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Break-through 
or lock in?

Before going on vacation, there is always an especially large amount 
to do. The desk and the inbox should be as empty as possible, so 
that one can truly relax and really hit the ground running in the fall. 
There are certain parallels to the hydrogen economy.

A whole batch of funded projects is in the middle of imple-
mentation or nearing completion. Thyssenkrupp has ordered its first 
large-scale delivery of hydrogen for green steel production, though 
only for the next seven years. In a Bavarian town, ten homes are now 
using hydrogen for heating, delivered by truck.

These projects show what is moving forward, namely pilot 
projects, and what is still missing, namely the overall long-term con-
cept and the infrastructure. The problem is well known. Anyone who 
wants to solve it must set a clear framework and, in several places at 
once, both support and require action. Examples include the rollout 
of filling stations and the procurement of H2 trucks, as is now hap-
pening in Germany. The approach is so obvious that one wonders: 
why not do it this way from the start?

Merely requiring the use of hydrogen, on the other hand, is 
an excellent method for letting the technology starve at arm’s length. 
German law, for example, now requires that power plants operate 
climate-neutrally from 2045 onward and therefore must already be 
built H2-ready today. Sounds good. It can work, but only if hydro-
gen production or imports are pushed forward with similar intensity. 
However, the majority of hydrogen production projects in Germany 
have so far been awaiting a final investment decision due to unclear 
prospects. Investors in the MENA region criticize Europe for its lack 
of commitment to jump-starting green hydrogen 
and for its complicated regulations.

Germany’s federal government is setting 
the course for austerity. Writing into law that pow-
er plants should run on hydrogen somewhere 
down the road does not cost much. If it then turns 
out, strangely enough, that there is not enough 
hydrogen and that the specific cost of transport-
ing and storing it is prohibitively high, especial-
ly for the turbines, we will simply have to stick 
with natural gas. What a shame – but who could 
have known?

But we are not there yet. Projects that were 
kicked off years ago are now moving forward. 
Their momentum carries energy, and they show 
what is feasible. It is high time to put this energy 
to political use.

Otherwise, the current tasks will be com-
pleted soon, and the vacation may last longer than 
we would like.

Eva Augsten
Editor in chief

augsten@hzwei.info

mailto:augsten@hzwei.info
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Quiet power for rough waters
Two new hydrogen-powered ferries will carry visitors to the 
Lofoten Islands off the coast of northern Norway. 
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Thyssenkrupp nucera and Bharat Heavy Electricals Lim-
ited (BHEL) have signed a Strategic Collaboration Agree-
ment at BHEL’s headquarters in New Delhi for the manufac-
ture of alkaline water electrolyzers. The electrolyzers are 
intended for the production of green hydrogen in India. Ac-
cording to the agreement, the companies want to work to-
gether to gradually establish local manufacturing of elec-
trolysis modules in India. This includes building up local 
production capacities, jointly participating in tender proce-
dures, and providing support in the realization of projects.

BHEL is one of India’s leading state-owned engi-
neering and manufacturing companies. For decades, it has 
been active in power generation, transmission, renewable 
energies, oil and gas, transportation, aerospace, and de-
fense. Among other things, it owns more than half of the 
conventional power plant capacities in India.

Thyssenkrupp nucera targets the Indian hydro-
gen market “India is one of the most important growth mar-
kets for thyssenkrupp nucera,” says Kiran Joseph, CEO of 
thyssenkrupp nucera India. The agreement with BHEL is 
not thyssenkrupp nucera’s first step into the new market. 
Since the beginning of the year, the electrolysis specialist 
has also been cooperating with the German Corporation 
for International Cooperation (Deutsche Gesellschaft für 
Internationale Zusammenarbeit, GIZ) to create a market for 
green hydrogen and power-to-X in India. Also this year, Indi-
an project developer Juno Joule commissioned thyssenk-
rupp nucera to carry out a FEED study for a 260 MW green 
hydrogen production project. 

Thyssenkrupp nucera pushes  
into Indian hydrogen market

Hyfindr Managing Director Dr. Björn Lüssow 
shares insights and encounters from the 

 international   hydrogen community.
 

At this year’s World Hydrogen Summit in Rotterdam, one 
thing was palpable:

The mood has shifted.

After a phase of high expectations, followed by noticea-
ble disillusionment last year, the conversations today are 
different. Less loud, less visionary in tone, but at the same 
time clearer, more concrete and, above all, more confi-
dent. This may seem trivial at first glance. But it is not.

Because industries do not develop on the basis 
of data, business cases or regulatory frameworks alone. 
They develop on the basis of trust.

A helpful analogy is a flock of birds in the sky. Not 
every bird analyzes the situation anew. It only takes a few 
to change direction. A small group follows. And sudden-
ly the entire flock is on the move. In business, momentum 
works in a similar way. A few market leaders make bold 
decisions. Early followers validate these steps. The broad 
mass gains confidence, and follows suit.

That is why the mood among decision-makers 
is of particular importance. When one company invests, 
viewed in isolation it seems risky. When several compa-
nies invest in similar directions at the same time, the per-
ception changes: the risk becomes a calculable step. The 
swarm begins to move.

Rotterdam has shown that we could be standing 
at exactly such a point. The hydrogen economy will not be 
decided by a single breakthrough. No project, no compa-
ny, no technology will tip the scales on its own. It will de-
velop when many players simultaneously find the courage 
to take the next step.

Then we are like birds, and the hydrogen industry 
moves like a swarm.

Let’s get to work, and take flight. 

What’s up, Hyfindr?

THE SWARM TAKES FLIGHT



Current affairs

As early as the end of 2027, Daimler Truck plans to 
bring a truck with a hydrogen engine to market to-
gether with Keyou. Daimler Truck and Keyou have 
agreed to develop the truck jointly. To this end, 
Daimler Truck will supply Keyou with vehicles of 
the Mercedes-Benz Actros L 1848 type as trac-
tor units, along with engines manufactured in Man-
nheim based on the existing 12.8-liter platform. 
The Munich-based company is responsible for the 
technological adaptation for hydrogen operation. 
External service providers will handle the techni-
cal conversion of the trucks and the integration of 
the engine.

The first vehicle from the cooperation is to 
be the Keyou HICE.40 tractor unit. It is designed for 
a gross vehicle weight of 40 metric tons. According 
to Keyou, thanks to 350-bar compressed hydrogen 
technology, it is expected to achieve a range of up 
to 650 kilometers. The company states the output 
at up to 350 kW. A port fuel injection system (PFI) 
is used. In the future, the technology can also be 
transferred to further vehicle series. Daimler Truck 
would then offer the entire spectrum of zero-emis-
sion trucks: battery-electric, with fuel cell drive and 
with hydrogen engine.  

Daimler Truck: Now adding  
a hydrogen engine

Daimler Truck cooperates with 

Keyou on hydrogen combustion 

technology. © Daimler Truck

Learn more: info@plating-electronic.com • www.plating-electronic.com
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On June 3, 2026, the German Federal Gov-
ernment’s coordinator for the Maritime 
Economy and Tourism, Christoph Ploß, vis-
ited Hamburg University of Technology 
(TUHH) to learn about the results of a pro-
ject on the production of hydrogen at sea.

Together with industry and research 
partners, TUHH has developed a floating, 
self-sufficient offshore electrolysis plant in 
the ProHyGen project. The hydrogen pro-
duced is to be stored without pressure in 
a liquid organic hydrogen carrier medium 
(LOHC). The German Federal Ministry for 
Economic Affairs is funding ProHyGen with 
around 1.5 million euros (see H2internation-
al 2026-2).

The project partners include Cruse 
Offshore GmbH, the Chair of Chemical Re-
action Engineering at Friedrich-Alexander 
University Erlangen-Nürnberg (FAU), Renk 
GmbH, and H&R GmbH & Co. KGaA. The 
plant is intended for sea areas outside the 
sites of conventional offshore wind farms.

Since the plant produces and con-
sumes its own energy, there is no need for a 
grid connection, transformer platforms, or 
subsea cables. The hydrogen is stored tem-
porarily in the “liquid battery storage” LOHC 
and transported by shuttle tanker via the 
existing oil infrastructure to the off-taker. 
According to the calculations, the current 
purchase price for industry there would be 
around 5.50 euros/kg H2 (IRR 17.9%).

These characteristics apparently im-
pressed the Maritime coordinator. The con-

Floating electrolyzers: up to  
1.5 GW per year feasible

cept not only significantly reduces the effort 
for planning and construction, but also low-
ers investment costs. “At the Dogger Bank 
offshore wind farm, for example, around 50 
percent of the investment costs (CapEx) are 
attributable to the power grid connection. 
In our concept, this cost block is completely 
eliminated,” explains project manager Jens 
Cruse. “In the sea areas we have selected, 
wind power can be generated almost around 
the clock, so that the electrolyzer will be uti-
lized accordingly.” This, together with the ab-
sence of a grid connection, would also “dras-
tically reduce” operating costs (OpEx).

The floating wind-power-to-hydro-
gen factory is anchored using convention-
al mooring lines. “The concept is scalable 
and does not compete for space with oth-

Meeting in the wind 

tunnel: In the center 

Christoph Ploß, 

BMWE, surrounded by 

researchers. To his 

right, Jens Cruse.

© TU Hamburg

Simulation in the wind 

tunnel at TU Hamburg

© Cruse-Offshore

er wind or solar installations,” Cruse em-
phasizes. “We also don’t need an H2 core 
network, because transport is to take 
place via the well-developed inland wa-
terway network in Germany and Europe.” 
This network links H2 hubs such as Ham-
burg, Rotterdam, Duisburg, Ludwigshafen, 
and Antwerp-Bruges. In addition, potential 
off-takers such as the steel and chemical in-
dustries as well as refineries are already lo-
cated there.

Off-takers can be supplied via a “de-
posit-bottle system for hydrogen,” as An-
dreas Bösmann of FAU explained. “The 
LOHC carrier liquid can be loaded and un-
loaded with hydrogen for around 3,000 cy-
cles before it has to be replaced.” And: “The 
heat released during hydrogenation is suf-
ficient to desalinate the seawater so that it 
can be used for electrolysis.”

Thorsten Ronner of the Heinrich 
Rönner Group said that once central com-
ponents such as turbines, electrolyzers, 
and prefabricated steel parts are delivered, 
a consortium of German shipyards would 
be able to assemble around 50 to 100 units 
per year in series production. With an out-
put of 15 MW per plant, this would corre-
spond to an installed capacity of up to 1.5 
GW per year.

In the project, which runs until the 
end of 2026, the Hamburg researchers and 
their partners have completed the planning 
of a 5 MW prototype as well as its scaling to 
15 MW. Preliminary planning and a feasibility 
study for a hydrogen park in European sea 
areas are also available. As a next step, the 
participants aim to build a first prototype. 
They discussed possible implementation 
paths at the expert meeting with Christoph 
Ploß and industry representatives. Inves-
tors are welcome.  Monika Rößiger
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The US company Verde Hydrogen has received an order from Chi-
na Coal Energy Group to supply equipment for the first phase of 
an off-grid green hydrogen production project. According to Verde 
Hydrogen, it is a flagship project for off-grid hydrogen production 
in China’s heavy industry. The company says that leading Chinese 
electrolyser manufacturers participated in the public tender. Verde 
Hydrogen also says that its Chinese subsidiary prevailed thanks 
to a technical proposal based on its electrolysis core technology, 
plant performance, and system design.

The contract includes four alkaline electrolysers, each with 
a hydrogen production capacity of 1,200 Nm³/h. It also includes an 
integrated gas-liquid separation and hydrogen purification system 
with a total capacity of 4,800 Nm³/h. Verde Hydrogen describes 
it as a “4-in-1 system”. The plant will be operated exclusively with 
electricity from directly coupled renewable energy sources and will 
supply high-purity hydrogen for the decarbonisation of heavy in-
dustrial processes.  

Italian engineering company Techfem has completed construction of 
the “Hydrogen Valley” in the southern Italian city of Lamezia Terme. 
The term “Hydrogen Valley” refers to an ecosystem in which green 
hydrogen is produced, stored, and supplied to local industrial and mo-
bility users. In this case, the facility combines on-site renewable pow-
er generation, electrolysis, compression, storage, and a loading bay 
for tube trailers within a single installation on a former industrial site.

Techfem carried out the engineering design and EPC exe-
cution on behalf of the client and future plant operator, Teca Gas. 
According to the company, it is the first project of its kind in the Cal-
abria region and the only one developed by a private beneficiary 
under Italy’s National Recovery and Resilience Plan (NRRP). The 
project received funding of €6.85 million.

The Hydrogen Valley is centred around a 2 MW PEM elec-
trolyser supplied by IMI. The plant includes storage and compres-
sion systems operating at pressures of up to 220 barg, a 480 kW 
photovoltaic array consisting of 750 modules, and a loading bay for 
filling tube trailers used to transport hydrogen to off-site users.

According to Techfem, the configuration enables green hy-
drogen to be produced directly at pressure using renewable elec-
tricity. Energy consumption is stated at 55 kWh per kilogram of H₂ 
at full capacity, below the 58 kWh/kg threshold set by the NRRP. 
The first offtakers will be the local metalworking industry as well as 
existing and future transport op-
erators. Teca Gas also plans to 
produce hydromethane at the 
site, with an expected annual out-
put of 85 tonnes for use by public 
transport operators.

The plant will now under-
go testing and regulatory inspec-
tions carried out by Techfem. 
Once the authorisation process 
has been completed, operations 
are scheduled to begin in Sep-
tember 2026. 

Verde Hydrogen supplies electrolyser 
for off-grid project in China

Lhyfe ramps up trailer  
fleet to 84

Lhyfe has taken delivery of ten new Type 
IV hydrogen containers from supplier Hex-
agon Purus. According to the company, its 
fleet now comprises 84 tube trailers ded-
icated to hydrogen transport – one of the 
largest and most modern in Europe. Lhyfe 
and Hexagon Purus share a strategic indus-
trial shareholder, the Japanese trading and 
investment company Mitsui & Co.

The new Type IV containers are 
available in four sizes and two compression 
levels. According to Lhyfe, they are lighter, 
more durable, and comply with RFNBO cer-
tification requirements, allowing larger vol-
umes of hydrogen to be transported per trip.

The company states that its logistics 
network currently serves around 60 indus-
trial and mobility customers across nine Eu-
ropean countries. In 2025, Lhyfe surpassed 
a total of 1,000 deliveries. According to the 
company, more than 850 of these deliver-
ies took place in Europe during 2025, repre-
senting an increase of more than 80 percent 
compared with 2024. Customers include 
BMW Group, TEAL Mobility, H2 Mobility, 
Karp Kneip, and energy supplier Essent.

According to Matthieu Guesné, 
Founder and CEO of Lhyfe, delivering hy-
drogen by truck is only the first step in 
building a supply chain. “The bulk market is 
the first to scale up – it is already enabling 
pioneering players to initiate their energy 
transition. To support them, we have been 
committed since 2021 to building a compre-
hensive, efficient, reliable, and flexible sup-
ply chain,” he says. He adds that the sector 
will require multiple distribution formats – 
including on-site production and pipeline 
networks – to meet diverse use cases. 

Hydrogen valley in southern Italy  
to start production in September
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Project developers in the MENA region are ready to scale  
up green hydrogen. Cornelius Matthes (DII Desert Energy)  
and Laurent Antony (IPHE) agree that EU regulations are  
now the main challenge – but disagree on most details. 

on which governments and standards organi-
sations can build. The field is complex. The or-
ganisation has identified 21 hydrogen certifica-
tion schemes and seven support mechanisms 
worldwide. Antony considers a single global 
certification scheme unrealistic. “That’s just a 
dream,” he said.

But he pointed out that a milestone 
had been achieved. At the end of April, a new 
ISO standard for quantifying greenhouse gas 
emissions from hydrogen was published. The 
methodology is based on work initiated by 
IPHE, involving more than 15 countries and 
over 70 meetings. The new standard provides 
a common methodology “to compare apples 
with apples.”

Like Matthes, Antony called for long-
term, stable, and predictable rules and point-
ed to an example that has already proven suc-
cessful. He cited Japan’s Hydrogen Society 
Promotion Act. The legislation combines 15-
year contracts for difference (CfDs) with a fur-
ther ten years of planning certainty and cov-
ers the entire supply chain, from producers to 
logistics providers.

Virtual certificates are controversial The two ex-
perts disagreed strongly over certificate trad-
ing. Matthes argued in favour of virtual trad-
ing of green hydrogen. This would essentially 
mean trading certificates without transporting 
the physical hydrogen.

Antony rejected a pure book-and-claim 
model, at least for now. Before virtual trading 
can become credible, he argued, the industry 
must establish trust through physical tracea-
bility using a mass-balance approach that links 
the hydrogen produced with the hydrogen ulti-
mately consumed.

To secure long-term international hy-
drogen partnerships, Matthes called for more 

“simplicity” and “a bold commitment by Eu-
rope.” Antony argued that Europe should re-
gard exporting countries as co-owners rather 
than merely suppliers. “Let’s understand each 
other and work together,” he concluded. 

The Neom Green Hydrogen Project in Saudi 
Arabia, with its 2.2 GW electrolyser capacity, is 
currently the largest and best-known project 
in the MENA region. On the podcast The Hy-
drogen Elevator, recorded at The Smarter E Eu-
rope exhibition in Munich and hosted by Jür-
gen Pfeiffer, Cornelius Matthes said the project 
is now 95% complete and is “due to be commis-
sioned in the next few quarters.”

It could supply low-cost hydrogen and 
be a step towards greater energy security for 
Europe, Matthes pointed out. He noted that 
most hydrogen projects in the MENA region 
are located on the Red Sea – like Neom – or in 
North Africa, meaning they do not depend on 
passage through the Strait of Hormuz. Matthes 
argued that, at large scale, cost was no longer 
the main issue. “We can go below three euros 
per kilogram today,” he said.

MENA developers losing patience with Europe 
Matthes sees the main obstacle in Europe’s 
regulatory framework. According to him, pro-
spective producers in the MENA region are 

“extremely annoyed, extremely frustrated by 
a lack of speed, a lack of clarity” on Europe’s 
part. Without reliable long-term offtake com-
mitments, investors are increasingly looking 
towards Asia, where projects move faster and 
regulatory frameworks are more predictable. 
Referring to offtake agreements, he said: “Ten 
years is not so good. Twenty years is super. If 
you have 30 years, it’s even much better.” He 
added: “A solid offtake, a solid long-term agree-
ment is simply a prerequisite to make any of 
these projects bankable.” He also called for 
competitive export credit agency (ECA) support 
to facilitate the delivery of European technolo-
gy to the region.

A milestone in comparing apples with apples Lau-
rent Antony, Executive Director of the Interna-
tional Partnership for Hydrogen and Fuel Cells 
in the Economy (IPHE), also stressed the im-
portance of regulation. IPHE develops interna-
tional foundations for the hydrogen economy 
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Fast projects, slow politics
Text: Eva Augsten

Hydrogen imports

The full podcast is 
available at 
www.hzwei.info/podcast 

http://www.hzwei.info/podcast
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Market

It is hot, it is crowded, and loudspeak-
ers are urging visitors to keep the hall 
doors closed so that the air condition-
ing can work properly. The trade fair 
has 2,800 exhibitors, and by the time 
this issue goes to press, 2,800 visitors 
are expected.

Renewables 24/7 The trade fair, which 
started out as Intersolar, has long 
ceased to be a pure solar event. Storage 
technologies, e-mobility and grid inte-
gration have been an integral part of it 
for years. The Smarter E is thus also a 
platform where sectors converge tech-
nically and where overall solutions are 
repeatedly discussed.

An idea of what a fully renewable 
energy system could look like is show-
cased this time in a special exhibit titled 
Renewables 24/7. There is also an appli-
cation example from the hydrogen sec-
tor to be seen there, a 54 MW PEM elec-
trolyzer at BASF in Ludwigshafen.

Strong interest For several years now, 
providers of hydrogen technologies 
have been appearing among the bat-
tery storage exhibitors. This year, the 
Munich trade fair is hosting the Hydro-
gen Dialogue for the first time, a format 
that previously took place in Nurem-
berg. It consists of a conference at the 
congress center and an open forum on 
the trade fair floor.

This is an opportunity for hydro-
gen and green electricity to come clos-
er together, as the organizers explained 
the idea. Around the forum, the con-
cept seems to be working. “The ques-
tions from the audience are open-mind-
ed and interested,” is the impression of 
Olivier Bucheli, who advised the trade 
fair on the technical orientation of the 
hydrogen forum in the exhibition halls. 
Silke Frank of Hydrogen Moves, whose 
booth is located right next to the forum, 
also praised the good exchange.

Molecules versus electrons? At the open-
ing of the Hydrogen Dialogue Summit at 
the conference center, however, one gets 
a different impression. Bavaria’s Minis-
ter of Economic Affairs Hubert Aiwanger 
complained that in his state they were 
struggling to “desperately prevent brown-
outs,” since too much solar power keeps 
flooding the grids. In general, one some-
times gets the impression that hydrogen 
and green electricity are not partners in 
the energy transition, but bitter enemies. 

“Electrons are on the left, molecules are on 
the right,” said Professor Michael  Sterner 
of the OTH Regensburg (Ostbayerische 
Technische Hochschule Regensburg). 
And Jorgo Chatzimarkakis of Hydrogen 
Europe, known for his punchy statements, 
spoke of  “electro-Taliban.”

If hydrogen and renewable elec-
tricity are actually to become a resil-
ient energy supply for Europe, there are 
still some bridges to be built. Perhaps 
 Munich is the place for it. 
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This year, for the first time, the Hydrogen Dialogue, with its 
conference and forum on the trade fair floor, was part of  

The Smarter E, the energy transition trade fair.  
Are electricity and hydrogen now coming together? 

Is it all coming together?
Text: Eva Augsten

Events
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After years of high expectations for hydrogen, experts at the Hamburg 
congress “EnergieZukunftWasserstoff” (Energy future hydrogen) called 
for a reassessment of the technology. Specialists from engineering, 
industry, politics and law agreed that hydrogen remains indispensable  
for a climate-neutral energy system.

ly critical in energy-intensive industries. Even 
a price of four euros per kilogram is currently 
considered barely economically viable by parts 
of the chemical industry.

Bankability as a key issue The term “bankabili-
ty” came up repeatedly at the congress and has 
now become decisive for many projects. That is 
why companies want nothing more than a high 
CO2 price, according to Buchmann. 

In addition, the hydrogen market so 
far lacks a functioning middle layer of trading 
players, such as has long been established in 
the fossil industry.

This could also be built up with the help 
of the H2Global Foundation, whose basic con-
cept is the so-called double-auction model. Un-
der this scheme, state compensation payments 

In his welcoming address, climate physicist 
Mojib Latif, president of the Academy of Scienc-
es and Humanities in Hamburg, recalled the 
first oil crisis in 1973. “By then at the latest, it 
should have become clear to us that fossil ener-
gy sources do not provide secure supplies. Den-
mark recognized this. We, on the other hand, 
are standing still.”

Despite the climate and energy crisis, 
despite wars and repeatedly flaring conflicts 
in the Middle East, there is still a lack of insight 
into how urgently a change of course in energy 
supply is needed.

The euphoria of the early hydrogen 
years has faded. The market ramp-up is pro-
ceeding more slowly than hoped, but no one at 
the congress doubted the fundamental neces-
sity of green hydrogen.

The real problems lie less on the techni-
cal than on the economic level. “We now have 
to build a new energy system within 15 years,” 
said management consultant Marius Buch-
mann of EERA consulting in Oldenburg. “We 
need not only CO2 reductions, but a complete 
transformation.”

As project manager at what was then 
Jacobs University Bremen, he contributed, 
among other things, to the dena lead study “Auf-
bruch Klimaneutralität” (Towards climate neu-
trality). Dena is the abbreviation for “Deutsche 
Energie-Agentur” – the German Energy Agen-
cy. He admitted that numerous hydrogen sce-
narios of recent years had been too optimistic 
in terms of costs. The price for green hydrogen 
today is around ten euros per kilogram.

“If electrolyzers are no longer exempt 
from grid fees in the future, the price could 
even rise to 12 to 15 euros per kilogram,” said 
Buchmann. That is far from competitive with 
fossil alternatives. The situation is particular-

“There’s no way forward 
without green molecules.”
Text: Monika Rößiger

H2 after the hype
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update to Germany’s National Hydrogen Strat-
egy is therefore hardly achievable.

Battery storage as new competition Schulz’s 
assessment of the role of battery storage also 
sparked discussion. While in the public debate 
these are usually regarded only as an impor-
tant pillar of the energy transition, he pointed 
out possible conflicts of interest.

Battery storage systems are increasingly 
competing with electrolyzers for grid connec-
tions and grid capacities. They are indeed mar-
ket-serving and can stabilize electricity prices, 

“but they contribute neither to system-serving 
nor to grid-serving functions.” 

Often, they even place additional strain 
on the grid. There is already competition for 
scarce resources in the area of infrastructure. 
In order to make better use of flexibility options 
in the future, correspondingly adapted legisla-
tion is required.

Hydrogen without regret Martin Kaltschmitt, 
head of the Institute of Environmental Tech-
nology and Energy Economics at the Hamburg 
University of Technology, sees the most impor-
tant fields of application for hydrogen in the 
chemical industry, steel production, interna-
tional shipping and aviation, as well as in se-
lected areas of long-term storage. For other 
applications, direct electrification will remain 
economically more attractive. 

He refers to an estimate by the Berlin In-
stitute for Innovation and Technology (iit), ac-
cording to which H2 demand in all sectors could 
rise by 2035 to around ten percent of Germany’s 
current primary energy demand. In any case, 

“the supply and delivery chains for cost-effec-
tive ‘green molecules’ must also be developed,” 
said the professor. Otherwise, the goal of defos-
silization by 2045 cannot be achieved. So for 
him, too, waiting is not an option.

CCS, competition or complement? Another 
topic was the relationship between hydrogen 
and carbon capture and storage (CCS). Profes-
sor Michael Fehling of Bucerius Law School 
warned against placing both technologies side 
by side as politically equivalent.

In his view, both hydrogen and CCS in-
frastructures require long-term state planning. 
A permanent coexistence of different technol-
ogy paths could complicate investment deci-
sions and generate additional uncertainty. His 
appeal to policymakers was therefore to set 
clearer priorities and to define the intended 
fields of application of the respective technol-
ogies more precisely.

At the end of the congress, the experts 
agreed: it is now a matter of removing the ex-
isting political and regulatory hurdles. Because, 
as Martin Kaltschmitt said: “There’s no way for-
ward without green molecules.” 

bridge the difference between import and sales 
prices until the market for green hydrogen sus-
tains itself.

Hermann Held, professor of Sustainabil-
ity and Global Change at the University of Ham-
burg, warned of enormous costs that, accord-
ing to the Intergovernmental Panel on Climate 
Change (IPCC), would arise from climate dam-
age if we do not act. 

For this reason alone, hydrogen is a 
“no-regret technology” for industrial applications. 
“In 2050, the abatement costs with the help of H2 
technologies could be 15 to 22 percent lower.” In 
China, the abatement costs are even higher, at 
around one third of gross domestic product. 

The physicist, however, expressly ad-
vised against so-called blue hydrogen. An inter-
esting side note: he described himself as “the 
Chernobyl generation, which walked through 
the radioactive rain.”

Regulation becomes an obstacle Participants 
discussed the EU requirements for renewable 
hydrogen (RFNBO) particularly critically. De-
tlef Schulz of Helmut Schmidt University and 
spokesperson for the hydrogen working group 
of the Academy cited the criteria of “addition-
ality” as well as the temporal and geographical 
correlation between renewable electricity and 
electrolyzer operation. 

These rules are intended to ensure that 
hydrogen production is based on additional re-
newable energies and does not compete with 
direct electrification.

Meanwhile, many market participants 
see these requirements as an obstacle to the 
market ramp-up. Professor Schulz described 
them as one of the main factors slowing the ex-
pansion of electrolysis capacities.

Yet we quickly need much more: “Ger-
many currently has around 185 MW of installed 
electrolysis capacity,” says Schulz. “That corre-
sponds to only 1.8 percent of the planned final 
expansion in 2030.” The 10 GW target of the 

BELOW: Climate researcher 

Mojib Latif, president of the 

Academy of Sciences, 

welcomes his guests at the 

opening of the congress.

© Monika Rößiger

LEF T: With great commit-

ment, scientist Martin 

Kaltschmitt conveys his 

findings to the audience.

© Monika Rößiger
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Europe’s wind industry stands at a crossroads, with direct 
consequences for the hydrogen ramp-up. Investors in North Sea 
wind farms want to pull out. At the Hamburg Offshore Wind 
Conference, representatives of the steel and wind industries are 
already warning of the gap between expansion targets and reality.

The success of the European hydrogen econo-
my depends significantly on the expansion of 
offshore wind energy. From the industry’s per-
spective, the failed offshore tender in Germany 
in August 2025 and the postponement of this 
year’s auction appear all the more alarming.

This development is also a warning sig-
nal for the ramp-up of the hydrogen econo-
my: if reliable and scalable green electricity is 
lacking, the business models of the H2 econo-
my start to falter.

A reduced offshore expansion could also 
worsen the economic and infrastructural con-
ditions for projects such as AquaVentus (see 

Many of the 115 participants at the Hamburg 
Offshore Wind Conference (HOW 2026), de-
cision-makers from the areas of production, 
grid infrastructure, industry and regulation, 
agree: high costs, supply chain problems and 
continuously rising interest rates are placing 
too many risks on companies. 

HOW 2026, which traditionally takes 
place in spring at the Hamburg Coffee Ex-
change (Kaffeebörse), is jointly organized by 
the industry network Renewable Energies 
Hamburg (Erneuerbare Energien Hamburg, 
EEHH) and the international consulting and 
certification company DNV.

Windpower and hydrogen: 
“It takes two to tango”
Text: Monika Rößiger

Hamburg Offshore Wind Conference
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However, offshore wind installations them-
selves are considered one of the most impor-
tant sources of this additional demand. This is 
because they consist largely of steel. “A 1 GW 
offshore project requires around 100,000 tons 
of steel,” explains Korbinian Ott, commercial 
managing director at Steelwind Nordenham. 
Like others, he points to the unfair competi-
tion from cheap imports from Asia while at the 
same time emphasizing the role of his indus-
try as a potential lead market for climate-neu-
tral base materials.

Public investment important Through the de-
carbonization of towers for wind energy in-
stallations, the sector could specifically create 
demand for green steel. However, the prereq-
uisite is reliable political framework conditions 
and stable expansion pathways. Korbinian Ott 
warns against watering down the European Un-
ion Emissions Trading System (EU-ETS) as an 
important market-based instrument.

He too confirms the importance of pub-
lic investments in infrastructure for the de-
mand for green steel. This is decisive for the 
hydrogen ramp-up: without this market, a key 
demand anchor is missing.

The mutual dependency is obvious: off-
shore wind needs green steel; the steel indus-
try needs green electricity and hydrogen at af-
fordable prices. The automotive industry also 
needs green steel, as does the renewal of infra-
structure. However, without functioning mar-
kets for low-CO2 steel, the willingness to pay 
is missing.

“The entire manufacturing sector is cur-
rently in a difficult economic situation,” says 
Yannik Sparrer. “That is why there is current-
ly little willingness among the customer in-
dustries to pay more for low-emission steel.” 
Policymakers could provide support by creat-
ing lead markets and stimulating demand for 
low-emission steel, both in public procurement 
and in the private sector. The EU at least plans 
to count low-emission steel towards fleet emis-
sion limits in the automotive sector.

Against the background of necessary 
investments in public infrastructure such 
as bridges, railway tracks and H2 pipelines, 
Sparrer appeals to legislators: “Let us create 
cross-sectoral win-win situations.”

The switch to low-emission steel could 
reduce the CO2 footprint in the manufacture 
of offshore wind turbines by up to 80 per-
cent. “Steel is not just a necessary base mate-
rial here; it also contributes to the reduction of 
Scope 3 emissions.”

Industry for green lead markets Offshore wind 
energy could become a leading market for 
low-emission steel made in the EU, accord-
ing to Sparrer, if policymakers create the 
right incentives. For example, with the 

H2international No. 5-2025) or ProHyGen (see 
H2int. No. 2-2026). These aim to produce green 
hydrogen using wind power directly at sea. 
The current auction regime is evidently no 
longer working. The offshore wind industry 
had already pointed this out last year. 

“Now it is up to policymakers,” says Peter 
Frohböse, segment director wind at DNV. The 
importance of reliable framework conditions 
is also emphasized by Jan Rispens, managing 
director of EEHH: “In order for offshore wind 
in Europe […] to remain a growth engine, in-
vestments along the entire value chain must 
be plannable.” It is precisely this plannabili-
ty that is lacking, with direct effects on the hy-
drogen ramp-up.

Missing lead markets = systemic risk The close 
connection between hydrogen, offshore wind 
and steel becomes particularly clear at HOW 
2026 during the panel discussion on “Green 
Lead Markets.” “Both today’s primary steel 
production and secondary steel produc-
tion must be decarbonized,” explains Yan-
nik Sparrer of the German Steel Federation 
(Wirtschaftsvereinigung Stahl), where he is re-
sponsible for lead markets as head of industry 
policy and circular economy. “This requires 
new plants, affordable renewable electricity 
sources and, in the long term, correspond-
ing hydrogen.”

The conversion of primary steel produc-
tion alone will massively increase the electric-
ity demand of the steel industry, and with it 
the necessity for a rapid expansion of offshore 
wind installations. “The steel industry’s elec-
tricity demand from the grid is already around 
12 TWh per year and will rise significantly fur-
ther through the operation of direct reduction 
plants and electric arc furnaces.”

Group photo at the  

end of the event.

© Monika Rößiger
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help of  instruments that bring advantages for 
both sectors and the targeted use of the Ger-
man “Special Fund for Infrastructure and 
 Climate Protection”.

Like the European hydrogen associ-
ation “Hydrogen Europe,” Sparrer argues 
against relying on 100 percent green hydrogen 
from the outset, because this is “unrealistic.” 
With the gradual use of so-called blue or tur-
quoise hydrogen, CO2 emissions could already 
be significantly reduced while at the same time 
incentivizing the hydrogen ramp-up. Environ-
mental associations and parts of the EU Com-
mission are, as is well known, critical of this 
or fundamentally reject blue hydrogen as a 
 bridging solution.

Fossil dependence is expensive In view of geo-
political crises, Ditlev Engel, CEO Energy Sys-
tems at DNV and member of the DNV execu-
tive committee, points to sharply increased 
costs for fossil energy imports: “44 days ago, 
the conflict in the Strait of Hormuz began. And 
since then, we in the EU have lost 22 billion eu-
ros, in additional costs for fossil fuels such as 
oil and gas.”

The importance of energy independence 
can hardly be illustrated more aptly. And that is 
merely the monetary side of the equation. Ger-
many currently covers around 30 percent of its 
energy demand from its own production, Engel 
continues. The largest portion must therefore 
be imported, which is correspondingly suscep-
tible to crisis. “I do not understand why this as-
pect is not a top priority in politics.”

Energy security of utmost importance A DNV 
survey among more than 1,000 leading rep-
resentatives of the energy industry at the be-
ginning of 2026 shows that 72 percent of re-
spondents view energy security as the most 
important goal. This was, it should be noted, 
before the Iran war. Engel advocates an accel-

erated expansion of renewable energies, which 
is “the cheapest and fastest method to pro-
duce energy.”

At the same time, he calls for simpler 
and more strongly harmonized framework 
conditions in Europe, because differing nation-
al standards slow down expansion. Further-
more, Engel recalls that Germany is a decisive 
player in achieving the targeted expansion goal 
of around 15 gigawatts of offshore wind capac-
ity per year across Europe.

With industrial scaling combined with 
long-term, binding political commitments, as 
most recently at the North Sea Summit in Ham-
burg, this is certainly realistic.

Recycling in focus The panel discussion also 
reveals potential for closed material cy-
cles. The steel from dismantled offshore in-
stallations can definitely be recycled and 
reused. Admittedly, this too is initially asso-
ciated with higher costs. Nevertheless, con-
crete approaches and pilot projects should 
be considered here, argues Yannik Sparrer. 

“The question is: how much more money are 
we as a society, industry and European states 
willing to pay for resilience, sustainability and 
stability?” he concludes at the end of the event. 
Nobody can expect to get all this for free. And 
policymakers are slowly grasping that a price 
tag has to be attached to it. 

LEF T: Panel discussion on green 

lead markets: Stefan Thimm 

(BWO), Korbinian Ott 

(Steelwind Nordenham), in the 

middle the two moderators 

Peter Frohböse (DNV) and  

Jan Rispens (EEHH),  

Yannik Sparrer (Wirtschafts-

vereinigung Stahl) and  

Frank Spee (Vestas).

© Monika Rößiger

RIGHT: Ditlev Engel,  

CEO Energy Systems at DNV.

© Monika Rößiger



Market

A delegation with guests from five countries traveled through China for a 
good week with Hyfindr, gaining firsthand insights into a hydrogen market 
that is developing rapidly.

More than 200 companies there cover near-
ly the entire value chain – from research and 
development through component manufactu-
ring to concrete applications. The difference 
from many European initiatives lies in the le-
vel of maturity: production halls and develop-
ment centers have been built and are in use – 
here, things are not merely planned but tested 
and scaled.

The same applies to the infrastruc-
ture: the hydrogen refueling station in Daxing 
reaches a refueling capacity of approximately 
five tons per day. At its inauguration in 2021, it 
was considered the largest in the world; in Eu-
rope, it was only in 2025 that the  H2 Mobility 

Experiencing one of the world’s most dynamic 
hydrogen markets up close, deepening con-
tacts and initiating new collaborations – that 
was the goal of our trip. In addition to the Hy-
findr team, the delegation included guests from 
Croatia, Spain, Switzerland, France and Ger-
many, as well as Hyfindr’s Chinese partner.

Daxing: An industrial ecosystem in full opera-
tion The travel group’s first stop was the Da-
xing International Hydrogen Energy Demons-
tration Zone near Beijing. The industrial area, 
which was only established in 2020, has grown 
into one of the most significant hydrogen clus-
ters in China.

Inside the hydrogen 
power house
Text: Dr. Björn Lüssow

China
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has operated for several years as an independ-
ent testing and validation center. The laborato-
ries operated by TestHy cover an area of more 
than 20,000 m2 and, according to the compa-
ny, can perform over 300 test procedures. Tes-
tHy supports companies – particularly interna-
tional partners as well – in accessing Chinese 
standards and testing processes.

Beijing: Trade fair as a mirror of industrialization 
Back in Beijing, we visited the China Interna-
tional Hydrogen Congress & Expo (CIHC) and 
the Beijing International Hydrogen Technolo-
gy & Equipment Exhibition (HEIE).

The HEIE is a hydrogen trade fair em-
bedded within a large industry and energy fair. 
The CIHC congress fair is entirely focused on 
hydrogen and fuel cell technologies – electro-
lyzers, fuel cells and stacks dominate the pic-
ture. With around 20,000 visitors, 500 exhibi-
tors and 1,000 products on display, it is one of 
China’s leading H2 trade fairs; in terms of pres-
entation quality, it is comparable to Europe’s 
leading hydrogen trade fairs.

At the CIHC, the sheer scale of the exhib-
ited products was particularly impressive: elec-
trolyzers in the megawatt range are part of the 
fair scene, and even larger ones are being in-
stalled by companies in practice in China. This 
gives rise to projects in the range of 100 to 600 
MW, which are either under construction or al-
ready in operation.

Competition, innovation pressure and 
rapid technological progress can be experi-
enced firsthand at the trade fair: new genera-
tions of fuel cell stacks in the range of up to 300 
kW were presented specifically for commer-
cial vehicles – not by just one company, but by 
several at once.

And the state-owned enterprise Shang-
hai Hydrogen Propulsion Technology (SHPT), a 

 station reached a similar capacity. In China, 
this station supplies a fleet of buses and com-
mercial vehicles. Hydrogen vehicles are part of 
the street scene in the industrial park.

Applications with pace: Hybot and Nowogen Also 
in Daxing, Hybot, a manufacturer of hydrogen-
powered heavy-duty trucks, made the jump 
from concept to production within a short time. 
The company works with a 300 kW fuel cell sys-
tem and, prior to the delegation’s visit, announ-
ced a significant scale-up of its production ca-
pacities in the fourth quarter of this year; the 
plan is to manufacture 100 trucks per month.

And the company Nowogen develops 
fuel cell stacks and systems in Daxing. The de-
velopment speed is impressive here as well: 
projects that were announced as a concept a 
year ago are in the testing phase today – for ex-
ample, a fuel cell stack with a maximum out-
put of 1 MW that we were able to see on the 
test stand. This stack is used in a modular sys-
tem for maritime applications. Later this year, 
it is intended to power inland vessels of 3,000–
10,000 tons on the Beijing–Hangzhou Canal 
and the Yangtze River. These short innovation 
cycles are typical of the Chinese market.

150 kilometers to the southwest, in 
Baoding, is the headquarters of the automo-
tive corporation Great Wall Motors. Through its 
subsidiary FTXT Energy Technology, the com-
pany bundles central components of the hydro-
gen value chain: fuel cell stacks, complete sys-
tems, power electronics and hydrogen storage. 
Development, integration and application are 
closely interlinked – an approach that signif-
icantly shortens development times and ac-
celerates industrialization, and which is rare-
ly seen in Europe with this level of consistency.

The visit to the neighboring testing facil-
ities was also revealing. The company TestHy 

LEF T: The Hyfindr delegation in 

Daxing Hydrogen Park. © Hyfindr

BELOW: Test setup in the TestHy 

laboratory in Baoding. © Hyfindr

RIGHT: Steven Oji and Dr. Björn 

Lüssow in front of the PV plant 

in Rudong. © Hyfindr
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subsidiary of the likewise state-owned automo-
tive corporation SAIC, illustrates how closely in-
dustry, government structures and real-world 
applications are interconnected: SHPT devel-
ops the fuel cell stacks, SAIC integrates them 
into its buses and trucks, which then reach the 
roads with the help of state subsidy programs. 
In addition, however, SHPT is also advancing 
its third-party business internationally, which 
by European standards is somewhat surpris-
ing for a state-owned enterprise.

Rudong: An integrated energy system in practi-
ce A good distance to the south, in the coastal 
region of Rudong, there is a large-scale energy 
project that combines renewable power gene-
ration and hydrogen production.

With 400 MW of installed photovoltaic 
capacity and around 468 million kWh of an-
nual production, the facility supplies, on a 
balance-sheet basis, roughly 700,000 house-
holds. The facility has its own connection to 
the high-voltage grid (220 kV), a battery stor-
age system of 60 MW/120 MWh, an electroly-
sis plant with a production capacity of 1,500 
Nm3/h (135 kg/h) for the production of green 
hydrogen (corresponding to approximately 7 
to 8 MW of electrolysis capacity), and its own 
hydrogen refueling station for up to 500 kg of 
H2 per day.

Rudong follows the principle of “genera-
tion – storage – use – reserve,” thereby showing 
an integrated energy system – and at the same 
time is only a tiny snapshot of China’s fully in-
dustrialized energy transition. In 2024, China 

Dr. Björn Lüssow
Hyfindr GmbH
bjoern.luessow@hyfindr.com

Hyfindr-Video of MSA Safety

had approximately 70 percent of the world’s 
electrolysis capacity with 3.5 GW, has led the 
rankings of new PV and wind energy installa-
tions for years, and in 2024 broke through the 
1,400 GW mark of installed wind and solar en-
ergy that had been targeted for 2030.

Understanding through travel where the journey 
is heading In total, the delegation visited eight 
cities. In addition, we visited the Jiading Hy-
drogen Park, a demonstration center for in-
tegrated system solutions near Shanghai, and 
four additional companies, including the sa-
fety equipment manufacturer MSA Safety (see 
video link).

International delegation trips are of 
great importance in China: for local compa-
nies, cities and industrial clusters, they are a 
platform for initiating international collabora-
tions. Interest in international cooperation is 
high – not least because competitive pressure 
in the domestic market is enormous.

Everywhere, our group was received 
with great openness and hospitality. Direct 
exchange opens up possibilities that scarcely 
arise from a distance. Trusting conversations 
often emerged after the actual business ap-
pointments during shared meals – this, too, is 
part of the business culture.

The speed at which the hydrogen indus-
try is being developed, built and scaled in Chi-
na can hardly be grasped from a distance. You 
have to have seen it yourself to truly under-
stand it. Therefore, in 2027, Hyfindr will once 
again organize a delegation trip to China to-
gether with its Chinese partner. 

Market
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Indian tech company ACME is racing to become Oman’s green 
ammonia pioneer, with Chinese electrolyzers, US technology,  
and a port safely outside the Strait of Hormuz. Is Europe  
missing the boat?

bian Sea roars; above, the excavators roll. A 
broad cut runs down toward the sea through 
the terraced sandstone cliffs: this is where 
the pipeline that will connect the project with 
Europe by ship is to run. Seawater is pumped 
up for desalination, liquefied ammonia flows 
down to the tanker. A simple image for a com-
plex transformation in full swing: “We built 
the road to the coast in one and a half years, 
now the terminal without a jetty will follow,” 
explains project supervisor Naveen Sharma, 
who is accompanying me. He is the coordi-
nator for project partners. We meet some of 
the more than 800 workers deployed here 
around the clock in rotating shifts. Pride 
shines from their eyes; respectfully, they 
speak the name of their company’s founder.

A landscape like a promise about to be ful-
filled. We are driving by car through a sto-
ny expanse; it looks as if one were traveling 
across the moon. Shortly before the coast, 
a construction-site fence comes into view, 
and on the horizon the outlines of one of the 
most ambitious energy projects in the world 
take shape: a “one-stop” factory that produ-
ces green ammonia from sunlight, wind, wa-
ter and air – as a transportable energy car-
rier or as a fertilizer feedstock for the world 
market. It is being built by a company that 
hardly anyone in Europe knows, while in In-
dia it is established as a pioneer of the ener-
gy transition: ACME.

The construction site sits like a balco-
ny above the Indian Ocean. Below, the Ara-

Green ammonia from  
the desert’s edge
Text: Natascha Plankermann

Scaling up H2
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Earthworks in Duqm. The 

coastal desert resembles a 

lunar landscape. In the 

background, the Arabian Sea 

can be seen, which lies outside 

the Strait of Hormuz.

 ©  Natascha Plankermann
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gan with around 5 MW of solar capacity and 
a 2.5 MW electrolyzer. Initially, a modest 5 
metric tons of ammonia per day were pro-
duced; the signal, however, was what mat-
tered: the project showed how renewable en-
ergy can be converted into a transportable 
feedstock. Upadhyay said at the time: “Green 
ammonia is the most viable way for India to 
become a global exporter of clean energy.”

At the same time, ACME was looking 
for the right location for its first major inter-
national project. It was found on the coast 
of Oman.

Billions for Duqm In March 2021, ACME sig-
ned a Memorandum of Understanding 
with the Special Economic Zone at Duqm 
( SEZAD) – becoming one of the first compa-
nies to act in line with Oman’s national hy-
drogen strategy. In August 2021, a binding 
lease for 92 square kilometers in Duqm fol-
lowed. The investment volume was put at 
US$3.5 billion. Today, according to the com-
pany, the total investment volume for the ex-
pansion stands at around US$6 billion.

From solar developer to molecule pioneer 
ACME – more precisely: ACME Cleantech So-
lutions Pvt. Ltd., whose name is said to deri-
ve from the Greek akmē for “summit” – was 
founded in 2003 by Manoj K. Upadhyay in 
Gurugram, not far from New Delhi. Upad-
hyay, entrepreneur and engineer, started out 
as a technology supplier for the telecom in-
dustry before discovering renewable ener-
gies for himself in 2008. By 2015, ACME was 
already India’s largest private solar develo-
per, with a portfolio of over 1,500 MW. Two 
years later, ACME secured the contract to bu-
ild a 200 MW solar plant in the Bhadla So-
lar Park in the Indian Federal State of Raja-
sthan. The electricity generated there was 
sold for 2.44 rupees per kilowatt-hour (at the 
time about 33 euros per megawatt-hour) – 
according to the company, the lowest price 
ever negotiated for solar electricity in India 
at that point.

Further steps followed: in September 
2021, ACME commissioned in Rajasthan one 
of the world’s first integrated pilot plants for 
green hydrogen and green ammonia. It be-

Market
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Several reasons spoke in favor of Oman, as AC-
ME’s Executive Vice President Arnava Sinha ex-
plained at the Green Hydrogen Summit in De-
cember 2025 in Muscat: a large potential for 
generating renewable energy, a structured per-
mitting pathway, and a location where several 
parties can jointly use a shared infrastructure. 
Above all, however, a stable, supportive govern-
ment structure. Duqm also lies outside the geo-
politically sensitive Strait of Hormuz and has 
an industrial port. And from ACME’s perspec-
tive, perhaps the most important factor was so-
mething less tangible: confidence in the coun-
try’s long-term commitment. For projects that 
require billion-dollar upfront investments and 
decades of operation, the company sees politi-
cal stability and reliable legal frameworks as 
just as decisive as sunshine and wind.

Oman, for its part, has a strategic inter-
est: Duqm is being purposefully developed as 
a hydrogen and ammonia hub, with the nation-
al agency Hydrom as coordinator.

Key project data The project is divided into 
three phases; the first is already under cons-
truction. A production facility for 100,000 me-
tric tons of green ammonia per year is being 
built, for which around 240 MW of electroly-
sis capacity and around 650 MW of solar capa-
city are envisaged. The electrolyzers are being 
supplied by Chinese specialists: Shuangliang 
Group and Sungrow Hydrogen.

The technology for producing ammo-
nia comes from the American company KBR, 
which also supplies specially developed plant 
components. In order to generate as much elec-
tricity as possible, the solar panels on site are 
equipped with an automatic rotating mecha-
nism – they follow the position of the sun and 
thereby capture more light. This technology is 
supplied by the companies Game Change So-
lar and Arctech.

In addition, the facility has a seawater 
desalination unit that can process around sev-
en million liters of drinking water per day, as 
well as a storage unit in which up to 60 metric 
tons of hydrogen can be stored.

Phases 2 and 3 are in planning. In the 
next expansion stages, production is to rise to 
a total of 900,000 to 1.2 million metric tons of 
ammonia per year. For this, around 2 GW of 
electrolysis capacity and about 4 GW of solar 
capacity are envisaged.

The project was initially certified by TÜV 
Rheinland as a green production facility. It has 
since become one of the first worldwide to be 
pre-certified by CertifHy – a European certifi-
cation system that evaluates sustainably pro-
duced hydrogen and related fuels according 
to uniform standards, thereby creating trans-
parency for buyers and markets. The pre-cer-
tification confirms that the plant meets the EU 
requirements for Renewable Fuels of Non-Bi-

ological Origin (RFNBO) under the EU Direc-
tive RED III – that is, for fuels produced exclu-
sively from renewable energy sources such as 
sun or wind.

Deliveries to start in 2027 The original timelines 
have been postponed several times; in 2023, 
the parties involved reached a milestone with 
the financial close: a US$488 million loan from 
India’s state-owned green infrastructure finan-
cier REC Limited. Meanwhile, in view of the ra-
pid progress visible on the site, it now appears 
realistic, as Oman’s Energy Minister Salim Al 
Aufi announced at the World Hydrogen Sum-
mit in May 2026 in Rotterdam, that the delive-
ry of green ammonia to Europe is to begin in 
one year. ACME itself plans to start with its off-
taker Yara in early 2027.

Offtaker Yara: the first major agreement The 
course has been set: ACME and Yara Interna-
tional – the Norwegian fertilizer and ammo-
nia group – signed a long-term offtake agree-
ment in 2024 for 100,000 metric tons of green 
ammonia per year, one of the first worldwide 
on this scale. “The green hydrogen market has 
been slow to move for a long time – all the more 
reason why everyone, in Oman or beyond, is 
eager to see the ACME-Yara project!” explains 
Dr. Dawud Al Ansari, head of the Muscat-based 
Shaheen Institute for Strategy and Develop-
ment and professor of hydrogen economics. 
The deal was made possible after 18 months 
of negotiations because the regulatory frame-
work in Europe had stabilized.

RIGHT: Journalist 

Natascha Plankermann 

with her travel compani-

ons. ©  Natascha Plankermann

ABOVE: The workers of the 

Indian project developer 

ACME are happy to pose 

for a photo.

 ©  Natascha Plankermann
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Yara President Magnus Ankarstrand viewed 
this as programmatic and announced: “The ag-
reement demonstrates the power of partners-
hips in developing value chains that reduce 
emissions.” The ammonia produced in Duqm 
is intended to meet the European RFNBO re-
quirements – thus qualifying as fully renewa-
ble and electricity-based. It is to be fed into Ya-
ra’s global distribution network, with a focus 
on Europe. Over the entire life cycle of the pro-
ject, the business partners expect that nearly 
45 million metric tons of CO2 equivalents will 
be saved – which corresponds to about seven 
percent of Germany’s total annual greenhouse 
gas emissions, which according to the Statista 
portal most recently stood at around 649 mil-
lion metric tons.

Europe debates, Asia moves ahead Green am-
monia is no longer a niche topic: it is being 
traded as a climate-friendly shipping fuel, as a 
building block for the steel industry, and at the 
same time remains a central feedstock for ferti-
lizers. In Europe, the political framework is ta-
king shape – but slowly. The new EU Directive 
RED III obliges industry and fertilizer manufac-
turers to source a growing share of their hydro-
gen from renewable, electricity-based sources. 
By 2030, it must be 42 percent; by 2035, 60 per-
cent. In practice, this means: Europe will have 
to import large quantities of green hydrogen – 
and thus green ammonia – because domestic 

production is not sufficient. The Carbon Border 
Adjustment Mechanism (CBAM) reinforces this 
development, because it makes the import of 
fossil ammonia and fertilizer more expensive. 

“The economies of the Arabian Gulf see CBAM 
above all as an opportunity, since they are in a 
position to provide green energy and clean in-
dustrial goods at favorable prices,” explains Dr. 
Al Ansari. According to the Dutch agricultural 
bank Rabobank, prices will rise by 10 to 20 per-
cent in 2026 as a result, and by 2030 it could be 
up to 50 percent.

Nevertheless, price remains a problem 
even for green ammonia. Jorgo Chatzimarka-
kis, President of the Hydrogen Europe associa-
tion, sums up the dilemma: “Europe is steer-
ing demand with rules, quotas and verification 
systems. But the instruments that trigger in-
vestment are missing.” What is meant are, for 
example, binding offtake guarantees and cle-
ar price commitments. There are positive si-
gnals – such as possible funding for lead mar-
kets, or integration into EU programs such as 
the ETS Innovation Fund or the Hydrogen Bank. 
But: none of this is binding so far.

Asia is further along – there, the focus 
is increasingly shifting from regulation to con-
crete procurement: Japan and South Korea 
have created import pathways, state funding 
and long-term contracts. While the large pro-
ject in Duqm (Oman) is aimed at the Europe-
an market, ACME has in parallel concluded a 
supply agreement with the Japanese industri-
al group IHI – though for a separate ammonia 
project in the Indian Federal State of Odisha.

Duqm as a testing ground At present, it looks 
as though Duqm is developing into a testing 
ground for whether the green molecule eco-
nomy is industrially scalable – under real con-
ditions, beyond pilot projects.

For Germany this means: if the steel 
industry – Thyssenkrupp, HKM, Salzgitter – 
switches to direct reduction with hydrogen 
from the late 2020s onwards, green molecules 
will have to be imported. The ammonia from 
Oman could come via Rotterdam, Antwerp or 
Duisburg. All three ports are currently expand-
ing corresponding terminals.

Oman’s Energy Minister Al Aufi already 
said it at the Green Hydrogen Summit 2025 in 
Muscat: the ACME complex could in the long 
term be expanded to 1.2 million metric tons of 
ammonia per year. So far, however, the ques-
tion remains open as to whether Europe will 
act quickly enough to secure the volumes to be 
produced in phases 2 and 3 – or whether Asia 
will take up the production volumes. That will 
not be decided in Duqm, where ACME’s excava-
tors are building the future. It will be decided 
in Brussels, Berlin, in the corporate headquar-
ters of the investors, and at the next Oman Cli-
mate Week from September 14 to 16, 2026. 
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 A lot can be derived from the voltage of electrolysis or fuel cells,  
if measured correctly and continuously. That has been the 

expertise of Smart Testsolutions for 30 years.

even to good revenues. There was a real hydrogen hype back 
then. But then Daimler, because of the political situation in the 
USA, saw no chance that the vehicles would be approved there, 
and the European market alone was too small. So a lean pe-
riod followed. But after our experience with PV, we assumed 
that the topic would come back, so we had to hold out.

“In photovoltaics, we didn’t have a 
 series-ready product when the 100,000 

Roofs Program was launched.  
We didn’t want to repeat this mistake 

with hydrogen.”

That means you lived off the automotive business in the 
 meantime?
Correct, off measurement and test systems and engineering 
contracts. Cell voltage monitoring was initially nothing more 
than a voltage measurement assembly.

In parallel, there were research institutions and, from 
time to time, pilot projects, from VW, Ford, GM. We also devel-
oped systems for submarines, which were the first series ap-
plications, on average six to eight submarines per year. These 

H2international: Mr. Neu, 30 years is a long time when things 
go up and down constantly, as they do with hydrogen. How 
did Smart Testsolutions manage to grow so old in such a vol-
atile industry?
Wolfgang Neu: You have to have had a bad experience and 
learned from it. For us, it was the development of inverters 
for photovoltaics. Back then, as a young company, we devel-
oped an inverter to the point of functional maturity that had 
a better efficiency than all the others, and at that time we 
even installed the devices ourselves on rooftops. That was 
shortly before the 1,000 Roofs Program ended in 1992. After 
that, there was no market anymore. So we put our develop-
ment on ice and focused on electronics for automotive appli-
cations, our core business. When the 100,000 Roofs Program 
was launched in 1999, we didn’t have a series-ready product, 
and we watched competitors like SMA grow rapidly. We didn’t 
want to repeat this mistake with hydrogen.

And what did that mean when applied to the hydrogen industry?
In 1996, we developed our first cell voltage monitoring sys-
tem for the Daimler research department in Ulm. The first 
application was then in the NEBUS by Daimler-Benz, together 
with Ballard and later also Ford. Ten stacks were installed in it, 
each with its own electronics, interconnected using the mas-
ter-slave principle in order to reach the required total voltage. 
That was very successful, led to an initial small series, and 

Interview: Eva Augsten

Decoding the cells

30 years of Smart Testsolutions
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ABOUT WOLFGANG NEU AND SMART TEST-

SOLUTIONS

Wolfgang Neu is founder and managing director of SMART 

Testsolutions GmbH, headquartered in Stuttgart. His 

professional roots lie in automotive electronics develop-

ment at Bosch, where he worked in advanced develop-

ment on functional prototypes for the first direct injection. 

In 1988, together with two other colleagues, he founded 

an engineering office from which SMART Testsolutions 

emerged. Since then, he has shaped the company 

technologically and strategically with a clear focus on 

measurement and test technology for demanding 

electronics and automotive applications.

How is AI changing measurement technology?
For us, it doesn’t play a big role yet, but rather at the higher 
level, in data analysis. But there are approaches to integrate 
more intelligence into the cell voltage monitoring, and to also 
sample other sensors. We have already implemented some-
thing like this for a submarine. Now we are working on it for 
a customer in a significantly more integrated version.

And what about the competition from China?
So far, our Chinese competitors have hardly operated beyond 
their national borders. They are extending their feelers to-
ward Japan, but the Japanese are very cautious, also because 
of political tensions. We also keep hearing that the Chinese 
products cannot keep up with ours in terms of stability and 
reliability. But in two or three years I expect competitive prod-
ucts from there.

So what are your plans to stay in the game?zu bleiben?
We are keeping our core business in measurement and test 
technology.

In hydrogen, there was a real slump starting in 2024. 
Now, in 2026, we are feeling a tentative revival, more projects 
are coming again for which we are developing series prod-
ucts. One is a funded project at a well-known supplier. In ad-
dition, we are in a B-sample phase with a major OEM, and in 
the offer phase for a customer from Japan. We are working 
on applications in aerospace, for example a prototype for a 
space organization, and for an aircraft manufacturer we are 
currently preparing fuel cells for flight operations. And with 
submarines, we now have three different manufacturers as 
customers. There are applications in practically every indus-
try in which hydrogen is to be used. 

were very special systems that we have continuously devel-
oped further.

In the automotive industry, Daimler then approached 
us again. At the time, however, it was still thought that cell 
voltage monitoring was only needed in the development 
phase, until the processes ran stably. Actually, today it is also 
firmly planned into series production. However, we no longer 
measure every cell, but for example the first and the last and 
then a few selected ones in the middle.

“Initially, it was thought that cell  
voltage monitoring was only needed 
 in the  development phase. Actually,  

today it is also planned into 
 series   production.”

What is so complicated about the cell voltage anyway? Every 
multimeter from the hardware store measures voltage.
We have to deliver reliable data over years, at temperatures 
between −40 and +105 degrees Celsius, and also when the 
system is freezing or thawing. It can happen that so much 
moisture forms that the electronics are practically bathing 
in the fuel cell system. There are temperature shocks, there 
are vibrations, all of which we have to take into account.

What about space? In the automotive industry, everything is in-
tegrated into minimal space.
The very first stack from 1996 had 127 cells and was almost 
50 cm long. Today you have 400 cells at half the length. Nev-
ertheless, the measurement is faster and has more functions. 
In the beginning, the electronics still consisted of individu-
al parts, then it became more and more integrated. Contact-
ing is also an issue, you have to somehow get to the 1 mm 
thin cells in such a way that it holds even under vibration. 
In the beginning, they were still attached individually with 
tweezers…

But compactness has its limits. We’re talking about 
high-voltage systems with 400 or even up to 800 volts. That 
means we always have to maintain clearances and very high 
safety requirements so that the galvanic isolation of the sup-
ply and bus connection is absolutely safe.

With the electronics, we are now in the sixth genera-
tion. The cycles are becoming ever shorter.

Can one now speak of CVM as a series product?
The systems are intended for series applications, however, 
the applications are mostly in a prototype phase. The real se-
ries applications still fail because hydrogen and infrastruc-
ture are missing.

Speaking of which: What about electrolyzers? Do they also need 
cell monitoring, and is it easier? There is plenty of space.
We thought so too. But in contrast to earlier, today the elec-
tronics are usually wanted directly on the stack. So you’re op-
erating in an environment with explosion protection require-
ments. And there are different bus technologies, more likely 
Profinet or Profibus instead of CAN bus like in automotive.

Market
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Without government kick-start support, the ramp-up of the 
hydrogen economy will not succeed. CfDs could serve as a bridge to 

competitiveness, argues our guest author from CIP, a global fund 
manager and leading investor in renewable energy infrastructure.

How policymakers  
can mobilize  

private capital
Text: Klaus Ulrich Hachmeier

CfDs for the H2 Market Ramp-Up
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pable gas reserve power plants once envisaged 
as important anchor customers are initially 
only to be implemented in a weakened form. 
They merely need to be “H2-ready” so they can 
later be upgraded for operation with hydrogen.

That means additional investments for 
retrofitting down the road. And the originally 
ambitious expansion targets for electrolyzers 
of ten gigawatts by 2030 are to be replaced by 

“flexible” targets that, due to their vagueness, 
hardly convey any political or economic sign-
aling effect.

In short: the signals from the political 
sphere are currently not very coherent and 
thus not well suited to supporting the hydrogen 
ramp-up. A robust foundation for a dynamic 
increase in positive investment decisions has 
so far not been established. For this to change, 
several conditions must be met:

1. Predictable revenue streams and viable financ-
ing structures Long-term offtake contracts with 
creditworthy counterparties are a central pre-
requisite for the economic viability of hydrogen 
projects. Without industrial customers, energy 
suppliers, or the state as long-term offtakers 
or guarantors, raising debt capital will hard-
ly be possible.

After all, the funds raised must later be 
serviced from the reliable cash flows of the pro-
ject. Since the current market prices for green 
hydrogen do not yet meet the  competitive-
ness required by industrial customers, an ac-
tive government is indispensable to temporar-
ily bridge this gap.

To attract private capital, sound project 
structuring is also required. Hydrogen projects 
must be clearly delineated and have robust pro-
ject rights, all required permits in place, and 
transparent and reliable governance structures.

2. Regulation and support Regulatory risks 
are often the most difficult risks for pro-
ject developers to hedge. This is  precisely 
why coherent regulation that follows a 
comprehensible logic is so important. 
The legislator’s strategy here is to  stimulate 

In Germany, the low-carbon hydrogen econ-
omy is still in its infancy. Without steady and 
strong policy support, this will not change. The 
gap between the market prices expected for the 
coming years and the price level acceptable to 
internationally competitive industry is simply 
too wide. The latter lies between two and three 
euros per kilogram of hydrogen, depending on 
the sector and purpose.

That is far removed from the market 
prices of five to twelve euros per kilogram fore-
cast in the German Federal Government’s mon-
itoring report. The ramp-up must therefore be 
driven by public policy and reliably designed so 
that the financing of concrete projects by pri-
vate investors gains momentum.

The Hydrogen Acceleration Act (Wass-
erstoffbeschleunigungsgesetz, WasserstoffBG), 
which entered into force in April of this year, 
is at least an important boost for the sector. 
Since then, hydrogen infrastructure facilities 
and pipelines have been classified as being “of 
overriding public interest,” which underscores 
the political determination to develop this en-
ergy carrier and the associated technologies.

 The tightening of the greenhouse 
gas reduction target adopted by the Bunde-
stag, the Federal Parliament of Germany, also 
points in the right direction: for several years 
now, fuel suppliers have been obligated under 
the German Federal Immission Control Act 
(Bundes-Immissionsschutzgesetz, BImSchG) 
to progressively reduce the CO2 intensity of 
their fuels.

Alongside the blending of biofuels and 
the provision of electricity for electric vehi-
cles, the use of green hydrogen in refineries 
is the most important option for this purpose. 
The Bundestag’s decision provides even more 
momentum than the Federal Government had 
planned. Specifically, the greenhouse gas re-
duction mandate (THG-Quote) will be extend-
ed through 2040, rising incrementally from the 
current 10.6 percent to 65 percent, six percent-
age points more than the draft adopted by the 
cabinet had envisaged.

Decisive for the hydrogen ramp-up is 
the so-called “RFNBO sub-quota,” which spec-
ifies a minimum blending of green hydrogen 
(RFNBO stands for renewable fuels of non-bio-
logical origin). It stands at 1.5 percent for 2030, 
three percent for 2032, and is intended to rise 
to ten percent by 2040. To meet these sub-quo-
tas, however, electrolysis capacities of an esti-
mated more than three gigawatts (GW) would 
be necessary for 2030 alone.

Slowed down by the cabinet Unfortunately, the 
Federal Government is slowing progress else-
where: according to the recently published 
draft of the Electricity Supply Security and Ca-
pacity Act (Strom-Versorgungssicherheits- und 
Kapazitätsgesetz, StromVKG), the hydrogen-ca-
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the market ramp-up through incentives on 
both the supply and demand sides. The largely 
averted weakening of the European Emissions 
Trading System (EU ETS), the almost complet-
ed implementation of the RED III Directive in 
the transport sector, and the strengthened THG 
quota will have a positive effect on demand for 
green hydrogen.

In addition to these instruments, Car-
bon Contracts for Difference (CfDs) are also a 
proven means of increasing the investment se-
curity of hydrogen projects. They reduce price 
risk by hedging the difference between the still 
too-high production costs for green hydrogen 
and the market prices of fossil energy.

“With the 2027 federal budget, 
the Federal Government could 
set a decisive impulse for the 

hydrogen ramp-up by  creating 
the foundation for hydrogen 
CfDs and further guarantee 

instruments.”

Such state-backed contracts would offer green 
hydrogen producers long-term planning se-
curity by guaranteeing the offtake of defined 
volumes over several years. An alliance of the 
energy industry, industry, SMEs, and munici-
palities has proposed a model to the Federal 
Government showing what this could look like 
in concrete terms, one that would reduce the 
cost gap and secure demand.

Specifically, by combining CfDs with 
guarantee instruments in such a way that they 
bundle generation and demand on the one 
hand and incentivize cost efficiency through 
market-based action on the other.

Through the competitive award of CfD 
contracts in an auction procedure, this finan-
cial predictability would provide financial cer-
tainty for all actors in the supply chain, a gen-
uine launching point for the ramp-up of the 
hydrogen economy.

Outlook: Innovative future fields Despite the cur-
rently stalling hydrogen ramp-up, there is so 
far no doubt that green or low-carbon hydro-
gen remains an essential building block of de-
carbonization. It will foreseeably have to be 
deployed in large quantities. Already now, the 
focus is on new application fields and techno-
logical innovations, not least to advance cost 
declines for green hydrogen.

One possible building block is artificial 
energy islands to produce green hydrogen from 
offshore wind power in the North Sea. With 

the help of this future technology, wind power 
could be used that would otherwise have to be 
curtailed due to grid bottlenecks. And it would 
save billions in the transformation of the en-
ergy system, because the very expensive elec-
tricity transmission lines from offshore wind 
farms to the mainland could be built with sig-
nificantly lower capacity.

Instead, the wind power generated at 
sea would be used directly offshore for hy-
drogen production, and the hydrogen would 
then be transported cost-efficiently to shore 
via pipelines. Offshore hydrogen production 
in the framework of demonstration projects in 
the North Sea should therefore be realized as 
quickly as possible.

As a further possible building block, 
“white” hydrogen, which occurs naturally in the 
earth, should also be considered. Admittedly, 
the data situation regarding deposits and eco-
nomic feasibility is still unclear. All the more 
reason that the Federal Government has tak-
en initial steps with the Hydrogen Acceleration 
Act that enable exploration and potential de-
velopment.

Overall, the hydrogen ramp-up in Ger-
many stands at a crossroads. With the consist-
ent further development of existing support 
programs, in particular through a national pro-
gram for hydrogen CfDs, the Federal Govern-
ment could underscore its commitment to the 
technology.

From an investor’s perspective, 
well-structured projects with clear revenue 
streams are needed. If the Federal Government 
succeeds in reliably establishing a policy mix 
with the elements described, sufficient private 
capital can in any case be mobilized for a suc-
cessful ramp-up. 

Klaus Ulrich Hachmeier
Head of  Government  
 Affairs at CIP – Copen
hagen  Infra structure 
Partners, Hamburg 
klha@cip.com 
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Green hydrogen in the natural gas grid already bridges the gap between 
producers and consumers today. This potential should be leveraged more 
strongly to accelerate the German market ramp-up, argues our guest 
author from the engineering firm Emcel. No technical adjustments are 
required while simultaneously providing climate benefits.

Economically attractive 
and ready for immediate 
implementation
Text: Marcel Corneille

H2 blending

3000 4000 5000 6000 7000 800020001000

P
ric

e 
(€

/M
W

h)

Time (h)

8,932 ct/kWh 

0

waiting for viable sales markets. Blending can 
already create additional marketing opportu-
nities today and support the build-up of elec-
trolysis capacities.

Numerous demonstration and pilot pro-
jects over the past years have proven that 

Blending hydrogen into the natural gas grid 
could play an important role in the market 
ramp-up of the hydrogen economy. Large in-
dustrial consumers and parts of the transport 
sector are only gradually developing their hy-
drogen demand, and many projects are still 

Trend of exchange electricity 

prices in Germany 2025: 

The average electricity price 

was below 9 ct/kWh.

© Emcel / NEONBOLD 

Data source: SMARD market data
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a 1 MW electrolyzer can avoid several hundred 
tons of CO2 per year. Blending thus represents 
a way to put renewably produced hydrogen to 
effective use immediately in principle, while 
simultaneously gaining experience for the fur-
ther expansion of the hydrogen economy.

One of the greatest challenges of the 
hydrogen economy at present is not the pro-
duction of hydrogen but its marketing. While 
demand in many future target markets, such 
as industry, aviation, or heavy-duty transport, 
still lags behind expectations, blending hydro-
gen into the existing gas grid can be an inter-
esting and attractive business model for oper-
ators of decentralized electrolysis plants.

The underlying principle has been 
known from the electricity market for many 
years. With the help of guarantees of origin 
and a balance sheet allocation between gener-
ation and consumption, customers can specif-
ically choose a green electricity tariff. A com-
parable model can be transferred to the gas 
market. Customers who consciously opt for 
a more climate-friendly gas product take out 
a corresponding green gas tariff and receive 
proof of the balance sheet share of renewable 
gases. Such offers already exist on the market, 
but only in very limited quantities.

Without technical effort The decisive advantage 
of this approach is that the moderate blending 
of one to two percent requires practically no 
adjustments to the existing infrastructure. At 
the same time, a marketable product emerg-
es that addresses different customer groups. 
In addition to private households, particular-
ly municipal utilities, commercial customers, 
and companies with their own sustainability 
and decarbonization targets come into ques-
tion as consumers.

Experience from the green electrici-
ty market shows that a notable share of cus-
tomers is willing to pay a premium for cli-
mate-friendly energy sources. From a business 
perspective, it is precisely this premium that 
is the key to economic viability. Hydrogen is 

this is technically feasible and safe. Eon demon-
strated this as early as 2013 with its 2 MW pow-
er-to-gas facility in Falkenhagen, in the feder-
al state of Brandenburg. Further examples can 
be found in Haßfurt, a small town in Bavaria, 
and in the grid area of Eon subsidiary Avacon, 
among others.

Marketing via existing gas grids has 
proven successful in practice. In Falkenhagen 
and Haßfurt, utilities offered the blended hy-
drogen to their customers as “wind gas” under 
a green energy tariff. At the same time, elec-
trolysis capacities can be built up that can lat-
er serve additional fields of application. In Haß-
furt, for example, the green hydrogen produced 
is additionally used in a hydrogen combined 
heat and power plant.

Often ten percent feed-in possible A great deal 
has changed in the regulatory framework in 
recent years. The feed-in of hydrogen into gas 
grids is now generally regulated by law and 
takes place within a framework similar to the 
feed-in of biogas. Technical requirements are 
defined in particular by the code of practice of 
the German Technical and Scientific Associa-
tion for Gas and Water (Deutscher Verein des 
Gas- und Wasserfaches, DVGW).

Currently, hydrogen shares of up to ten 
percent by volume are possible in many grid 
areas in Germany. Beyond that, practical tests 
with higher shares have already proven suc-
cessful, for example a 20 percent blending in 
the Jerichower Land region in the federal state 
of Saxony-Anhalt, also carried out by Avacon in 
2022. Further adjustments to the limit values 
are therefore to be expected.

What is decisive here is not only the hy-
drogen in the gas mixture. The blended hy-
drogen can additionally be combined with 
bio-methane, thereby further increasing the 
share of green gas in the gas grid.

Decarbonization included The aim of blend-
ing is to provide climate protection today. De-
pending on the operating mode and utilization, 
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Marcel Corneille
Managing Director  
of Emcel, Cologne
marcel.corneille@emcel.com

currently still more expensive than natural gas.
The decisive factor is therefore not the ener-
gy price alone but the willingness to pay for a 
climate-friendly product. Even a comparative-
ly small surcharge on a green gas tariff can be 
sufficient to generate economically interesting 
revenues for hydrogen fed into the grid.

Sample calculations show that at suita-
ble locations, with a blending of ten percent hy-
drogen by volume, sales revenues on the order 
of around 13 euros per kilogram of hydrogen 
are achievable, a value that is already econom-
ically attractive for many projects today.

In addition, the framework conditions 
for the operation of electrolyzers have im-
proved significantly in recent years. Various 
levies and grid fees are waived under certain 
conditions for hydrogen production from re-
newable energies.

Already economically viable As a result, electric-
ity costs, which account for a large share of hy-
drogen production costs, are reduced. Further-
more, there are additional revenue potentials 
for by-products of electrolysis, such as the use 
of waste heat, the marketing of oxygen, or rev-
enues from grid-serving operating modes.

Blending hydrogen enables a gradual 
transformation of existing gas grids without 
immediately requiring extensive infrastruc-
ture measures or complete grid conversions. 
Instead of an abrupt change, development 
should take place in three essential stages (see 
corresponding figure).

First, small hydrogen shares of one to 
two percent by volume are fed in. Practically 
all sub-grids are already capable of this today. 
In a second phase, the shares can be increased, 
depending on the technical prerequisites of the 
respective sub-grid, to ten to twenty percent. 

In the long term, a fully hydrogen-capa-
ble grid can emerge from this, or a connection 
to the hydrogen core grid being built up in par-
allel can be made.

Between these steps, there is always the 
critical examination of whether the decommis-

sioning of the respective sub-grid is advisable 
or whether the sub-grid will no longer be uti-
lized in the future because former users have, 
for example, switched to heat pumps. A key ad-
vantage of this approach lies in its flexibility.

As the hydrogen economy expands, the 
quantities produced can later also be made 
available to other sectors, for example industry, 
mobility, or directly to the hydrogen core grid.

“Investments in  electrolyzers 
are thus already  creating 

 production capacities  today 
for the future hydrogen 

 supply.”

Local value creation This approach is particu-
larly interesting for decentralized projects. 
While large electrolysis plants with capacities 
of several hundred megawatts will often be 
built in the immediate vicinity of the hydrogen 
core grid, plants of one to ten megawatts of ca-
pacity can specifically tap regional potentials.

They use existing renewable ener-
gy sources on site, reduce transport require-
ments, and create local value. At the same time, 
they can contribute to gaining experience with 
the operation of hydrogen plants and gradual-
ly building up regional markets for hydrogen.

Hydrogen blending should therefore not 
be understood as competition to the hydrogen 
core grid or other green gases. All approaches 
fulfill different tasks on the path to complete 
decarbonization. 

Parameter Symbol Value

Natural gas price €CH4 10 ct/kWh

Green gas surcharge €Öko 1 ct/kWh

Hydrogen price €H2 39 ct/kWh = 13 €/kg

H2 share x 10 % vol*

* Hydrogen has approximately 1/3 of the volumetric energy density of natural gas.

€H2 €CH4 
ꭓ =

€+
Öko

ꭓ = = 0,035 
>

>

10 Vol. %kWh

ct1

kWh

ct39
kWh

ct10

The table and calculation show 

that with a natural gas base 

price of 10 ct/kWh, a green gas 

surcharge of 1 ct/kWh, and an 

assumed hydrogen price of 

13 €/kg, a hydrogen blending 

share of ten percent by 

volume results. 
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Mobility

The 20 MW hydrogen electrolysis plant in Langstranda near Bodø is  
a joint project between the European infrastructure investor Luxcara 
and the Norwegian developer GreenH. Their goal: zero-emission 
shipping for regional and coastal transport.

long and the largest hydrogen-powered fer-
ries in the world to date, will transport up 
to 120 vehicles and nearly 600 passengers 
per crossing to Moskenes in the Lofoten Is-
lands. Through the use of five to six metric 
tons of green hydrogen per day, an estimat-
ed 26,500 metric tons of CO2 emissions can 
be avoided per year. This makes the route an 
important example of how climate-friendly 
technologies can also be established under 
demanding maritime conditions. 

The hydrogen project is deliberately 
designed to be modular and can be expand-
ed in the future. In a possible phase 2, anoth-
er 10 MW could be added. Planning and en-
gineering of the current phase are already 
complete, and the central components are 
being delivered. Construction and installa-
tion at the port site are already underway. 

The maritime sector in particular 
clearly demonstrates the conditions under 
which hydrogen mobility outperforms pure-
ly battery-electric drives. This also applies 
to ships operating near the coast, such as 
ferries with longer crossings, as well as off-
shore, oil, and gas supply vessels. 

The substantial weight and high vol-
ume of the onboard batteries required for 
longer ranges prove to be limiting factors in 
several respects: in the design of the ships, 
in the permissible cargo weight, and also in 
operational flexibility.

For this, hydrogen-based solutions 
already exist today as a practical, emis-
sion-free option. The Bodø-Moskenes route 

The view from the ferry terminal in Bodø 
stretches far across the Vestfjord, which 
opens up in front of the harbor. On wind-
less days, the crossing to the Lofoten Is-
lands feels almost peaceful, while on others 
it demonstrates impressively just how rough 
the sea can be north of the Arctic Circle. The 
connection between the Norwegian main-
land and the Lofoten Islands is the longest 
regular ferry route in the country. In the 
small town of Bodø, one of Norway's larg-
est hydrogen projects is currently being de-
veloped. In the future, hydrogen is set to be-
come an integral part of daily life here, both 
for the people living in the region and for 
its visitors.

Secured demand enables the launch. The 
backbone of the first expansion stage, with 
a capacity of 20 MW, is a long-term offtake 
agreement with the ferry operator Torghat-
ten Nord. It was crucial for solving the well-
known chicken-and-egg problem between 
hydrogen production and use. The guaran-
teed offtake creates reliable revenues and 
significantly reduces the risks associated 
with project financing. Publicly regulat-
ed or concessioned transport services are 
therefore particularly well suited as anchor 
customers for building a regional hydrogen  
 infrastructure.

 After commissioning and test oper-
ations have been completed, regular oper-
ations are scheduled to begin in the course 
of  2027. Then, two ferries, each 117 meters 

To the Lofoten Islands 
with green hydrogen
Text: Holger Matthiesen

Project Bodø Hydrogen, Norway
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Mobility

a consistent system is created that can be 
expanded step by step, for example through 
additional offtakers, higher production vol-
umes, or new ship types. This configuration 
makes the approach relevant beyond the in-
dividual case. 

Many European port and coastal re-
gions have similar preconditions. These in-
clude access to a reliable electricity supply 
based on renewable energy, as is typical for 
many sites in northern Norway.

The combination of predictable avail-
ability of green electricity and spatial prox-
imity between production and offtake cre-
ates favorable conditions for continuous 
operation, a factor not to be underestimat-
ed for economic viability in the early mar-
ket phase. 

Looking ahead, the integrated plant 
concept also opens up the possibility of us-
ing by-products such as waste heat or ox-
ygen from the electrolysis process onsite. 
Such efficiency gains increase the attrac-
tiveness of the site without requiring addi-
tional infrastructure.

is exemplary of a regulated, reliable trans-
port demand, and thus of precisely the plan-
ning certainty that enables investments in 
new infrastructure.

Short distances in the port. A key feature of 
the project is spatial integration. The hydro-
gen plant is being built directly at the port, 
with storage and compression solutions part 
of the overall concept from the outset. In ad-
dition, the project includes a directly con-
nected bunkering system, through which 
the hydrogen produced in the plant can be 
delivered to ships using the cascade princi-
ple. The short distances not only increase ef-
ficiency but also simplify safety, permitting, 
and operational concepts. 

The port thus becomes a system 
space in which production, logistics, and uti-
lization are brought together. For port op-
erators and municipalities, this approach is 
particularly relevant. It reduces complexity 
because interfaces are minimized and re-
sponsibilities can be clearly assigned. In-
stead of many isolated individual measures, 

Focus H2 mobility
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Reliability as an investment factor. The ramp-
up of maritime hydrogen applications de-
pends on a reliable regulatory environment. 
In Norway, clear climate policy targets in the 
transport sector meet a comprehensive fund-
ing landscape.

The targeted support for the market 
ramp-up of hydrogen-based shipping, includ-
ing through funding programs by the state-
owned company Enova, covers both the con-
struction of ships and the development of the 
necessary hydrogen infrastructure. 

Funding can cover up to 80 percent of 
the additional costs incurred when replacing 
a diesel-powered ship with a hydrogen-based 
propulsion system.

Not overly detailed regulation. For the market 
ramp-up, what is decisive is not the absence 
of regulation, but its concrete design and ap-
plication. Funding programs such as those of 
Enova are indeed linked to reporting and com-
pliance requirements that can bring additional 
challenges during the implementation phase.

At the same time, the Norwegian ex-
ample shows that a technology-open funding 
framework, combined with a clear focus on 
early applications and sectoral priorities, ena-
bles the realization of projects without all reg-
ulatory details having to be conclusively clari-
fied in advance.

Norway is part of the European single 
market but not a member of the EU. Never-
theless, the country does not take on a spe-
cial role but is deliberately advancing the in-
troduction of green hydrogen, in particular 
by promoting demand, for example in mari-
time transport, and through reliable political 
framework conditions.

Holger Matthiesen
Director Offshore & 
Green Hydrogen,  
Luxcara, Hamburg
contact@luxcara.com

A model for the EU? The combination of ambi-
tious targets, targeted demand promotion, and 
pragmatic implementation offers good guid-
ance for other European coastal regions as well 
as for the EU debate on how the ramp-up of 
green H2 can be accelerated through less re-
strictive requirements. 

A structural advantage of Norway lies 
in its electricity system: the almost entirely 
renewable electricity mix ensures that EU re-
quirements for green hydrogen, especially re-
garding temporal correlation and geographi-
cal proximity, are much less significant than 
in many EU member states.

For future exports to the EU, this of-
fers favorable conditions for meeting the cor-
responding requirements. However, the pro-
ject in Bodø, in its current expansion stage, is 
primarily geared toward supplying the Norwe-
gian market.

Hydrogen as a question of mentality. The ap-
proach from Bodø cannot be transferred one-
to-one. What is transferable, however, is the un-
derlying mindset: clear use cases, integrated 
site concepts, and early contractual security. 
Where these elements come together, hydro-
gen can make a pragmatic contribution to the 
decarbonization of the maritime economy.  

Focus H2 mobility
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LUXCARA

Luxcara is an independent 

European infrastructure 

investor headquartered in Ham-

burg, Germany. The asset 

manager focuses on long-term 

investments in energy 

infrastructure. In addition to 

wind power and photovoltaic 

plants, Luxcara's portfolio also 

includes charging stations for 

electric vehicles, battery 

storage systems, and 

electrolyzers for the production 

of green hydrogen.

GREENH

GreenH is a Norwegian project 

developer for green hydrogen 

solutions headquartered in 

Oslo. The company develops 

integrated concepts for the 

production and use of 

hydrogen, particularly in the 

maritime sector and at several 

locations in Norway.

mailto:contact@luxcara.com
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At the end of April, Aero 2026 took 
place in Friedrichshafen, one of the 
leading aviation trade fairs with 
more than 850 exhibitors. Steven Oji 
and Carolin Anger of Hyfindr took a 
look around, and found an industry 
in the midst of a debate about 
sustainable propulsion systems. 

Small aircraft in test operation The com-
pany Kasaero, which specializes in en-
gineering services for aircraft, has de-
veloped a hydrogen-powered ultralight 
aircraft whose electric variant is already 
in flight operation, reports project man-
ager Erick Vianello. The company is cur-
rently looking for additional investors 
for this project.

Research institutions and stu-
dent teams are meanwhile testing pro-
totypes. Prof. Johannes Markmiller, 
Professor of Aircraft Engineering at TU 
Dresden, explained in an interview that 
his twin-engine Diamond DA62 MPP air-
craft is now entering test operation with 
a hydrogen propulsion system. This is a 
special version of the aircraft type that, 
according to media reports, the German 
Federal Chancellor flies privately.

Commercial applications still take time 
The projects show that the technology is 
increasingly gaining traction in practice.

Despite the positive momentum, 
realism was also tangible. Infrastruc-
ture, certification, safety requirements, 
and the availability of green hydrogen 
remain major challenges. In particular, 
larger, commercial applications will still 
require years, if not decades. The inno-
vation pressure on aviation from the 
Far East, and especially from China, is 

Between aircraft on the tarmac and 
well-attended halls, a clear picture 
emerged: the industry is not looking 
for the one perfect solution, but for a 
viable compromise between efficiency, 
performance, and scalability. The plan-
ning horizon of this industry is compar-
atively long, which is why short-term 
sentiments are less of a focus. Hydrogen 
is becoming increasingly relevant, be-
cause the energy demand in aviation is 
enormous, particularly during take-off 
and on longer routes. This is precisely 
where purely battery-electric solutions 
quickly reach physical limits.

Hydrogen as a practical middle ground 
Several interlocutors therefore de-
scribed hydrogen as a “practical mid-
dle ground.” Irwin Kerboriou of Be-
yond Aero, a French company that 
intends to build a hydrogen aircraft, 
put it very aptly: hydrogen enables “a 
good compromise between efficiency 
and  performance.”

At the trade fair, the discussion 
was no longer only about future sce-
narios; concrete systems could be seen, 
ranging from fuel cell solutions to spe-
cialized components and even first test 
aircraft. Companies such as Green GT, 
EKPO, and Kasaero are driving develop-
ment forward.

Steven Oji, Carolin Anger
Hyfindr GmbH

Hyfindr-Video of 
Aero 2026

Test planes cleared 
for take-off
Text: Steven Oji, Carolin Anger

H2 in aviation

already being felt, and this is acceler-
ating projects in the here and now, so 
that they can hold their own in compe-
tition later.

Reducing dependencies Another topic 
in many conversations was energy sov-
ereignty. Hydrogen is no longer viewed 
solely as a climate protection solution, 
but also as a strategic factor. Frédérich 
Thébault of the company GreenGT, 
which presented fuel cell systems for 
the aviation industry at the trade fair, 
summed it up as follows: hydrogen of-
fers “an energy-politically sovereign 
alternative to fossil fuels.” Particular-
ly in a geopolitically uncertain environ-
ment, this is an argument that is gain-
ing  importance.

The attitude of a relevant portion 
of the industry is remarkable: the will-
ingness to pursue new paths is clearly 
noticeable. Hydrogen in aviation is no 
longer a distant future topic, but an eco-
system that is beginning to take shape. 
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Heavy-duty trucks are actually a perfect use case for the energy 
carrier hydrogen. But in the logistics industry, cost pressure is 
particularly harsh. The newly introduced tradable GHG quotas and 
the new funding program from the German federal government 
could help make the market entry possible.

derway in 44 Chinese cities in so-called "China 
Hydrogen City Clusters" to empirically investi-
gate the benefits of hydrogen in transportation 
and in other industries. The deployment of bus-
es and other fuel cell vehicles is an important 
part of the experiment. However, pipelines for 
transporting hydrogen and refueling stations 
are also being built. That said, even the Asian 
superpower cannot work miracles: according 
to the statistics of the automotive manufactur-
ers' association CAAM, only 23,501 fuel cell ve-
hicles in total were sold in the People's Repub-
lic between 2015 and 2024, with a downward 
trend since then.

But things are slowly picking up in the 
Middle Kingdom when it comes to H2 vehi-
cle models. In mid-May 2026, Dongfeng pre-
sented a 49-ton truck in Wuhan equipped with 

With its five-year plans, China has already an-
nounced and captured market-leading positi-
ons in several key industries, for example in 
solar, battery, semiconductor, and automation 
technologies. With the 15th Five-Year Plan 
(2026–2030) presented in March 2026, the 
Middle Kingdom is going one step further. The 
draft submitted to the National People's Cong-
ress reads like a catalog of the most important 
future technologies: artificial intelligence, se-
miconductors, robotics, quantum technology, 
biotechnology, nuclear fusion, drones, 6G tech-
nology, and brain-computer interfaces. China 
intends to set the tone in all of these areas in 
the future.

The most recent five-year plan lists an 
additional area for this: hydrogen technolo-
gy. Since 2021, a large-scale trial has been un-

Molecules with a quota
Text: Claus Bünnagel

H2 in logistics
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Vehicle and tank technology is not currently 
the biggest hurdle. Where things are stalling 
can be summed up in four words: funding, bu-
reaucracy, customer initiative, hydrogen price. 
But here too, there is light at the end of the tun-
nel. In January 2026, the German Federal Mi-
nistry of Transport re-entered the funding of 
H2 mobility in Germany. It is providing 220 
million euros for the establishment of a na-
tionwide initial network of hydrogen refue-
ling stations for heavy commercial vehicles in 
Germany. Up to 40 refueling stations and 400 
hydrogen-powered commercial vehicles are 
being funded. Refueling station operators can 
be reimbursed for up to 50 percent of the eligi-
ble expenditures for building new hydrogen re-
fueling stations. The prerequisite is that the fa-
cilities meet the requirements of the European 
AFIR regulation (Alternative Fuels Infrastructu-
re Regulation). For new hydrogen trucks of ve-
hicle classes N2 and N3, the funding amounts 
to up to 80 percent of the additional investment 
expenditures compared to a diesel vehicle. Ori-
ginally, a deadline of May 31, 2026 had been set 
for submitting applications. Due to the strong 
response, however, the submission period was 
extended to June 30, 2026.

Hopes pinned on GHG quotas Excessive bure-
aucracy and regulatory frameworks have so 
far stopped or delayed many projects. For a 
long time, this also applied to the application 
of greenhouse gas reduction quotas (GHG quo-
tas). After lengthy bureaucratic processes, this 
process is now slowly getting underway. Both 
producers of green hydrogen and the logistics 
industry are pinning great hopes on it.

The incentive system at the German 
federal political level works as follows: those 
who exceed their GHG quota can sell the sur-
plus certificates to a third party who also has 
to meet reduction quotas. If companies place 
green, RFNBO-certified (RFNBO = Renewable 
Fuels of Non-Biological Origin) and thus quo-
ta-eligible hydrogen on the market via their 
refueling stations, they can participate in this 
certificate trade. This generates additional rev-
enues for fuel traders and lower costs for logis-
tics operators, which in the first market phase 
mitigates the additional costs for the infra-
structure and the vehicles.

For example, Tyczka Hydrogen GmbH, a 
hydrogen producer and supplier from the Fed-
eral State of Bavaria, certified since April 2025, 
can already offer hydrogen at 350 bar at its re-
fueling station in Augsburg for approximately 
9.00 euros/kg net under the GHG quota scheme. 
And refueling station leader H2 Mobility also 
announced at the end of May 2026 that as of 
June 1 it would initially reduce the prices for 
hydrogen at several high-throughput refueling 
stations by around 10 percent. This affects the 
locations in Mannheim, Heidelberg, Frank-

the 400 kW Hydrogen Core fuel cell system on 
board. According to the Chinese commercial 
vehicle giant, it is said to have a service life of 
more than 30,000 hours and to allow a cold 
start at temperatures as low as -40 °C. The fuel 
cell platform with metallic bipolar plates has 
also passed the 10,000-hour endurance test ac-
cording to the new national standard. Accord-
ing to Dongfeng, the tractor unit weighs only 
8.8 tons and, with a refueling time of 15 min-
utes, achieves a range for the entire truck com-
bination of up to 1,700 km, notably measured 
according to the less stringent Chinese CLTC 
test cycle.

European manufacturers are well positioned 
How worried should Europe, and specifical-
ly Germany as the leading European nation 
in the field of fuel cell technologies, be about 
being overtaken by China? Technologically, 
Europe is well positioned, both in terms of fuel 
cell technology and matching vehicle models. 
In the logistics sector, this ranges from vehic-
les such as the Mercedes-Benz NextGenH2 
Truck with liquid gas tanks, to the brand new 
EVA dispenser from H2 Mobility with its short 
refueling time of on average 6:45 minutes for 
20 kg of hydrogen, and the CryoPump station 
from Bosch Rexroth for hydrogen refueling 
stations, to the BZA375 fuel cell system from 
Cellcentric. The latter two were only recent-
ly presented at the Hannover Messe in April 
2026 in Hanover. With the BZA375, a fully loa-
ded 40-t truck should be able to get by with 
less than 6 kg of hydrogen per 100 km under 
real driving conditions, achieve ranges of more 
than 1,000 km, and reach refueling times com-
parable to those of diesel.

BELOW: According to the 

Chinese manufacturer, the 49-t 

truck from Dongfeng presented 

in mid-May 2026 in Wuhan with 

the 400 kW Hydrogen Core fuel 

cell system on board achieves a 

range of up to 1,700 km with a 

refueling time of 15 minutes.

© Dongfeng

LEF T: Five Daimler GenH2 

hydrogen trucks have been 

shuttling for around one and a 

half years in the regions 

between the two currently 

available liquid H2 refueling 

stations in Duisburg and Wörth 

am Rhein.

© Daimler Truck AG
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enthal, Ludwigshafen, and Düsseldorf-Höher-
weg and applies to the 350 and 700 bar pres-
sure levels. Martin Jüngel, managing director 
and CFO of the company, commented: "With the 
price reduction at our high-volume locations, 
we are making the benefits of GHG quota trad-
ing tangible for our customers for the first time. 
Our goal is to make green hydrogen competitive 
and to actively accelerate the market ramp-up."

However, H2 Mobility also reports to 
H2international that "at present, tenders for 
hydrogen refueling stations frequently stall or 
even fail several times." In one specific case, a 
tender came to nothing three times and could 
only be successfully implemented on the fourth 
attempt, after the approach had been funda-
mentally redesigned. H2 Mobility itself has re-
cently closed several hydrogen refueling sta-
tions, especially for 700 bar passenger car 
refueling, but also smaller commercial vehicle 
depot stations. The company is now building 
new facilities primarily at locations with larg-
er transport companies as anchor customers, 
which with their city buses form a reliable dai-
ly core customer base.

Showcase projects with varying success But it 
is not only bureaucratic hurdles that prevent 
customers from getting on board. Many shy 
away from the risk of the "hydrogen adventure." 
Lighthouse projects, such as the following two, 
are intended to show how it works in the best 
case. Between the two first available liquid hyd-
rogen refueling stations in Duisburg and Wörth 
and in the region, five Daimler GenH2 hydro-
gen trucks have been in operation for around 
one and a half years. And four DAF CF trucks, 
converted into fuel cell trucks by the Dutch ve-
hicle manufacturer VDL, have been running for 
a year from Toyota's European central ware-
house in Diest, Belgium, to various depots in 
Amsterdam, Rotterdam, Lille, and Cologne.

Scaling up in reality is often more complex. The 
Korean passenger car and commercial vehic-
le manufacturer Hyundai alone has delivered 
165 of its Xcient Fuel Cell heavy-duty trucks, 
which are on the road in Germany, France, the 
Netherlands, and Austria. All trucks together 
exceeded the mark of 20 million kilometers in 
the winter of 2025/26, and did so within a very 
short time compared to the 10 million km mark, 
which was only reached in June 2024. But of all 
things, in the showcase project in Switzerland, 
where the first vehicles started almost six ye-
ars ago, only 50 trucks are on the road instead 
of the 1,500 planned by 2025. Hyundai is plan-
ning neither a successor to the Xcient nor a mo-
del refresh, and from 2030 a performance-re-
lated heavy vehicle charge (LSVA) will also be 
due in Switzerland for such electrified vehic-
les. The continuation of the Swiss federal mo-
del project is therefore up in the air.

The hydrogen price must come down All pro-
jects have one thing in common: the participa-
ting hauliers complain about the far too high 
H2 price per kilogram. In the case of Toyo-
ta's parts supply, up to 18 euros/kg sometimes 
have to be paid, for example in the Netherlands. 
Even at 9.90 euros/kg, the operation of fuel cell 
trucks can hardly keep up in the long term gi-
ven the increasing presence of their battery-
electric counterparts, especially as the latter 
are catching up in terms of range in seven-lea-
gue boots, according to reports from the ranks 
of the logistics companies involved.

The cost comparison between pure bat-
tery electric vehicles and their fuel cell coun-
terparts paints a clear picture: a heavy-du-
ty electric truck consumes around 110 to 130 
kWh per 100 km depending on the field of ap-
plication and topography, while the H2 coun-
terpart consumes about 6 to 8 kg of hydrogen. 
At a current commercial electricity price of 27 

H 2 I N T. 0 3/2 0 2 6



Focus H2 mobility

ct/kWh, the electric truck "refuels" for this dis-
tance at its own depot at 29.70 to 35.10 euros, 
significantly cheaper than the hydrogen truck 
at kilogram prices currently mostly between 
13.85 and 15.80 euros with a price range of 
83.10 to 126.40 euros/100 km.

At least: the current energy price cri-
sis as a result of the Iran war has significant-
ly narrowed the gap to classic diesel, still the 
most important benchmark. At a net price of 
1.71 euros per liter in April 2026 and a con-
sumption of around 30 to 35 liters per 100 km, 
the 40-ton combustion engine truck at current-
ly between 51.30 euros and 59.85 euros/100 
km is no longer significantly cheaper than a 
fuel cell truck. However, the gap could widen 
again should the conflict at the Strait of Hor-
muz come to an end.

Claus Bünnagel
Claus Bünnagel is editor-in-chief of 
the magazine busplaner and writes 
as a freelance journalist for trade me-
dia in the transportation sector. He has 
personally tested the hydrogen trucks 
from Toyota.

BELOW: Due to the tower 

arrangement of the hydrogen 

tanks, no space is lost for the 

usual dimensions and load on 

the DAF-VDL-Toyota truck. 

© Toyota

LEF T: The refueling nozzle on 

the DAF-VDL from Toyota is 

located on the left behind the 

driver's cab. In the future, 

refueling should be possible via 

two nozzles simultaneously in 

order to minimize refueling 

times. © Toyota
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The hydrogen price is still the biggest hurdle 
for the rollout of fuel cell technology in logis-
tics. All other problem areas can be resolved in 
the short to medium term. For hauliers, every 
cent counts in pricing for their customers, even 
more so than for municipal transport compa-
nies, for example. Approaches such as the GHG 
quotas and other governmental regulations 
therefore appear  urgently necessary. 
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Catalysts made of platinum and iridium are still a cost driver in  
the hydrogen economy. Christian Mohrdieck took over as head  

of the catalyst manufacturer Pajarito Powder in April and is 
convinced that his company’s products can reduce the cost  

of fuel cells by one-fifth.

How much is there still to gain with the catalysts? Platinum quan-
tities have already been reduced enormously.
A fuel cell system for a passenger car contains 10 to 20 grams 
of platinum, in a truck it is two to three times as much. Even 
today, the catalyst can account for more than half the cost of 
a fuel cell stack. I think that in the ideal case, we can reduce 
the cost of the stacks by 20 percent by saving 40 percent on 
the catalyst. This is primarily about using less platinum and 
better utilization.

“By saving 40 percent on the  
catalyst, we could reduce stack  

costs by up to 20 percent.”

H2international: Mr. Mohrdieck, you bring 34 years of experi-
ence from major automotive corporations such as Daimler and 
Mercedes to Pajarito Powder, a manufacturer of catalyst mate-
rials with around 35 employees. What do you want to change in 
your new position as CEO?
Dr. Christian Mohrdieck: For me, it’s a shift from looking at the 
system level to the level of the core components. These need 
to be revisited for the next stage of commercialization. We 
have good ingredients, now it’s about the best recipe.

Pajarito Powder already has good products. But we 
need to adapt them more to the business and processes of 
the automotive industry and make them suitable for series 
production in order to get the optimum out of the core com-
ponents as well.

And of course it’s no secret that networking is impor-
tant. You have to talk to the right people on the customer side.

Catalyst materials
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ABOUT CHRISTIAN MOHRDIECK AND 

PAJARITO POWDER

Pajarito Powder, headquartered in Albuquerque, New 

Mexico, specializes in catalysts for electrolyzers and fuel 

cells. In 2020, the German automotive manager Christian 

Mohrdieck joined the board, and since April of this year he 

has been leading the company as CEO.

Mohrdieck has served as CTO at Hyzon Motors, as CCO at 

Cellcentric and as CEO at Mercedes-Benz Fuel Cells, 

among other positions. He holds a doctorate in physics, 

studied in Germany and France, and is an honorary 

professor at the University of Ulm as well as a lecturer at 

the Vienna University of Technology.

Founded in 2012, Pajarito Powder is quite small with XX 

employees compared to its customers in the automotive 

industry, but has major financial backers. These include 

the Hyundai Motor Company, NV Bekaert, Ecovyst, the 

Advanced Materials & Catalysts business unit of Technip 

Energies, the Verge Fund and Omphalos Venture 

Partners. For the production of its catalysts, Pajarito 

Powder uses both its own patents and licenses from Los 

Alamos National Laboratory. Its products include 

catalysts made from platinum group metals (PGM), 

Engineered Catalyst Supports (ECS) and Engineered 

Electrolyzer Catalysts (EEC).

The platinum content varies depending on customer require-
ments. For a truck, one tends to use around 60 percent by 
weight, but practically no one wants to go below 40 percent 
by weight. The catalyst degrades over time. This means that 
high performance can initially be achieved with relatively lit-
tle platinum, but then the fuel cell doesn’t last as long.

How do you reduce the platinum content in such a way that the 
cell still works well?
We use a mesoporous, i.e. medium-porous, carbon support 
material. It offers a large internal surface area on which plat-
inum can attach without forming clumps. We also have a 
whole toolkit of additives and dopants, for example with nio-
bium or cobalt, that can be used to improve activity.

What about iridium?
Iridium is even more expensive than platinum. In fuel cells, 
it is used when the cells need to be tolerant of cell voltage re-
versal, for example during a cold start or after longer down-
times. But above all, it is used in electrolyzers and accounts 
for a large share of the cost there, even more than platinum 
in fuel cells.

Can such scarce and critical materials as platinum and iridium 
not be replaced by others?
For platinum, the basic availability is good. Modern fuel cell 
cars ultimately need similar quantities of platinum as the ex-
haust catalysts of combustion engines. Iridium is more criti-
cal. However, there is no alternative in sight.

“There is no alternative to 
 iridium in sight, so we have to  

increase  utilization.”

So we have to increase utilization. Our activity per mass for 
iridium is almost twice as high as the published values of our 
competitors. When transitioning to large-scale production, 
performance will probably decrease a little, but this will be 
offset by a boost in cost reduction.

Where do we stand in terms of scaling and industrialization?
With our new line, we can produce batches of up to 20 kilo-
grams, of which up to 60 percent by weight is platinum. The 
potential customers now want to see how the line runs.

We are on the shortlist for fuel cells with a manufac-
turer from Asia. We have qualified for the supply chain of 
one of the world’s top-5 electrolyzer manufacturers from 
North America. In Europe, we are talking with several con-
tacts about smaller quantities.

Especially in the automotive sector, standards such as 
ISO standards are important. We have just hired an experi-
enced quality manager for this. Particularly important in doc-
umentation, for example, is traceability. Basically, these ISO 
audits can be carried out at any production volume.

As we expand further, capital and networking will be 
important. We have Hyundai Motor, NV Bekaert SA and Tech-
nip Energies NV among our investors and on our superviso-
ry board. That helps.  
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The optimal compressor technology for any given electrolysis application 
depends primarily on the required pressure and the electrolysis capacity. 
Other factors include the necessary hydrogen purity and the intended 
operating mode of the compressor. H2international provides an overview 
of the compressor basics.

Putting on the pressure
Text: Jens Peter Meyer

Compressor technology

Final pressure is the central criterion for com-
pressor selection Despite the similar basic prin-
ciple of these compressor types, their fields of 
application in the hydrogen industry differ. The 
most important points are the available suction 
pressure, the desired final pressure for the hy-
drogen application and the quantity of hydro-
gen gas and thus the capacity of the electroly-
sis. Further factors are the required purity of 
the hydrogen or the operating mode intended 
for the compressor.

For pure hydrogen, hydrogen lines and 
pipelines with a typical operating pressure of 
between 25 bar and 100 bar are at the lower 
end. In tanker vehicles, so-called tube trailers, 
hydrogen is transported at pressures of 200 to 

Most compressors in the hydrogen industry 
rely on classic positive displacement technol-
ogy. Screw compressors and piston compres-
sors work according to this principle. In a pis-
ton compressor, hydrogen gas is drawn into a 
cylinder and compressed by a piston. The pis-
ton’s movement is generated via a crankshaft 
driven by an electric motor. Hydraulically driv-
en, dry-running piston compressors also use 
the movement of a piston to compress gas. A 
special design of the piston compressor is the 
diaphragm compressor. In this type, the gas is 
displaced by a set of at least three metallic di-
aphragms. These are moved by an oil column 
that is driven by the piston movement of a clas-
sic gear unit.

Diaphragm compressors  

can achieve final pressures  

of up to 3,000 bar.

© Neuman & Esser
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Oil-free compression chambers for high-purity 
hydrogen In the diaphragm compressor, the gas 
chamber is hermetically separated by the me-
tallic, gas-impermeable diaphragms. This pre-
vents any contamination of the hydrogen in the 
compressor. In dry-running piston compres-
sors, contamination of the gas by lubricating 
oil is also ruled out, however, dynamic seals are 
required, in which a certain amount of abra-
sion is unavoidable.

Aerzen also produces oil-free com-
pressors for the hydrogen industry. A special 
feature of this type of compressor is that the 
compression can be cooled by injecting small 
quantities of water. This reduces the outlet 
temperature and benefits the maximum pos-
sible pressure increase. According to Gehr-
mann, the water injection is not a problem, be-
cause the hydrogen gas from the electrolysis 
is already saturated with water vapor anyway 
and because a drying unit is usually installed 
downstream.

Compressors for volatile power sources In the 
production of hydrogen from renewable ener-
gy sources, it is important that the compres-
sors can react to the volatility of the energy 
availability. Smaller sizes of piston compres-
sors and especially the hydraulically driv-
en piston compressors are more suitable for 
start-stop operation. Large compressors are 
designed for continuous operation. If the de-
livered gas volume has to be adjusted for pro-
cess-related reasons, this can, according to 
Neuman & Esser, be realized by valve lifting 
or bypass operation. In diaphragm compres-
sors, the delivery rate can be regulated by fre-
quency converter operation.

To account for planned or unplanned 
downtimes, compressors are usually designed 
with redundancy. Typical redundant configura-
tions for piston compressors are, according to 
the manufacturer Neuman & Esser, 2 × 100 %, 
2 × 50 % or also 3 × 50 %. The 2 × 100 % con-
figuration ensures complete redundancy; with 
2 × 50 %, a certain redundancy is available in 
the event of unexpected shutdowns, in order 
to transport half of the possible gas volume 
flow. With 3 × 50 %, at least half of the deliv-
ery capacity can be maintained during main-
tenance and a simultaneous failure of anoth-
er compressor.

With the ramp-up of the hydrogen in-
dustry, a strong increase in demand for com-
pressors is to be expected. Many manufactur-
ers are already prepared for this today and 
offer project-specific customized systems. 

380 bar, and newer developments with TYPE IV 
CFRP tanks are even moving towards 680 bar. 
For the storage of large quantities of hydrogen, 
salt deposits are being developed or tube bun-
dle storage systems are used. Here, according 
to Neuman & Esser, storage pressures range 
from 200 bar to 700 bar. The refueling of cars 
also requires pressures of up to 700 bar.

In derivative production, methanol 
synthesis in the low-pressure process at 50 
bar is quite modest in terms of pressure. If the 
hydrogen is to be used in ammonia synthesis, 
the Haber-Bosch process requires pressures 
of between 250 and 350 bar. In the future, hy-
drogen will play a major role in the production 
of sustainable aviation fuels (SAF), according 
to Jan Gehrmann, product manager at com-
pressor manufacturer Aerzen. Here too, dif-
ferent pressures are required depending on 
the process.

Screw compressors for large volume flows 
The starting point of compression is the suc-
tion pressure provided by the electrolysis. 
Low-pressure electrolysis operates in the 
range of atmospheric pressure up to a slight 
overpressure. A large electrolysis plant with a 
capacity of 500 megawatts, for example, gener-
ates a volume flow of up to 120,000 m3 of hydro-
gen gas per hour. In such a case, one or several 
parallel screw compressors can be used. Ac-
cording to Gehrmann, screw compressors can 
easily handle such large volumes. In a typical 
application, the screw compressor compress-
es the hydrogen gas from 1 to 6 bar and reduc-
es the volume flow from, for example, 100,000 
to around 16,500 m3 per hour. This volume flow 
can then be further compressed by a piston 
compressor in the following stage. “The screw 
compressor is always only a pre-compressor,” 
says Gehrmann.

Compressors for higher pressures Piston com-
pressors provide higher pressures. According 
to Neuman & Esser, oil-free piston compres-
sors in the latest development stage achieve 
final pressures of 300 to 500 bar. With corre-
spondingly large pistons, high delivery capac-
ities can be achieved. It is also possible to inte-
grate several pressure stages in one machine, 
so that high final pressures can be achieved 
even at low suction pressures. Hydraulically 
driven piston compressors achieve very high 
final pressures of up to 4,000 bar. Diaphragm 
compressors can also reach final pressures of 
up to 3,000 bar. Neuman & Esser manufactures 
large piston compressors such as those need-
ed for the storage of hydrogen in salt caverns 
or for feeding hydrogen into pipelines. The 
company’s portfolio also includes diaphragm 
compressors and hydraulically driven pis-
ton compressors.

Technology



Nearly 25 years ago, Burckhardt Compression delivered two 
hydrogen compressors for a trailer filling station at Infraserv 
Höchst. They still run reliably today with service intervals  
of 8,000 to 9,000 hours.

that compressors remained tight at 230 bar 
gauge pressure (bar (g)), only a few techni-
cal solutions were available. Today, simi-
lar plants are specified for up to 550 bar (g), 
thanks in part to the industry solutions from 
Burckhardt Compression.

For the two type 2CS hydrogen com-
pressors in the Infraserv application, fre-
quent start-stop cycles were to be expected 
as part of normal operation. This usually has 
a negative impact on maintenance intervals. 
The operating costs of the new trailer filling 
station were naturally to be kept as low as 
possible and the compressors were to be 
available to the maximum extent. The target 
of 8,000 to 9,000 MTBO was set in coordina-
tion with the maintenance requirements of 
other plant components. Burckhardt Com-
pression could also have achieved an MTBO 
of 12,000 hours if required.

Compressors used to fill tube trailers natu-
rally have to start and stop frequently. This 
poses a challenge for reliable operation. In 
addition, all scheduled downtimes of the 
compressors must be coordinated with 
those of other plant components in order 
to keep operational interruptions to a mini-
mum. A practical example from Burckhardt 
Compression and Infraserv Höchst demon-
strates how this can be achieved. The com-
pressors, delivered in 2001, still achieve ex-
cellent availability today and a mean time 
between overhauls (MTBO) of between 8,000 
and 9,000 hours.

Few solutions available 25 years ago 
 Twenty-five years ago, supplying high-pres-
sure hydrogen still involved enormous dif-
ficulties. To handle the smallest molecules 
in the world and, at the same time, ensure 

25 years on,  
still compressing
Text: Ronald Spindler

Compressor case study
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Aerial view of the Höchst 

Industrial Park from the 

northwest. The hydrogen filling 

station is located in the 

background on the other side of 

the Main River.

© 2024 Infraserv GmbH & Co. Höchst KG
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Proprietary materials and components Such 
service life and efficiency require a com-
bination of design expertise and carefully 
selected materials. Drawing on decades of 
experience, Burckhardt Compression has 
developed its own materials, such as Per-
sisto rings and Redura sealing systems, key 
components for dry-running high-pressure 
compressors.

The plant operates with many com-
pressors for various gases, distributed 
across the entire site. These include numer-
ous Laby compressors (oil-free piston com-
pressors with labyrinth sealing), which are 
maintained on site by Burckhardt Compres-
sion technicians.

Strong presence and communication Another 
important aspect of the cooperation with In-
fraserv is communication. Burckhardt Com-
pression appointed a central contact person 
to ensure an effective exchange of informa-
tion. This enabled the efficient handling 
of all aspects of compressor management, 
from initial commissioning and training 
through to scheduled maintenance and 
troubleshooting.

Burckhardt Compression’s presence 
in Germany covers four locations. They of-
fer customers competent support, available 
around the clock, which helps keep total cost 
of ownership (TCO) as low as possible.

Optimizing productivity for the future  Steffen 
Enghard, mechanical operations engineer-
ing at Infraserv Höchst, said, “In recent 
years, we have experienced nearly contin-
uous trouble-free operation, hardly any un-
planned maintenance work, hardly any un-
expected failures. This has enabled us to 
ensure optimal productivity for our com-
pany. The continuous support from Burck-
hardt Compression has been invaluable and 
has ensured that our systems function flaw-
lessly. The filling process of the hydrogen 
trailers is a central element of our facilities, 
and high availability is essential.”

For Infraserv Höchst, the combination 
of technical solutions and on-site support 
was the decisive factor for the long-stand-
ing business relationship. And with the hy-
drogen ramp-up, Burckhardt Compression 
is also expanding its network of experts 
for 24/7 support. Last year, six new service 
centers were added worldwide. 

Ronald Spindler
Burckhardt Compres-
sion Product Manager 
 Services

Technology
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The measurement of cell voltage in electrolyzers and fuel cells is 
currently making the leap from research into series production.  
In this environment, cost, ease of assembly and reliability of the 
measurement system are more important than maximum  
accuracy and a high measurement frequency.

A deep look into  
the life of the cell
Text: Jens Peter Meyer 

Cell voltage monitoring
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degradation or membrane defects, cell leakag-
es, insufficient electrolyte supply or the loss of 
the electrode coating. Critical operating con-
ditions under overvoltage are also detected. If 
such faults are detected early, the process pa-
rameters can be adjusted or maintenance can 
be carried out. The CVM can even contribute to 
the prevention of accidents, experts say.

Cell voltage monitoring (CVM) refers to 
the continuous monitoring of the cell voltag-
es within a stack, that is, a system that com-
prises the hardware for the measurement and 
the software for data evaluation. Occasionally, 

For a long time, monitoring the cell voltage of 
electrolysis and fuel cells was a topic for re-
search. But that is now changing. At present, a 
shift is taking place from research to industri-
al, practice-oriented questions, says Wolfgang 
Häußler, responsible for Business Innovation 
in the hydrogen sector at Marquardt GmbH, a 
supplier of mechatronic systems. The compa-
ny offers cell voltage monitoring systems (CVM), 
which are increasingly being used in practice. 
Because in operation too, the CVM can pro-
vide valuable information and uncover faults 
and aging processes. Whether it is membrane 
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clude temperature ranges, humidity influenc-
es, possible media contact, cell voltage ranges 
as well as safety-related requirements such as 
ATEX specifications. Installation space, acces-
sibility and maintenance concepts also differ 
significantly in some cases.” Since there are 
no standardized cell geometries, the compa-
ny always develops the solutions on a custom-
er-specific basis.

What matters in CVM Currently, Dilico is focus-
ing on stationary applications. However, fur-
ther development toward automotive appli-
cations is conceivable. Differences between 
stationary and mobile applications arise from 
the requirements for robustness, integration 
and standardization. “In the automotive sec-
tor, the focus is in particular on vibrations, dy-
namic load changes, EMC requirements, in-
stallation space restrictions and safety-related 
specifications. Stationary systems, on the oth-
er hand, focus more strongly on long-term sta-
bility, ease of maintenance and scalable inte-
gration,” says Krüger. According to him, what 
is important in a CVM is the reliable, contin-
uous and interference-free monitoring of the 
individual cell voltages. In addition to meas-
urement accuracy, the integration of the meas-
urement technology directly on the stack plays 
a central role, according to Dilico.

For Marquardt, the measurement range 
comes first. “A detail that is often overlooked 
here is the ability to measure negative cell volt-
ages,” says Häußler. “A negative individual cell 
voltage is one of the clearest indicators of a crit-
ical fault: a frozen cell, an under-supplied cell 
or a cell with strong reversal. A CVM that cuts 
off at zero loses precisely the information that 
you need most urgently.”

Functional safety is also a central crite-
rion. In the automotive sector, Marquardt of-
fers, according to the ASIL (Automotive Safe-
ty Integrity Level) risk classification system of 
the ISO 26262 standard, safety levels up to ASIL 
B. In most series projects, however, level QM 
for standard quality management processes is 
sufficient.

Weighing accuracy and measurement frequency 
against costs “The third point, and one that is 
very close to our hearts, is not to over-dimen-
sion,” says Häußler. “Beyond a certain thresh-
old, additional accuracy and measurement fre-
quency cause costs without providing the stack 
controller with significantly better informa-
tion.” Specifying the CVM to the actual diagnos-
tic need and not beyond is an essential part of 
transferring the system into series production. 
In research, one wants to measure as much as 
possible. In practice, on the other hand, what 
matters is that the technology works reliably 
and what it costs. “Price is increasingly a top-
ic,” says Häußler.

the abbreviation is also found for the term cell 
voltage measurement, whereby this term only 
describes the actual measurement process of 
the cell voltage measurement. Cell voltage pick-
up (CVP) refers to the hardware directly on the 
stack, which handles the electrical contacting 
of the individual cells as well as the connection 
to the measurement technology.

Systems for all common stack technologies 
Marquardt's CVM portfolio covers all stack 
technologies commonly used today. In electro-
lyzers, the electronics can be used in both PEM 
and alkaline stacks based on the same archi-
tecture. In the fuel cell sector, the applications 
range from passenger cars and heavy com-
mercial vehicles to stationary use cases such 
as emergency power supply and combined heat 
and power. “In Europe, we work closely with 
several of the leading stack developers, which 
enables us to maintain a continuous feedback 
loop between our electronics and the require-
ments of real series stacks,” says Häußler. In 
doing so, the company uses technology from 
its business unit for battery management in the 
automotive sector. “A large part of the know-
how comes directly from cell monitoring in 
high-voltage traction batteries,” says Häußler.

The cell voltage measurement of fuel 
cell stacks and those in electrolysis does not 
differ significantly. “Differences arise primar-
ily from the respective system requirements,” 
says Carsten Krüger, Strategic Marketing Man-
ager at CVM manufacturer Dilico. “These in-

Technology

LEF T: If the CVM is not located 

directly on the stack, the paths 

for the analog data trans-

mission should be as short  

as possible. © Dilico

RIGHT: Cell voltage monitoring 

from Smart Testsolutions

© Smart Testsolutions
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For the reliability of the measurement, the de-
sign must be robust from the CVP through to 
the evaluation software. In doing so, the soft-
ware must handle enormous amounts of data. 
The raw voltage values are only of limited use 
to the stack controller. Therefore, the CVM con-
denses them in real time into the relevant var-
iables: minimum, maximum and mean val-
ue as well as scatter and gradients per cell. In 
addition, there are special detection paths for 
voltage reversal, low-voltage events, drift and 
line breaks. And speed also matters. “The data 
must reach the stack controller in time to trig-
ger a protective response,” says Häußler. For 
Marquardt, on the communication side, CAN 
and CAN-FD are the relevant interfaces for fuel 
cell systems in the automotive sector. For elec-
trolyzers, the company supports the commu-
nication protocols customary in the industry.

And another point is important: the 
data provided should also feed into the fur-
ther development of the underlying models. At 
Marquardt, therefore, data processing is opti-
mized in close cooperation with the model de-
velopers. Dilico is currently developing an in-
telligent software platform for the evaluation 
of the measurement data. The goal is to ana-

lyze cell voltages, temperature profiles and fur-
ther operating data on a data-based level and 
to derive concrete condition and action recom-
mendations from them. In the long term, the 
aim is to create a diagnostic and analysis plat-
form that improves the safety and efficiency of 
large hydrogen systems and enables predic-
tive maintenance.

Contacts in the tightest space The contacting 
for capturing the cell voltage must also be reli-
able. There are different connection technolo-
gies for this. These range from classic individ-
ual wiring through spring contact elements to 
other mechanical contacting solutions. “Which 
technology is suitable depends strongly on the 
respective requirements,” says Krüger. Deci-
sive here too are installation space, ease of 
assembly, vibration resistance, maintenance 
concepts as well as process reliability and re-
producibility of the contacting. Dilico uses cus-
tomer-specific contacting concepts and devel-
ops them specifically further for the respective 
stack technology.

Marquardt offers two main families of 
cell voltage pickup products, which differ in 
the type of bipolar plate. For mechanically sen-

Marquardt’s CVP for stainless 

steel bipolar plates contains 

three finger contacts with 

integrated latching.

© Marquardt

Dilico’s cell voltage pickup 

converts the measurements 

directly on the stack into  

digital data. © Dilico

Marquardt’s standard CVM for 

the automotive sector. © Marquardt
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sitive bipolar plates made of graphite, con-
tactings are required that distribute the load 
carefully and avoid local stresses. For metal-
lic bipolar plates made of stainless steel, the 
contact partner is a stamped tab. Here the fo-
cus is on corrosion resistance and reliable 
clip engagement with a very thin geometry. 
Both product families can be adapted to the 
stack geometry of the customer and cover a 
wide range of cell spacings. Thus, Marquardt 
can contact both compact automotive stacks 
with spacings in the submillimeter range and 
stacks with larger spacings, as are typical 
for industrial systems. The spring, tab or pin 
contacts used in each case are selected by the 
company on a project-specific basis according 
to the stack design.

Measurement technology directly on the stack 
In the past, cell voltages were often captured 
via individual wiring, in which each cell was 
connected separately to external measurement 
technology. If this is done via long cable paths 
into a switch cabinet, this means a great deal 
of effort for the wiring and integration into the 
plant. “At the same time, high voltage poten-
tials, in some cases up to 1,500 VDC, have to be 
routed over larger distances within the system,” 
says Krüger. “Long analog line paths can also 
impair signal quality and increase susceptibil-
ity to electromagnetic interference.”

Therefore, Dilico has developed a CVP 
that enables stack-near measurement with 
short analog signal routing and immediate 
digitization near the cell. This significantly re-
duces line lengths, interference influences and 
potential sources of error. At the same time, ac-

cording to Krüger, signal quality, process re-
liability and integration capability improve 
considerably. The stack-near integration also 
creates the basis for additional functions such 
as temperature measurement, further sensor 
signals or a targeted individual cell bleed-down. 
Dilico's patented bleed-down technology ena-
bles the controlled discharge of individual cells 
and can thereby make an essential contribu-
tion to cell health, operating stability and ser-
vice life of the entire stack, according to Dilico. 
Marquardt also offers a system with the CVM-
compact that integrates the measurement elec-
tronics in the CVP and passes on the data via a 
digital interface.

Measure every cell or a representative subset? 
For research purposes, all cells are measured. 
In series use, this is not always necessary. The 
manufacturer Smart Testsolutions, for exam-
ple, measures the first and last cells and then 
a few selected ones in the middle (see inter-
view with Wolfgang Neu, Managing Director 
of Smart Testsolutions). Marquardt recom-
mends monitoring every single cell. “Full cov-
erage offers the best possible insight into the 
cell stack: in this way, the controller can nar-
row down a fault to a single position,” says 
Häußler. Some customers, however, decide to 
monitor only a certain range of cells. For exam-
ple, the cells that are most susceptible to faults 
under their operating profile, or a representa-
tive subset. This reduces the number of chan-
nels and saves costs. The better the customer 
already knows the behavior of their stack, the 
better a selection of the cells to be monitored 
is possible. 

https://www.dilico.de
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Tanaka Precious Metal has developed a metallic 
membrane that is said to already achieve high perme-
ability for hydrogen at around 100 degrees Celsius. 
The palladium membrane bears the name HPM-L111. 
It is intended to make it possible to separate high-pu-
rity hydrogen quickly and at significantly lower tem-
peratures than before, thereby saving energy.

Metallic membranes are frequently used for 
the purification of hydrogen, but typically require 
temperatures of at least 300 degrees in order to be-
come permeable to hydrogen, according to Tanaka. 
One example from the Tanaka product range is the 
PdCu40, an alloy of 60 percent palladium and 40 
percent copper with particularly high hydrogen per-
meability – which, however, requires temperatures 
of around 400 degrees to achieve this.

This has now been changed by means of a 
special surface treatment. Fine microstructures en-
large the surface area. This is said to increase the 
penetration speed of hydrogen, so that even at low 
temperatures more H2 molecules can pass through 
the membrane.

As fields of application, in addition to purifi-
cation, Tanaka names hydrogen sensors (isolating 
other interfering gases), fuel cells, and the removal 
of hydrogen generated inside equipment from vacu-
um systems. According to the company, production 
at Tanaka Precious Metals is initially to be limited to 
around one hundred sample pieces per month, de-
liveries of which are said to have begun in March. 
More information: tanaka-preciousmetals.com/de/

Sonplas offers explosion-protected thermal cham-
bers for test benches and stand-alone applications. 
The modular systems are designed for tests with 
explosive or toxic media such as hydrogen, metha-
nol, ammonia, LPG and natural gas.

According to the manufacturer, the oper-
ating range extends from -60 to 180 °C. The cham-
bers can, according to the company, be adapted to 
different test media with little effort, for example by 
changing the flow conditions. They are intended, 
among other things, for testing injectors, pumps, 
pressure sensors, fuel systems as well as electron-
ic components such as inverters and control units.

For explosion protection, Sonplas relies on 
inertization by pressurized enclosure according to 

IEC 60079-2 with nitrogen. In contrast 
to many thermal chambers common 
on the market, monitoring is, according 
to the manufacturer, not carried out via 
an oxygen sensor. This is intended to 
make the solution more robust and re-
quire less maintenance. The tempera-
ture control is arranged externally; only 
a heat exchanger sits inside the cham-
ber itself. This creates space for the 
test setup and is intended to avoid crit-
ical surface temperatures.

The equipment includes, 
among other things, door interlock-
ing, gas monitoring, overpressure pro-
tection, a floor pan with level switch, 
as well as extraction when the door 
is open. According to the company, 
the systems are designed for ATEX 
and IECEx. 
More information: www.sonplas.com

The Thermo Condens gas condensing boiler from Weishaupt is, in 
a special version, also approved for operation with pure hydrogen – 
following a conversion, however.

The hydrogen variant features a new burner surface and 
combustion control with UV flame monitoring. These are also in 
use in the H2HoWi hydrogen project in Holzwickede, in the service 
area of Westnetz, at three test customers, and can be viewed in a 
Weishaupt showroom.

The standard series has intelligent combustion control for 
the air-to-gas ratio. This is intended to allow it to switch easily be-
tween different fuels – LPG, biomethane and, of course, natural gas, 
the latter with up to 20 percent hydrogen blended in.  
More information: www.weishaupt.de/

Explosion-proof 
thermal chamber

Condensing boiler is H2-ready

Membrane permeable from  
100 degrees celsius
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FEST GmbH, Experience for future, 
Gerhard-Weule-Str. 10
38644 Goslar, Germany,  

kontakt@fest-group.de, www.fest-group.de

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,  

Phone +49-5139-98550, www.jag.de

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

MACEAS GmbH, 
Königstr. 2, 26676 Barßel-Harkebrügge, 
Germany, Phone +49-4497-9269-90,  
Fax -18, www.maceas.com

Munk GmbH,
Gewerbepark 8+10,
59069 Hamm,

Germany, sales@rectifier.com, www.rectifier.com,
Customized power supply solutions for industrial applications

plating electronic GmbH, DC Power Supplies, 
Rheinstr. 4, 79350 Sexau, Germany,  
Phone +49-7641-93500-0,  
info@plating.de, www.plating.de

Prüfrex Innovative Power 
Products GmbH, Egersdorfer  
Str. 36, 90556 Cadolzburg, 
Germany, Phone +49-(0)9103-
7953-0, Fax -55, www.pruefrex.com

VAF GmbH, Automation expert 
for cell stacking,   Bergstr. 13, 
73441 Bopfingen, Germany, 
Phone +49-7362-96030,  

info@vaf-bopfingen.de, www.vaf-bopfngen.de

 Bipolar Plates

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

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

Compressors

Neuman & Esser, 
Werkstraße o. Nr., 52531 Übach- Palenberg, Germany, 
Phone +49-2451-481-01, Fax -100, 
www.neuman-esser.de

sera Hydrogen GmbH, 
sera-Str. 1, 34369 Immen hausen, 

Germany, Phone +49-5673-999-04, Fax-05,  
info-compress@sera-web.com, www.sera-web.com

Consulting

Bernard Gruppe ZT GmbH, 
Bahnhofstr. 19,  
6060 Hall in Tirol, Austria,  

Phone +43-5223-5840-118, Fax -201, www.bernard-gruppe.com 

Distribution

Kälte- und Systemtechnik 
GmbH, Refrigeration systems 
for cooling hydrogen accor-

ding SAE, Heavy duty refueling, Strassfeld 5, 3441 Freundorf, 
Austria, Phone +43-2274-44109, office@kustec.at, www.kustec.at

Electrolyzers

Asahi Kasei  
Europe GmbH,  

Fringsstr. 17, 40221 Düsseldorf, Germany, Phone +49-211-
3399-2000, info@asahi-kasei.eu, www.asahi-kasei.eu 

Cummins Inc., Am Wiesenbusch 2 –  
Halle 5, 45966 Gladbeck, Germany,  
Phone +49-2043-944-133, Fax -146,  
powersales@hydrogenics.com,  
www.cummins.com
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Fittings, Regulators, Valves

Bürkert Werke GmbH & Co. KG, 
Solenoid Valves, Mass Flow Controller, 
Fluid Power System Solutions, 

Christian-Bürkert-Str. 13-17, 74653 Ingelfingen, Germany,  
Phone +49-7940-10-0, Fax -91204, www.buerkert.com

Festo SE & Co. KG, 
Automation  Electrolyser, 

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

Nova Werke AG,  
H2 High Pressure 

Solenoid Valves, Vogelsangstr. 24, 8307 Effretikon, 
 Switzerland, Phone +41-52-3541616, www.novaswiss.com

IMI – Buschjost GmbH, Detmolder 
Straße 256, 32545 Bad Oeynhausen, 
Germany, Phone +4905731-791-0, 

www.imiplc.com/industrial-automation, hydrogen@imi-precision.com

Fuel Cells

SFC Energy AG, EFOY Fuel Cells, 
Eugen-Sänger-Ring 7, 85649 Brunnthal, 
Germany, Phone +49-89-673592–555, 
info@sfc.com, www.sfc.com, www.efoy-pro.com 

Gas Diffusion Layers (GDL)

SGL Carbon GmbH,  
Werner-von-
Siemens-Str. 18, 

86405 Meitingen, Germany, Phone +48-(0)8271-83-3360, 
Fax -103360, fuelcellcomponents@sglgroup.com, www.sglgroup.com

Integration

Deutsche Zentrum für Luft- 
und Raumfahrt (DLR) / 
German Aerospace Center, 
Institute of Engineering 

Thermodynamics, Energy System Integration,  
Pfaffenwaldring 38–40, 70569 Stuttgart, Germany,  
Phone +49-(0)711-6862-672, Fax -747, www.dlr.de/tt

Manufacturing

ODONICS Your-Tool GmbH, Strassfeld 10, 3441 Freundorf, 
Austria, Phone +43-2274-30601, www.odonics.com 

Measurement and Control Technology

BD|SENSORS GmbH,
el. Druckmesstechnik,

BD-SENSORS-Str. 1, 95199 Thierstein, Germany,  Phone 
+49-(0)9235-98110 www.bdsensors.de, Manufacturer of 
 electronic pressure and level measurement technology

Henze-Hauck 
 Prozessmesstechnik / 
Analytik GmbH,  

Wasserstoffanaly satoren, ATEX zertifiziert, Sicherheits
technik, Dünnhauptstr. 14, 06847 Dessau, Germany, Phone 
+49-340 5169363, info@henze-hauck.de, www.processanalytik.de

HYDAC Electronic GmbH, H2 pressure transmitters with 
approvals for hazardous environments as well as EC 
79/2009, Hauptstr. 27, 66128 Saarbrücken, Germany, 
Phone +49-6897-50901, electronic@hydac.com, www.hydac.com 

JUMO GmbH & Co. KG, 
Measurement, control and 
automation technology for 
hydrogen applications, 

Moritz-Juchheim-Str. 1, 36039 Fulda, Germany,  
Phone +49-661-6003-0, Fax -500, mail@jumo.net,  
www.jumo.de, en.jumo.de/web/applications/hydrogen

S++ Simulation Services,  
Ralf Kraume, Waldstr. 5,  
82418 Murnau-Westried, Germany,  
Phone +49-8841-672147-0,  

ralf.kraume@splusplus.com, www.splusplus.com

Measurement Data Management 
and Monitoring

DILICO engineering GmbH,  
Lorenzweg 43,  
39124 Magdeburg, Germany,  

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

Smart Testsolutions GmbH, 
Rötestr. 17, 70197 Stuttgart, Germany, 
Phone +49-711-25521-46, 
www.smart-testsolutions.de

Weidmüller Group,  
Klingenbergstraße 26, 32758 Detmold,Germany, 
Phone +49-5231-14-280, www.weidmueller.de/wasserstoff
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Membranes and Separators

FUMATECH BWT GmbH,  
Carl-Benz-Str. 4, 74321 Bietig
heim-Bissingen, Germany, 
Phone +49-(0)7142-3737-900, 
Fax -999, www.fumatech.com

Organizations

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 Batteries and Energy Storage 
Systems / Solar Promotion GmbH,  
P.O. Box 100 170, 75101 Pforzheim, 

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

Messe Stuttgart, hy fcell – 
 Inter national Expo and Conference 
in Stuttgart and worldwide,  
www.hy-fcell.com/worldwide 

Tobias Renz FAIR, Berlin,  
Tobias Renz, tobias@h2fc-fair.com,  
Phone +49-30-60984556,  
www.h2fc-fair.com

Plant Engineering

Kloeckner DESMA Elastomertechnik GmbH,  
Injection molding machine manufacturer for the produc-
tion of elastomer articles, An der Baera, 78567 Fridingen, 
Germany, Phone +49-7463-8340, www.desma.biz

Reformers

WS Reformer GmbH,  
Dornierstrasse 14,  
71272 Renningen, Germany,  

Phone +49-(0)7159-163242, Fax -2738, www.wsreformer.com

Research & Development

DBI Gas- und Umwelttechnik GmbH, 
Karl-Heine-Str. 109/111,  
04229 Leipzig, Germany,  

Phone +49-341-2457-113, www.dbi-gruppe.de

Fraunhofer Institute for Microengineering and  
Micro systems 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

Fraunhofer ISE, 
Heidenhofstrasse 2,  
79110 Freiburg, Germany, 

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

Fraunhofer-Institut für Windenergiesysteme IWES, 
Postkamp 12, 30159 Hannover, Germany, 
Phone +49-471-14290-456, www.iwes.fraunhofer.de

HyCentA Research GmbH, 
 Inffeldgasse 15, 8010 Graz, Austria, 
Phone +43 (0)316-873-9501, 
office@hycenta.at, www.hycenta.at

Storage

AMBARtec AG, Supplier of compact, efficient and sustaina-
ble H2-storage systems, Erna-Berger-Str. 17, 01097 Dresden, 
Germany, Phone +49-351-30993666, www.ambartec.de

CyTec Mönchengladbach GmbH & Co. KG,
Lehmkuhlenweg 13, 41065 Mönchengladbach, Germany, 
Phone +49-(0)2161-65907-0, Fax -68, www.cytec-mg.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 
Interconnects, Lammerdries 18e, 
2440 Geel, Belgium,  
Phone +32-(0)14-25090-0,  
contact@borit.be, www.borit.be

HIAT gGmbH,  
Schwerin, Germany, 
CCMs / MEAs / GDEs  

for PEFC, DMFC & PEM-Electrolysis, www.hiat.de

http://www.fumatech.com
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Siemens, contributes to 
successful process imple-

mentations in H2 production, conversion, storage, transport 
and usage as reliable partner with a comprehensive 
automation and digitalization portfolio. www.siemens.com/h2 

Sorst  Streckmetall GmbH –  
Use in OEMs and electro lyzers 

made of titanium, stainless steel, nickel, also prefabrication, 
planning, implementation. Phone +49-511-67675650, 
info@sorst.de, www.sorst.de

Spir Star AG,  
Auf der Rut 7, 64668  Rimbach- 
Mitlechtern, Germany,  

Phone +49-6253-9889-0, info@spirstar.de, www.spirstar.de

Testing

baltic FuelCells GmbH,
PEM- and electrolysis-
single cell testing equip-

ment for R&D and QA, Wilhelm-Hennemann-Str. 18, 
19061 Schwerin, Phone +49-385-4893010, 
www.balticfuelcells.com,  

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

Phone +49-5139-98550, www.jag.de

Maximator GmbH, 
High Pressure 
Hydrogen Technology, 

Testing Equipment, Customer Testing Services, Lange 
Strasse 6, 99734 Nordhausen, Germany, Phone +49-3631-
9533-5040, info@maximator.de, www.maximator.de

Sonplas GmbH, H2 test stand, 
Testing of hydrogen-carrying 
components with real fuel, 

Sachsenring 57, 94315 Straubing, Germany,  
Phone +49-9421-9275-0, info@sonplas.de, www.sonplas.com

Test Stands 

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

info@aip-automotive.de, www.aip-automotive.de 

TRENDS,
TECHNOLOGIES, AND 

INDUSTRY NEWS –
curated by our editorial team and
delivered straight to your inbox.

FUEL UP ON
HYDROGEN KNOWLEDGE

www.h2-international.com/newsletter
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H2international 4/2026 will be out
on October 19, 2026.
 
HYDROGEN TECHNOLOGY EXPO 

A sneak peek at the hydrogen world’s 
key gathering in Hamburg.

RECYCLING & RESOURCES

What the H2 industry needs, and where 
it could come from down the road.

SENSOR TECHNOLOGY

Better measurement means tighter 
process control.
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