansion of H, produc-
tion with their targets: The EU is planning to expand electrol-
ysis capacity to 40 GW by 2030, with Germany alone aiming
for 10 GW. However, only 100 MW have been installed in
Germany to date. Infener has set itself ambitious goals for
the coming years and wants to play an active role in shaping
the European hydrogen economy. “We want to contribute up
to 9 GW in the next few years,” says Tobias Gruber. «



Large-volume hydrogen storage in Etzel salt domes

H, CAVERN STORAGE - ENABLERS
OF THE ENERGY TRANSITION

Since the 1970s, crude oil has been stored in the Ostfriesland town of Etzel, and

since the 1990s, natural gas has been stored in the underground salt caverns.

As part of the research and development project H2Cast Etzel with the DLR as a

scientific project participant, the first large quantities of hydrogen were brought

into the Niedersachsen location in 2024. The novelty: The imitation of a realistic

cavern operation, regardless of the so far outstanding hydrogen core network

infrastructure.

Storag Etzel GmbH is the operator of one of the largest under-
ground storage sites for crude oil and natural gas in Europe. Up
to 3.9 billion cubic meters of natural gas can be stored in the cav-
erns in Etzel, which are artificially inserted into the salt domes.
This makes up a sixth of the total German gas storage capacity.
These stores have a special core function for the energy
industry, since in the face of strong fluctuations through the
divergence of electricity production, import and demand,
they ensure the maintenance of security of supply. This is
particularly important when implementing a complete ener-

Authors: Hendrik Langnickel, Carsten Reekers, Claudia Kading, Wiebke Germer, Armin Garbe, Alexander Dyck

gy supply through renewable energies. Bottlenecks in times
of seasonal differences in needs or dark doldrums, in which
windlessness and little sunlight limit the production of solar
and wind power, can be efficiently bridged by flexible and
quickly adjustable gas power plants.

At the same time, excess electricity not compensated by
the power grid can be stored on a large scale by the produc-
tion of the chemical energy source. This is exactly when the
large-volume, flexibly usable storage becomes “enablers of
the energy transition”.
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Fig. 1: Graphic overview of the research project H2CAST Etzel [Source: STORAG ETZEL]
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Discharge time providing flexibility
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Fig. 2: Capacity versus flexibility of different storage technologies [Source: Peterse et al.]

PARALLEL DEVELOPMENT OF A STORAGE INFRASTRUC-
TURE With the approval of the H, core network by the
German network agency in October 2024, an important
building block was laid for the market ramp-up of the Ger-
man H, economy. But in addition to building an extensive
transport network for hydrogen to decarbonize the Ger-
man energy sector, H, storage options are also required.
“Our simulations show how essential it is that storage op-
tions are expanded on a large scale in parallel with the
hydrogen infrastructure, as hydrogen deficits or surpluses
cannot be compensated solely by grid breathing (storage of
hydrogen in certain network sections by varying the pipe-
line pressure) of the gas pipelines,” says Dr. Hendrik Lang-
nickel, expert for gas technology at the German aerospace
center (DLR).

However, the necessary demand for H, cavern storage
until the operation of the core network in 2032 can hardly
be achieved through solely new constructions. The research
project H, Cavern Storage Transition Etzel (H2CAST Etzel)
funded by the German ministry of economic affairs and
climate protection and the German state of Niedersachsen
deals with a possibility to cover the storage demand. Stor-
ag Etzel, Deep.KBB, Gasunie, the Technical University of
Clausthal, Socon, Hartmann Valves and the institute for net-
worked energy systems of the DLR are dealing with the proof
of the feasibility of adaptation and conversion of existing gas
caverns and essential boring equipment for the underground
storage of hydrogen.

The consortium is faced with a variety of challenges.
Which materials are to be used in the cavern drilling and
the associated surface systems and whether the hydrogen
can be stored very efficiently is only some of the questions of
the project. The conversion of existing caverns for the stor-
age of hydrogen is possible in a shorter time compared to
a new construction and also economically and ecologically
advantageous. This could also close the predicted gap be-
tween storage demand and availability in order to decouple
the production of and demand for hydrogen through inter-
mediate storage.

ENERGY STORAGE

GASES SHOW DIFFERENT BEHAVIORS Due to the high
volatility of renewable energies throughout the year, it can
be assumed that H, storage requirements for injection and
withdrawal can be expected throughout the year, which are
also subject to great dynamics [Bekebrok et al]. Longer peri-
ods of several weeks without storage, as occurs in natural gas,
are not to be expected in hydrogen operation. In addition, it
can be assumed that the volume flows for H, storage opera-
tion assume higher values, since hydrogen has only about a
third of the energy density of natural gas [Nationaler Wass-
erstoffrat].

An increasing orientation of the system operator to re-
dundant systems and an improved controllability of the
surface systems for covering larger spectrums in the stor-
ing and withdrawal processes is the result. The resulting
significant effects on the operation of the caverns, gas treat-
ment, maintenance and upkeep are the focus of the investi-
gations of the project.

H2CAST - AN INNOVATIVE PILOT PROJECT After con-
verting the pilot caverns and successful density tests under
maximum gas pressure last year, Storag Etzel has current-
ly started storing hydrogen in Etzel. A total of 90 tonnes of
hydrogen have been brought underground for the research
project. By the summer of 2025, 200 trailer deliveries with
a pressure of 300 bar are expected to arrive, because due to
the outstanding core network, hydrogen is currently being
supplied by truck.
Does a lack of connection to the H, core network mean
that research questions regarding caverns have to remain
open? “By no means,” replies Carsten Reekers (Storag Etzel),
project manager of the research and development project.
“For this reason, we are working with a total of two caverns
that are connected to each other via the local surface test
systems (gas treatment, measurements, compression). This
means that the hydrogen should be moving back and forth
between the two caverns without the need for a pipeline con-
nection. This enables us to realistically map hydrogen pro-
duction and consumption with one of the caverns.”



USE SYNERGIES FROM SIMULATION AND REAL OPERA-
TION A scientific basis for what the future operation of a hy-
drogen cavern in the H, transport network could look like
is provided by a comprehensive technical simulation model
from the DLR. The model includes a numerical simulation of
a cavern as well as a simplified view of a surface system that
serves to compress, relax and purify hydrogen. These model
components flow into a realistic simulation of a complex hy-
drogen infrastructure.

For the H2CAST project, the area of northwestern Ger-
many including the appearing H, core network has been
simulatively mapped in dynamic operation. However, an
expansion to the whole of Germany and the adjoining Eu-
ropean space in the future is sought. The results can then be
validated using pilot tests in Etzel. The synergy of simulation
and verification in the field equips the cavern operator for
a variety of possible scenarios. In addition, the Institut fiir
Vernetzte Energiesysteme (institute for networked energy
systems) also has high-precision analytics with which the
withdrawn hydrogen can be examined for changes.

A pilot project was launched with H2CAST that provides
essential insights as a blueprint for the conversion of further
caverns for hydrogen storage in Germany. The location Etzel
is characterized as a special node with extensive connection
to the European natural gas network. In addition, Etzel is lo-
cated in the immediate vicinity of the only German deep wa-
ter port in Wilhelmshaven with the corresponding H,-ready
pipeline connection, which will also play a significant role
for hydrogen import in the future. The expansion options
for the project are accordingly diverse. One thing is certain
for project manager Reekers: “We are ready to go when the
H, market is.” »
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How the dragging electrolysis ramp-up can be countered

HYDROGEN FROM BIOGENIC WASTE
RESOURCES

In the current strategies for hydrogen production, still today, with a few excep-
tions such as the recently published Bavarian hydrogen strategy 2.0, the focus
has been on electrolysis from wind or solar power. A slow, but safely back to the
foreground hidden champion has not yet entered many heads: hydrogen from
biogenic wastes. Such systems usually have higher full load hours, a better GHG
balance and are now also ready for the market - this has recently been proven
In the project Bioh2ref.  authors: Andy Gradel, Edwin Hirtreiter

2 4 Even though the difficulties of the current legislative period have so far not neces- WHY BIOGENIC HYDROGEN? In the

sarily made the conditions for hydrogen technologies easier, alternatives to elec- European Union, hydrogen from bio-

trolysis from renewable streams seem to be gradually arriving in politics, industry ~ genic residues is considered an “ad-

and society. It was different at the beginning of this project: The federal govern- vanced organic fuel” and thus enjoys

ment at that time had only half a year earlier, at the last second, scrapped the draft a double GHG quota calculation. This

of the emissions law (BImSchG) containing the exclusion of biohydrogen from the means that the multiplier is currently

quota trading for greenhouse gases (GHGs), strategies at all levels could be found  smaller than with RFNBOs (renewable

like advertising brochures for electrolyzers, and throughout the EU, a negative fuels of non-biogenic origin), but they

mood in relation to bioenergy spread - not least because other countries have also do not have the technological pos-

dealt less sustainably than Germany in the past. It is different today, and numer- sibilities for GHG-negative hydrogen

ous companies are sprouting from the start-up landscape. production. The system from the Bi-

oH2ref project currently has the only

valid certificate for green hydrogen as

a quota-capable fuel in Germany and

was certified with a GHG reduction of

around 250 percent, so an avoidance of

approx. 25 kgqo,iq per kg hydrogen. At

better times on the GHG quota market,

the proceeds have far been surpassed
by the production costs.

Biogenic hydrogen can thus be the
stirrup holder for a quick run of the hy-
drogen industry through the transport
sector by creating an infrastructure and
can solve the chicken-and-egg problem
of large electrolyzers. It does not have to
be limited to steam reforming. Alterna-
tives for non-fermentable raw materials
such as old wood, sewage sludge and
other wastes are already in the advanced
R&D stage. Processes such as pyrolysis
or gasification technologies with subse-
: : : - : quent synthesis treatment are available
R v n DS N S e e == === for these, where BTX Energy GmbH

Fig. 1: Pilot plant for the steam reforming of biogas for the production of green hydrogen is also working on individual process
[Source: BtX energy] steps for this path with industry friends.

ENERGY STORAGE
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SISTER PROJECT BIOH2LOG Through the collaboration of the German econo-
my ministry-funded funding projects Bioh2ref (FKZ 03440A-C) and BIOH2LOG
(FKZ 03E5452A-C, see Fig. 2), it is possible to analyze the entire hydrogen value
creation chain: From the biogas plant via the steam reform system and the sub-
sequent storage up to delivery to the hydrogen buyer. The first part of the pro-
cess chain, biogas production and the implementation of raw biogas to hydrogen
of purity 5.0, was experimentally tested in the Bioh2ref project and brought to
market maturity. The second part of the process chain, the storage and distribu-
tion of the hydrogen generated, is highlighted in detail in the Bioh2Log project.

At the chair for plant and process technology at the Technical University of
Munich, the development of dynamic models of the steam reforming system and
the hydrogen storage container is taking place. These models are supported and
validated by the measurement data collected on the pilot system by BTX Energy
GmbH and applied university RWTH Aachen as well as through experimental
studies on a hydrogen storage container consisting of type IV pressure containers.

In addition, a digital twin of hydrogen logistics is being designed at the chair for
support technology material flow logistics of the Technical University of Munich
in order to take into account both decentralized production and decentralized
acceptance. The industrial partners Arcanum Energy and Takeoft Engineering
GmbH complete the view of the organic water process chain through ecological
and economic studies as well as market searches. ARCA-NUM Energy focuses on
calculating greenhouse gas reductions in the process chain, while Takeoft Engi-
neering GmbH develops possible business cases for biohydrogen. Here, too, spe-
cial attention is paid to the decentralized character of production and acceptance.

Together with the results from the Bioh2ref project, dynamic models for hy-
drogen production, storage and distribution as well as economic and ecological
models will be available at the end of the Bioh2Log project, which enable a smooth
market launch of biohydrogen technology.

TECHNOLOGICAL AND LEGAL HURDLES The project funded by the then German
ministry of economics began in 2022 with many open questions of technologi-
cal and legal nature. The use of raw biogas, which was only pre-cleaned with an
activated carbon filter, challenges in thermal dynamics, flow mechanics and the
reaction to interference or fluctuations in gas quality. All aspects of the pressure
loss and reaction kinetics had to be reorganized and calculated, whereby litera-
ture data or experience were not available for all process-relevant interpretations.
In the project, the performance and efficiency of the system technology at partial
and full load as well as in flexible operation were examined. Above all, the mul-
ti-stage reactor technology has made considerable development progress, so that
the cold gas efficiency of around 45 percent could be increased to the objective of
around 60 percent.

The framework conditions for the “biogenic hydrogen” product were also a
significant risk factor at the beginning of the project, as also with the participa-
tion of BtX energy GmbH in conversations with politicians only half a year earlier,
by amending the German emissions law, a recognition of the fuel on the THG
quota market was in view. Also, due to the novelty of the process and equivalent
procedures for other wastes, there were no investment subsidies for a ramp-up of
the technology. During the project period, hydrogen from biogenic wastes was
classified as a “advanced biofuel” in the 37th emissions ordinance and thus also al-

lowed for funding mechanisms for the
development of generation capacities
for such fuels. At the moment, however,
these, as well as many other programs,
are not equipped with corresponding
means due to the greatly reduced cli-
mate transformation fund (KTF).

FURTHER IDENTIFIED POTENTIAL
FOR INCREASING EFFICIENCY The
BTX Energy GmbH composite project
with RWTH Aachen and the farm-
ing family Schleupen with its biogas
plant has reached its project goals and
brought the technology to market ma-
turity. However, this should not yet be
the end of the innovation. In the project,
relevant potential for optimization was
identified by connecting further heat
sources and sinks, further pressure loss
optimization, increased exhaust gas
recooling and further development of
the reactor technology that are to be
pursued. In the long term, a theoreti-
cal efficiency of over 70 percent could
then be possible, but the corresponding
R&D must still be made for this, and
the approaches would have to be tested
in practice.

CONCLUSION AND OUTLOOK After
the project success, the technology is
now considered one of a few fully mar-
ket-mature solutions to produce biogen-
ic hydrogen. The first commercial sys-
tem with four times the performance
of the pilot from Bioh2ref is currently
under construction. At the same time,
they are working on implementing the
optimization potential mentioned. It is
important that this can also be retrofit-
ted to plants that may arise in the next
few years so that an earlier project start
does not lead to nuisances later. The
conclusion is therefore: Biogenic hydro-
gen is ready and future-proof, and can
be an efficient lever for excellent profit-
ability when using the right material.
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H,Mare researches offshore technologies

HYDROGEN PRODUCTION DIRECTLY

ON THE HIGH SEAS

Offshore wind power stations generate significantly more electricity and more

regularly than their onshore counterparts. In the lead project (Leitprojekt)

H,Mare, scientists are working to exploit this potential - and to produce green

hydrogen and derivative products directly at sea in the future. Current pro-

gress is being made, among other things, in the coupling of wind turbines and

electrolyzers.

Author: Christian Hiemisch

Fig. 1: Power-to-X containerized system for offshore use [Source: KIT]

At sea, strong and constantly blowing winds ensure the best conditions for gen-
erating renewable electricity. If this could be used directly for the production of
green hydrogen, it could significantly reduce the costs compared to hydrogen
production on land. Because this way not only are the costs for an intricate grid
connection unnecessary but also the energy losses as a result of the additional
conversion processes.

Partners from research and industry are working in the hydrogen project
H,Mare on directly coupling a water electrolyzer with a wind power station and
thus making available innovative technologies to produce green hydrogen oft-
shore. In order for this to be successful, both the electrolyzer and the wind turbine
must be adapted and, if possible, directly electrically connected to each other. The
fluctuating power supply as the basis for the entire subsequent conversion pro-

ENERGY STORAGE

cess, including water treatment and the
regulated coordination of the system, is
one of the biggest challenges for the de-
velopment engineers. But that is exact-
ly what is now happening for the first
time in a megawatt-scale test system.

FOR THE FIRST TIME, WIND TUR-
BINES ARE DIRECTLY CONNECTED
TO ELECTROLYZERS In order to prac-
tically test the direct coupling and its
consequences, the H,Mare project Oft-
gridWind in the Danish city of Floe has
built a corresponding test system - for
now on land. There, the H,Mare pro-
ject partner Siemens Gamesa has elec-
trically connected two electrolyzers for
H, production to the wind turbine, the
way this could later happen on the high
seas. With this setup, the project team
can also test the switching between two
systems and thus optimal operational
management.

With this structure, the effects on
the control system can be identified,
further assessed and adjusted if neces-
sary, as this will also be one of the criti-
cal aspects at sea. In the coming months,
H,Mare will now investigate how the
fluctuating electricity production af-
fects the functioning of the system.

What a wind power station with
integrated hydrogen production would
look like H,Mare has likewise already
analyzed: In the future, all necessary
systems could be housed on a plat-
form directly next to an offshore wind
turbine.



R \P':'\';.‘flq‘a
Fig. 2: OffgridWind system (inside) in Floe, Denmark
[Source: Thomas Schwabe, Siemens Gamesa, Leitprojekt HZMare]

TEST FACILITY FOR SEAWATER DESALINATION These systems also include a
seawater desalination unit for electrolysis. A corresponding test system from
H,Mare project partner Fraunhofer IWES in Bremerhaven has been put into
operation. It filters seawater, treats it, heats it and thus produces ultra-pure wa-
ter. Different from other test projects, H,Mare is actually directly working with
water from the North Sea in its tests. Later, waste heat from H, production will
heat the water.

Because the treated seawater is only available at fluctuating temperatures, ex-
perts in the H,Mare project H,Wind are currently testing the system with different
operating temperatures. Initial results show that water temperature fluctuations
affect the start-up behavior and energy requirements of the desalination system,
but only insignificantly influence the production volume of ultrapure water.

DEMONSTRATION OF A POWER-TO-X PROCESS CHAIN AT SEA But it is not just
hydrogen production that is being examined in the project. Subsequent products
also play a role. In the H,Mare project PtX-Wind, the production of further pow-
er-to-X products at sea, for example methane, methanol, Fischer-Tropsch prod-
ucts and ammonia, is being tested. For this, in addition to water, CO, and nitrogen
are needed. These should, among other things, be obtained directly on site from
the air (direct air capture) or the sea.

The developed concepts for all synthetic products PtX-Wind wants to test first
on land. For the first demonstration of a power-to-X process chain - consisting of
co-electrolysis and the synthesis of fuels — scientists at EnergyLab of the Karlsru-

he Institut fiir Technologie (KIT) have
built a power-to-liquid (PtL) contain-
erized system. In this, fuels are pro-
duced from hydrogen and CO, using
Fischer-Tropsch synthesis. In 2025, the
entire PtL process chain, coupled with
a co-electrolysis from the German aer-
ospace center (DLR) will be demon-
strated on a floating platform at sea. In
addition to the co-electrolysis, this will
house a direct air capture system, PtL
synthesis and wastewater treatment
in containerized systems and produce
Fischer-Tropsch products that can later
be used as sustainable fuels such as die-
sel or kerosene.

The results of the research activi-
ties in H,Mare will be presented to the
public at the project end conference in
autumn 2025. «

THE HYDROGEN LEAD PROJECT
H,MARE

In Leitprojekt H,Mare, the offshore
production of green hydrogen and
other power-to-X products is be-
ing researched. Around 30 project
partners from research, industry
and society are working closely
together for this. Next to H,Giga
(series production of electrolyz-
ers) and TransHyDE (transport and
storage infrastructure), H,Mare is
one of three hydrogen lead pro-
jects of the German ministry for
education and research. As part of
the national hydrogen strategy, the
lead projects will contribute the
expansion goal of ten gigawatts of
electrolysis capacity by 2030.
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RH,INE - development of a hydrogen-powered inland waterway network

H2TANKTAINER FOR SHIP
REFUELING

Anyone involved in international shipping knows that without setting and main-
taining the right course, it's almost impossible to reach your goal. This realization
Is also what drives inland shipping stakeholders on both sides of the German-
Dutch border and what motivates them to actively and resolutely pursue the

goal of climate neutrality. The transnational RH,INE (Rhine Hydrogen Integration
Network of Excellence) initiative is providing them with support in tackling this
complex challenge. The first milestones include the development of a quick and
simple solution for refueling inland vessels with hydrogen.  author: stefan carche

RH,INE was launched in 2019 on the initiative of the Province of Zuid-Holland RH,INE has now developed into an
(PZH) in the Netherlands and the Nordrhein-Westfalen Ministry of Economic Af- international network of public and
fairs in Germany. Since 2021 it has been coordinated on the German side by the  private stakeholders. Starting from the
regional body NRW.Energy4Climate. The aim of the two Rhine regions is to create  nucleus along the Rhine, the partners
a sustainable alternative to fossil fuels for transporting goods on the River Rhine. want to jointly create an emission-free
All parties involved quickly agreed that hydrogen was the only sustainable energy North Sea-Rhine-Mediterranean cor-
source for inland navigation vessels on fast-flowing waterways such as the Rhine.  ridor by 2030. The prerequisite for this
is a suitable framework and infrastruc-
ture for the use of hydrogen in the in-
land transportation chain.

H, REFUELING - A KEY challenge One
of the main challenges is refueling the
ships with hydrogen. It was therefore
clear to the ship operators from the
outset that the hydrogen would have
to be delivered to the inland waterway
vessel in swap containers. This is be-
cause exchanging empty tanks for full

HOSE REFUELING NOT A SOLUTION
“A ship has to fill up with at least
/ 2 metric tons of hydrogen during
‘ANLEG |§_“ T " a bunkering process, i.e. when
S 07 -TAINER AR TR taking on energy. With a hose, this
: ank Taingr ' ' would take 12 hours or longer, and
"‘!"r'im' e j ; it would not be possible to load or
P gy &%ﬁa‘ﬁ?}nw o L4 unload during this time for safe-
Mm{:t "‘“503_%1,5,‘,; ty reasons,” explained Robert
‘2"’3525_9 Graf-Potthoff, technical inspector

- at global logistics service provider
Rhenus Schiffsmanagement, in a
recent article in RH2INE magazine.

A'Is0 MeGe "Har.

Fig. 1: H2TankTainer [Source: Argo Anleg]
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STANDARDIZATION OF THE H2TANKTAINER
FOR CESNI / ES-TRIN

Pressure levels: max. 300, 500, 700 bar
Container: IS0 10°, 20°, 30" and 40°
Transportation options: ship, truck, train
(regulations: ADN, ADR, RID, ES-TRIN, IMO)
Data communication: pressure, temperature,
design pressure in each section
Communication protocol: J2799

ones only takes around 30 minutes in port and does not in-
terrupt the parallel processes that are taking place on board.

One solution was found in a standardized swap body
for hydrogen - a so-called multiple-element gas container
(MEGC), also known as a “TankTainer.” Various companies
such as Air Liquide and Argo Anleg are developing different
formats for different types of ships.

STANDARDIZATION OF THE ENERGY SUPPLY Previously,
TankTainers could only be approved as individual compo-
nents for a single ship. This made pooling impossible. This
is because each ship would need three TankTainer sets — at
immense investment cost - to ensure the continuous refue-
ling process.

To remedy this situation, various European government
authorities are working together to standardize this technol-
ogy. Their goal: that TankTainers should not only become
the European standard for inland shipping, but they should
also be usable as energy storage systems for other purposes.
To this end, they are deliberately defining the technical spec-
ifications in broad terms. The authorities are receiving sup-
port from RH,LINE partners such as the Port of Rotterdam,
Air Liquide and Argo Anleg. The standard is expected to be
published in the first half of 2025.

OTHER RH,INE PILOT PROJECTS In addition to the intro-
duction of the H2TankTainer, RH,INE has achieved other
notable successes in inland shipping. As part of the initiative,

MS ANTONIE

Size: 135 x 11 m (443 x 36 feet)

Energy supply: 400-kW H,/FC / 1-MWh battery
Capacity: 3,700 metric tons of salt transport Delfzijl -
Rotterdam (replaces 120 trucks)

Savings: 880 t/a CO, and 8 t/a NO,

A 7 3
."'f"!'— 3 Eil‘

Fig. 2: MS Antonie, visited by the Dutch king (center) in
Duisburg at the end of 2023 [Source: Robin Alysha Clemens]

)

ships with H,-compatible dual combustion engines as well as
with hydrogen/fuel cell propulsion have been developed. The
“flagship” of this development is the MS Letitia, an inland
waterway vessel from the HTS Group, which was designed
with close support from the Center for Fuel Cell Technology
(ZBT) in Duisburg.

Various subsidies have made it possible to finance the fuel
cells, an initial set of TankTainers and accompanying EU
research (greenH2shipping). The latter is intended to pro-
vide proof of reliability and economic viability for the first
1,000 hours of operation. This is the prerequisite for acquir-
ing further funding for low-emission inland vessels and their
infrastructure in future funding calls.

One of RH,INE’s pioneering projects is the bulk carrier
MS Antonie, which was developed under the leadership of
the European freight forwarder NPRC. With a hybrid power
system, it can be operated both emission-free and with con-
ventional energy sources. This increases the flexibility of the
energy supply.

The Dutch shipping company Future Proof Shipping
(FPS) has also developed two ships, the H, Barge 1 and 2,
which combine hydrogen fuel cell technology with bat-
tery systems to enable a completely emission-free journey.
To date, the two ships have already transported around
20,000 containers within the Netherlands from Delfzijl to
Rotterdam.

Rhenus Logistics is relying on the “Mannheim I+II”
coupled convoy, which is also powered by fuel cells, batteries
and, if required, diesel-electric generators. It will regularly
transport containers between Antwerp or Rotterdam and
Mannheim, Ludwigshafen, Worth and Karlsruhe. Like the
MS Letitia, this ship is also adapted for low water with up to
three push barges.

EXPANSION OF THE NETWORK Since its foundation,
RHLINE has undergone considerable development from a
bilateral project to a broad-based EU-wide network. Today,
its partners include more than 45 public and private sector
stakeholders, including the major ports of Rotterdam, Duis-
burg, Basel and Antwerp-Bruges. In addition to the Neth-
erlands and Germany, organizations from Belgium, France,
Austria and Switzerland have now also joined the initiative.
This considerably extends the reach of the project.

Since 2025, the initiative has been coordinated by the
Belgian WaterstofNet cluster. This takes over the newly
established program office, whose work plan provides for
various English-language working groups that deal with a
wide variety of matters such as standardization, financing
and funding mechanisms, necessary port infrastructure and
TankTainer logistics. WaterstofNet has already been heavi-
ly involved in these areas, in particular through its partici-
pation in CONDOR, a Dutch project that forms part of the
RH,INE initiative with a focus on Dutch waterways. This
experience means the cluster is ideally placed to perform its
role as RHLINE coordinator.

FINANCIAL AND POLITICAL SUPPORT FOR RH,INE Since
2019, the initiative has been able to acquire extensive funding
from EU programs such as the Connecting Europe Facility
(CEF) or Horizon Europe as well as from national and re-
gional governments. It uses this funding to drive forward re-
search and development, the construction of infrastructure
and the transition to hydrogen technologies, and to expand
the network.
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H,-BARGE 1+2

Size: 110 x 11 m (360 x 36 feet), retrofit

Energy supply: 3 x 275-kW fuel cell /

274-kWh batteries

Route: Rotterdam - BCTN Terminal Meerhout (Belgium)
Savings: 2,000 t/a CO, per ship

Fig. 3: H, Barge 2 [Source: FutureProofShipping]

RH,INE also plays a key role in supporting policymakers
and harmonizing guidelines with European and regional in-
stitutions. In the past, for example, the initiative has active-
ly promoted the faster regulation of hydrogen use in inland
shipping with its proposals. It has also been able to influence
political decarbonization plans for the transport sector, par-
ticularly in Nordrhein-Westfalen and the Netherlands.

The success of the decarbonization of inland navigation
is reflected in the joint declaration of intent “Perspectives for
sustainable Rhine navigation 2030.” This was initiated by the
MUNYV (Ministry for the Environment, Nature Conserva-
tion and Transport of the State of Nordrhein-Westfalen) and
signed by 80 partners from Germany, Belgium, Switzerland
and the Netherlands at the Rhine 2024 regional conference,
in which Rhine navigation was classified as indispensable for
sustainable logistics

In addition, the resolution passed by the German Confer-
ence of Transport Ministers in October 2024 also bears the
initiative’s hallmark since it emphasizes inland navigation as
the mode of transport for Germany’s future. New measures
for efficient inland shipping are to be bundled in the “New
markets for inland navigation” strategy.

The National Ports Strategy of the Federal Ministry for
Digital and Transport also takes into account the transfor-
mation of inland shipping. According to this, it is to be har-
monized nationwide and classified as “nationally significant”
and incorporated respectively into regional planning in or-
der to secure port areas for port-related use.

And finally, the National Action Plan for Climate-Friendly
Shipping (NAPS) - in addition to the National Ports Strategy

- also addresses inland shipping with measures that RH,INE
is also implementing. These include standardized, container-
ized energy storage systems. In addition, the action plan calls
for an extension of the BordstromTech funding program as
well as low-interest loans or guarantees from the German
state-owned investment and development bank KfW.

THE CHALLENGES OF DECARBONIZATION Despite all these
successes, the decarbonization of shipping is still in its in-
fancy: There are currently around 10,000 ships on the Rhine,
each with a lifespan of up to 100 years. The aim is to operate
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them in a climate-neutral manner in the future. One of the
main challenges here is the economic viability of hydrogen
operation. At present, such ships are more expensive to pur-
chase and operate than conventional diesel ships. The prof-
itability of the new technology depends on several factors,
including startup subsidies as well as falling hydrogen prices
and the willingness of customers to bear higher transporta-
tion costs. Well thought-out business models are needed to
meet these challenges.

The harmonization of regulations at European level also
remains a complex task. There are still uncertainties regard-
ing the storage and transportation of hydrogen in particular,
which are slowing down its introduction. Technological de-
velopment must also keep pace with the challenges. Access
to green hydrogen is currently limited, but is gradually ex-
panding.

Last but not least, the development of a comprehensive
refueling infrastructure, initially along the Rhine, requires
considerable investment and targeted coordination. In par-
ticular, the filling of the TankTainers should take place at
larger hubs due to the quantities of hydrogen required.

RH,INE PLANS RHLINE is responding to all these challenges
with a series of ambitious plans. These are aimed at broad ac-
ceptance and scaling of the technology as well as retrofitting
the existing fleet.

Stakeholders want to have at least 50 hydrogen-powered
ships in operation by 2030. With regard to TankTainers, a
pool for H, swap bodies is to be created that is open to all
shipping companies as well as other parties. The high acqui-
sition costs must be offset against a maximum period of use.

MS LETITIA

Size: 135 x 17 m (443 x 56 feet)

Year of construction: 2023

Savings: 2,800 t/a CO, (replaces 250 trucks)
Route: Rotterdam - Duisburg takes 20 h there
and 14 h back

Power output: 1.2 MW (six 200-kW fuel cells from
Ballard in containers), plus batteries and backup
diesel-electric system with the same output

The ship contains 52 m (170 feet) of electrical cabinets
and 20 km (12 miles) of cable.

Fig. 4: In the middle of the MS Letitia there are four contain-

er areas separated by two partitions, which are capable of
holding a total of 16 energy containers for the fuel cells, the
batteries and the tank containers [Source: RensenDriessen
Shipbuilding, Photo Maritime Filming Group]




A leasing company will likely be founded or commissioned  ing regulation and financial support at EU level in the future.
for this purpose in the future. In the Netherlands, the initiative has already been able to
The network also wants to further involve new partners - secure a strong financial commitment from the government
regions and stakeholders - in order to ensure area-wide in- through a “Climatfonds” for renewable ship propulsion sys-
frastructure and cooperation. By strengthening its lobbying tems. More than 200 million euros are available for up to
work, RHLINE will increasingly advocate for forward-look- 150 ships and their infrastructure in the runup to 2030.

RHENUS MANNHEIM I+II CONCLUSION Inland shipping must also be decarbonized
Size: coupled convoy 193 x 11 m (633 x 36 feet) with in order to meet Europe’s transport climate targets. RH,INE
three push barges 193 x 22 m (633 x 39 feet) impressively demonstrates how international cooperation
Savings: ship and 1 push barge: 72% less CO, and NOy combined with technical innovations can enable the tran-
Route: Rotterdam/Antwerp - Mannheim/Worth sition to emission-free inland navigation. And with its clear
Power output: 400-kW fuel cells, plus 840-kWh focus on sustainability, innovation and collaboration, the in-
batteries and backup diesel electrics itiative is a role model for similar activities worldwide.

However, the coming years will be decisive: Can the in-
itial vision of a green Rhine corridor as a Central European
strategy become a reality? In any case, the message remains
clear along the way: The future of inland navigation is the
joint responsibility of politics, business and society.

— at the Hannover Messe in the NRW Pavilion, Hall 13

Author:

Stefan Garche

Hydrogen Office H2.NRW of the state of
Nordrhein-Westfalen at NRW.Energy4Climate,
Disseldorf, Germany
— stefan.garche@energy4climate.nrw 3 'I

Fig. 5: Mannheim | [Source: Rhenus Port Logistics Services]
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H, hubs as the key to sustainable and efficient hydrogen mobility

NOW STUDY ON HYDROGEN
DISTRIBUTION

The transport transition is a central component of the German climate protec-
tion strategy. As part of this, hydrogen is seen as a key energy source, espe-
cially for heavy-duty goods vehicles. But how can hydrogen refueling stations
(HRSs) be supplied with hydrogen efficiently, sustainably and economically?
A joint study by the National Organisation Hydrogen and Fuel Cell Technology
(NOW GmbH) and the German Energy Agency (dena) examines four supply
options via a future H, pipeline network. In the study, H, hubs that act as
connecting elements between the emerging H, network and the HRSs are of
particular importance.  author: Carsten Beyer

The demand for hydrogen in road freight transport in Germa-

Kisl \ ny is estimated to increase to up to 2 million metric tons per

£ year by 2045. In this scenario, nationwide supply will require

the construction of more than 2,000 H, filling stations. The

~_h planned core H, network, which is to reach a total length of

9,700 kilometers (6,025 miles) by 2037, can play a central role

‘ in this. It consists of 60 percent repurposed natural gas pipe-

lines and is to be gradually supplemented by distribution net-

works in order to open up regions away from the main routes.

- The network will not only be able to serve industry and power

plants, but also other sectors such as the mobility sector, cre-
: ating a flexible and resilient hydrogen infrastructure.
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THE ROLE OF H, HUBS One of the key findings of the study
is that it is economically attractive and technically feasible
to supply HRSs via the H, pipeline network. The techni-
cal-economic analysis of the four supply options shows that
an H, hub, which acts as a central supply point for a number
of other HRSs and is connected to the H, core network, is the
most attractive option.

The H, hubs act as links between the core H, network and

PO ! / the regional filling stations and are directly connected via a
\ Stutigar / spur line. They take over central processes such as the puri-

o '/ fication, compression and storage of hydrogen. This achieves

economies of scale that not only reduce costs, but also reduce

f [ Miinchion the technical requirements for operating the filling stations.
The hydrogen is then distributed by trailer at different pres-

sure levels to the surrounding filling stations - the study as-
sumes a radius of 50 kilometers (31 miles). Depending on ca-

Fig. 1: Map of the planned core H, network in Germany with the pacity utilization, it is also conceivable to supply customers
planned infrastructure and the connections between generation who do not come from the mobility sector but have similar
and consumption regions [Source: Federal Network Agency] hydrogen quality requirements.
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H2KN - H2 core net
GDRM - Gas pressure control and measuring System
A - H2 purification

HRS - H2 refueling station

Design pressure

Transport distance

Fig. 2: HRS supply by trailer from an H, hub connected to the core H, network. This is the
preferred connection option to the H, pipeline network in the study.

H, hubs also offer flexibility in the integration of different hydrogen sources. They
can be supplied via pipelines from the core network (the subject of the study), by
local electrolysis or by other means of transportation such as trains and ships
(this was not investigated in the study). This makes them a key building block for
efficient and sustainable hydrogen mobility in Germany.

TECHNICAL AND REGULATORY CHALLENGES Ensuring the quality of hydrogen
for use in fuel cell vehicles is one of the key challenges facing H, hubs. The hydro-
gen obtained from the pipeline must be processed in accordance with the purity
requirements of DIN EN 17124, which requires additional investment in innova-
tive technologies. It is equally important that grid charges and grid connection
fees are set promptly in order to create planning security for investors.
Transportation distances are a major cost driver. The positioning of H, hubs
near regions with a high demand for hydrogen and a high density of filling sta-
tions is therefore crucial. At the same time, a regulatory framework must be creat-
ed that enables the smooth integration of H, hubs into the existing infrastructure.

CONCLUSION The results of the study show that hydrogen filling stations can be
supplied with hydrogen efficiently, sustainably and economically via an H, pipe-
line network in the future. H, hubs have a central role to play here. If the proposed
recommendations for action are implemented, they could become a key compo-
nent of a sustainable hydrogen infrastructure.

The long-term goal is to ensure a nationwide hydrogen supply that integrates
not only the transport sector, but all applications. This requires close cooperation
between politics, industry and science in order to ensure the technical feasibili-
ty and economic viability of such a sustainable hydrogen infrastructure. H, hubs
offer a flexible and scalable solution that allows the infrastructure to be gradually
adapted to increasing demand. «

Costs in Euro per kg

1,20
1,00 Truck transport
0,80 Storage
0,60 ®mPurification
0.40 = Connection
0.20 - mPipeline transport
0,00
high low

Fig. 3: Specific transportation and processing costs for H, supply by trailer from an H, hub
with connection to the core H, network: cost components in two different scenarios of the
preferred connection option for 2030.

RECOMMENDATIONS FOR THE
STRUCTURE

The study formulates nine specific
recommendations for action to
create an efficient supply of
hydrogen filling stations via an

H, pipeline network:

- Integration of planning: H, net-

works and filling station in-
frastructure must be closely
interlinked during development in
order to exploit synergies.

- Demand assessment: The estab-

lishment of a central platform for
recording hydrogen demand facil-
itates the planning and identifica-
tion of suitable H, hub locations.

+ Location criteria: The develop-

ment of transparent criteria for
the location selection of H, hubs
promotes targeted planning.

- Identification of possible H, hub

operator models, in which local
players should also be actively
involved in order to strengthen
regional value chains.

+ Piloting: An initial H, hub should

be piloted by 2030 in order to
gather practical experience and
identify optimization potential.

+ Further investigation of the key

aspect “hydrogen quality”: How
and at what cost can the purifi-
cation of the hydrogen extracted
from the pipeline be guaranteed
(with fluctuating quality/different
impurities)?

+ Technology development: Fur-

ther developments in hydrogen
processing and compression
are essential in order to achieve
economies of scale.

- Grid charges: Early determination

of grid charges and connection
fees creates investment security.

+ Holistic analyses: The investi-

gation of the effects of pipeline
supply via the H, network should
also be extended to other areas
(ecological, social, etc.).

Literature:
[5 NOW GmbH & dena: “Versorgung der
H,-Tankstelleninfrastruktur in Deutschland

lber ein H,-Pipeline-Netz ,” 2024.

Author:

Carsten Beyer
NOW GmbH, Berlin
— carsten.beyer@
now-gmbh.de
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Regions series: Emscher-Lippe

H, PRODUCTION IN THE
OF NRW

HEART

With one of the largest hydrogen production facilities in Europe and the refu-

eling center in Marl, the company not only supplies local companies, but also
chemical sites throughout Nordrhein-Westfalen (NRW). As the H2EL hydrogen
coordinator, we keep an eye on all projects in the region and their progress and

create the necessary transparency regarding the market ramp-up through our

regular monitoring. Our Hydrogen Roadmap 2024 is simultaneously a progress

report, an inventory and an outlook on the development of the hydrogen econo-

my in the Emscher-Lippe region.

Author: Marc Luckhaus

The Emscher-Lippe region, located in the heart of the northern Ruhr area in Nor-
drhein-Westfalen, extends south of Miinsterland and is part of the administrative
district of Miinster. This results in close links between the region and neighboring
areas, both politically and technologically. The region is also characterized by the
combination of conurbations in the southern part of the region and the more rural
parts in the north, forming interfaces between traditional industry and modern
innovation in many places. With the independent cities of Bottrop and Gelsen-
kirchen and the ten towns in the district of Recklinghausen, the Emscher-Lippe
region is the center of life for around one million people.

Our region is known for its industrial tradition, which has been undergoing
structural change for many years now. It has over 30,000 companies, two univer-
sities and 15 vocational colleges, which have already adapted their courses specifi-

o
. TS

Fig. 1: Klimahafen Gelsenkirchen [Source: Julian Schapertons]
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cally to the technological developments
in the hydrogen sector. In addition to
a well-developed road and highway
network, the region also has a dense
rail and canal network as well as nu-
merous pipelines. We are also creating
synergies for our future strategy with
the neighboring Miinsterland region
and the adjacent Hellweg zone. We also
work closely with the Netherlands, for
example with the joint project TECH.
LAND

H,ERE YOU CAN EXPERIENCE THE
FUTURE A unique selling point of our
region is its particular suitability and
experience for the hydrogen economy.
Due to the well-developed pipeline
infrastructure and major buyers of hy-
drogen, its ramp-up can take place fast-
er and more cheaply here than in other
parts of Europe. In addition to regional
customers, several chemical sites (e.g.
in Cologne or Leverkusen) purchase
hydrogen from our region.

However, we not only cover produc-
tion and use, but also comprehensively
map the other important areas of the
value chain. These include a large num-
ber of companies that specialize in the
development and manufacture of com-
ponents, as well as other companies
that act as providers of technologies
and innovative solutions.



In our new roadmap, we
provide an up-to-date
overview of relevant
hydrogen-related  pro-
jects that are being im-
plemented in our region
or are in the planning
or idea phase. In addi-
tion to the H, roadmap,
we are continuously
monitoring the projects
in order to create trans-
parency and guidance
for the market ramp-up
in the region.

Roadmap; fiir die
Wasserstoffregion
Emscher-Lippe

WIDELY POSITIONED
The project portfolio
represents the core of
our roadmap and provides information on how the H, re-
quirement from 2024 to 2032 will probably develop. The
projects are divided into the following five fields of action:
city quarters, qualifications, research & development, in-
dustry and mobility. When we look at the total number of
the projects, it turns out that we have taken significant steps
in recent years. Originally 57 projects in 2021 have become
over 100 in almost three years. A strong growth is recorded
in particular in the implementation of the projects. While
there were still 17 in 2021, it is now 53. The increase is par-
ticularly striking in the field of action industry.

Fig. 2: Hydrogen roadmap

LEUCHTTURM PROJECTS Our project portfolio contains all
hydrogen-related projects in the region, and some of them
should be emphasized. Among other things, the electrolyzer
planned by Air Liquide in the Marl Chemical Park with an
output of 120 MW. This will generate green hydrogen, which
is to be transported to customers using remote lines or via
the hydrogen core network. This is an IPCEI project that re-
ceived the funding notice in July 2024.

The following two pioneering Leuchtturm projects can
be found in Gelsenkirchen:

On the one hand, an entire industrial area has set off
with the city harbor to become climate-neutral. For this
purpose, the local companies have come together for the in-
itiative “Klimahafen Gelsenkirchen”. Process heat (around
500,000 MWh) is to no longer be generated here by natural
gas, but by green hydrogen. Until the green hydrogen is avail-
able, companies will use a hydrogen-rich gas energy source.

On the other hand, the university Westfalische Hoch-
schule is strengthening its research focus in the field of hy-
drogen technologies. Among other things, with “H2 Solution
Lab” will appear a new laboratory building for the develop-
ment of knowledge with regard to components, subsystems
or total systems for research and transfer.

In Haltern am See, several energy-intensive companies
plan to drastically reduce their CO, emissions by using green
hydrogen. A combined annual hydrogen requirement of
around 200,000 MW is expected, which is to be covered by
an electrolyzer, fed by local wind and solar power. Haltern
am See could also in the future be connected to the nearby
hydrogen core network.

In Herten, the Anwenderzentrum H2herten has exist-
ed since 2009, a communal technology center for hydrogen,
which self-sufficiently supplies itself through renewable ener-

gies. The existing premises and the technical center, includ-
ing the first complementary energy system (wind power with
electrolysis) in Germany, companies can use for investiga-
tions of various types. With the system, components can be
tested under real conditions or special load cases can be sim-
ulated. The complementary system takes on the intelligent
control of components, current flow and hydrogen produc-
tion. In and around the technology center have settled since
its completion topic-related companies and institutions, such
as the engine manufacturer Cummins Inc. or TUV Nord.

In the immediate vicinity of the user center is a system
from AGR mbH. This creates electricity and district heating
to supply the adjacent residential areas by burning waste. In
2024, a 3-MW PEM electrolyzer was installed, which pro-
duces hydrogen, and a connected H, gas station was provid-
ed. Electricity can be obtained from the burning of waste
and from own regenerative energy sources (solar and wind).
The gas station, via the pressure levels 700 bar and 350 bar,
is suitable for refueling cars, trucks and AGR’s trash collec-
tion vehicles and is currently the largest H, refueling station
across Europe.

The project E-BO(2)t is a demonstration project by the
water board Emschergenossenschaft and some project part-
ners in the nearby city of Bottrop. The goal is to test the feasi-
bility of a large-scale production of green methanol (e-meth-
anol) on a sewage treatment plant. For this purpose, biogenic
CO,, which is created in the rotting towers of the Bottrop
sewage treatment plant, is split off from the sewage gas and
brought together with green hydrogen produced on site in
order to synthesize the electric methanol and to be able to
use it as an alternative fuel. As a by-product of hydrogen pro-
duction, pure oxygen is created, which is directed to nearby
water resources for ecological improvement.

In addition to these Leuchtturm projects, numerous oth-
er initiatives and projects are being planned. Many of these
projects focus on significantly reducing the use of fossil en-
ergy sources, especially natural gas. An important approach
here is the substitution of natural gas by green hydrogen as
an energy source for the generation of process heat, which
is essential in many industrial processes. The aim of this
changeover is of course the reduction of greenhouse gases
and the associated reduction in natural gas demand.

OUTLOOK On the basis of our project portfolio and the
quantity forecasts for 2032, an annual need of around
6.5 TWh hydrogen is expected in the region, which corre-
sponds to around 200,000 tonnes per year. Although we are
expected to exceed our self-placed expansion objectives for
electrolysis capacity for 2032, we cannot cover our growing
need for hydrogen through own production and therefore
have to import hydrogen on a large scale in the future. If all
known electrolysis projects are realized, the amount of do-
mestic production will be around 40 percent. By substitution
of natural gas through this green hydrogen, we can save over
1.3 million tonnes of CO, equivalents.

Author:

Marc Luckhaus

WiN Emscher-Lippe Gesellschaft zur
Strukturverbesserung mbH, Herten
— marc.luckhaus@emscher-lippe.de
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Simulation tool supports planners

WATER IS A CHALLENGE FOR
H, FILLING SYSTEMS

The investment design and the operating strategies of H, filling units some-

times differ significantly. This can significantly influence the distribution of

contaminants such as water. Therefore, a better understanding of the underly-

ing effects is required. With the HRS-Modell, the center for fuel cell technology

in Duisburg (ZBT) has developed a simulation tool that depicts thermodynamic

processes in H, filling systems in detail.

Hydrogen filling units include gas stations for cars, buses,
trucks and trains as well as refueling systems for ship con-
tainers and trailers. The decisive processes in these units
are comparable in principle. The differences for investment
design and operating strategies lie in the detailed specifica-
tion of the application, above all in the pressure level and
throughput of the system.

While small quantities of high end pressures are often
given up at car refueling stations, very large quantities must
be filled at bottling or transfer stations. Both the correspond-
ing operating concept and the required hydrogen quality de-
pend on the respective application. It shows that there is a
connection between the investment design and quality.

The minimum hydrogen quality for use in fuel cells is de-
termined by ISO 14687 (DIN EN 17124). Accordingly, 13 dif-
ferent substances/contaminants (exclusive of particles) with
defined limit values are listed here. In practice, water has
turned out to be the contaminant with the highest probability
of appearance. The approved limit is currently 5 ppm, where-
by it continues to be intensively discussed by the standardi-
zation bodies as well as in scientific research. Among other
things, this is due to the fact that the distribution of water
in filling systems changes depending on the temperature and
pressure levels — and thus also its state of aggregation: it can
exist in gaseous form, as condensate or in ice form.

As for practice, more and more companies and operators
are reporting problems in their facilities or products. Also
experimentally, the high probability of appearance of water
could already be detected in numerous measurements. For
this purpose, the ZBT in Duisburg (Zentrum fiir Brenn-
stoffzellenTechnik Duisburg) operates an in-house laborato-
ry with the project HyLab with measuring equipment for the
full analysis of all contaminants listed in the norm.

As part of different sampling campaigns, 21 hydrogen gas
stations (hydrogen refueling stations, HRSs) were examined
as examples (see Fig. 1). Water could be detected in each of
the measured samples. You can see that the samples of some
systems have a concentration that exceeds the specification

ELECTRIC TRANSPORTATION

Authors: Lukas Willmeroth, Matz Dietrich

value or is near the specification value. Even in the case of
further sampling campaigns as part of support projects, a
clear tendency for frequent exceeding of the limit value con-
centration can be determined.

NORM-CONFORM AND YET CRITICAL? From a regulatory
point of view, the hydrogen quality at the transfer point (e.g.
interface between the injector and the vehicle) is important
for operators of filling systems. If the measured H, contam-
inants are below the required ISO specifications, nothing
stands in the way of the delivery.

In the systems, however, thermodynamic state changes
often occur locally in a very short time. If, for example, hy-
drogen is removed from storage, the pressure and temperature
within the storage vessel change. As a result, the properties of
the water also change significantly, which leads to a unit, e.g.
from the storage vessel to the transfer point, whose moisture
content is heterogeneous. In numerous samplings and analyz-
es carried out by the ZBT, it could be shown that the water
concentration within the storage is larger than at the transfer
point and that this difference is once again significantly de-
pendent on the pre-cool temperatures and mass flows.

The dew point describes the thermodynamic condition in
which water is condensed from the gas phase. The dew point
temperature, in turn, depends on the gas pressure and the
present water concentration (see Fig. 2). The blue areas mark
the dew point areas, i.e. the conditions under which water
condenses. You can see that even for H,O concentrations
below the ISO limit (5 ppm), conditions or operating states
could exist under which the water condenses.

The influence of different pre-cool temperatures on
the measured concentrations in the samples could also be
shown in experiments on the H, test field of the ZBT. Figure
3 shows the results of three samples that have been taken
one after the other, initially without cooling, then at -40 °C
pre-cool temperature and finally again without cooling. The
H,O concentration drops to under 5 ppm with cooling from
almost 42 ppm.
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Fig. 1: Measured moisture content in 21 samples that were taken at different gas stations.
Sampling and analysis were carried out by the ZBT. [Source: ZBT]
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Fig. 2: Pressure-dew point curve for different H,0 concentrations (0.1; 0.5; 1; 3 and 5 ppm)
[Source: ZBT]

The values very clearly document the great effect that the temperature has on the
measured water load. The values determined at the transfer point can therefore
deviate greatly from the values in other places in the system. At first glance, this
does not seem to be disadvantageous, since the condensation leads to lower meas-
urable concentrations at the delivery point and thus increases the likelihood of
compliance with the standard specifications.

However, this may be accompanied by the negative effects for the operator that
on the one hand there can be an enrichment of water in the unit and, on the other
hand, the condensed water could freeze. This accumulation can have a significant
impact on the operation of the units. It happens that the performance of the unit
drops because pressure losses increase or components are even completely frozen
over and the flow cross-section is closed.

In addition, ice particles can impair or damage them in their function due to the
high flow speeds. However, due to seasonally low temperatures, the accumulation of
water can occur in high-pressure storage, which can lead to the corrosion of the stor-
age vessel and, after the winter, higher water contents. The water load is therefore a

strongly safety-relevant parameter with
influence on the reliability of the unit.
Compliance and detection of the
standard conformity of the hydrogen
quality is further made difficult by the
effects described. Because if the distri-
bution of the water in the system can
change in short periods of time, the time
of sampling also has a decisive influence.
Seasonal effects and the previous man-
agement also play a significant role here.
So the question arises: When can the
sample taker take a representative sam-
ple? In addition, samples can only be
removed in a few places (usually only at
the delivery point). There are rarely ad-
ditional points for a targeted testing of
the individual containers or unit spaces.
The analysis therefore does not nec-
essarily provide an actual knowledge
of the general hydrogen quality from
storage to the delivery point, but rather
represents a snapshot under the pre-
vailing framework. A comprehensive
insight into the conditions of the over-
all system is denied. As part of the IGF
funding project HRS-Modell II, the
ZBT together with the chair of energy
technology at the University of Duis-
burg-Essen will engage this topic both
simulatively and experimentally.

HRS-MODELL - DESIGN AND OPERA-
TION OPTIMIZATION Alreadyin the now
expired funding project HRS-Modell
(term 2021 to 2024), the two research
centers have developed a simulation
tool that shows the thermodynamic
processes in H, filling systems in detail.
The tool offers the user the opportunity
to map systems individually, making it
easier to interpret and optimize hydro-
gen units. This includes, for example,
the filling and emptying of storage ves-
sels and parallel or booster refueling as
well as the mapping of various operat-
ing concepts. Complex processes such
as cyclical considerations and trailer
change can also be simulated.

In its current version, the model is
based on MATLAB Simulink and was
developed with the objective to provide
partners, companies and interested
parties a digital test environment. A
particular advantage of the model lies
in its efficiency: Short computing times
enable simulations even without a spe-
cial simulation calculator. Results are
output in real time and can be analyzed.
It also enables specialized users such as
component manufacturers to integrate
their own components in the holistic
system context and to understand the
real requirements.
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Correlation between moisture and pre-cooling temperature
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Fig. 3: Dependence of the water load on the pre-cool temperature. Three samples (P1, P2
and P3) were removed from the dispenser without cooling (P1 and P3) and with cooling
(P2). With cooling switched on, significantly less water is detected than without cooling.
[Source: ZBT]

The significant individual components of H, filling systems, such as storage ves-
sels, compressors, cooling, pipelines and equipment, are thermodynamically in-
tegrated as individual models and the calculation methods are validated by the
H, test field of the ZBT using the measurement data. Based on these individual
models, users can build up a complete system. In the past, the HRS model has also
been used for designing as part of cooperation with industrial partners.

The tool is available free of charge via its own website (hrs-modell.de/en/home-
pre-en/). The aim is to share knowledge and to facilitate access to it and thus to
support a better understanding of the real requirements by integrating the model
into industrial and scientific applications.

FOLLOW-UP PROJECT IN THE STARTING BLOCKS In order to meet the always
changing requirements, the work on and with the HRS model is now being con-
tinued in a follow-up project. The already approved project HRS-Modell II builds
on the existing concept and expands it with new functions. In order to address the
topic of the water load in hydrogen, a module is added to the tool that allows this
very thing to be simulated in. In addition to the actual operation of the unit, the
behavior of water can also be shown and analyzed. The aim is initially a better un-
derstanding of the determining effects in order to then develop recommendations
for action for operators and manufacturers and thus make a contribution to better
system reliability and security.

While the general processes in H, filling systems are comparable, the require-
ments and thus also the possible design and operating concepts differ. For filling
systems for trailers, the large technical diversity of vehicles (different pressure lev-
els, storage types and sizes) is an increasingly large challenge, and gas stations that
have been in operation for some time have to be rebuilt or expanded in order to be
able to meet current requirements. Above all, the demands for more throughput
and shorter filling or withdrawal times are becoming stronger.

In order to be able to map these processes efficiently and in a targeted man-
ner, extensive concept development and evaluation is important. As part of the
HRS-Modell IT project, this is addressed by adding a module to the model that can
be energetic and economically efficient. The significant criteria for optimization
can be set by the users. The aim is to enable users to understand the possible trade-
off between capital costs (capex) and variable energy costs (opex) and to identify
the specifically optimal variant for their own application. Overall, the optimization
of the units already in operation and the future units can be minimized by the total
costs and thus an operation optimized in economic terms can be made possible.

Experiments are carried out on the H, test field of the ZBT in order to map
relevant system concepts and thus provide data to validate the calculation meth-
ods. The infrastructure of the test field allows the targeted approach of operating

ELECTRIC TRANSPORTATION

points in order to present interesting
extreme scenarios for the simulation.
In addition, the project structure reg-
ularly involves industry partners as
part of a project support committee. As
part of these and other cooperations,
HRS-Modell is also validated with data
from real systems.

NEW PROJECT STARTS IN APRIL
HRS-Modell II is starting on April 1,
2025 and is designed for a term of 30
months. In the first year of the project,
the topic of the water load is specifically
focused on. The project-accompanying
committee currently has 23 members.
Participation in the project-accompa-
nying committee is still possible for
interested parties after the project start.
In addition to sampling and analyzes
of the in-house hydrogen, the ZBT is
already working with partners to take
samples on operated real-world units.
Cooperation with partners is also ac-
tively promoted outside the HRS-Mod-
ell project, including through working
in workshops, direct advice or coopera-
tion in further research projects.

In addition to scientific use of the
results obtained, care is particularly
taken to make the results usable for in-
dustry. In addition to the presentation
and distribution of the project results
to the project-accompanying commit-
tee, industrial associations as well as
national and international standardi-
zation bodies will therefore also be ad-
dressed. The model offered via the web-
site will also be updated in the course
of the project — with the clear objective
that the use for all user types will re-
main completely free and license-free
in the future.

Both projects (IGF HRS-Mod-

ell 21801 N and IGF-HRS-Modell
2_01IF23409N) were or are being
funded by the German ministry of eco-
nomics and climate protection on the
basis of a decision by the German par-
liament. «
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Hydrogen generator in the low power range

DEVELOPMENT OF A DIGITAL TWIN

With the project “Digitale Prifplattform fir die Fahrzeug- und Zulieferindustrie”

(digital test platform for the automotive and supplier industry), or Digipriifen

for short, a digital twin and an Al-supported maintenance system for hydrogen

generators will be used to optimize their efficiency and availability. Through

sensors, machine learning and simulations, a test platform for industry is being

created in the project funded by the German ministry of economics and climate

protection.

Author: Ralf Winterstein

The automotive industry is an important sector in Germa-
ny with great potential for CO, reduction. Unfortunately, it
is one of the few sectors in Germany whose greenhouse gas
emissions have not fallen as required in recent years. This
is one of the reasons why an energy transition is also being
sought in the automotive sector. The increasing pressure on
the industry due to the threat of driving bans in cities is caus-
ing a rethink.

Some countries in Europe are already planning to say
goodbye to the combustion engine between 2030 and 2040,
and China is also considering the introduction of an electric
car quota. The German automotive industry is also required
to trade under these conditions. Two technologies are imme-
diately available to reduce CO, emissions in the long term:
battery electric drives and hydrogen-powered fuel cell drives.

A- Information of input/output Parameters

The fuel cell drive is particularly essential for the transport
sector with often long distances.

A further consideration applies to the digital service
based on it, which in the future can help in particular small
and medium-sized companies in the vehicle and supply in-
dustry.

In order to ensure the supply of green hydrogen for the
testing of corresponding components for various fuel cell
systems, an H, generator was developed that enables users
in the vehicle and supply industry to set up a virtual test
environment. For this purpose, Schmidlin Labor + Service
GmbH & Co. KG has equipped various hydrogen generator
classes with the appropriate sensors in order to be able to
map them as a virtual simulation model based on a generic
model to be developed.

C- Schmidlin Internal
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: : B- Communication Schmidin
I Generator ) ——— 1 - Cloud
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| |
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Fig. 1: A communication protocol is created by the sensors to the computer via Modbus. Using the OPC/UA loT connector, the information

can be transmitted directly to the database. [Source: Schmidlin]
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Polarization Curve: Voltage vs. Current Density - Different cell ages
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Fig. 2: To create these polarization curves, the voltage was recorded with different currents and different pressures in order to be able to

map the degradation

Both algorithms and machine learning approaches are re-
searched and developed in order to create the most accurate
virtual model, that is, the digital twin. This digital twin en-
ables different operating states and potential sources of er-
ror to be analyzed and optimized in advance. Maintenance
cycles can thus be made more efficient, and the lifespan of
components can be extended.

Based on this, corresponding services or microservic-
es with regard to “Prognostics and Health Management”
(PHM) are being researched and experimentally implement-
ed. The results will be prepared as part of a common use case
of the project partners. Not only is the performance of the
digital twin being analyzed, but how this technology can be
transferred to other industrial areas examined.
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Fig. 3: Forecast of cell voltage - created with LSTM machine
learning algorithms

DEVELOPMENT

Virtual simulation models of the test systems are required
as the basis for virtual test environments. For this reason,
a digital twin of H, gas generators in cooperation with pro-
ject partners is initially developed as part of the project and
as the basis for further R&D applications. The first goals are
the model concept and the creation of a suitable database,
which is shown in a cloud platform (see Fig. 1). Based on this,
Al-based simulation models (white box and black box mod-
els) of the hydrogen generators are developed, trained and
merged into an overall model (gray box model) and tested.

In addition, a “Prognostics and Health Management”
system of the hydrogen generators is being researched,
which gives users the opportunity to automatically monitor
the condition of individual test bench components and to in-
form about necessary maintenance in advance (see Fig. 2).
Possible failures should be recognized at an early stage so
as not to affect experimental implementations. In this way,
more eflicient, cheaper and sustainable testing can be made
possible.

First, the most important damage mechanisms and ag-
ing processes of the various H, generators are examined and
analyzed. Corresponding and comprehensive parameter
monitoring are developed and implemented on the test sys-
tems.

Subsequently, a database for the subsequent data-driven
model development of the PHM system is based on these test
systems. The testing, validation and optimization of the in-
telligent model are implemented using real experiments on
the hydrogen generators (see Fig. 3). «
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System solutions for hydrogen supply and water separation

RELIABLE OPERATION OF

FUEL CELLS

Fuel cell systems have much fewer components compared to other energy con-

verters such as internal combustion engines, but even they need pumps and

valves as well as the corresponding sensors. Thus, among other things, precise

hydrogen dosing, safe hydrogen cut-off and precise water separation in the anode

circuit of the fuel cell must be guaranteed.

Fig. 1: Robert Baustadter with the media adapter plate [Source: Proton Motor]

The basic structure of a PEM fuel cell is relatively simple (see Fig. 3). It consists of
two electrodes that are separated by a membrane. On the anode side, the energy
source hydrogen is supplied as fuel and on the cathode side, oxygen from the
air is supplied as an oxidizer. The membrane itself is coated on both sides with
catalyst material. This ensures that electrons are split off from the hydrogen mol-
ecule on the anode side. The membrane is permeable to the resulting protons, so
they can pass through and make it to the cathode side, in order to be able to react
there with oxygen from the air to form water.

The electrons that split off on the anode side travel to the cathode via a closed
electrical circuit. Used in this are the electrical as well as thermal energy. In a
vehicle, this electrical energy can then be used, for example, to charge a battery or
directly for the electric drive. In the stationary area, for example for the self-suffi-
cient energy supply of a house or building complex with electricity and heat, the
fuel cell ensures emissions-free living with renewable energies. When used to

Authors: Sven Geitmann, Dominik Frohlich, Jan Beranek

secure critical infrastructures such as
signal boxes or data centers, hydrogen
fuel cells are used instead of diesel gen-
erators and enable the use of CO,-neu-
tral energy.

SAFELY DOSE HYDROGEN So that
PEM fuel cells like the HyStack® 400
from Proton Motor Fuel Cell GmbH
(see Fig. 2) can be operated without
any problems, among other things,
components for the hydrogen supply
and water separation are required that
meet the fluid control demands of the
manufacturer and feature defined in-
terfaces to the fuel cell stack module.
Robert Baustddter (see Fig. 1), Fuel Cell
Engineering division at Proton Motor,
stated: “Such systems are essential for
the functioning of the fuel cell, because
they regulate the supply of hydrogen at
the anode input and are also respon-
sible for the safety shutdown. At the
anode output, they must ensure gas
purging and water separation.” Only
then can several of these stacks (21.3 to
49.7 kW) be connected together and in
HyShelter® (see fig. on p. 4) sold to cus-
tomers as a turnkey container solution.

The Bavarian company developed
solutions for this together with Biirk-
ert Fluid Control Systems, an expert
for special fluidic components, whose
materials are tailored to the special re-
quirements of these areas of application
and form the basis for a wide variety of
system solutions. Among other things,
compact blocks were developed for
both anode supply and water separation,
which are attached directly to the stacks

H2-International 02 | MARCH 2025



42

Fig. 2: The HyStack® 400 module from Proton Motor
[Source: Proton Motor]

using fluidic screw connections and require little installation
space (see Fig. 1). “The media adapter plates, which we have
a partner produce using 3D printing, are more than just a
mechanical interface. They are a multifunctional component
that monitor the pressure and temperature of the individual
stretches as well as ensure the proper tempering of the overar-
ching system,” reported Robert Baustidter. The fuel cells are
quickly ready for operation even in sub-zero temperatures.

CONTROL VALVES IN THE ANODE BLOCK In the anode
block, a servo-controlled piston valve provides safety shut-
off for the hydrogen supply. An integrated pressure sensor
checks for the target pressure. As a redundant safety compo-
nent, a pressure switch is also installed. To increase pressure
and leakage safety, the plug and core guide tube are welded
together. The shape and surface quality of the housing enable
maximum flow values. The coils are pressed with chemically
highly resistant epoxy.

A second valve - a direct-acting proportional valve - as-
sumes the pressure control for the hydrogen. It is, with its
integrated cut-off function, likewise tightly closing. For use
in fuel cell systems, suitable plug-in (cartridge) and flange
housings as well as magnetic coils with automotive connec-
tors of protection class IP6K9K are also available.

direct current

WATER AND HYDROGEN SEPARATION In fuel cell systems,
the hydrogen introduced into the anode is never completely
used up. In a recirculation cycle, the unused hydrogen is not
wasted, but is fed back into the stack. At the anode output,
the water separator with two integrated valves ensures, on
the one hand, the flushing process of the fuel cell system and,
on the other, the separating out of the water evolved in the
stack during the chemical reaction.

For the two direct-acting plunger valves, the plug and
core guide tube are welded together to increase the pressure
and leakage safety. The sealing materials are adapted to the
application, because the valves not only have to work pre-
cisely and reliably, but also have to be tailored to the specific
area of application. With hydrogen, for example, the materi-
als used must not become brittle and must not corrode when
used with deionized water.

Robert Baustddter summarized: “For the HyStack 200
with outputs from 4 to 11 kW that is currently being devel-
oped, in principle the same fluidic systems could be used,
just with smaller nominal valve sizes.” «

BUSINESS OPERATIONS OF PROTON MOTOR ARE
SHUTTING DOWN

At the time of going to press, it was questionable what
would happen next with the Puchheim-based company.
Due to financing problems, employees are currently be-
ing laid off and new investors are being sought.

Authors:
Sven Geitmann

Dominik Fréhlich
Jan Beranek
both at Birkert Fluid Control Systems, Ingelfingen, Germany
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Upgrading the gas infrastructure

MATERIAL TESTING AS A
GUARANTEE OF SAFETY

For hydrogen to be able to be used as an important part of the energy transition

comprehensively in industry, mobility and energy supply in Germany, new lines

must be built and existing natural gas pipelines must also be upgraded for hy-

drogen transport. This can be challenging, as hydrogen is explosive and attacks

the materials of the pipes. Professional material testing creates the necessary

Author: Stephan-Lederer

security regarding this.

With the national hydrogen strategy, the federal government
is relying on hydrogen as an alternative energy source for in-
dustry, mobility and energy supply. H, is a promising solu-
tion to support the clean energy transition: Hydrogen has a
wide range of possible applications, be it in power generation,
in the operation of fuel cells for mobility applications, in in-
dustry or in heating technology. This means that hydrogen
has great potential for reducing emissions; sustainability
arises from the use of green hydrogen. H, can additionally
serve as long-term storage, because it or its derivatives have a
better storage capacity than electricity.

For all these areas of application, hydrogen must be trans-
ported as a gas or in liquid form: in pipelines as the backbone
of an H, infrastructure or in tanks on the road, rail or at
sea. However, ensuring the necessary security represents a
technical challenge, because hydrogen is highly flammable
and has a wide flammability range in which it could explode.
Leaks must therefore be avoided at all costs, and materials
and lines must be tight and H,-resistant.

HYDROGEN CAN AFFECT PIPE MATERIALS This is demand-
ing, as hydrogen reacts with other materials and influences
their properties: Hydrogen embrittlement (HE) can occur
when hydrogen atoms penetrate metals. H atoms diffuse into
the metal structure and accumulate on lattice defects such as
grain boundaries, dislocations or cavities. This reduces the
strength and ductility of the metal, so its properties, leading
it to plasticly deform under the load, before it gives out. This
makes it more susceptible to cracks and breaks under stress.
High-strength steels and alloys (tensile strength: R, >
1,000 MPa) are particularly affected as well as weld seams.
With repeated mechanical stress, such as pressure surges like
those that occur during pipeline operation, cracks can spread
more quickly. Additionally, thermal-mechanical effects can
be observed: At higher temperatures, hydrogen atoms can
penetrate faster and deeper into the metal, and, depending
on the material, another damage mechanism called HTHA
(high temperature hydrogen attack) can come into play.

At higher pressure, the amount of hydrogen that can pene-
trate the metal increases. In humid environments, hydrogen
and water can work together and accelerate corrosive attacks.
Shifting temperatures and pressures then pose further chal-
lenges.

The result of these effects is a reduced service life of the
transport lines: The material fatigues more quickly, cracks
can occur and premature material failure can occur. That
makes more frequent maintenance, inspections and the re-
placement of parts of the systems necessary, which leads to
downtime. On top of that are safety risks such as leaks and
the risk of explosion.

NATURAL GAS PIPELINES FOR H, TRANSPORT? Planned
is the repurposing of existing natural gas pipelines for the
transport of hydrogen. In parts of Germany, ten percent hy-
drogen is currently mixed with natural gas. The switch to
100 percent hydrogen is currently being tested in pilot pro-
jects. Many of the materials used in the natural gas pipelines
are fundamentally also suitable for transporting hydrogen.
However, attention must be paid to compatibility, which is
why material testing is essential. This means that the mate-
rial must be tested for hydrogen embrittlement and its suit-
ability.

On the other hand, with hydrogen, whose molecules are
smaller than those of methane, there is increased diffusion
through seals and therefore a higher risk of leaks, which
sometimes makes it necessary to replace seals and valves. In
addition, better monitoring and control systems are neces-
sary for (early) leak and situation detection.

MEASURING THE INFLUENCE OF H, PRESSURE ON THE
INFRASTRUCTURE How hydrogen affects the materials of
the infrastructure is being examined in material testing us-
ing a combination of laboratory tests, microstructure anal-
yses, simulations and long-term field tests: In tensile tests,
for example, material samples are loaded under various H,
pressure conditions in order to measure strength, ductili-
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Fig.: Insight into the material testing laboratory: A part of an H, line with sampling according to the appropriate tests [Source: TUV Hessen]

ty and fracture behavior. Charpy impact tests evaluate the
toughness of the material and its ability to absorb energy
before it breaks. Hydrogen can significantly reduce notch
toughness.

During pressure and fatigue tests, materials are exposed
to cyclic and different pressure conditions to investigate their
fatigue strength and behavior under repeated loading. Fur-
ther insights into material behavior and reliability can also
be gained from field reports and data analyzes of existing
hydrogen infrastructures.

Additional factors critical for assessing the suitability
of materials for hydrogen pipelines include fracture tough-
ness and crack growth behavior. They allow conclusions to
be drawn about the safety, reliability and service life of the
pipeline: Fracture toughness indicates how well a material
can resist the propagation of a crack or defines the lowest
value that a material must have in order to be considered safe
for use. The tests allow precise service life predictions and,
through the selection of suitable materials, longer operating
times.

The quality of the pipeline welds is determined through
visual inspections and non-destructive and destructive tests
such as fracture mechanical analysis. International norms
and standards such as ASME B31.12, ISO 11114 and others
provide guidelines and minimum values that materials must
meet. For example, the minimum fracture toughness is typ-
ically in the range of 50 to 100 MPa-m1/2.

Because there are still regulatory gaps, especially in na-
tional and European standards, the DIN has initiated the
standardization roadmap Normungsroadmap Wasserstoff.
For example, with DIN EN 13445-15 and DIN EN 13480-
11 additional requirements for pressure vessels and pipelines
for hydrogen applications are currently being developed.

SAFETY

TESTING BY ACCREDITED BODIES Material tests should
be carried out by an accredited laboratory in order to meet
the high quality and safety requirements. TUV Hessen as an
approved company for materials testing for example offers
comprehensive testing and certification services, including
non-destructive and destructive tests as well as special tests
such as H, qualification. The accreditation in accordance
with ISO/IEC 17025 certifies that the company meets the
requirements of an internationally recognized standard for
expertise in testing and calibration laboratories. DIN EN
ISO/IEC 17025 is the globally valid standard for laboratory
accreditation in the area of testing and calibration: It defines
general requirements for competence, neutrality and work-
ing methods. An approved testing laboratory brings the nec-
essary expertise through technical knowhow and experience,
and guarantees independence and objectivity and compli-
ance with international standards and thus conformity. For
companies, this means increased security, risk reduction
and cost savings in the long term.

SUMMARY To upgrade natural gas pipelines for the trans-
port of hydrogen, a testing of the materials must occur. Be-
cause hydrogen embrittlement, which can arise from oper-
ation with H,, leads to premature material fatigue and can
impair safety. The necessary tests and trials should be relia-
bly carried out by accredited testing laboratories.
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It can still take many years until profitability

NEXT DRY SPELL FOR HYDROGEN
SHARES?

Politicians have big plans, and to reduce harmful greenhouse gases, they're put-
ting billions into the expansion of production and pipeline networks for “green”
hydrogen. One of the ambitious targets is to increase its share of total energy con-
sumption in the EU to over 20 percent by 2050 if possible. In Germany alone, they
want to invest around 19 billion euros in the planned H, core network, which is
to increase to over 9,000 kilometers across all German states by 2032. With these
pipelines, hydrogen should then flow from the northern German ports to storage
facilities or power plants. In the final expansion - around 60 percent of the net-
work will be former natural gas pipes - the feed-in capacity is to be over 100 giga-

watts, according to the German network agency (Bundesnetzagentur).

In order to meet the forecast demand of 130 TWh of green
hydrogen by 2030, it is estimated that around 70 percent of
this will have to be imported. However, it is far from certain
that the other 30 percent — despite subsidies - can be pro-
duced domestically at economically viable prices.

According to a study by the Potsdam Institute for Cli-
mate Impact Research, H, programs have now been imple-
mented in over 60 countries. However, of the production
capacity announced for 2023 of over 1,200 projects world-
wide, only a small fraction of seven percent have been es-
tablished. One reason for this is that it is still uncertain how
energy prices, CO, taxes and state subsidies will develop in
the next few years, since the global production budget of
almost one trillion euros required for the expansion plans
over the next six years (up to 2030) is far from being com-
mitted - and will be increasingly difficult to raise in times
of increasing public debt.

In the HYPAT research project, which is developing a
“global hydrogen potential atlas”, the Fraunhofer Institute
for Solar Energy Systems in Freiburg has estimated the
respective costs for various locations in potential supplier
countries — from Brazil to the United Arab Emirates. De-
pending on the power-to-X product examined (a total of
five, in addition to liquid hydrogen e.g. ammonia or meth-
anol) and storage or transport option (pipeline or ship), hy-
drogen prices per kilo are expected to be between 3.50 and
6.50 euros in 2030, which could fall to between 2.00 and
4.50 euros by 2050.

One of the influencing factors here is water consumption,
as each kilogram of hydrogen requires up to 20 liters of water

Author: Max Deml

for electrolysis (incl. cooling of the systems), which in some
regions can only be obtained by complex procedures such as
seawater desalination.

LISTED COMPANIES IN THE H, SECTOR With the exception
of large corporations such as the French industrial gas pro-
ducer Air Liquide SA or Linde plc, in which there is only
a fraction of the turnover based on hydrogen, most of the
listed companies that have to do with research, production
or infrastructure in the area of hydrogen have been writing
losses for years. It is therefore not surprising that the shares
— see key figure table for 21 companies - often fell by more
than 50 percent in the twelve months from February 2024 to
January 2025, with two even by 96 percent. In relation to the
maximum price shares of three to four years ago, the prices
are often over 90 percent lower.

Many expectations have not been met or projects have
been delayed greatly. But despite increasing balance sheet
losses, the stock market values are usually still significantly
above the last annual sales figures.

Some smaller companies had to register bankruptcy years
ago, e.g. the Canadian pressure tank manufacturer Dynetek
Industries, the Berlin Heliocentris Fuel Cells AG, Syngas
International or the Norwegian fuel cell manufacturer Teco
2030, which had planned a “gigafactory” for truck and ship
drives. The non-listed Hydrogen Emobility AG (based in
Schonbrunn Castle) was also liquidated in 2023. The stock
market values of some small caps such as the Swedish Cell
Impact or the US Hydrogen Engine Center have dropped to
a few million euros or even less than EUR 1 million.
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Other companies, such as the Danish
Nel spin-off Everfuel A/S, which has
been listed since October 2020 and
whose shares were last traded at the end
of 2024, were taken over. In 2023, Ever-
fuel increased sales by 128 percent to
around 5.7 million euros with around
75 employees, but the loss of almost
EUR 16 million also rose to around
EUR 28 million. The share price on the
home exchange Oslo sank from over
NOK 183 (early 2021) until May 2024
to under NOK 11 (which corresponded
to a stock market value of almost 80
million euros).

At this point, a hydrogen pipeline
between Denmark and Germany was
planned, for which Everfuel was to
supply around 10,000 tonnes of green
hydrogen (RENBO, i.e. non-biological
origin) annually (which would have
required an electrolyzer capacity of at
least 100 MW). Now the free Everfuel
shares - forcibly — hiked to a price of
NOK 13 via the Faro Bidco APS in in-
frastructure investment funds that will
be advised by Swiss Life Asset Manage-
ment AG.

Still other stocks, such as that of the
Canadian Powerap Hydrogen Capi-
tal Corp. (www.powertapcapital.com),
formerly a cannabis startup, have hard-
ly been traded after the plan to set up
an H, gas station network in the USA
and Canada could not be realized. The
share price dropped from around USD
50 (2021) to below USD 0.01.

Sunk strongly from NOK 25
to under NOK 1 is also the price of
Havila Kystruten AS, founded in 2017
and listed since 2021, which operates
four hydrogen battery-powered pas-
senger ships (mainly for tourists) along
the Norwegian coast from Bergen to
Kirkenes and has been making more
losses every year since its launch (2023
e.g. over NOK 900 million) than turno-
ver (approx. NOK 764 million).

In the following are details of more
or less important H, shares - in alpha-
betical order:

BALLARD POWER SYSTEMS

The company, founded in 1979 (initially
with the aim of researching and devel-
oping lithium batteries) and, which has
been listed since 1993, has repeatedly
financed losses in billions in the area
of fuel cells through capital increases.
The Automotive Fuel Cell Cooperation
(AFCCQC), the division for automotive
drives, was sold to Daimler and Ford in
2008 and dissolved again in 2018, with
the majority of the machine park going

MARKET

back to Ballard Power. In 2018, Weichai
Power took a stake in Ballard Power
with around 20 percent in order to use
its technology for trucks and buses in
China. At the end of 2024, the fuel cell
pioneer received another delivery order
for 98 hydrogen engines from the rail-
way operator Canadian Pacific Kansas
City, which are intended to replace the
diesel engines of the locomotives - for
refueling, there are already the first hy-
drogen gas stations on the route.

BLOOM ENERGY

Bloom Energy from San Jose, Califor-
nia, is one of the few share price win-
ners in 2024. The company, founded in
2002 by four former NASA employees,
specializes in the production of fuel
cells for stationary power supply. De-
spite a lower turnover of USD 330 mil-
lion (-18%), the loss of USD 169 million
in the previous year was reduced to less
than USD 15 million in the 3rd quarter
of 2024.

CERES POWER HOLDINGS PLC

The British company, founded in 2004,
develops electrolysis technologies for
green hydrogen and fuel cells for elec-
tricity production in the business areas
SOFC (solid oxide fuel cell) and SOEC
(solid oxide electrolysis cell). It belongs
to around 37 percent of the two main
shareholders Weichai Power and Rob-
ert Bosch GmbH.

ENAPTER AG

The company, headquartered in Ger-
many with a research and production
location in Italy, has developed electro-
lyzers in single- and multi-core systems
and has now sold to over 350 customers
in over 50 countries, from energy and
transport to heating and telecommuni-
cations companies. After projects were
delayed, management in November re-
duced the sales forecast for 2024 from
EUR 34 million to EUR 22 to 24 mil-
lion - the annual loss could reach the
ten million-euro mark. Part of the or-
der volume of around 50 million euros
comes from the US subsidiary Clean
H2 Inc. (www.cleanh2.energy), which
is benefitting from the Inflation Reduc-
tion Act, including the funding of hy-
drogen applications.

FUELCELL ENERGY

The company based in Danbury, USA,
which is primarily active in the field
of industrial production, was founded
in 1969 and employed 591 employees
at the end of the last financial year. Ja-
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son B. Few held the chairmanship. The
largest shareholders are The Vanguard
Group, Inc., BlackRock Fund Advisors
and Legal & General Investment Man-
agement Ltd.

H2 CORE AG

H2 Core Systems GmbH, a spin-off
of the TC Hydraulik Group, was as-
sessed as a contribution in kind with
EUR 36 million and against 10 million
stocks (to the shareholders TC Holding
GmbH, World Wide Green Holding
GmbH, BluGreen Company Ltd. and
Enapter AG) brought into MARNA
Beteiligungen AG, which had left the
previous business area (ship financ-
ing) and has been renovated to H2
Core AG. Together with the previous
share of around 1.5 million stocks and
a capital increase in mid-2024 (324,826
new stocks were issued at EUR 2.20
per share), there were over 11.8 million
stocks at the end of 2024. In the first
half of 2024, the sales of the system
integrator (with customers in Europe,
Asia, South America and the USA) rose
by 48 percent to around EUR 3.13 mil-
lion, with the loss to EUR 2.5 million.
Enapter AG is the main supplier of
the electrolysis blocks (stack modules)
necessary for the hydrogen-based plug-
and-play supply solutions from H2
Core.

HYDROGENPRO ASA

The main product of the company spe-
cializing in hydrogen and renewable
energies is an alkaline high-pressure
electrolyzer. Innovative coatings were
developed with the acquired Danish
Advanced Surface Plating APS. The
systems can be adapted to the custom-
er’s request. The main shareholders are
the Austrian plant engineer Andritz
AG (23%) and the Japanese Mitsubishi
Heavy Industries (17%).

INDUSTRIE DE NORA S.P.A

The Milan company, founded in 1923
(by Oronzio de Nora) and has been
listed since 2022, is one of the world
market leaders in the field of electro-
chemistry. In addition to electrodes
and coatings for various industries (e.g.
chlorine chemistry), electronics com-
ponents, water filters and disinfection
technologies, the product range also in-
cludes components for hydrogen elec-
trolysis. De Nora is present in ten coun-
tries — there are also research centers
in Italy, Japan and the USA - and after
the Thyssenkrupp Group with almost
25 percent, is the second largest share-

holder of the Thyssenkrupp Nucera AG
& Co. KGaA. In 2023, sales rose only
minimally to a good 856 million euros,
but the profit by 158 percent to EUR 231
million. In 2022 and 2023, dividends
(each 0.12 euros per share) were distrib-
uted. The equity ratio is relatively high
with 68 percent recently, but the profit
may have decreased considerably (es-
timated to be less than 80 million eu-
ros) in 2024 - as well as the share price,
from over 20 euros (mid-2023) to less
than 7 euros in February 2025.

ITM POWER PLC

The British company, founded in 2001
(www.itm-power.com), is one of the
most established companies in the elec-
trolysis industry in Europe, even if sales
are still very low compared to the stock
market value. ITM Power, whose three
major shareholders also include Linde,
has, among other things, founded a
joint venture (50/50) with Linde: ITM
Linde Electrolysis GmbH (ILE GmbH)
wants to implement the world’s largest
electrolyzer system in Leuna, Germany.
ITM Power offers several electrolyz-
er models, from Trident (2 MW) and
Neptune to Poseidon (20 MW) for ma-
jor projects. The share price dropped
from GBP 7.17 (early 2021) by over 95
percent to less than 0.35 (February
2025), which corresponds to a market
value of almost GBP 220 million, al-
most ten times the turnover of the last
four quarters.

MCPHY ENERGY S.A.

The company, headquartered in Gre-
noble and having several subsidiaries
such as McPhy Energy Deutschland
GmbH, sees itself as “developers and
manufacturers of systems for the pro-
duction and distribution of carbon-free
hydrogen.” In addition to electrolyz-
ers, the locations in France, Germany
and Italy also offer storage containers
and systems, including for the energy
and transport area. The sales forecast
for the financial year 2024/02/01 to
2025/01/31 was reduced from 18 to 22
million euros to EUR 11 million in au-
tumn 2024.

NEL ASA

After electrolysis, the Norwegian com-
pany, founded in 1927, also specialized
in infrastructure (construction of hy-
drogen refueling stations and injector
systems, mainly for transportation)
and founded with Hexagon Compos-
ites and PowerCell Sweden the joint
venture Hyon for the area of watercraft
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Share

Air Liquide SA 176.62 176.62 101,807 52% 1.6%
CAN Ballard Power 1.75 1.16 349 3.8 neg. 92% 0.0%
USA Bloom Energy 24.02 22.99 5,255 4.1 neg. 22% 0.0%
GB Ceres Power Holding plc 73.80 0.89 173 6.4 neg. 88% 0.0%
D Enapter AG 3.49 3.49 101 3.2 neg. 57% 0.0%
USA FuelCell Energy 5.77 5.52 13 1.1 neg. 77% 0.0%

H2 Core AG 0.82 0.82 10 1.9 neg. 31% 0.0%

Hydrogenpro ASA 4.795 0.41 34 0.7 neg. 70% 0.0%
| Industrie De Nora SpA 8.855 8.86 1,786 2.1 21 69% 1.4%
GB ITM Power plc 29 0.35 217 10.9 neg. 52% 0.0%
GB Linde plc (Kurs in USD) 445 425.94 202,814 6.5 33 51% 1.1%
F McPhy Energy SA 0.94 0.94 28 1.5 neg. 54% 0.0%
N Nel ASA 2.23 0.19 319 2.2 neg. 72% 0.0%
USA Nikola 0.201 0.19 16 0.5 neg. 55% 0.0%
USA Plug Power 1.61 1.54 1,404 1.6 neg. 59% 0.0%
S PowerCell Sweden AB 32.20 2.88 167 6.0 neg. 65% 0.0%
GB Proton Motor Power Systems plc 0.15 0.00 3 1.2 neg. neg. 0.0%
D SFC Energy AG 18.46 18.46 321 2.7 15 71% 0.0%
I Snam SpA 4.649 4.65 15,574 3.7 14 23% 6.0%
D thyssenkrupp nucera AG & Co. KGaA 8.415 8.42 1,063 1.2 97 59% 0.0%
HK Weichai Power 15.28 1.88 16,414 0.6 13 34% 3.7%

Summe / Median 347,968 2.2 58% 0.0%
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with fuel cell drives in 2017. As part of
the PosHYdon consortium, an offshore
hydrogen production system (on the
oil and gas platform Ql3a-A of Nep-
tune Energy) is also planned. After Nel
CEO Hakon Volldal in 2024 only saw

“limited synergies between the business

areas of refueling and electrolyzers,”
the refueling division under the name
Cavendish Hydrogen was outsourced
and separately brought to the stock
exchange in Oslo. In 2023, Cavendish
generated and announced an equally
high loss with NOK 330 million turn-
over (+59%) and announced the releas-
ing of around 45 percent of the employ-
ees in the Ist quarter of 2025.

NIKOLA

A tragedy is the share of the US com-
pany named after Nikola Tesla based in
Phoenix, Arizona. Already at the pres-
entation of the first “hydrogen-pow-
ered” truck, it turned out that the ad-
vertising video was a fake (a moving
Nikola truck was shown that was not
operated with hydrogen). There are col-
laborations with German companies
and with the Norwegian Nel (for a hy-
drogen refueling station network in the
USA). After a hype with share prices of
over USD 80 (split-adjusted would have

been around USD 2,000) and judicial
convictions of the first CEO, the stock
is now a penny stock. The stock market
value has shrunk from at one time tens
of billions to around USD 50 million,
which is not surprising: In 2023, a re-
cord loss of over USD 864 million at not
even USD 36 million turnover.

PLUG POWER

The US company is one of the world’s
largest buyers of liquid hydrogen, but
after the takeover of United Hydrogen
(2021) it also produces it itself. At the
beginning of 2025, the US energy min-
istry (DOE) via the Loan Programs
Office (LPO) and in accordance with
the Justice40 initiative of the Biden
Administration gave the green light for
the requested loan guarantee of USD
1.66 billion. This is intended to finance
the development, construction and
ownership of up to six systems for the
production of green hydrogen. A sign
of hope after reducing the sales forecast
for 2025 from USD 1.5 billion to 850 to
950 million at the end of 2024.

POWERCELL SWEDEN AB

The company, founded in 2008, pro-
duces fuel cell systems that can con-
vert fossil as well as renewable energy



Revenue
Mio. Euro

4% www.airliquide.com 67,800 27,610
-60% www.ballard.com 1,200 92
165% www.bloomenergy.com 2,400 1,276
-60% WWWw.cerespower.com 600 27
-52% www.enapterag.de 200 32
-84% www.fuelcellenergy.com 600 107
-72% www.h2core.com 40 5
-63% www.hydrogen-pro.com 230 49
-51% www.denora.com 2,000 856
-48% www.itm-power.com 360 20

8% www.linde.com 66,300 31,443
-53% mcphy.com 270 19
-50% www.nelhydrogen.com 670 144
-99% nikolamotor.com 870 34
-59% www.plugpower.com 3,900 853
-8% powercellgroup.com 150 28
-96% www.protonmotor-powersystems.com 110 3

6% sfc.com 400 118
6% www.sham.it 3,800 4,244
-45% www.thyssenkrupp-nucera.com 650 862
6% www.en.weichaipower.com 47,600 29,002
-51% 200,150 96,823

sources into hydrogen. So far, it has
produced losses, with one exception in
2019: The sale of around 50 million eu-
ros was achieved by selling an exclusive
production and sales license for the S3
fuel cell stack to Robert Bosch GmbH.
In the first three quarters in 2024, sales
rose by four percent to over SEK 190
million, but accrued a loss, like in the
previous year’s time with SEK 53 thou-
sand, of around SEK 50 million.

PROTON MOTOR POWER SYSTEMS PLC
The British fuel cell company with the
German subsidiary Proton Motor Fuel
Cell GmbH, which also develops prod-
ucts in the area of hydrogen, has hardly
been over annual sales of over GBP 2
million in the past seven years. In 2018
and 2019, there were only around 0.8
million pounds - with mostly higher,
often double-digit million losses. The
equity ratio has been negative for many
years. The share price dropped from
over 50 pence (early 2021) by more
than 99 percent to around 0.1 pence
(February 2025). In order to save costs,
the management considered at the end
of 2024 to take the stock off the stock
exchange soon.

SFC ENERGY AG

The company (formerly SFC Smart Fuel
Cell AG) offers systems and compo-
nents with small fuel cells (10 to 250
watts of power) that can be used to
produce electricity independently and
noiselessly, for example on campsites,
but also for military applications.

In the first three quarters in 2024,
company turnover rose by 20 percent
to over 105 million euros, with the
profit by 35 percent to EUR 8.7 million.

SNAM S.P.A.

The company, which was founded by
the energy corporation Eni in 2001, op-
erates a natural gas transport network
of around 38,000 km in and also out-
side of Italy and gas storage of 15 per-
cent of natural gas reserves in Europe.
In the hydrogen sector there is a joint
venture with Industrie De Nora S.p.A.,
and participating in the large SouthH2
Corridor project are Snam along with
partners Gas Connect Austria GmbH,
Bayernets GmbH and TAG GmbH.

THYSSENKRUPP NUCERA AG & CO.
KGAA

In 2024, the electrolysis company split
off the Thyssenkrupp Group (Thyssen-
krupp AG remained as a good 50-per-

Legend to the table:

Mcap = market capitalization in million euros
ER = Equity ratio

P/S = Price-to-sales ratio

P/E = Price-to-earnings ratio

DivY = dividend yield

NrE = number of employees

12-month: share price performance from
March 1, 2024 to February 28, 2025

The figures refer to the most recent fiscal
year (usually 2023).

Share prices in euros or home currency
(on the home exchange)

CAD = 0.66546 Euro

GBp =0.0121137 Euro

HKD = 0.1231 Euro

NOK = 0.08547 Euro

SEK = 0.08948 Euro

USD = 0.95716 Euro

(as of February 28, 2025)

[Sources: Reuters, Marketscreener,
Oko-Invest, company information]
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22,5 cent main shareholder) gained Fraun-

3 30 E 20,0 hofer IKTS as a strategic partner for
é 25 ; 175 “highly i{lr:ovative high-temperature
3 -~ 3 i electrolysis” (SOEC technology) - and
; the US energy ministry has selected
15 125 Thyssenkrupp Nucera “to advance the
10 10,0 mass production of water electrolysis
Wil B 7.5 cells and to build up an automated as-
2021 2022 2023 2024 2021 2022 2023 2024 sembly line of these cells.” In financial
SFC Energy AG, in EUR thyssenkrupp nucera AG & Co. KGaA, in EUR  year 2023/2024 (as of 2024/09/30), an
. o5 . operational loss of EUR 22 million was
g ' g - generated with a turnover increase of
e 5.0 B ' 32 percent to EUR 862 million (includ-
2 ing over 500 million euros in the area

45 H =3 of alkaline water electrolysis).

4,0 1.5
! WEICHAI POWER

35 This vehicle technology group, founded
" g in 1953, was called Weichai Diesel En-
2021 2022 2023 2024 2021 2022 2023 2024 gine Factory until 1992 and still produc-
Snam SpA, in EUR Weichai Power, in EUR es diesel engines in China today. With
participations such as that of Ballard
Power and Ceres Power, they now also
The author Max Deml (born 1957) has been editor-in-chief of the Oko-Invest stock deal in the production of fuel cell prod-
exchange letter since 1991 and author of the manual “Griines Geld" (green mon- ucts or hydrogen applications. The share
ey, 8th edition since 1990). In 1997, he developed the international nature stock prices of the H, stocks also listed on Ger-
index NX-25 (with 25 members) and in 2001 the solar stock index PPVX, which man stock exchanges swung between
contains the 30 largest listed PV production, supply and operator companies. 0.93 and 2.78 euros in recent years, most

5 O recently at around 1.70 euros. «
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Starting torque for hydrogen as an energy carrier and raw material

WHY DOES GERMANY NEED
HYDROGEN?

The synthesis report of the IPCC “Klimawandel 2023" (climate change 2023) [1]
comes to the following statement under point B1: “Persistent greenhouse gas
emissions will lead to increasing global warming, whereby 1.5 °C in the scenar-
los and modeled paths under consideration will be achieved in the near future.
Every little increase in global warming will increase multiple and simultaneous-
ly occurring dangers. A profound, fast and persistent reduction in greenhouse
gas emissions would lead to a detectable slowdown of global warming and
furthermore within a few years to demonstrable changes in the atmospheric

- "
CompOS|t|On. Authors: Reinhold Wurster, Ulrich Bunger

The past few years show that the fastest increase in generation performance with  The following sections shed light on the
photovoltaics and wind energy can be achieved in the energy generation sector. other reasons for Germany in particu-
China is the best and most impressive example. Only renewable energies enable lar to use hydrogen on a larger scale.
an almost climate-neutral energy supply. Since we only have about a decade and
a half of the IPCC to comply with the 2 °C target for decarbonizing the energy AVOIDING THE CURTAILMENT OF RE-
system, nuclear energy is excluded from having a significant contribution. The fact NEWABLE ENERGY PLANTS Accord-
that China shares this insight can be read from the “China Energy Transforma- ing to the German network agency
tion Outlook 2024 (CET 2024) [2]. (Bundesnetzagentur, BNA), renewable
In addition to resource availability, climate change is the main reason for the energies accounted for 59% of elec-
entry into an energy system that builds on renewable electricity and hydrogen. tricity generation in Germany in 2024.
The plan is to increase this proportion
to 80 percent by 2030. As hydropower
and biomass can no longer or hardly be
expanded, only the fluctuating sources
of PV and wind, both of which supply
electricity, remain to increase the share.
It is foreseeable that the massive expan-
sion of the electricity grid required to
transport them will not be sufficient at
the transmission and distribution level.
Furthermore, the fluctuating elec-
tricity generation and the consumption
can be reconciled less and less. A signif-
icant structure of large energy storage
capacities is required to avoid the reset
of generation plants in times of weak
Outside of EU: demand and high production. The
e.g. Algerie energy stored in this way can then be
used again in times of generation lulls
and demand peaks. Only with chemi-
Fig. 1: Merit order of the H, import paths via the gas network to central Germany cal storage — i.e. primarily hydrogen as
[Source: [5]] an energy carrier or its derivatives — is
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Fig. 2: Circular economy system, based on renewable energies (RE), air/oxygen (0,) and
water (H,0) [Source: U. Biinger]

a compensation of these disparities to a sufficient extent over periods of days or
weeks economically representable [3], [4], since the end customers do not have to
bear the direct electricity costs (Levelized Cost of Electricity, LCOE) from wind
and solar systems, but rather the costs for covering their electricity requirements
(Levelized Cost of Load Coverage, LCOLC). The latter also includes the expenses
for the stabilization of the electricity system using batteries and especially peak-
load gas power plants (now natural gas but in future H, companies).

STABILIZATION OF ELECTRICITY/ENERGY SUPPLY All electricity demand
peaks that are not intercepted by demand shifting (load shedding) or pumping or
battery storage as short-term storage are required to use peak-load power plants.
FHG-ISE [5] has a capacity of 99 to 116 GW flexible gas and hydrogen power plants
in the long term to compensate for fluctuations in electricity supplies. With this
approach, the so-termed “Dunkelflaute” (“dark doldrums,” combination of low
wind energy and low PV volume, e.g. in low-wind nights or generally in the winter
half of the year) can be intercepted.

Germany has the greatest potential of underground salt formations in Europe,
located in northern Germany, Central Germany and Northern Hesse, which can
be used for gas storage of large volumes. With these, offerings and demand fluctu-
ations of natural gas are already balanced seasonally, and they can also be used for
the large-scale storage of hydrogen in the future. On the one hand, these storage
locations can be filled with the H, generated from surplus current and, on the
other hand, with hydrogen imported from southern Spain and North Africa via
pipeline. This can then be taken out of storage as needed to cover peak loads with
electricity as well as a supply for all other H, applications (industry, transport).

ROBUSTNESS OF THE ENERGY SYSTEM An additional gain from the need to
produce hydrogen as a compensation element to avoid a curtailment of renewable
electricity can consist of a further expansion of renewable energies and more pro-
duction of hydrogen in Germany, which in turn leads to a reduced dependence on
energy imports and thus to more security of supply. However, this also requires
higher investments and, when needed, operating costs. A full increase in efficien-
cy in the energy system would help reduce the total costs on the one hand, but on
the other hand, but also the development pressure to expand renewable energy
sources as a whole.

In addition to the purely economic aspects of a future energy supply, nu-
merous other criteria of strategic importance must be taken into account: Hy-
drogen-specifically include the use of domestic value creation potential, political
and environmental security (diversification of energy sources and strategic ener-

MARKET

gy reserves) as well as the avoidance of
environmental effects, e.g. unnecessary
resource pressure on scarce energies or
materials, for example due to impru-
dent transports over long distances. In
Figure 1, using the example of central
Germany, a “merit order” qualitatively
derived from these arguments for the
prioritization of the H, imports is de-
picted, in which the value of domestic
H, production increases with decreas-
ing transport distance.

ENERGY SYSTEM INTEGRATION A
central demand for the German gas
industry is a planning of the relevant
energy infrastructures for electricity
and gas/hydrogen in the future. This
should result in sensible short or long-
term storage options, taking into ac-
count the generation and consumption
locations [7]. Power-to-gas (PTG) - or
general PTX - is becoming increasing-
ly a key term of the energy system [8].
According to the current national H,
roadmap, this will also integrate trans-
port and heating networks as part of
a future system development strategy
(SES) [9].

The planning task for these strategic
public supply infrastructures is there-
fore responsible for politics, whereby
the Bundesnetzagentur is in a close co-
ordination with the responsible com-
panies. This requirement is primarily
based on the insight that

- Energy transport and storage of
small amounts of energy over short
distances and short periods of time
are particularly efficient and eco-
nomical through electrons.

- The desired storage of large fluctu-
ating amounts of energy over longer
periods of several days, weeks or
sometimes also months (e.g. strate-
gic energy reserve) and the transport
of large amounts of energy, partly
over large distances (e.g. energy im-
ports), is particularly efficient and
economical primarily with the help
of molecules.

CIRCULAR ECONOMY Hydrogen is
part of an almost perfect and simple
circulatory-based energy system, in-
cluding the infrastructures for water
(H,O - liquid), electricity, heat and hy-
drogen as well as the “natural” trans-
port infrastructure in the form of the
atmosphere for water vapor (see Fig. 2).
Oxygen (O,) can also be beneficially
included in the circulation. This cir-
culatory system is completely possible
without complex carbon compounds,



which can be made synthetically from H, for specific needs of industry (pow-
er-to-chemicals — PtCh).

Due to the simultaneous use as an energy source and chemical raw material,
an energy cycle based on hydrogen supplements the European strategy of the cir-
cular economy in an almost perfect way [10], [11].

The most environmentally friendly and sustainable method to obtain H, is the
electrolysis in which water is used, which is again molecular as water at the end of
the process chain, i.e. after an energetic implementation in fuel cells, combustion
engines or gas turbines, as water (steam) is emitted into the atmosphere. Blue hy-
drogen, on the other hand, causes a carbon backpack, because the CO, has to be
elaborately stored and thus disturbs the closed energy cycle. In addition, residual
CO, emissions of the processes referred to as carbon capture and storage (CCS)
cannot be avoided, which, depending on the supply option, can correspond to up
to 30 percent of equivalent GHG emissions for gray hydrogen [12].

A resilient regional energy industry does not differ from a global one that relies
on national transports of hydrogen. Even in the global transnational connection, a
hydrogen-based energy system is still considered circulating, but the atmospheric
oxygen used and the then produced water (as water vapor) are added to the atmos-
phere and become components of larger material cycles.

A current topic is the significance of hydrogen referred to as “geogenic” or

“white,” so in the form of pure molecules near the earth’s surface, which should be
extracted, similar to how natural gas is extracted [13], [14]. On the one hand, these
analyzes are still at the very beginning and the questions open-ended. Secondly,
it can be stated that white hydrogen will not replace the hydrogen produced in
utilization processes based on renewable electricity using electrolyzers for load
balancing of fluctuating electricity and can therefore only cover part of the global
need. Thirdly, like fossil energies, it is also considered terminal and therefore not
suitable for circular economies.

In addition, the extraction of geogenic hydrogen, similar to natural gas extrac-
tion, is likely to result in hydrogen slip losses, which must be prevented in any case
due to its climate impact of 11.6 £2.8 (GWP100) [15].

Scenario 3

GHG emission reduction

(vehicle mix with H, generation at the
wind power site)

Offshore wind energy
from the north for use
in the southern
German vehicle
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Fig. 3: Comparison of high-voltage direct current transmission with H, pipeline
[Source: [19]]

INFRASTRUCTURAL  ADVANTAGES
OF AHYDROGEN SUPPLY Final energy
consumption in Germany in 2022 was
supplied by 500 TWh of electricity and
1,888 TWh of fossil molecules (coal, oil,
gas) [16]. Of the 500 TWh of electric-
ity, approx. 240 TWh (48 %), but only
226 TWh (12 %) of the 1,888 TWh of
molecule-based energy was generated
from renewable sources. This means
that at least six times as much energy
must be replaced in the form of mole-
cules as in the form of electrons for an
energy supply based entirely on renew-
able energies.

For applications that cannot be
supplied with electricity, there is a po-
tential-limited alternative in the use of
(storable) biomass. In essence, howev-
er, only green, i.e. hydrogen produced
from renewable electricity, can serve
as the raw material. This can be con-
verted in a case-by-case manner and
application-specific in derivatives (e.g.
LOHC for cheaper storage) or syn-
thetic follow-up products (ammonia,
methanol, synthetic methane and syn-
thetic fuels). The conversion steps re-
quired for this result in high losses and
increase the climate emissions and the
supply pressure of renewable primary
energies in Germany compared to the
consumption.

A central advantage of using mol-
ecules compared to that of electrons
is that the energy transport of large
amounts of energy and their long-term
and seasonal storage are much more
efficient. For example, a pipeline with
a diameter of 1,200 mm at 35 to 85
bar pressure level can transmit about
40 GW power in the form of H, and
thus around ten times as much as a
high-voltage direct current route for
4 GW electricity (see Fig. 3). The route
width of natural gas transport lines is
typically 20 to 30 m, but the 380-kV
free power lines 30 to 50 m [17].

Especially when hydrogen is re-
quired as the raw material or energy
storage, the transport of molecules is
clearly preferable to electricity trans-
port. The decisive advantage of the
H, pipeline transport is that the ma-
jority is carried out by existing con-
verted natural gas lines (German H,
core network and European Hydrogen
Backbone [18]) and therefore does not
require a time-consuming new con-
struction.

EXTENSIVE USE OF EXISTING INFRA-

STRUCTURES As one of the selection
criteria for the regional provision of hy-
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Fig. 4: MAN H,-ICE tractor unit with 70 MPa pressure hydrogen-storage module (left) and Keyou H,-ICE truck with 35-MPa storage system
[Source: R. Wurster]

drogen, the domestic value creation was also mentioned in
advance under the so-termed “merit order of H, production.”
This not only includes the construction and operation of lo-
cal production systems, but can also affect existing energy
infrastructures — especially in the sense of an economically
simplified short-term introduction of hydrogen as a new en-
ergy source.

In central Europe in particular, the existing gas industry
offers its existing and well-developed natural gas network for
transfer to an economically secured future as an inexpensive
infrastructure solution. The decision of the European gas
network companies on the conversion of the natural gas to
a hydrogen network is therefore used to avoid investmently
incorrect allocations (stranded assets) in the gas transport
and distribution network.

Competition concepts for gas distribution in the heat
market are mainly heat pumps that are supplied with the

(more expensive) capacity-limited power grid or regional/lo-
cal heating networks. The transport of hydrogen as an energy
source and raw material within Europe, on the other hand,
stands in competition with the transport of H, derivatives
such as synthetic methane gas, hydrocarbons, methanol or
ammonia by ship and further via rail and road.

With high levels of implementation efficiency in the re-
spective process technology, hydrogen can in principle be
made from fossil and renewable energies. With the mainly
used steam reformation, efficiency of 80 % (lower heating
value) can be realized, with the electrolysis approx. 70 %
and with the gasification of biomass 70 to 75 %. By using the
by-products (heat, oxygen), the utilization efficiency of the
processes can be further increased. The aspect of compatibil-
ity with regard to the operational energies in the transition
phase from a fossil to a renewable energy world extends the
universality of H, as an energy source.
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Fig. 5: Annual relative costs of the infrastructure setup for electrically operated vehicles for the scenarios “Focus BEV" and "Focus FCEV"

[Source: [27]]
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HYDROGEN CAVERN STORAGE The storage of hydrogen in
underground salt cavern storage facilities is the most cost-ef-
fective long-term electricity storage option alongside the ex-
isting pumped-storage power plants [20]. Several analyses
have shown that the hydrogen storage potential in Europe
is large, with Germany playing a leading role in a European
comparison, as it has the best geological structures and the
corresponding know-how (e.g. HyUnder [21]).

Examples of industrial and large-scale salt cavern storage
facilities can be found in the USA (three caverns in Texas), in
the UK (Teesside) and soon in China. In Germany, the first
small caverns are already being examined for their suitabili-
ty for hydrogen and the operational boundary conditions are
currently being tested in commercial operation, e.g. in Etzel
in Niedersachsen [22].

The analysis results introduced in the commentary of
the initiative Energie Speichern e.V. on the initial design-
ing of the German H, core network show that a consistent
consideration of large H, salt storage contributes to a more
intensive use of domestic RE potential and the expansion
of the H, core network could be pushed back to lower the
investment [23].

SOCIAL AND INDUSTRIAL POLICY REASONS In contrast
to battery-electric vehicles, in which China today dominates
with 66 percent of vehicle production, 71 percent of Li-ion
cell production and 90 percent of lithium refinement [24],
the specialist skills in the sector in Europe and Germany
would enable fuel cells and H, vehicles to be a significantly
higher share of value in the development and manufacture.
Germany also has first-class skills for other parts of the H,
value chain (electrolysis, fuel cells, gas power plants, storage
technologies, infrastructure components).

In order not to lose this technological tie or in some areas
leadership, as with PV, batteries and wind energy, Germany
must immediately start the mass production of all compo-
nents and systems on the GW scale. Value creation as a cri-
terion for Germany as a business location is a key aspect that
e.g. is missing in the McKinsey analysis for the magazine
Wirtschaftswoche titled “Made in Germany 2035” [25].

In addition to the existing expertise, the raw material sit-
uation is also more relaxed and Germany or Europe, unlike
with PV and batteries, is less dependent on Chinese produc-
tion. It is therefore necessary to immediately implement bold
political measures to maintain or consolidate Germany’s/
Europe’s economic and technological position. This will be
an important prerequisite for a substantial contribution to
climate protection in all energy sectors and at the same time
mobilize the desired new economic upswing.

HEAVY TRANSPORTATION The sectoral analysis of energy
consumption in Germany (2022) shows that the transport
sector is about 95 percent dependent on fossil energies, while
in year 2024, 62.7 percent of net electricity generation was
covered by renewable energy sources [26].

The fastest economic use of H, can be made due to the
high energy costs in street mobility and, together with the
direct use of electricity in the transport sector, can achieve
the highest CO, reduction effect worldwide. Diesel fuel will
become more expensive in Europe in the next few years due
to the rising CO, tax, and the economic gap to H, will con-
tinue to close. In the initial phase, the combustion engine H,
truck was shown to be much cheaper for long hauls than the
small number of FC trucks so far (see Fig. 4).

In addition, the structure of hydrogen refueling stations
(HRSs) all over Europe is just as binding by the AFIR (Alter-

e “.- i © -|

Fig. 6: Alkaline pressureless 5 MW, electrolyzer, trailer refueling station in Pfeffenhausen/Bavaria, HRS in Hofolding and Solaris Urbino
12 hydrogen fuel-cell bus with green H, in Hoéhenkirchen/Bavaria [Source: R. Wurster]

H2-International 02 | MARCH 2025



06

Power-to-Gas

Power-to-Heat

Fischer-Tropsch-Synthesis

Power-to-Liquids

Heat sector

Methanatio

O

PtCH,

—> Raw-PiL

Power sector
Power-to-Power

Gasoline
Kerosin e
Diesel fuel

Mobility
Power-to-Fuels

Industry
Power-to-Chemicals

Renewable PtH,
electricity
u Methanol
Methanol-Synthesis
Ethylene*
Propylene*
% Haber-Bosch-Process N -
] > Ammonia
2
* Liquid transport (pressurised)
\ Potential zero emissions, e.g. with fuel cells / \ CO2-demand for synthesis, e.g. from air /

Fig. 7: Power-to-X (PtX) term taxonomy and key processes [Source: [35]]

native Fuels Infrastructure Regulation) by the end of 2030 as
that of charging stations for battery vehicles - for all vehicle
classes. Furthermore, various analyzes [24], [27], [28] show
that the parallel structure of both infrastructures (for battery
and H,-powered vehicles) is also economically advantageous
(see Fig. 5).

The charging infrastructure is initially easy to realize for
a few hundred e-trucks, but exponentially complex and ex-
pensive for the final expansion, whereas it is the other way
around for H, trucks [29]. In addition, the approach with two
drive and fuel concepts is more resilient and robust. Both the
use of H, from surplus current in Germany and the use of
H, from PV in North Africa with double the solar radiation
(solar radiation 2,200 kWh/m? instead of 1,040 kwh/m?) rel-
ativizes the frequently mentioned efficiency disadvantage of
FCEVs (factor BEV/FCEV ~ 2.5).

INDUSTRIAL PRODUCTION In addition to the sensible
short-term use in the mobility sector, the industrial use of
hydrogen in the German national hydrogen strategy has
moved to first place in demand [31]. There are various rea-
sons: On the one hand, it turns out that the changeover of
individual, regionally concentrated industrial sectors, espe-
cially the steel industry, but also the chemical industry, can
achieve the largest CO, emission savings with the slightest
infrastructure requirements. These still focus on the public
gas infrastructure and are therefore the easiest way to imple-
ment it politically.

On the other hand, the industry still covers around 34
percent of its primary energy requirement with natural gas
(2022), which should be substituted as soon as possible due
to the political-strategic shortage of the Russia Ukraine War
since 2022 and the associated cost increase. In addition, the
natural gas costs will increase due to growing CO, taxes and

MARKET

specifically increasing operating costs from the dismantling
of the gas grid. For this reason, hydrogen is ideal for direct
substitution because of the chemical similarity with meth-
ane, with the secondary effect of growing security of the
power supply using H, peak-load power plants and seasonal
H, storage.

However, it is not yet clear whether the steel location
Germany can be secured in the long term. The experts are
still arguing. Some argue with the lack of economy of local
production, others with the elimination of local value crea-
tion, the loss of workplace, the loss of quality control of the
generated raw steel for critical demand sectors, the potential
increase in CO, emissions of steel production (carbon leak-
age) as well as globally lower process efficiencies (without
German steel expertise).

PARTIALLY REALIGNMENT OF THE ENERGY SYSTEM The
decentralized use of electricity that cannot be deducted in
the existing network helps to generate storable H, to reduce
the expansion of the power distribution networks or avoid
it locally and thus to cushion the network charges. This H,
can compete in terms of price with H, imported via pipelines
from Spain or North Africa, but its potential production
quantities will never outcompete.

The combination of the objectives of a more resilient ener-
gy supply with the highest possible proportion of self-supply
and an economic energy supply as possible in international
competition with imports of inexpensively produced H, will
require the strive for a regionally suitable mix of local and
central RE production and use. A decentralized H, produc-
tion base is particularly useful for a quick and less complex
introduction to the establishment of a nationwide H, supply,
combined with an immediately effective systemic contribu-
tion to relieving the electricity infrastructure in Germany.



The HyBayern project shows what such a concept of a region-
al H, production, distribution and usage chain can look like
in reality (see Figure 6).

As early as 2030, hydrogen can be used with smaller elec-
trolyzers (up to approx. 10 MW) for local users at some loca-
tions in Germany. However, an uncoordinated array could
also lead to exacerbation of existing bottlenecks in the pow-
er grid, which is therefore absolutely to be avoided [33]. By
2040, an increasing number of regions could be good for the
systemic use of electrolyzers both due to the connection to
the H, core network and through the H, market ramp-up
[34]. As a result, relief for the cost-intensive power distribu-
tion network and minimizing the expansion of electricity
transport lines can be achieved by using existing pipeline
and storage infrastructures.

GLOBAL TRANSFERABILITY Hydrogen is generally con-
sidered a particularly robust energy source, which on the
one hand has the highest compatibility with other energy
sources or chemical raw materials, like e.g. methane, meth-
anol or ammonia. On the other hand, it is characterized by
the simplest convertibility. This is made possible by the key
technologies fuel cell and electrolysis. But it is also possible
to burn hydrogen in air or pure oxygen, for example when
using thermal burners (heating) and heat engines.

Figure 7 shows how electricity can be transferred to all
other forms of energy used in everyday life under the term
PtX (renewable). With the exception of power-to-heat (PtH),
every one leads to the production of hydrogen molecules.
Hydrogen (= molecules), paired with the use of electricity
(= electrons), will play a central role in future energy systems
[35].

Its systemic universality and robustness in particular is
a prerequisite for the use of hydrogen in many application
sectors and regions.

In addition, electrolyzers and fuel cells as well as H, stor-
age can be scaled to a very far extent - from kW to the GW
range.

MAKING USE OF RENEWABLE ENERGIES The solar radi-
ation in North Africa is more than twice as high as that in
Germany. Electricity can ideally be generated with PV in
large power plants for € 0.02/kWh,, compared to German PV
electricity with € 0.04 to € 0.07/kWh, (open space) or 0.06
to € 0.12/ kWh, (roof PV) or wind power with € 0.04 to
€ 0.09/kWh, (onshore) or 0.06 to € 0.11/kWh, (offshore) [36].
This means that H, can be generated in North Africa for less
than € 2.5/kg [37] and transported by pipeline, e.g. via the
SoutH,Corridor, for less than € 0.5/kg [38] to Central Europe.

In principle, Algeria could cover the entire energy re-
quirement of Europe [39]. At the first ministerial conference
for the southern hydrogen corridor, a declaration of intent to
develop the southern hydrogen corridor was signed in Rome
on January 21, 2025 by Germany, Algeria, Italy, Austria and
Tunisia [40].

Analyzes for the European Commission (DG Energy) on
the potential of generation of green gases have shown that the
RE generation potential within Europe of around 14,000 TWh/
yr for the supply of green hydrogen in addition to the demand
in RE for the general electricity demand would be more than
sufficient [41]. Via the European Hydrogen Backbone [42] and
this contains the German H, core network, in principle, an
efficient (energy, cost) provision of large H, quantities could be
realized and decarbonizing of the entire industry.

CONCLUSION In order to be able to maintain a temperature
goal of at least 2 °C in an energy system with primarily in-
termittent range of energy from PV and wind in the next 15
years by 2040, there is no way around the decarbonization of
the industry and the transport sector with the help of green
hydrogen. The challenge is the decarbonization of the fossil
molecules in the end energy use. The transport sector could
play an important role in the ramp-up of the production of
green hydrogen, because the replacement of conventional
energy with a focus on heavy-duty applications is the first
cost-covering option there. o
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Interview with Erkam Kocakerim, CEO of Limak Cement Globall

BIGGEST CHANGE

IN THE HISTORY

OF THE CEMENT INDUSTRY

Together with Air Liquide, Limak Cement Group has successfully tested the

first hydrogen-blended fuel supply for cement production in Ankara, Turkey.

H2-international conducted an interview with Erkam Kocakerim, CEO of Limak

Cement Global.

Interviewer: Sven Geitmann

Fig. 1: Erkam Kocakerim [Source: Limak]

H2-international: Could you please start by introducing your
company to our readers in a few words?

Kocakerim: Limak Cement is in the top 50 in the global ce-
ment industry with 18 million metric tons of cement pro-
duction capacity through its 11 cement factories located in
Turkey, Ivory Coast and Mozambique. Besides, we export to
15 countries across four continents. We have 30 RMC plants
and several waste-to-fuel preparation facilities. We are the
second largest in our homeland Turkey.

While our factories and facilities spread all over Turkey
provide us a strong presence in the market, our distinctive
structures — the R&D and Innovation Center, Center of
Excellence, Center of Climate Change, and Limak Cement
Academy - are the wealth of our intellectual capital and the
strong transforming catalysts. Furthermore, they are the
strongest boosters for shaping today’s workforce.

Limak Cement is today absolutely one of the global front-
runners in regard to transforming a giant cement, concrete,
and building materials holding to an excellent combination
of an industry and tech enterprise.

You have stated that you want to increase the use of alter-
native fuels with a high biogenic content and renewable
energies by 2030. Can you be more specific about this?

With almost 40 percent of its overall CO, emissions stem-
ming from combustion emissions, our industry must shift
fossil fuels with alternative fuels (AF) sourced from a variety
of waste streams.

Today, the global cement sector and Turkey’s AF usage
rate have only reached 10 percent to 15 percent. The EU aver-
age is 53 percent. Limak Cement uses AF between 30 percent
and 50 percent in its factories where it has switched to AF.

By 2026, all our factories will have transitioned to AF us-
age, and we aim to align with the EU by raising our group
average to 60 percent and our facility-level maximum usage
to 70 percent by 2030, with the goal of surpassing the EU av-
erage starting from that year. In increasing the AF usage rate,
the role of policies and legislation in the ecosystem where
the factories are located, as well as R&D and technology, is
very important. Plans are in place to guarantee a sufficient
supply of alternative fuels, incorporating at least 50 percent
bio-waste content. However, many countries other than
EU, including Turkey, do not yet have an appropriate policy
framework in place, and it appears that the next few years
will see the establishment of this framework.

However, Limak Cement sees the use of green hydrogen
as one of the most important leverage for this purpose, aim-
ing to maximize AF usage. Hydrogen is the key to achieving
a high thermal substitution rate thanks to its high calorific
value and its ignition properties.

To gain practical experience, you teamed up with the gases
company Air Liquide last year (2024). Why did you choose
Air Liquide as a project partner?

At the end of 2022, Limak Cement began planning studies
to use green hydrogen, albeit at low rates, in its kilns, with
the goal of increasing the AF rate. Within the framework
of ecosystem-based growth, we required a supply and tech-
nology partner for the supply, transportation, usage safety,
and practice of hydrogen. We found this opportunity with
a global, strong partner such as Air Liquide. Following the
completion of the project studies in June 2024, Limak Ce-
ment conducted trials with hydrogen combustion, with the
aim of developing expertise in hydrogen combustion opti-
mization and determining the optimal feeding rate required
to increase the use of high biogenic content alternative fuels.
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Fig. 2: Commissioning of the first Turkish H, demo plant
[Source: Limak]

Limak Cement sees its “triple transformation” journey not
just as its own journey, but also as a development journey
of the ecosystem; hydrogen is exactly such a subject. We are
extremely interested in all the links of the stakeholder chain,
from its technology to its legal infrastructure, from the sup-
ply-demand balance to its economy, and we are one of the
pioneers of the ecosystem.

Air Liquide is our global stakeholder, with which we share
a common vision. This shared vision is the most significant
factor contributing to this unity. The aim of the first stage
of the project was the safe use of green hydrogen in cement
rotary kilns, its logistics to our factories, its positive effect
on the AF usage percentage and the observation of semi-fin-
ished product quality.

What is the provisional assessment of this collaboration?
Our trials have shown that we can achieve 100 percent ther-
mal substitution of the clinker production line calciner with
a mix of high biogenic content alternative fuels and hydro-
gen; we have also concluded that we can apply the technology
to the entire production system.

We have successfully increased our AF usage rate in the
region by up to 20 percent, while also substituting 3 percent
of hydrogen. This situation provided us with the opportunity
to experience our potential to reduce 180,000 tons of carbon
dioxide emissions annually in our medium-sized cement
factories.

Do you intend to continue your efforts in this direction? If

so, in what way?

Our industrial trial phase 2 and phase 3 plans are ready for
the next six months. Following the first phase, we success-
fully tested the rotary kiln calciner; we planned phase 2
and phase 3 studies, testing both the calciner and the main
burner simultaneously, using oxygen-enriched combustion.
After these phases, we believe the results will guide us and
the global sector. As a result we are working to have a hy-
drogen-blended, high-biogenic-content alternative fuel mix
in all our facilities. That will be the way to achieve our decar-
bonization targets. By applying the same fuel mix in all our
facilities, the yearly CO, saving can reach up to 700,000 tons
of CO, per year.

PRODUCTION

Is it correct that you want to install several electrolyzers at
different locations for H, production?
While your acquisitions for the transportation and use of
green hydrogen in liquid or gas form are proceeding at a rap-
id pace, our plans for on-site production of electrolyzers re-
main unchanged. On the one hand, we are aiming to reduce
operation costs for hydrogen and on the other hand, new na-
tional and global policy trends such as CBAM and ETS will
result in increased incentives for the use of low-carbon fuels.
For this reason, we have prepared roadmaps to scale up these
initiatives, which we initiated on a small scale, concurrently
with the increase in regulations and incentives.

Planning the workforce and necessary competencies to-
gether with the advanced technologies is another crucial as-
pect of the subject.

Which electrolyzer manufacturer are you working with?
We are still collaborating with our business partner Air Lig-
uide on transport-related technology and performance, as
well as the planning of the first small-scale electrolyzers.

What are your medium- and long-term goals?

Our medium-term goal is to fulfill our pioneering mission
that will reveal the sustainable use of hydrogen technologies
in our global sector. Another medium-term goal is to car-
ry out activities that will activate the necessary stakeholder
chain for hydrogen in our ecosystem.

Our long-term goal is to attain a level of expertise and
depth that enables the production of pioneering technologies
on low-carbon fuels in the industry, extending beyond the
cement perspective of Limak Cement.

Can you imagine using such technology in Germany as well?
Decarbonization requires a tailor-made approach. Resourc-
es, technology, legislation, weak and strong muscles, and
plant-based analysis of priorities are required. German ce-
ment manufacturers undertake many global pioneering mis-
sions and are capable of creating carbon-neutral fuel mixes
supported by hydrogen. Moreover legislation, AF and the
hydrogen ecosystem are much more mature and suitable for
establishing this structure.

Do you really think it is possible for the European cement
industry, and therefore also the Turkish cement industry, to
become carbon free by 2050?

The cement sector is experiencing the most important trans-
formation in its history. This transformation requires the art
of technology and legislative regulations. The most difficult
part is that it requires a joint effort by all stakeholders.

As of 2025, the net zero target in the industry is still pos-
sible. I believe that the global cement sector can achieve car-
bon neutrality earlier. I think it is possible for the cement
sector in developed countries to achieve carbon neutrality
by 2040. The most important barrier is the delays and uncer-
tainties in policy transformations that will trigger and sup-
port the green transformation.

There is a huge green premium in the cement sector. The
impact of possible increases in cement costs due to decar-
bonization on the construction sector is extremely limited,
because the share of cement in the total construction cost is
between 5 to 10 percent. I think this is a sector where poli-
cymakers should give more courageous support for this sci-
ence-based data. «



Sustainable energy supply based on hydrogen

MICROGRIDS FOR

SOUTH AFRICA,

NAMIBIA, UKRAINE

In emerging and developing countries, but also in crisis areas, there are many

opportunities to use hydrogen to overcome energy poverty and establish a reli-

able, CO,-neutral power supply. In this context, hydrogen-based microgrids have

a decisive role to play. In this form, hydrogen-producing electrolyzers, cylinder

racks for hydrogen storage and fuel cell systems for reconversion into electricity

can be accommodated in the space of a shipping container. Together, they help

to conserve renewable energy for later use.

Fig. 1: Hydrogen Tryout Area
[Sources: Referenzfabrik.H2@Fraunhofer IWU]

Hydrogen-based microgrids can be flexibly adapted to differ-
ent application scenarios. They are therefore primarily used
for decentralized supply in rural areas, but also in urban con-
urbations and to support industrial production and processes
as a real alternative to CO,-producing diesel generators. If the
industrial production of microgrids can be successfully estab-
lished, this will benefit manufacturers (industrial value cre-
ation), local communities (stable energy supply) and climate
protection (CO,-neutral energy production) in equal measure.

HYTRA - HYDROGEN TRYOUT AREA IN CAPE TOWN,
SOUTH AFRICA The Hydrogen Tryout Area, funded by
Germany’s Federal Ministry for the Environment, Nature
Conservation, Nuclear Safety and Consumer Protection
(BMUYV), is ideally suited to demonstrating the effectiveness
of hydrogen for a stable, climate-neutral energy supply. Es-
pecially for regions that have surplus renewable energy and
are potential exporters of hydrogen, HyTrA offers them the
opportunity to use hydrogen themselves.

Author: Ulrike Beyer

General conditions

South Africa’s economy and energy production are heavily
dependent on coal. The country is also one of the 20 largest
greenhouse gas emitters in the world. Its electricity supply
is very patchy: South Africa’s state-owned energy company
Eskom has had to ration electricity supplies for its 60 mil-
lion customers for more than a decade. The outdated in-
frastructure results in an estimated annual power deficit of
4 gigawatts, which corresponds to the demand of around
10 million households. A stable energy supply is the basis
for socially oriented economic growth and indispensable
in the fight against poverty and inequality - solutions for
a secure supply of renewable energy are urgently needed in
South Africa.

HyTrA is installed close to industry at the company Alu-
Cab, a manufacturer of car roof tents and accessories in Cape
Town. Alu-Cab already has photovoltaic systems on site and
can now also use the surplus energy to produce hydrogen
on the premises, store it and convert it back into electricity
when required. Thus the microgrid ensures that the compa-
ny has a stable power supply for its production.

Solution overview

The central component of HyTrA is a robust and cost-effec-
tive microgrid specially designed for the African market by
Texulting GmbH and Fraunhofer IWU. This innovative solu-
tion forms the centerpiece of a Hydrogen Tryout Area, which
also has a technology showcase designed to arouse compa-
nies’ interest in component manufacturing, assembly and
installation. HyTrA is also integrated into a socio-economic
and socio-ecological H, framework, which emphasizes en-
vironmental aspects through accompanying information
and training offers, which fundamentally contribute to the
acceptance of hydrogen and count towards the Social Devel-
opment Goals (SDG) of the United Nations.
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Fig. 2 : Microgrid structure

Microgrid

To this day, fossil fuel-powered generators play a central role
in South Africa as emergency power generators or to sup-
port the unstable and, in some locations, inaccessible energy
supply. The aim in developing and testing the compact 8-kW
hydrogen microgrid was to offer an efficient and robust al-
ternative at comparable cost. Complete power-to-power
sector coupling is integrated into the compact H, microgrid
unit. All the microgrid components required are contained
in a transportable housing. The electricity generated by solar
cells is used to split water into hydrogen and oxygen in the
electrolyzer. The hydrogen is compressed and stored in suit-
able gas cylinders. If electricity is required, the hydrogen can
be converted back into electricity via a fuel cell stack through
the introduction of ambient air (oxygen). The waste product
is water, which is stored in a tank and made available for
electrolysis as required. This creates a closed water cycle for
which water only has to be provided at the beginning and
which subsequently operates almost loss-free.

The microgrid thus integrates and links various compo-
nents that ensure hydrogen production, storage and recon-
version resulting in a decentralized power supply independ-
ent of the changing availability of renewable energies and
enabling seasonal storage of green energy. The key here is
a modular, closed structure that allows for a largely mainte-
nance-free, flexibly scalable and easily adaptable system.

The microgrid developed as part of HyTrA is a self-suffi-
cient energy network in a small and compact format. What
makes it unique is that it is perfectly adapted to the specific
requirements of the African market. With a service life of

INTERNATIONAL
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over 60,000 operating hours (more than 10 years), it repre-
sents a robust and safe technological solution. The system
offers new possibilities in terms of storage density, safety,
user-friendliness, maintenance-free operation and energy
self-sufficiency. Based exclusively on renewable energies, the
system is the key to a decentralized power supply that also
covers oft-grid and hard-to-access areas.

Technology showcase

The hydrogen technology showcase makes the microgrid trans-
parent as a virtual reference grid. The digital image shows how
the physical system works, what advantages it offers, which sys-
tem components it comprises and how they are integrated. It
also serves to market HyTrA across regions. It allows access to
functional data from Germany and thus ensures a continuous
exchange of information and increased cooperation.

Specific tests and field trials with the microgrid compo-
nents deployed provide results that serve as a basis for fur-
ther development. The aim is to successively improve the
robustness of the system and optimize its use in climatical-
ly and socio-economically challenging areas. Component
manufacturers in Germany can use data to adapt their prod-
ucts for use in the African market and refine standards. This
makes risk-minimized expansion possible.

Extended framework

The broad framework also expands HyTrA’s scope. For exam-
ple, joint ventures have been initiated between German and
African companies. The establishment of regional supply
chains has also been promoted. Needs-oriented support ser-



vices and information offerings make it easier for German
companies to tap into the African market, and local compa-
nies interested in a secure energy supply and the integration
of hydrogen into their processes can make use of the services
of German companies.

Marketing, consulting, sales and customer support are
aimed at establishing the microgrid as a climate-neutral al-
ternative to fossil-fueled generators. The exchange of scien-
tific ideas relating to hydrogen is also being encouraged. The
development of the microgrid therefore provides starting
points for research cooperation, particularly on technolog-
ical and economic aspects.

Last but not least, the transfer of knowledge is of central
importance so that local communities can use the new tech-
nologies sustainably and independently. For example, coop-
eration with the d-school of the Hasso Plattner Institute in
Cape Town has been continuously extended. In particular,
a design thinking challenge has aimed to improve access to
clean energy for rural farming communities. Over a period of
10 weeks, students developed innovative prototypes and solu-
tions for the specific challenges faced by these communities.

Commissioning and accompanying measures

On July 13, 2023, HyTrA was ceremoniously put into oper-
ation in Cape Town in the presence of the Mayoral Com-
mittee Members for Energy in the City of Cape Town, repre-
sentatives of NOW and Z.U.G. and supported by a greeting
from the BMUYV. The project team from Fraunhofer IWU,
Texulting GmbH, Alu-Cab, Stellenbosch University and
Umstro GmbH produced the first hydrogen on African soil,
which was then converted back into electricity for a specific
industrial application at Alu-Cab.

HyTrA is an important cornerstone for building a bridge
between Africa and Europe with hydrogen. Unlike the mega-
watt and gigawatt projects of large investors, this project is
designed for the use of hydrogen in Africa. An equal part-
nership approach will create long-term benefits for both sides.

The initiative will make use of systems and expertise from
Germany. The participating SMEs and scientific partners in
particular can gain important experience as well as gather
usage data for further developments by using the system in
practice. The microgrid also provides a basis for the applied
training of urgently needed specialists. It is currently under-
going a long-term test, which is providing valuable data on

Fig. 3: Governor Neville Andre [Erongo District, Namibia) -

with Dr. Ulrike Beyer on his right

service life and performance. This data will help to improve
the next generation of components.

With appropriate scaling on both sides, hydrogen will be-
come an export commodity for Africa and play a major role
in supporting Germany’s energy transition.

HYGO - WATER TREATMENT IN NAMIBIA HygO is another
pioneering H, project in the starting blocks. In addition to
the functionalities of the HyTrA system, the project, which
is likewise funded by the BMUYV, will also use the oxygen
produced during electrolysis. The plan is to use this for the
treatment of wastewater. Other industrial partners have
been involved in the project. Haver & Boecker OHG and
Krenkel Abwassertechnik GmbH join Texulting GmbH and
Fraunhofer IWU as new members of the project team. The
microgrid is currently being set up at Fraunhofer IWU. The
intention is to put it into operation in a remote area in the
Erongo region of Namibia from June.

HYGRID FOR THE RECONSTRUCTION OF UKRAINE With
HyGrid, the Fraunhofer-Gesellschaft is promoting a cost-ef-
fective and robust microgrid based on the hydrogen system
solutions HyVentus (electrolyzer) and HyVictus (fuel cell)
developed at the Fraunhofer IWU Chemnitz. The aim is to
create a particularly economical demonstrator microgrid as
a blueprint for the industrial series production of such sys-
tems. These hydrogen-based microgrids will be used in the
reconstruction of Ukraine and will stabilize the power supply,
which has been severely damaged by the war. Thanks to the
scaled plug-and-play design, they can cover the range from
a few to several hundred kW - ideal for the needs of hospi-
tals, businesses, schools or remote rural areas. The core task
of these microgrids is also to store renewable energy over a
longer period of time and to convert immediate energy sur-
pluses into hydrogen so that the latter can be converted back
into electricity during periods when there is little sun or wind.
HyGrids will contribute to the energy supply next winter.

HYDROGEN-BASED MICROGRIDS ALSO APPEALING TO
GERMANY The visibility of the African activities of Fraun-
hofer IWU and its participating industrial partners has also
led to numerous inquiries about the use of hydrogen-based
microgrids in Germany. In particular, the option to use the
oxygen produced during electrolysis for water treatment rep-
resents a unique selling point. For example, many requests
for decarbonization come from sports centers that want to
reconvert the hydrogen produced during the day into elec-
tricity for the operation of floodlights. The oxygen obtained
could be used to purify or disinfect water and utilized in
swimming pools or to irrigate field hockey pitches. The
waste heat from the microgrids could also be used to heat
utility buildings, for example.

Hydrogen-based microgrids are suitable for numerous
decentralized energy supply applications and also offer oth-
er advantages that further increase their effectiveness. They
represent considerable value creation potential for the Ger-
man economy, both directly in the production of the re-
quired system components and in terms of cooperation with
Africa in the future. «

Author:

Dr. Ulrike Beyer, Referenzfabrik.H2 at the Fraunhofer Institute for
Machine Tools and Forming Technology IWU, Chemnitz
— Ulrike.Beyer@iwu.fraunhofer.de
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Green hydrogen in Poland

POLAND'S ROLE IN EUROPE
INCREASINGLY IMPORTANT

Wind and photovoltaic energy developed in our eastern neighbors with a lag

of several years compared to the German market. However, this has not dis-
turbed the fact that more than 20 GW of photovoltaics and more than 10 GW of
wind power plants are currently installed across the river Oder. Around 50 GW

of renewable energy projects are currently in the pipeline with grid connection

approvals. The growth rate of renewable energy is impressive, with 5 GW of

new capacity installed in the last 12 months alone. The average age of wind

turbines is less than 5 years and photovoltaic farms 3 years. The green hydro-

gen market is only just taking off. So, will Poland, as in the case of wind and

solar, take advantage of the “latecomer bonus” and be an equally attractive

ma rket? Author: Piotr Rudyszyn

HYDROGEN MARKET IN POLAND What you may not have
known until now is that Poland is a leader in hydrogen pro-
duction and consumption, not only in Europe, but also in
the world. Annual production and consumption of hydro-
gen in Poland amounted to more than 1.3 million tonnes
in 2023. Hydrogen production takes place mainly in large
industrial plants in the process of steam reforming of hy-
drocarbons, where hydrogen is used in industrial processes.
The specific nature of the Polish market assumes that the
demand for this element is completely covered by domestic
production and independence from imports. This is also
due to the fact that so far hydrogen has mostly been pro-
duced as a semi-finished product in other production pro-
cesses, such as the production of mineral fertilizers, met-
allurgy or the fuel industry. Grupa Azoty S.A. alone, as a
supplier of, among other things, fertilizers for agriculture,
produces approximately 420,000 tonnes of this raw materi-
al annually. The fuel corporation Orlen simultaneously pro-
duces and consumes around 150,000 tonnes of hydrogen.
The four largest players hold more than 60% of the market.
So if we count production of hydrogen, not its consump-
tion, Poland is ahead of the Netherlands in this ranking
and is the second largest producer of hydrogen in Europe,
after Germany, and the fifth largest producer in the world.
This is mainly due to the lack of exports and imports of this
raw material. Germany and the Netherlands rely heavily
on imports of this compound, which puts them two places
ahead of Poland in consumption statistics. Unfortunately,

INTERNATIONAL

this is not yet green hydrogen, and hydrogen production
by hydrolysis and using RES (renewable energy sources) is
limited to a few test and experimental facilities. However,
the enormous potential and experience of the Polish people
can be seen. It can also be assumed with a very high degree
of probability that current hydrogen consumers will be the
pioneers of change and will be among the first to start re-
placing gray hydrogen with green hydrogen. This will be
due to two factors: legal and economic. It is no secret that
Grupa Azoty is currently in a difficult financial situation
and is starting to look for savings by, among other things,
planning to reduce CO, emissions. Currently, 1 tonne of
gray hydrogen emits about 17 tonnes of CO,. This means
that Polish farmers are significantly affected by CO, charg-
es and the high cost of gas in the price of fertilizer. This re-
duces demand. The second factor will be the falling costs of
producing hydrogen from hydrolysis. A Bloomberg Agency
report assumes that in Poland the price of green hydrogen
will be lower than gray hydrogen as early as 2029. If inves-
tors want to be ready with green hydrogen production in
Poland by that time, they must already start building green
hydrogen factories. It is worth adding here that the Polish
hydrogen strategy 2030 with an outlook to 2040 is only a
few weeks younger than the German one.

Poland is the leader of the chemical industry in Europe.
Poland has excellent and young professionals. Thanks to the
cooperation between the Polish research center and German
universities, technology transfer is very fast. We wrote about
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Fig. 1: The largest producers and consumers of hydrogen in Poland

the Hydrogen Study (Wasserstoff-Studium) in the previous issue of H2-interna-
tional (October 2024). Participants in the Study visit hydrogen facilities in Ger-
many, gain knowledge not only from German professors and practitioners, but
also make international connections through the university’s alumni forum. The
Hydrogen Study utilizes German know-how and trains company employees, and
is also a distributor of software for designing hydrogen facilities. The study pro-
gram works in Polish and German and provides, thanks to its qualified staff, advi-
sory services for domestic and foreign players that want to invest in the hydrogen
industry in Poland. One of Poland’s largest fuel and energy companies, ORLEN,
in its report “Hydrogen Market in Poland and the Baltic States: Forecast to 2040”
reported, “In 2030, the demand for green hydrogen in Poland will be at least
~260,000 tonnes, and in 2035 this amount will increase to ~515,000 tonnes.” An
additional piece of information from the above report is the link between the Pol-
ish market and the Baltic countries. This is mainly due to foreign investments of
large Polish companies in Lithuania and other neighboring countries. The Czech
Republic, Latvia, Lithuania and Ukraine are places where Polish companies invest
a lot and their trade relations are very strong. Poland is, in a way, a window to
these markets for investors.

ELECTRICITY MARKET IN POLAND When Poland, along with nine other coun-
tries, joined the European Union in 2004, almost 98% of electricity came from
black and brown coal. The total installed capacity of power plants and combined
heat and power plants was almost 40 GW. A few percent of the energy came from
dozens of old hydroelectric power plants that often remember the early 20th cen-
tury. Added to this were several large Communist-era power stations visible on
the largest rivers. All of this infrastructure remained in a terrible state of repair.
Thanks to the introduction of European relations, in less than 20 years the in-
stalled capacity of renewables has amounted to more than 30 GW in business in-

stallations and around 11 GW of home
installations. Thus, the installed capac-
ity of renewables exceeds that of coal,
whose days are numbered.

HIGH VOLTAGE - POLAND'S RELATIVE
ENERGY CONSUMPTION Despite huge
investments in transmission and dis-
tribution networks and infrastructure,
investments by the large operators have
not kept pace with the development of
energy sources. In addition, the largest
operators remain under state control
and are not quite coping with the new
reality. One of the biggest barriers to
market entry by energy producers is
precisely the limited possibilities of
connecting to the grid. At the end of
this year, Poland’s largest transmission
system operator PSE S.A. showed in
its report that the amount of spare ca-
pacity in the system is 0 MW (in other
words zero)

However, the market abhors a vac-
uum. The hitherto state-dominated en-
ergy sector is being “privatized” with-
out selling assets. This is happening
thanks to the increasing participation
of private and foreign companies in the
electricity market. This is also happen-
ing thanks to market liberalization. In
Poland, it is quite easy to set up a dis-
tribution company to manage medium-
and high-voltage networks. This makes
it possible to break the monopolies of
existing operators. It is even easier to
set up an electricity, gas, hydrogen
and fuel trading company. Safety and
customer protection systems work rea-
sonably well, and there have been no
bankruptcies or failures of companies
in this industry for many years. Com-
panies are increasingly building direct
connections from the energy producer
to the consumer for small and medi-
um-sized installations. More and more
PPAs are being concluded. There are
several medium-sized energy trading
companies active in the market, which
compete effectively with the state-
owned giants. In general, dozens of
energy trading companies are active.
In addition, there are dozens of grid
operators. This means that hydrogen
installations are not condemned to
state monopolies. There are also a lot
of ready-made wind and photovoltaic
farm projects on the market that have
not been given permission to connect
to the grid. PSE estimates that there
were a total of around 83.6 GW of such
projects in 2023 alone.

All these companies are counting
on contracts with hydrogen produc-
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ers and the construction of direct connections or PPAs. A
solution to the shortage of power grids is therefore on the
horizon, as this is the biggest issue facing the energy market
in Poland.

POLITICAL CHANGES Most of the troubles plaguing the
Polish market were caused by the economic policies of the
populist-right-wing Law and Justice Party (PiS), which ruled
from 2015 to 2023. Fear of change, flirting with trade unions,
building political capital on the fight against wind energy,
deepening the role of the state and rebuilding the monop-
olies of state-owned companies stopped the development of
renewable energy. The main market players quickly put wind
power plans on hold and focused on photovoltaics. Geother-
mal and biogas plants, which were promoted and favored by
those in power, lost the economic competition. Poland has
become one of the fastest growing photovoltaic markets in
Europe. However, when confronted with the ever-demand-
ing grid upgrades, the system began to “choke” on excess en-
ergy from the sun. In 2024 alone, solar power producers had
to switch off their installations more than 60 times. Despite
this, coal-fired power plants as the backbone of the system
were pushing up energy prices to some of the highest in Eu-
rope. Buying the support of mining unions resulted in popu-
list laws on energy price subsidies for individual consumers
instead of renewables. When, after the COVID pandemic,
almost the whole of Europe embarked on a recovery and a
massive modernization program, Poland was one of the few
countries not to receive aid measures due to numerous polit-
ical disputes over, among other things, the rule of law.
However, in October 2023, a coalition of centrist and

left-wing parties led by Donald Tusk, who is well-known and
popular in Europe, returned to power. Virtually immediate-
ly, the process of returning the country to the path of a trans-
formational leader and a modern state began. After just a few
weeks, EU aid funds were unblocked. The 10H rule effective-
ly blocking the development of wind energy was also abol-
ished. Poland’s role in Europe is steadily growing. Poland is

becoming a country that plays a very important role in the

European Union. The new coalition is also aware of the chal-
lenges facing the modern economy. The minister for industry,
Marzena Czarnecka, has moved her office to Upper Silesia,
to Katowice, where mining, metallurgy and heavy industry
dominated in Communist times, and where today the region

is looking for its opportunity in new and clean technologies

and where specialists are finding new jobs. It is green hydro-
gen that is supposed to be this “coal of the future,” and this is

a good omen for the future.

FUNDS AND FINANCE One of the problems facing the green

hydrogen industry is the lack of takers for the more expen-
sive green hydrogen. Most entrepreneurs realize that the

test phase of the first projects is over several years before the

moment when electrolyzer efficiency and energy prices will

allow green hydrogen to make money. They expect countries

to find aid funding to accelerate up to this moment. However,
in most countries that have so far actively financially sup-
ported hydrogen projects, they now either do not have the

funds to do so or have other problems. It turns out that one

of the few countries that has these funds and wants to invest

in hydrogen projects is Poland. This is where, over the next

few years, around EUR 30 billion will be earmarked for loans

and grants for investments in the construction of energy net-
works, energy transition, green hydrogen and energy storage.
The KPO, or National Recovery Plan, may be the best bridge

during the development of hydrogen technologies to their
full viability.

LATECOMER'S BONUS Anyone who has been to Poland re-
cently has noticed that IT and telecommunications services
there are at one of the highest levels in Europe. Every Pole
has an “m-citizen” app on their phone, thanks to which they
always have with them: their identity card, driving license,
car insurance, prescriptions for the pharmacy, information
on traffic penalty points, vaccination certificate, school or
student card and transport tickets, among other things. Al-

Ministry of Energy's planned changes to electricity sources

Coal gas,oil Wind = Sun

Power Plant Capacity [Gw]

1
-
13

2020 2025 2030 2035 2040

Zrédio: projekt . Polityki energetyczne] Polski 2040” w wers]i przekazane] do konsultacji

Listopad 2018 roku

water,biomass,biogas,other

— 250

Energy production [Twh]
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15 NN 50 |
28

19 a3

wysokie@apiecie.pl

Fig. 2: Polish ministry of energy's planned changes to electricity sources [Source: wysokienapiecie.pl]
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Increase in number of grid connection refusals and total volume of capacity in
applications with refusals between 2019 and 2023

Number of refusals
B Total capacity in refusals (MW)

The total volume of power in
applications with refusals is not equal
to the real volume of power for which

connections were not obtained!

6155,87

2020 r.

5724,6

2019r.

14451,04

2021r.

83612,41

51058,99

2022r. 2023r.

Fig. 3: URE - Number of refusals issued and power of projects that did not get connected to the grid

most all administrative and tax matters can be handled with
this app. You can sign documents or applications with an
electronic signature. The app is linked to your bank account
and our bank’s app, and with it you can pay taxes, fines or
apply for benefits. Long before the COVID pandemic, phone
payments were the majority for individual purchases.

As most companies and individuals have their bank ac-
counts linked to their telephone numbers, all company bills
are paid online. Hardly anyone remembers that there is an
obligation to pay by bank transfer above €10,000, because
everyone pays most bills online anyway. Companies only set-
tle accounts with the tax authorities online, and tax returns
are an electronic summary of all cost and income invoices.
In practice, it is the office’s software that calculates the tax.
Tax office inspections are rare, as all documents are online
and there is no need to visit the company and its contractors
to inspect them. Despite seemingly less state interference in
the lives of citizens, tax revenues have increased, the shadow
economy has decreased and the mythical VAT gap (sales tax
fraud) has been virtually eliminated. Companies and part-
nerships are set up online. Limited liability companies are
established in 24 hours. The competent court easily places
the company in the registers within one day, and does so au-
tomatically. There is LTE internet in every, even the smallest,
village, and increasingly 5G. Charges for unmetered internet
on the phone or at home can be found from €5 per month.

I know that there are certainly several countries in the
world that are doing even better in this area, but I want to
show that the “latecomer’s premium” has resulted in solu-
tions that were adopted in Poland later on being much more
modern and convenient than in other countries. I believe
that thanks to the fact that Poland’s green hydrogen econo-
my is developing a few years behind Germany or the Neth-
erlands, it will avoid a few beginner’s mistakes and benefit
from the best experiences. Combined with delays in the dis-
bursement of aid funds from the “Reconstruction Funds” in-

tended mainly for the energy transition, Poland has a chance
to become one of the best investment markets in Europe in
the next few years. Let us not forget that Poland has been on
a consistently strong growth path since the early 1990s. Since
then, there has not been a single recession and growth rates
of up to 6 percent have not been rare. During this time, gross
domestic product has tripled, and this is probably the best
result in the world. Poland is now the fifth largest market
in the European Union and continues to grow dynamically.
Despite the country’s very difficult situation at the beginning
of the 1990s, thanks to consistent reforms and financial and
economic policies, our eastern neighbor is making excellent
use of its opportunities.

In summary it should be said that:

- Poland has a very high demand for hydrogen and great
potential for replacing gray hydrogen with green hydrogen

- Poland has young and good managers and proven O&M
companies

- Poland’s RES market is growing rapidly and has great
potential

- Regulations encourage the development of green hydrogen

- The political situation in Poland is good and favorable for
hydrogen investments

- Poland will receive a huge amount of funds from the
national program for hydrogen investments in the
coming years o

Author:

Piotr Rudyszyn

i 14 J. Czochralski Holding Sp z o0.0., Warschau
\__ﬂ, — pr@czochralski.com
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BUSINESS DIRECTORY

BIPOLAR PLATES

X SITEC Industrietechnologie GmbH, |
S I T EC prototypes, series production, :
production systems for your bipolar |
'plates, stack assemblies and balance of plant,
rinfo@sitec-technology.de, www.sitec-technology.com i

Whitecell Eisenhuth GmbH & Co. KG,
Friedrich-Ebert-Str. 203, 37520 Osterode am Harz, Germany,
Phone +49-5522-9067-14, Fax -44, www.eisenhuth.de

COATING

y

| aalberts

Aalberts Surface Technologies
surface GmbH, Seelandstr. 7, 23569 Liibeck,
£echnologies Germany, Phone +49-451-39006-0, |

www.aalberts.com '

Holzapfel Metallveredelung GmbH,
Unterm Ruhestein 1, 35764 Sinn, Germany,
Phone +49-2772-5008-0, Fax -55,
www.holzapfel-group.com

COMMUNICATION & MARKETING

HYDR\.«GEN

Push the Mc:rketl

.www hydrogen universe.com

contact@hydrogen-
moves.de

Phone +49-7195-
90430400

MISSION:

: ’ —

HYDROGE Tel. 0731-790605-0,
www.mission-hydrogen.de |

Mission Hydrogen GmbH,
Einsteinstrafle 55,
89077 Ulm, :

mummert - creating relations,
Uta Mummert, German-French
Communication Services —

Media, Events, Marketing, ;
85 Chemin du Vignal, 07230 Lablacheére, France, '
-Phone +33-652980552, info@mummert.fr, www. mummertfr

/ﬁ&
mummert

creating rparions

Neuman & Esser Group,
Werkstrafle o.Nr., i
52531 Ubach-Palenberg, Germany,
Phone +49-2451-481-01, Fax -100, '
www.neuman-esser.de :

______________________________________________________________

'
[l COMPRESSORS

BUSINESS DIRECTORY

J.P. Sauer & Sohn
Maschinenbau GmbH,;
Brauner Berg 15, '
24159 Kiel, Germany;, !
Phone +49-(0)431-

Cauer Compressors

' 3940 0, sales@sauercompressors.de, www.sauercompressors.com

sera Hydrogen GmbH, :
sera-Str. 1, 34369 Immen-
hausen, Germany,
'Phone +49-5673-999-04, Fax-05,

L info-compress@sera-web.com, www.sera-web.com

Bernard Gruppe ZT

BERNARD ‘ezt

GRUPPE 6060 Hall in Tirol,
.Austrla, Phone +43-5223-5840-118, Fax -201,

‘ G RI ES EM AN N Griesemann Gruppe, !
Vi GRUPPE Studies, Basic & '

Detail-Engineering,
Implementatlon Industriestr. 73, 50389 Wesseling,
-Germany, Phone +49-2232- 7080 kontakt@grzesemann.com,i

Kilte- und System-
;%S K U S TE C technik GmbH,

: Refrigeration

' systems for cooling hydrogen according SAE, Heavy duty
-refuehng, Strassfeld 5, 3441 Freundorf, Austria,

» Asahi Kasei
AsahiKASEI i,
' Fringsstr. 17, .
40221 Dusseldorf Germany, Phone +49 211-3399-2000,

Cummins Inc., Am Wiesenbusch 2 -
Halle 5, 45966 Gladbeck, Germany,
Phone +49-2043-944-133, Fax -146, '
powersales@hydrogenics.com,
WWW.CUMMINS.com

______________________________________________________________

Elogen GmbH, Eupener Strasse
165, 50933 Koln, Germany, i
Phone +49-221- 2919073-0, Fax 9

www.elogenh2.com :



' Enapter srl, AEM eletro- !
! lyzers for all applications,
I -
E @ E na pte r Pisa, Berlin, Chiang Mali,
Via di lavoria 56G, 56040
Cresplna Lorenzana (PI), Italy, Phone +39-50644281, .
:+49 -30-921008130, www.enapter.com

¢ I M G 0 FEST GmbH, Experience for !

;r == I future, Harzburger Str. 14, Gos-
lar (head office), 38642 Goslar,
1 Germany, kontakt@fest-group.de, www.fest-group.de

______________________________________________________________

GR==NHYDROGEN.DK

1 GreenHydrogen.dk ApS, Platinvej 29B, 6000 Kolding,
i Denmark, Phone +45-(0)7550-3500, www.greenhydrogen.dk

Hytron Energy & Gas Ltda., !

: H L.!tron Eritrina, 181, Condominio

Industrial Veccon Zeta, |
Sumare — SP - Brasil, CEP.: 13.178-543,

iGas energy GmbH, Cockerillstr. 100,
52222 Stolberg, Germany,
Phone +49-(0)2402-9791600, .
info@igas-energy.de, www.iGas-energy.de

JA-Gastechnology GmbH, !
Albrecht-Thaer-Ring 9,
30938 Burgwedel,
Germany,

1 Phone +49-5139-9855-0, Fax -33, www.ja-gastechnology.com

! competence in
: gastechnaology

thyssenkrupp Uhde Chlorine Engineers GmbH,
Vosskuhle 38, 44141 Dortmund, Germany,
Phone +49-231-547-0, Fax -2334,
info-uce@thyssenkrupp.com,
www.thyssenkrupp-uhde-chlorine-engineers.com

ELECTRONICS

plating electronic GmbH,

DC Power Supplies, Rheinstr. 4,

79350 Sexau, Germany, '

Natmg electronic Phone: +49-7641-93500-0, i
we care for power info@plating.de, www.plating.de

Priifrex Innovative Power Products
GmbH, Egersdorfer Str. 36,

90556 Cadolzburg, Germany,
Phone +49-(0)9103-7953-0, Fax -55,
www.pruefrex.com

PRUfREX"

A R G 0 V l A ARGOVIA Hydrogen AG,

Germanenstr. 10, 4313 Mohlin, !
WA Switzerland,
. L www. argovia-h2.com, Automated filling stations for H,

H2 Core Systems GmbH, Con-
struction, Service, Electrolyser, Fuel !
Cell, Compressor, Storage, Berliner
)| Str. 82-88, 25746 Heide, Germany, |
Phone +49-15777438466,
sales@hZcoresystems com, www.h2coresystems.com

:Core

[r— - VAF GmbH, Automation !
| - V w y expert for cell stacking,
| — Bergstr. 13, 73441 Bopfingen, |
: wir bewegen Zukunft  Germany, Phone +49-7362- ;
'96030 info@vaf-bopfingen.de, www.vaf-bopfngen.de '

— Biirkert Werke GmbH & Co. !
b u r ke r t KG, Solenoid Valves, Mass
; Flow Controller, Fluid Power !
IFLUID CONTROL SYSTEMS  System Solutions, Chris-
rtian-Biirkert-Str. 13-17, 74653 Ingelfingen, Germany, :
iPhone +49-7940-10-0, Fax -91204, www.buerkert.com l

SN Buschjost GmbH - |
" N 0 R G R E N IMI Piecision Engineer-
‘ ing, Detmolder Str. 256,
132545 Bad Oeynhausen, Germany, Phone +49-5731-791-0,

1Fax -179, www.norgren.com, hydrogen@imi-precision.com !

______________________________________________________________

Festo SE & Co. KG,
Automation Electrolyser, !

! HRS, Compressor, '
' Stack & Fuel Cell Production, Ruiterstr. 82, 73734 Esslingen,
IGermany, Phone +49-711-3471185, ;
i markus.ott@festo.com, www.festo.com

GSR Ventiltechnik GmbH & Co. KG, '
Im Meisenfeld 1, 32602 Vlotho, Germany,
Phone +49-5228-779-0, info@ventiltechnik.de, !
www.ventiltechnik.de

E Ventiltechnik

______________________________________________________

“ﬂVA SWWISS Nova Werke AG, H, |

High Pressure Sole-
'noid Valves, Vogelsangstr. 24, 8307 Effretikon, Switzerland, |

: 'Phone +41-52-3541616, www.novaswiss.com :

G| OMB SALERI oy vio Rove i vt ¢
' - 25126 Brescia, Italy,

hydrogen@omb -saleri.it, www.omb-saleri.it :

SFC Energy AG, EFOY Fuel

Cells, Eugen-Sanger-Ring 7, 85649
Brunnthal, Germany, Phone +49-
89-673592-555, info@sfc.com,
ERGY www.sfc.com, www.efoy-pro.com
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FUEL RECIRCULATION AND
AIR SUPPLY

=—: e ’ e r o t o i Celeroton TurboCell AG,

Industriestr. 22, 8604
' Volketswil, Switzerland,

i TUI' bOCe” Phone +41-44-25052-20,

vinfo@celeroton-turbocell.com, www.celeroton-turbocell.com

1\ ; MeliCon GmbH, Metallic |
M e | | C on Lightweight Construction,
: Metallic Lightweight Constructior Porschestr. 6, 41836 Hiickel- ;
: hoven, Germany,
'Phone +49-(0)2433-44674-0, Fax -22, www.melicon.de !

:Werner von-Siemens-Str. 18, 86405 Meltmgen, Germany,
: Phone +48-(0)8271-83-3360, Fax -103360,
' fuelcellcomponents@sglgroup.com, www.sglgroup.com

L et \ RIX Industries, i

o 4900 Industrial Way, Benicia,
. @ R’x CA 94510, USA, Phone +1-707-747-5900, 1
.J learnmore@rixindustries.com,
IFOCUSED ONTHEFUTURE  www.rixindustries.com

# — Deutsche Zentrum fir !
i VDLR fir Luft- und Raumfahrt Luft- und Raumfahrt
: German Aerospace Center  (DLR) / German Aero- ;
- ratnectirgneea Tiemesmm space Center, Institute of
: i Engineering Thermodynamics, Energy System Integration,
i Pfaffenwaldring 38-40, 70569 Stuttgart, Germany, :
' Phone +49-(0)711-6862-672, Fax -747, www.dlr.de/tt E

______________________________________________________________

______________________________________________________________

framatome

:Framatome GmbH, Paul-Gossen-Str. 100, 91052 Erlangen,
'Germany, Contact: Mrs. Gemmer-Berkbilek,
:Phone +49-(0)9131-90095221, www.framatome.com '

Matthews International GmbH,
Gutenbergstr. 1-3, 48691 Vreden, '
Germany, Phone +49-2564-120,
SAUERESSIG vreden@saueressig.com,

\www.saueressig.com/en/engineering/hydrogen-solutions/ |

BUSINESS DIRECTORY

i ODONICS

IODONICS Your-Tool GmbH, Strassfeld 10, 3441 Freundorf, !
EAustrla, Phone +43-2274-30601, www.your-tool.net :

MEASUREMENT AND CONTROL
TECHNOLOGY

4 Henze-Hauck
. h —\/\_/ Prozessmesstechnik / !
E Analytik GmbH, |
' Wasserstoffanalysatoren, ATEX zertifiziert, Sicherheits- :
'technik, Diuinnhauptstr. 14, 06847 Dessau, Tel. 0340 5169363,

1 info@henze-hauck.de, www.processanalytik.de

GY(1Y® ELECTRONIC!

HYDAC Electronic GmbH, H, pressure transmitters
‘with approvals for hazardous environments as well as EC
179/2009, Hauptstr. 27, 66128 Saarbriicken, Germany, Phone !
1+49-6897-50901, electronic@hydac.com, www.hydac.com

JUMO GmbH & Co. KG,
Measurement, control and !
automation technology
for hydrogen applications,
.Mor1tz Juchheim-Str. 1, 36039 Fulda, Germany,

'Phone 0661-6003-0, Fax -500, mazl@]umo net,

S++ Simulation Services,

Ralf Kraume, Waldstr. 5,

82418 Murnau-Westried, Germany,
Phone +49-8841-672147-0,
.mlfkraume@splusplus.com, www.splusplus.com

SIMULATION SERVICES

MEASUREMENT DATA MANAGE-
MENT AND MONITORING

Lorenzweg 43,

DILICO
39124 Magdeburg, Germany,

Phone +49-(0)391-505859-86, info@dilico.de, www.dilico.de

DiLiCo engineering GmbH,

@® Smart Testsolutions GmbH,
: Rotestr. 17, 70197 Stuttgart, Germany,
i Phone +49-711-25521-46, :
| SMART W smart-testsolutions.de

AGC Chemicals Europe,
Ltd., FORBLUE™ Membrane
Technology, Commercial
Centre, World Trade Center,
Zuldpleln 80, 1077 XV Amsterdam, Netherlands, Phone
1+31-20-880-4170, forblue.info@agc.com, www.agcce.com

! Your Dreams, Our Challenge



CMC Klebetechnik GmbH,

Rudolf-Diesel-Str. 4, 67227 Frankenthal/Pfalz, Germany,
Phone +49-6233-872-300,

info@cmc.de, www.cmc.de

fJ FUMATECH BWT GmbH, |
: Carl-Benz-Str. 4, 74321 Bietig- |
! fu matech heim- -Bissingen, Germany, !
1 functional membranes for fuel cells Phone +49- ( )7142 3737-900, .
: DBWT GROUF |, ¢ -999, www.fumatech.com

Y German Hydrogen and Fuel
‘ 9 ) Cell Association, Deutscher
i \;, Deutscher Wassersroff und Wasserstoff- und Brenn-

' Brennstoffzellen-Verband stoffzellen-Verband e.V.
((DWYV), Moltkestr. 42, 12203 Berlin, Germany,
IPhone +49-(0)30-398209946-0, Fax -9, www.dwv-info.de |
hySOLUTIONS GmbH,

Steinstrasse 25, 20095 Hamburg, Germany,

Phone +49-(0)40-3288353-2, Fax -8,
www.hysolutions-hamburg.de

ORGANIZERS (EVENTS)

ees Europe - International
Exhibition for Batteriesand
; Energy Storage Systems /
electrical energy storage  golar Promotion GmbH,
PO Box 100 170, 75101 Pforzheim, Germany,

:Phone +49-7231-58598-0, Fax -28, www.ees-europe.com

______________________________________________________________

______________________________________________________________

A R gl Y European Fuel Cell |
Forum, |
Obgardihalde 2,
' 6043 Luzern-

iAdligenswil, Switzerland, Phone +41-(0)4-45865644,
1Fax 35080622, forum@efcf.com, www.efcf.com :

) Temp. =« Hydrogen

A :
H l') C 5 Low
I

— 6  Solid Oxide Technology

: J (4 Conference - Exhibition - Switzerland

' Messe Stuttgart,
hy fc ) ll hy fcell - International Expo and |
memationat - Conference in Stuttgart
i Expo and Conference

! 07-08 0ct 2025 | Germany  aNd worldw1de,
iwww.hy-feell.com/worldwide

Tobias Renz FAIR, Berlin,

f Tobias Renz, tobias@h2fc-fair.com,
VISR Phone +49-30-60984556, ;
www.h2fc-fair.com l

PLANT ENGINEERING
Kloeckner DESMA Elastomertechnik GmbH,
Injection molding machine manufacturer for the
production of elastomer articles,

An der Baera, 78567 Fridingen, Germany,

Phone +49-7463-8340, www.desma.biz

4 HYDROGEN
l FUEL CELLS

REFORMERS

______________________________________________________________

Reformer WS Reformer GmbH,
Dornierstrasse 14, 71272

! GmbH Renningen, Germany,

-Phone +49-(0)7159-163242, Fax -2738, wwwwsreformercom-

______________________________________________________________

DBI Gas- und Umwelttechnik |
GmbH, Karl-Heine-Str. 109/ 111,.
04229 Leipzig, Germany,
-Phone +49-341-2457-113, www.dbi-gut.de !
Fraunhofer Institute for Microengineering and
Microsystems IMM, Reformer and Heat Exchanger,
Carl-Zeiss-Str. 18-20, 55129 Mainz, Germany,

Phone +49-(0)6131-9900,

info@imm.fraunhofer.de,

www.imm.fraunhofer.de

/ F raun h ofe r Fraunhofer ISE, :

Heidenhofstrasse 2,
ISE 79110 Freiburg, Germany, |

Phone +49-(0)761- 4588-5208, Fax -9202, www.h2-ise.de

Fraunhofer-Institut fiir Windenergiesysteme IWES,

Postkamp 12, 30159 Hannover, Germany,

Phone +49-471-14290-456, www.iwes.fraunhofer.de

HyCentA Research GmbH, '
C ent n Inffeldgasse 15, 8010 Graz, Aus-

: HYOROGEN CENTER AUSTRIA 119 Phone +43 (0)316-873-9501,

IAV GmbH Ingenieurgesellschaft :
Auto und Verkehr, Carnotstr. 1, 1
10587 Berlin, Germany, Phone

'+49 30-39978-0, Fax -9926, www.iav.com

______________________________________________________________

______________________________________________________________

! WEN G E R Wenger Engineering

GmbH, Research and
Engineering GmbH Development Center
for Thermodynamics, CFD Simulation & H,-Technology,
'Einsteinstr. 55, 89077 Ulm, Germany, Phone +49-(0)731- |
'790605 0, Fax -99, mail@wenger-engineering.com,
| www.wenger-engineering.com

STORAGE

AMBARtec AG, Supplier of compact, efficient and sustainable
H,-storage systems, Erna-Berger-Str. 17, 01097 Dresden,
Germany, Phone +49-351-30993666,

www.ambartec.de

= CyTec Monchenglad-
c YT ﬁ» bach GmbH & Co.KG,
Hydregen Transport Solutions

Lehmkuhlenweg 13,
,41065 Monchengladbach, Germany,
‘Phone +49-(0)2161-65907-0, Fax -68, www.cytec-mg.de
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Hexagon Purus GmbH,
Hannoversche Str. 1, D-34134 Kassel !
Hexagon Purus Weeze GmbH,
Industriestr. 60, D-47652 Weeze

HEXAGON

; PURUS

K E s S E L S Kessels Priifwerk Gmbh & '

H, sTorAGE aND TRANsPorT  CO- KG, Lehmkuhlenweg 13,
SOLUTIONS 41065 Monchengladbach,
:Germany, Phone +49-(0)2161-65907-0, Fax -68, :
‘www.kessels-pruefwerke.de '

______________________________________________________________

SUPPLIERS

Anleg GmbH, Advanced Technology, Am Schornacker 59,
46485 Wesel, Germany, Phone +49-(0)281-206526-0, Fax -29,
www.anleg-gmbh.de

| Borit NV, Bipolar Plates and Inter-
| connects, Lammerdries 18e, 2440
' Geel, Belgium, Phone +32-(0)14-
25090-0, contact@borit.be, www.borit.be:

HIAT gGmbH,
HIAT Schwerin, Germany,
' HYDROGEN AND INFORMATICS CCMs/MEAs/ GDESE
' INSTITUTE OF APPLIED TECHNOLOGIES  for PEFC, DMFC & |

‘PEM-Electrolysis, www.hiat.de

P~ ﬁ Kerafol Keramische Folien
(O—kERaFoL

GmbH & Co. KG,
Ceramic Electrolytes,
H Keramische Folien GmbH & Co. KG

Solid Oxide Cells, Glass
Tapes, Koppe Platz 1, 92676 Eschenbach, Germany,

PAJARITO Pajarito Powder, LLC,

POWDER 3600 Osuna Road NE, Suite 309, |
FUEL CELL CATANYSTS Albuquerque, NM 87109-4427,
.USA Phone +1-505-2-935367, Fax -448040,

S I E M E N Siemens, contributes to
successful process imple- |
mentatlons inH, productlon, conversion, storage, transport |
rand usage as reliable partner with a comprehensive automa- !
ition and digitalization portfolio. www.siemens.com/h2 :

______________________________________________________________

SORST SorstStreckmetall GmbH -
Use in OEMs and electro-

;
|

i

. STRECHMETALL
.

! lyzers made of titanium,
.

: ————  Spir Star AG, '
i SPIR STAR  Aufder Rut 7, 64668 Rimbach- !
[ — Mitlechtern, Germany,
Phone +49-6253-9889-0, info@spirstar.de, www.spirstar.de

______________________________________________________________

AIEY=Y WEKAAG i
! ‘ YWJENDN , Schuerlistr. 8, 8344 Baeretswil, '
' Switzerland,

'CRYOGENICS

' Phone +41-(0)43-833434-3, Fax -9,
: Member of the @RCP) Group

info@weka-ag.ch, www.weka-ag.ch !

BUSINESS DIRECTORY

TESTING

. ba ltice FuelCells Dbaltic FuelCells GmbH, i
% GmbH  www.balticfuelcells.com, |
PEM- and electrolysis-single

JA-Gastechnology GmbH, !
Albrecht-Thaer-Ring 9, 30938
Burgwedel, Germany, Phone
1+49-5139-9855-0, Fax -33, www.ja-gastechnology.com

' competence in
' gastechnology

; MAX' MATO R Maximator GmbH,

‘Maximum Pressure. High Pressure Hydrogen
‘Technology, Testing Equipment, Customer Testing Services,!
'Lange Strasse 6, 99734 Nordhausen, Germany, Phone +49-
13631-9533-5040, info@maximator.de, www.maximator.de

: IN MACEAS GmbH, :
,:nm Konigstr. 2, 26676 Barflel-Harkebriigge,
MACEAS  proc’ 5
b Phone +49-4497-9269-90, Fax -18, !
e R aceas.com

Resato International B.V., H, -Pressure!
RESEIU'J Testing, H, gas booster for refuellng
v RGN TECHNILOGY stations, hlgh pressure technology,
'Duitslandlaan 1, 9400 AZ Assen, Netherlands, Phone
+31- (0)501-6877, h2sales@resato.com, www.resato.com !

[S o n p I a S] Sonplas GmbH, H, test stand,

Testing of hydrogen-carrying
ISachsenrlng 57, 94315 Straubmg, Germany,

components with real fuel,

Z= LTWANG R Ak

:Zeltwanger, Leak and Functional Testmg, Automated |
iLines for Laser Applications and Assembly Tasks,
iMaltschachstr. 32, 72144 Dufilingen, Germany, Phone +49- |
17071-3663-106, e-mobility@zeltwanger.com, www.zeltwanger.de

..............................................................

AIP Automotive GmbH & Co. .
KG, Hojen 30, 87490 Haldenwang, !
Germany, Phone +49 8374-24090, |

automotwe



EVENTS

More events at www.h2-international.com/events

MARCH

Hannover Messe 2025

March 31 - April 4, 2025

Messegeldnde Hannover
www.hannovermesse.de/de/hannover-messe-2025/

MAY

The smarter E Europe

May 7 - 9, 2025

Messe Miinchen
www.thesmartere.de/messe-kompakt

Innovationsforum Energie

May 15 - 16, 2025

Ziirich Marriott Hotel
www.innovationsforum-energie.ch

JUNE

Wasserstoff und Brennstoffzelle

Nur Speicher und Kraftstoff oder mehr?
June 3 - 5, 2025

Haus der Technik

www.hdt.de

ENA2025 - Electrolysis North America

June 16 -17, 2025

Toronto
www.redcabin.de/summits/electrolyzers-north-america/

JULY

Innovationsforum Mobility

July 3 - 4, 2025

GDI Gottlieb Duttweiler Institute
www.innovationsforum-mobility.ch

AUGUST

ICE 2025 | International Conference on Electrolysis
August 25 - 29,2025

University of Freiburg

www.ice2025.eu

SEPTEMBER

New Energy Investor Summit
September 25 - 26, 2025

Swiss Re Centre for Global Dialogue
www.investorsummit.ch/de

OCTOBER

hy-fcell

October 7 - 8, 2025
Landesmesse Stuttgart
www.messe-stuttgart.de/hy-fcell/
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