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ED I T O R I A L

If industrial businesses firmly believe producing blue hydro-
gen is necessary for the time being, let them. But they should 
do so at their own risk. Even some representatives for the gas 
industry are coming around, saying we don’t need to prop up 
outdated natural gas and CCS technology on the taxpayers’ 
dime. Or, as consulting firm Deloitte’s Johannes Trüby put it: 

“You can let the market sort it out. Taxpayer funding isn’t the 
answer. A good regulatory framework is. Everyone needs to 
see clean energy production is a profitable business.”

Never again should a country or its citizens be asked to 
provide a safety net for a whole industry. We’ve seen how 
that worked out, many times. Corporations breaking prom-
ises. Corporations ignoring commitments they signed. Cor-
porations lying and manipulating to keep market shares and 
grow profits.

Humanity will have to face up to the fact that it has allowed 
corporate greed to flourish for quite a while. It’s why young 
people – in Germany and around the world – have started to 
organize to push back against the status quo. They’ll be the 
ones suffering in the end. How can they be sure that there won’t 
be lock-in effects? That CCS is really safe? Or that gas pipelines 
won’t be used longer than necessary to deliver fossil fuels?

I understand the youth’s distrust of the business world. 
I, myself, am often wondering how many stakeholders will 
seize the opportunities hydrogen technology presents to 
keep doing business as usual. I fear some will exploit the 
clean image of the gas just to make a quick buck, without 
regard for what that will do to the industry as a whole.

I’m also very worried a future hydrogen economy will 
experience what is known as a rebound effect. In that case, 
ever-growing demand for resources and energy will simply 
cancel out the enormous potential the technology has for 
creating a cleaner environment.

The conversation around colors has become so tiring be-
cause any argument not in favor of the blue variant will be 
quickly brushed aside. Says the gas industry: “Let’s put all 
this talk about colors to rest.” To me, that looks more like 
an attempt to stifle debate and force the – supposedly car-
bon-free – blue hydrogen into the spotlight.

Which makes the current public exchange of ideas that 
much more important. We need to fully examine all the op-
tions on the table. What we don’t need are people with en-
trenched opinions, ready to shut down the discussion – even 
if that discussion is exhausting at times. ||

Best wishes

Sven Geitmann
Editor of H2-international

IT’S ALL ABOUT THE 
COLORS … AGAIN
Dear readers

I could be wrong, of course. But I feel like more and more 
members of the hydrogen community have had enough of 
people constantly talking about their favorite colors. During 
the past several months, we’ve seen debate after debate about 
the pros and cons of green, blue and turquoise hydrogen. 
First in Germany, now in Brussels.

Other variants don’t get nearly as much attention. That 
shouldn’t be a surprise. After all, there’s still disagreement 
about whether nuclear-sourced hydrogen is red or pink. Or-
ange, on the other hand, indicates production from biogenic 
sources, gray from steam-reformed natural gas. White is the 
color for hydrogen seeping naturally from the ground. For 
the moment, however, none of them is generating as much 
press, or controversy, as the blue variant.

Don’t get me wrong. I may be annoyed by what’s going on 
at the moment. But I strongly believe we should examine and 
thoroughly discuss every production pathway we have at our 
disposal. In fact, I would welcome a closer look at biogenic 
hydrogen, for example.

What vexes me, though, is the eagerness of some to turn 
the debate about the blue variant into an ideological tussle. 
Representatives for natural gas companies in particular have 
begun to use many of the online events to ask all kinds of 
supposed experts, from industry stakeholders to the Nor-
wegian ambassador, about their thoughts on blue hydrogen. 
And then watch them extol its virtues and praise the alleged 
safety of carbon capture and storage technology.

If there’s one thing we’ve learned from decades of inter-
acting with – or, should I say, having to deal with – large 
interest groups, it’s that industry-backed information events 
and studies won’t give you the whole picture. We know now 
that it wasn’t just tobacco firms and automakers, or nuclear 
and coal lobbyists, that started expensive PR campaigns – 
and sometimes presented false evidence – to whitewash their 
sectors’ image and prevent social change. Oil corporations 
and electricity providers did that too.

Maybe it’s unfair to point to these bad experiences and 
paint another group of companies with the same broad and 
ugly brush. But it doesn’t look to me as if the gas industry is 
encouraging an open and honest debate.

The simple fact is that the German government has made 
its choice of color abundantly clear. Green hydrogen is the 
only variant, aside from orange maybe, that will receive pub-
lic funding. If companies want to use blue or turquoise hy-
drogen, no one will be standing in their way. They just won’t 
be getting money from the government for when they do. It’s 
a stance that leaves little room for interpretation. 

And yet, gas associations are launching essentially one 
weeks-long information campaign after another, each fo-
cused on blue hydrogen. Are companies in the industry real-
ly so cash-strapped that they need ordinary citizens to fund 
their ventures? Are we seriously considering dumping the 
tax revenues from small businesses and retirees in Germany 
into the construction of natural gas caverns in Scandinavia?

To be clear, it will take years until we have a large enough 
amount of green hydrogen available. That’s why we need to 
act, and act now, said Veronika Grimm, one of the German 
government’s economic advisors. I agree.
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HyStarter remains as popular as ever. Like the competition’s 
first round, the second attracted the interest of much more 
organizations than the German transportation ministry was 
able to fund. By May 14, the ministry’s NOW office had re-
ceived 65 applications for funding local hydrogen economies 
as part of the HyLand program. Few of the organizations 
had already applied the first time around.

An expert panel will likely select a total of 10 winners, 
which will be announced in late July. One Hyland contest 
still open for submissions is HyExperts, which funds larger 
projects. HyPerformer, on the other hand, will restart in the 
second half of this year and invite applicants to submit ideas 
for bringing hydrogen technology to market. ||

Where have we made considerable progress in developing 
hydrogen technology? In what market are there still hurdles 
to overcome? Where do we still need to remove roadblocks 
to innovation? Answering questions like these is the task 
of Hydrogen Compass, a two-year project launched by the 
German education and economy ministries and funded with 
EUR 4.2 million.

As part of a large-scale communications campaign, the 
project team will structure available information about hy-
drogen technology in a way that helps the hydrogen and 
fuel cell sector achieve rapid progress while not losing 
sight of the environmental, economic and social aspects 
of technology advancements. Coordinated by acatech and 
DECHEMA, the project will most likely also receive input 
from the National Hydrogen Council and the Hydrogen 
Research Network.

“Research and innovation will remain key to turning 
Germany into a climate-neutral hub for cutting-edge tech-
nology,” German economy minister Peter Altmaier said. “To 
achieve this, we’ll have to come up with a hydrogen roadmap 
that can serve us in the long term. We need innovative ideas. 
But we also need to make sure those ideas make it from the 
lab to the market. This is where Hydrogen Compass could be 
a great help to us.” ||

This spring saw the start of the first Hydrogen Republic Ger-
many idea competition, created and funded by the German 
education ministry. As part of the initiative, a total of EUR 
56 million will go to 71 partner organizations involved in 16 
basic research projects. Additionally, three industry-led hy-
drogen flagship ventures named H2Giga, H2Mare and Trans
HyDe will focus on answering fundamental questions about 
hydrogen economies, in order to provide a scientific basis for 
new product developments and application scenarios.

“The 62 projects selected today will receive more than EUR 
8 billion in federal and state funding. They cover the entire 
value chain, from the production and transport of hydrogen 
to its use in the industrial sector,” German economy minis-
ter Peter Altmaier said in late May, reaffirming the govern-
ment’s aim to have Germany become “the world’s number 
one in hydrogen technology.”

Together with German transportation minister Andreas 
Scheuer, he then announced the names of the big hydrogen 
ventures that will receive the largest possible amount of funds 
from the Important Projects of Common European Interest 

– IPCEI program. Scheuer said: “We need and want to push 
forward with the transition to climate-friendly solutions. […] 

NUMBER OF HYSTARTER 
APPLICATIONS NOW AT 65

A GUIDE TO HYDROGEN 
INNOVATIONS

HYDROGEN REPUBLIC 
GERMANY, PART III

62 GERMAN IPCEI PROJECTS

“I want to see Germany become the world’s foremost center 
of knowledge on green hydrogen. […] The development and 
global sale of hydrogen technology will present us with a huge 
opportunity to maintain our competitive edge while fulfill-
ing our commitment to creating a sustainable economy,” said 
German education minister Anja Karliczek. Stefan Kauf-
mann, a member of Germany’s parliament and the country’s 
green hydrogen innovation commissioner, added: “Some of 
these projects will investigate new electrolysis methods. Some 
will look for promising ways to establish a climate-friendly 
chemical industry or improve the design of fuel cells powering 
heavy-duty trucks. And some will seek new, more precise and 
faster approaches to identifying suitable locations for green 
hydrogen production around the world.”

Over 100 additional ideas for hydrogen projects were sub-
mitted during the competition’s second round and are now 
under review. The third round, which has a total budget of 
EUR 600 million, is still open for applications. ||

 www.wasserstoff-leitprojekte.de 
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ing his company is 
working to identify 
new “opportunities 
for green hydrogen.”

In the same 
month, Toyota 
said it entered into 
partnership with 
Japanese energy 
business Eneos 
to advance hy-
drogen-powered 
transportation and 
move forward with 
its new Woven City 
flagship project, 
where hydrogen is 

said to play a major role. The city, which will be constructed at 
the bottom of Mount Fuji, is hoped to become a living labora-
tory that uses smart, connected and sustainable technologies 
to allow residents to live in harmony with nature.

In early June, Renault and Plug Power (see also p. 52) set 
up the joint venture they announced back in January. Called 
HYVIA, the new French company will have employees at 
four locations and provide complete transportation solu-
tions, ranging from light hydrogen-powered commercial ve-
hicles to carbon-free hydrogen gas supplies.

As early as April, German auto supplier Schaeffler had 
already formed a strategic alliance with Chinese fuel cell 
maker Refire. At Auto Shanghai 2021, representatives for 
both then inked a deal to collaborate on the development of 
important fuel cell components, including bipolar plates and 
thermal management systems.

Automotive electronics manufacturer EPH, on the other 
hand, bid the market farewell, shutting down all of its fuel 
cell-related activities at the start of the year. ||

The time has come for new collaborations in the hydrogen 
sector. As noted in this year’s May issue, the number of re-
ports about company mergers and new partnerships has in-
creased steadily over the past months. One example of this is 
the partnership formed by electrolyzer manufacturer Nel after 
its recent foray into the solar market. In early May, the group 
announced that one of its subsidiaries, Nel Hydrogen Electro-
lyser, is now working with First Solar, a manufacturer of PV 
modules, to design integrated solar-hydrogen power plants.

A short time later, news broke that Danish hydrogen 
business Everfuel and Norwegian aluminum maker Norsk 
Hydro signed a memorandum of understanding to improve 
conditions for electrolyzers in Europe. The agreement con-
templates installing the Hydrogen Distribution Centers that 
are being developed by Everfuel at electrolyzer sites near 
Norsk Hydro’s aluminum smelters to ensure the fast and safe 
refueling of the latter company’s hydrogen trailers.

Meanwhile, Danish wind energy giant Ørsted has been 
looking to South Korea for forging new alliances, teaming up 
with national steelmaker POSCO on a large offshore wind 
project. Their MoU, signed in late May, also includes a promise 
to explore a potential collaboration on renewable hydrogen 
projects, with POSCO’s vice president, Jung-Son Chon, say-

Hydrogen sensors have been the focus of research for many 
years. Scientists working for the University of Georgia and 
South Carolina’s Savannah River National Laboratory have 
now found a way to make it extremely easy to detect even 
minute traces of the gas. A research article about their new 
optical method for hydrogen sensing was published in the 
Nature Communications journal in April. “Our spark-free, 
optical-based hydrogen sensors detect the presence of hydro-
gen without electronics, making the process much safer,” said 
Tho Nguyen, an associate professor in the university’s Franklin 
College of Arts and Sciences and, together with the laborato-
ry’s George Larsen, the co-principal investigator on the project.

The sensors take advantage of the propensity of thin metal 
films to absorb hydrogen, leading to changes in light transmis-
sion. These subtle changes are large enough to be picked up by 
a detector in the blink of an eye, producing a signal. The units’ 
response time and sensitivity can be adjusted to fit the materi-
al used (e.g., palladium or cobalt) and the size of the metal film.

“With our intensity-based optical nano sensors,” said 
Nguyen, “we [can detect hydrogen] at 2 parts-per-million,” 
adding that the response time of the new units is 0.8 seconds. 
That makes them 50 times more sensitive than other optical 
hydrogen sensors and 20 percent faster than the best avail
able optical device reported in the literature. ||

NEW HYDROGEN AND FUEL 
CELL PARTNERSHIPS

ACCURATE OPTICAL SENSING

Fig.: Luca de Meo (Renault Group, left)  
and Andy Marsh (Plug Power) join forces  
on a new venture [Source: Renault]

Across all modes of transportation, green hydrogen and fuel 
cells are the ideal addition to all-electric vehicles.” Hopes are 
that the EUR 4.4 billion and EUR 1.4 billion in funding, pro-
vided respectively by the economy and transportation minis-
tries, and the financial support by individual German states 
will lead to EUR 33 billion in private sector investments. How-
ever, the money coming from the federal government will be 
taken from funds that are already available. In response to an 
inquiry by H2-international, the economy ministry said that 

“the IPCEI Hydrogen will be funded with state resources and 
money from the federal stimulus package, which saw EUR 7 
billion earmarked for supporting projects nationwide.”

More than 230 project outlines were up for considera-
tion. The 62 picked by the government will now be discussed 
with officials from up to 22 partner countries to determine if 
they can be combined with other national IPCEI ventures to 
benefit all involved and set up a unified hydrogen economy 
across Europe. The results from these discussions will re-
portedly be announced in late 2021 or early 2022. The list of 
participating companies so far includes Airbus, ArcelorMit-
tal, BASF, BMW, BP, Daimler, ElringKlinger, Faun, Gasunie, 
Linde, OGE, Ontras, RWE, Salzgitter Stahl, Shell, Siemens, 
Tennet, Thyssenkrupp, Vattenfall, Volvo and Wacker.

Altmaier called IPCEI Hydrogen an “endeavor that has nev-
er been tried at this scale in industry,” adding that Germany is 

“on its way to becoming the world’s number one in hydrogen 
technology. I know of no other country making a similarly tar-
geted and comprehensive effort to introduce this important re-
source – that is, green hydrogen – to the market.” The 62 large-
scale projects will now be submitted to the EU Commission. 
Altmaier said there is “a high probability they’ll be funded in 
their entirety.” The relevant guidelines had already been pre-
pared during Germany’s European Council presidency in the 
second half of 2020, he added. According to him, more than 
500 IPCEI projects could be implemented across Europe. ||
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In April, gas and water industries association DVGW tapped 
Thorsten Kasten, 52, to co-lead hydrogen and fuel cell or-
ganization DWV. By unanimous vote, the DWV executive 
committee later confirmed the DVGW’s candidate as its new 
co-chair of the board. Kasten now serves alongside Werner 
Diwald, who has led the DWV since 2014.

Before joining the DWV, Kasten was CEO of VNG Inno-
vation Consult and parent company VNG’s head of business 
and community development. He stressed his commitment 
to “getting the word out on the advantages of hydrogen in all 
its forms and promoting its use in as many sectors as pos-
sible.” When asked by H2-international which forms of the 
gas Kasten was referring to, the DWV replied: “Green and 
climate-neutral hydrogen.”

The DVGW’s right to the co-chair position was part of an 
agreement the two German associations signed late last year 
to intensify their collaboration (see H2-international, Febru-
ary 2021). Following Kasten’s appointment, DVGW Chair-
man Gerald Linke announced that the two organizations 
will now act as “the biggest voice for the hydrogen industry 
in Germany.” ||

announced that the first vehicles – each costing around EUR 
400,000 – would roll out of the factory near the end of 2019, 
but that was then delayed to last summer. So far, H2-inter-
national has only been able to verify a handful of customers 
who could take delivery of their cars.

Despite this, a button on the company’s main page still 
urges visitors to “Get your Nathalie!” A click on the button 
will direct prospective buyers to a subpage explaining how 
they can get their hands on the new car, from paying a EUR 
5,000 reservation fee to signing a lease agreement. The com-
pany also posted several teaser videos at the beginning of the 
year. While promotionally effective, they have since invited 
questions and criticism as well. In response, Gumpert told 
efahrer.com in late May that “Nathalie was designed to be 
a showcase of our team’s abilities, a marketing tool. That’s a 
common strategy for automakers. The main goal is to high-
light the technology that powers the car.”

Generating less buzz but arguably more solid prospects are 
German special purpose vehicle maker C&S’ efforts to con-
vert a Mini Moke to run on the same methanol-water blend as 
Gumpert’s sports cars. A fuel cell extends the range of the new 
buggy, called CSE Morris, to around 500 miles (800 kilome-
ters). The buggy is being developed in collaboration with staff 
from Baden-Württemberg state’s network of publicly funded 
university campuses and Bavarian fuel cell maker Siqens.

A cobalt-free lithium iron phosphate battery provides the 
utility vehicle with 20 kilowatt-hours of energy, giving it a 
range of 87 miles (140 kilometers). To extend the range, the 
car also features an Ecoport 800 module and a 40-liter tank, 
which are used to recharge the battery. The system combines 
the benefits of liquid fuels, i.e., fast fill-up and high energy 
density, with those of an 800-watt fuel cell, which reforms 
the methanol-water mixture to produce pure hydrogen for 
powering the electric motor.

Volker Harbusch, Siqens’ chief executive, said: “Engine 
designs consisting of a small battery and a fuel cell to extend 
the range are an especially good choice for long-range utility 
vehicles that need to power a whole host of components, in-
cluding cooling systems.” ||

KASTEN JOINS DWV’S  
SENIOR LEADERSHIP

WILL METHANOL FUEL CELLS 
SEE A COMEBACK?

HANDELSBLATT MAGAZINE’S 
HYDROGEN SUMMIT

Fig.: Thorsten Kasten [Source: DWV]

Fig.: Electric buggy powered by a methanol fuel cell (orange box in 
the back) [Source: Dino Eisele]

In the 1990s, methanol was seen as a possible new source of 
power for fuel cell electric vehicles. And yet, at the turn of the 
century, it nearly fell out of favor altogether, as the equipment 
needed to burn the fuel was much more complex than systems 
that used hydrogen only. Still, the past few years have seen 
renewed efforts to bring methanol fuel cells to market. Some 
weeks ago, Roland Gumpert, the engineer who spearheaded 
the development of Audi Quattro’s four-wheel drive, was back 
in the news, talking about his latest project, a sports car named 
after his daughter Nathalie (see H2-international, April 2019).

In spring, several outlets reported that the electric coupé, 
which, according to Gumpert, offers buyers a comparatively 
affordable way into the world of sports cars, had been cer-
tified as roadworthy. Gumpert presented a prototype of the 
vehicle at the Geneva International Motor Show in early 
2019. His company, Gumpert Aiways Automobile, initially 

Driven in part by the recent decarbonization aims of multi-
ple countries and businesses around the world, there is now 
pressure on every stakeholder in the sector to establish a glob-
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The Olympic flame is 
to burn with hydrogen 
for the first time at this 
Olympics. H2 gas is al-
ready being used in the 

“baton”, which is mod-
elled on a cherry blos-
som, during the torch 
relay – at least on some 
stages. The green hydro-
gen needed comes from 
Fukushima. An official 
from Japan’s energy 
agency said: “This will 
raise public awareness 
of the important role 
hydrogen is to play in 
the future.”

The 121-day run 
for the “Tokyo 2020 
Olympic Games in 
2021” started – one year 
late – on 25 March 2021 

at J-Village, the national soccer training facility in Nara-
ha, Fukushima. On 23 July, the Olympic flame will be lit in 
the cauldron of the Olympic Stadium in Tokyo, after some 
10,000 runners have carried it through all 47 prefectures. ||

NE W S

al hydrogen economy as fast as possible. That much was clear 
to those attending German Handelsblatt magazine’s online 
Hydrogen Summit on May 26 and 27. An oft-discussed issue 
also brought up at the summit was the color of future hydro-
gen supplies. In response, Wolfgang Büchele, who was Linde’s 
chief executive from 2014 to 2016, said, roughly, that the color 
of the gas – be it green, blue or gray – was not nearly as impor-
tant as the speed at which a steady supply of hydrogen could 
become a reality. He then pointed to South Korea, where he 
said the public is much more open to the use of hydrogen than 
is the case in Germany. Many also named the Middle East as 
an example of a region with a progressive hydrogen agenda. 
Countries such as Oman, the United Arab Emirates and Saudi 
Arabia (see also p. 57) may soon be able to produce clean hy-
drogen for USD 0.015 a kilowatt-hour. One statement to which 
all speakers at the summit could agree was that electrolyzers 
should be installed in places where electricity generation is 
cheap. That electricity could then be used to produce hydro-
gen for on-site consumption, delivery via pipelines or export 
by sea, if stored in ammonia or methane.

Reimund Neugebauer, president of the German Fraun-
hofer research institutes, called on stakeholders to seize the 
opportunities offered by hydrogen but also be aware of the 
challenges ahead. To create a sustainable economy, he said, it 
is high time market actors scale up the technology and try to 
generate as much added value in Germany and Europe as pos-
sible. As for demonstration projects such as living laborato-
ries, they will now need to be turned into industrial parks. Of 
course, he added, the transition to a hydrogen economy will 
take a while. This means that in the foreseeable future, natural 
gas will continue to play a role in shoring up energy supply.

A key takeaway from the summit was that 75 countries 
around the world have so far agreed to become climate-neu-
tral by 2050 and 50 leading industrial nations have imple-
mented a hydrogen strategy. At the same time, the number of 
collaborations – or, more specifically, joint ventures (see p. 7) 
– in the energy sector is rising, as is the number of alliances 
between companies around the world. One example of the 
latter is the recently established partnership between Shell 
and Daimler Truck. The hydrogen industry has already been 
catering to some large markets, including those for primary 
raw materials, chemicals, cement and steel, plus the market 
for commercial vehicles (with heavy-duty trucks playing the 
most vital role, as seen on p. 26, while boats and ships, and 
then planes, will follow later). One opinion shared by every-
one who attended the summit was that blue hydrogen will, 
for now, be the only variant capable of satisfying demand 
from these markets. And while natural gas will most likely 
remain an important source of energy in the near future, it 
will mainly be used to displace coal.

Regulations was another topic of discussion at the sum-
mit. Despite a EUR 9 billion budget, the German government 
has so far spent only EUR 3 million on growing the national 
hydrogen industry. And besides, there should be some help 
for consumers, who will be the ones paying for higher car-
bon prices. Calling on policymakers, the leadership of some 
of Germany’s biggest corporations noted that the entire de-
bate needs a dose of realism. A good deal of the hydrogen 
required will have to come from abroad, presenting German 
companies with enormous opportunities in many markets 
around the world. But what Germany lacks right now, they 
said, is people with sector-specific expertise.

An oft-mentioned phrase at the event was “technologi-
cal neutrality,” to ensure new technical ideas and concepts 
are not being sidelined. There were also calls for cutting the 

red tape that prevents government agencies from a quick re-
sponse to new developments in the sector. That will require 
policymakers listen more closely to stakeholders, to encour-
age more constructive and inventive approaches to establish-
ing a hydrogen economy and fighting climate change. Green 
hydrogen is not an energy source for the rich. It’s a gas that, 
at some point, each and every one will be able to afford in any 
amount and any market – maybe even more quickly than 
expected. ||

Author: Sven Jösting

Hydrospider, a joint ven-
ture of H2 Energy, Al-
piq and Linde/PanGas, 
has appointed Thomas 
Niederer, 56, to lead the 
company starting June 
1. Hydrospider special-
izes in the production of 
clean hydrogen. Niede
rer previously worked 
for food retailers, logis-
tics companies and 
transportation firms. 
He succeeds Thomas 
Fürst, who is turning his 
focus back to managing 
Alpiq Hydro Aare. ||

NIEDERER SUCCEEDS FÜRST

OLYMPIC H2 FLAME

Fig.: Thomas Niederer
[Source: Hydrospider]
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Climate change has become a hot topic in the runup to the 
German election, with politicians imbued with a new sense 
of urgency. In April 2021, Germany’s constitutional court 
published its ruling on the country’s Climate Change Act, 
triggering the need for swift action to toughen up emission 
targets: In just a few days the federal cabinet agreed to a new 
climate law which then quickly received its blessing from the 
powers that be. Preparations to implement European RED II 
legislation have also been progressing at speed. So what does 
this mean for the hydrogen and fuel cell sector?

It had long been expected that the German government 
would set out measures to enable the country to implement 
the European Union’s Renewable Energy Directive, RED 
II. On May 20, 2021, the German parliament passed an 
amendment that resulted in the 2030 greenhouse gas re-
duction target for fuels rising from 6 percent to 25 percent. 
The previous goal had been a 22 percent decrease in emis-
sions. The new law envisages the share of renewable energy 
as part of overall energy consumption increasing within 
the transport sector from 10 percent to 32 percent by 2030. 
This compares to the EU’s requirement for road and rail 
transport of 14 percent.

The German environment ministry, which deemed the 
RED II agreement a “good compromise,” stated: “Along with 
strong incentives for the use of green hydrogen and support 
for charging points, our future intention is also to offer sup-
port particularly to advanced biofuels that are produced 
from waste and residue.” According to proposals, biofuels 
made from palm oil will be prohibited from 2023 while tar-
geted funding will be made available for synthetic fuels in 
circumstances where there are no alternatives to fossil fuels, 
for instance in aviation. Furthermore, a system of double 
accounting will be employed to promote the use of green 
hydrogen in road transport and in refineries. The direct use 
of power in electric cars is also being encouraged through 
triple accounting within the greenhouse gas quota.

German economy minister Peter Altmaier explained: 
“We are prepared to shoulder more than we have promised 
to do up until now.” He also asserted: “I would like us to 
raise the expansion targets for renewables.” While that may 
be the case, it was Altmaier who had contributed signifi-
cantly to the decline in the solar industry, and then also the 
wind industry, by reining in renewable expansion plans in 
the past.

WHAT DOES “GREEN” ACTUALLY MEAN? To date, refin-
eries have almost exclusively used hydrogen that is derived 
from fossil energy sources. Now that the use of green hy-
drogen and orange hydrogen from biomass will be factored 
into the reduction quota in future, this should increasingly 
force fossil fuels out of the market for the transport sector 
as a whole. For aviation, a minimum quota of 0.5 percent 
will come into force in 2026 for liquid fuels, produced using 
power-to-liquid technology. The target will then increase to 
2 percent from 2030 onward. According to Stefan Kaufmann, 
innovation commissioner for green hydrogen at the German 
education ministry, most of Germany’s planned 5-gigawatt 

GREEN HYDROGEN COMES OUT ON TOP
Germany plans to overdeliver on EU targets

Category: Politics    Author: Sven Geitmann

“This decision will see Germany leading the way in renew-
ables within the transport sector. The new quotas for cli-
mate-friendly fuels and renewable energy in transport 
mean that we are going far beyond EU requirements.”

German environment minister Svenja Schulze

Fig.: Trend in hydrogen production in the EU – scenario: push for 
renewable [Source: Hydrogen4EU]
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electrolyzer capacity would be needed to achieve the 2 per-
cent target by 2030, which is why there would hardly be any 
capacity left for power-to-x fuel production for other sectors.

The day before, the German cabinet had redefined its 
interpretation of what constitutes green hydrogen. Con-
sequently, hydrogen is designated “green” if it is produced 

“electrochemically,” in other words by means of electrolysis. 
This new definition is intended to give more clarity when 
dealing with Germany’s redrafted renewable energy law 
EEG 2021. 

In addition, politicians have decided to allow an exemp-
tion from the EEG levy for operators of electrolyzer plants 
producing green hydrogen for an initial 5,500 full load hours. 
Previously, an exemption of 6,000 hours had been mooted. 
Nevertheless, critics had warned that such a high figure 
runs the risk that, instead of just surplus power being used 
for electrolysis, electrical energy could be siphoned off from 
the electrical grid. After all, a year is only 8,760 hours long. 
Hence Greenpeace Energy had requested relief on just the 
first 3,000 hours.

NO AID FOR BLUE HYDROGEN It has since become increas-
ingly apparent that the German government is focusing its 
efforts on the use of green hydrogen. Specifically this means 
that, while blue or turquoise hydrogen will not be banned, 
green hydrogen alone will be on the receiving end of tax-
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payers’ money. Kaufmann explained: “We will not use the 
multibillion-euro program to support blue hydrogen but we 
will, nevertheless, see other colors.” Simon Marr from the 
German environment ministry commented that in his de-
partment’s view there would “only be support for green hy-
drogen”; the use of other types of gas, however, remains on 
the table.

The upshot could therefore be that use of gray or possi-
bly even blue hydrogen will continue initially, albeit without 
the benefit of state assistance, until such time that sufficient 
quantities of green hydrogen are readily available. Veronika 
Grimm from the German Council of Economic Experts stat-
ed that, at the beginning, there would not be enough green 
hydrogen which is why blue hydrogen could also be deployed. 
In her opinion, this “transformational pathway” is necessary. 
This is a sentiment shared by Martin Daum, chairman of 
Daimler Truck, who said: “At the start there will only be a 
very few [hydrogen] trucks on the road, so that it does not 
matter if this hydrogen is blue or gray.”

Rainer Baake, director of Climate Neutrality Foundation, 
warned that this could lead to “misdirected investments in 
fossil-based energy.” He said: “We must consider where we 
use public funds. Everyone in this market economy can do 
what they like, but on their own account.”

This standpoint is echoed by members of the gas industry. 
At the presentation of the Hydrogen4EU study by industry 
body Zukunft Gas, Johannes Trüby from the consultancy 
Deloitte expressed agreement, saying: “That can also direct a 
market. The key point is not the question of public funding, 
it’s about the right framework. It needs to be made clear that 
clean technologies are worthwhile.” ||

www.magnet-schultz.com
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Instead of the end of 2020, the handover of the funding deci-
sions took place on May 3, 2021. Both the Federal Minister of 
Transport Andreas Scheuer, and the Brandenburg Minister 
of Economics, Prof. Jörg Steinbach, as well as the Minister 
of Infrastructure, Guido Beermann, appeared at the small 
railway station in Basdorf to hand over the letters of approval 
for 25 million euros live on site.

This “hurdle-laden project”, as Steinbach put it, is about 
the development of a regional hydrogen infrastructure in the 
north of Berlin (see H2-international, May 2021, July 2019 
and January 2018) as well as the reactivation of the main 
line of the Heidekrautbahn. Three subprojects are now be-
ing funded for the realisation, which has been in progress 
since 2017: The project developer Enertrag is to receive 13 
million euros for the construction of a hydrogen plant, the 
Niederbarnimer Eisenbahn-Aktiengesellschaft (NEB) will 
receive 9 million euros in funding to be able to use fuel cell 
trains on the regional railway line RB27 when the timetable 
changes on 15 December 2024, and the Kreiswerke Barnim 
will receive 2.5 million euros for the construction of an H2 
train filling station. A total of about 100 million euros is to 
be invested in this joint project.

Minister of Transport Scheuer explained: “It’s not just the 
vehicles that are to be moved with hydrogen, but also all the 
surrounding equipment”. According to the current planning, 

STARTING SIGNAL FOR THE 
HEIDEKRAUTBAHN

this includes not only a total of six H2 railcars, but also four 
hydrogen-powered waste collection vehicles, as Christian 
Mehnert, managing director of Kreiswerke Barnim, con-
firmed. According to NEB Executive Board Detlef Bröcker, 
one hundred per cent of the hydrogen required is to be pro-
duced in the Oberhavel district with the help of renewable 
energies from wind and sun. ||

Fig.: State Minister for Economic Affairs Jörg Steinbach is looking 
forward to the maiden voyage in 2024

http://www.magnet-schultz.com
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Discussions around Germany’s approach to hydrogen are 
in full progress. Although several members of the German 
government regularly emphasize that green hydrogen will 
benefit the most from public funding, there are also those 
who want to see blue and turquoise hydrogen playing a key 
role – with some of those voices coming from Germany’s 
National Hydrogen Council. Two environmental associ-
ations, BUND and Climate Alliance, have now distanced 
themselves from this view by declaring their opposition 
to the use of fossil-based hydrogen and natural gas. In 
this interview, Christiane Averbeck, executive director 
of Climate Alliance Germany, outlines her objections to 
the strategy discussed by the hydrogen council this spring. 
Climate Alliance Germany is made up of around 140 or-
ganizations from all sectors of civil society. Averbeck has 
been a member of the National Hydrogen Council since 
June 2020.

Ms. Averbeck, the National Hydrogen Council – the German 
government’s advisory body – formulated a hydrogen road map in 
mid-May 2021 and will be presenting this to the government at the 
beginning of July. You support the resolution, yet you have issued a 
statement of dissension in the name of Climate Alliance Germany. 
Why?
Averbeck: Overall, we have developed a good work culture 
within the hydrogen council. Although its members come 
from very different institutional backgrounds, they have 
come together on many issues. However, views regarding 
the use of fossil-based hydrogen and natural gas as “bridging 

DIRECT ROUTE TO GREEN HYDROGEN
Interview with Christiane Averbeck of Climate Alliance Germany

Category: Politics    Interview partner: Christiane Averbeck 

technologies” strongly differ. We have decided to highlight 
this with our statement on the recently formulated “hydro-
gen road map.”

Our advice to the incoming government is to concentrate 
all development funds on the production of green, renew
ables-based hydrogen. If we want to achieve a carbon-neutral 
energy system as quickly as possible, we need to have clear 
prioritization in this regard. That is the point that Climate 
Alliance and BUND want to make with the joint statement 
of dissension.

The 27 members of the hydrogen council don’t only represent 
companies who are hoping for new business opportunities from 
a hydrogen economy, they also include renowned environmental 
scientists. Did they not share your views or support them at least?
The members of the hydrogen council do have a shared vi-
sion of the future – a carbon-neutral, hydrogen-based energy 
system. But opinions are divided on how quickly this can be 
achieved and what compromises need to be made to facili-
tate the industry’s transition to a green hydrogen economy. 
We strongly believe that we should choose the direct route 
with green hydrogen. Others are more skeptical about this.

Green hydrogen is now being seen as the key resource for an 
economy and a way of life in which fossil fuels are replaced by 
carbon-neutral ones and where little else needs to change. What 
are your objections to this type of solution?
What’s clear is that even in a hydrogen economy, we still 
need to continue finding ways to use energy more efficiently. 
We will also achieve this aim faster if we fly less and use the 
car as little as possible. The discussions around green hydro-
gen – a commodity which is still scarce – indicate that we 
need to continue examining other patterns of consumerism 
and behavior. But where we want to see very little change 
is on jobs, specifically good, secure industrial jobs. Many 
branches of the economy will need to adjust and adapt due 
to the climate crisis. And I understand the industrial sector’s 
desire to modernize and protect value chains by means of 
investment in a carbon-neutral industry.

Don’t climate activists face somewhat of a dilemma when it comes 
to hydrogen? Even now, it’s fairly certain that there won’t be 
enough renewable electricity in Germany by 2030 to produce the 
necessary amounts of green hydrogen. What other option do we 
have than to use intermediary solutions such as blue hydrogen or 
natural gas, which at least will significantly lower carbon dioxide 
emissions?
That entirely depends on which hydrogen demand you de-
fine as necessary. If we launch an extensive attempt to res-
cue the combustion engine through the use of synthetic fu-
els, the amount of green electricity produced in Germany 
certainly won’t be enough. But by clearly focusing on cer-
tain applications, for example the steel industry, Germany 
may very well be in a position to take its first steps into the 
hydrogen economy independently. At the hydrogen coun-
cil, we all agree that the 2030 target of 5,000-megawatt 
electrolyzer capacity announced by the current govern-
ment is not enough. If we double this to 10,000 megawatts, 

Fig.: Christiane Averbeck [Source: Climate Alliance Germany]
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it should be possible to cover the steel industry’s expected 
demand for green hydrogen in 2030, which is forecast at 
20 billion kilowatt-hours.

In a position paper, your organization limits the use of hydrogen 
to the truly essential sectors in industry, long-distance travel and 
heavy transport as well as shipping. At present, Germany can’t by 
itself produce the quantities of hydrogen required even for this. 
How can we solve this problem?
In the long term, green hydrogen will be an internationally 
traded commodity. That much is undisputed. The key con-
cern is to steer this development onto a sustainable path. For 
this, we need to create exemplary production frameworks 
here in Germany, so that we can incorporate these in the de-
velopment of European standards. That will certainly take 
a few years. The frequently cited assertion that internation-
al supply sources are more readily available has remained 
unsubstantiated to date. In fact, the planned cooperation 
between Germany and Morocco actually revealed that the 
domestic requirements of potential producer countries don’t 
leave any scope for exports in the foreseeable future. Those 
who want access to large quantities of green hydrogen by 
2030 will most likely need to create their own solutions.

Following on from the coal commission, the founding of similar 
commissions with involvement of environmentalists was very 
much in vogue. But both in the agricultural commission and in 
the case of hydrogen, the inclusion of environmental and climate 
activists appears to be more akin to greenwashing. Isn’t it time to 
fundamentally rethink the involvement in such committees?

It’s difficult to provide a general answer to this, because each 
of these committees has a different mandate and a different 
structure. I think it’s generally useful to get a wide range of 
associations and institutions to communicate with each oth-
er. For the government, this process can provide new insight. 
But in order for this to happen, the various interest groups 
also need to have equal influence on the work carried out by 
the committee. When industry and industry-related institu-
tions have a structural majority – as is the case in the hydro-
gen council – it undermines the potential for a well-struc-
tured and pluralistic political decision-making process. The 
incoming government should therefore reevaluate the work 
of the hydrogen council and possibly reform it.

Interviewer: Jörg Staude, klimareporter.de
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The process for selecting the site for Germany’s planned 
hydrogen technology and innovation center ITZ is enter-
ing its next stage. Much anticipation had surrounded the 
announcement of the contest’s shortlist. In all, applications 
had been received from 15 regions. This number then had 
to be whittled down to just three. On April 28, 2021, the 
German transportation minister Andreas Scheuer declared 
that the clear favorite Pfeffenhausen had made it through – 
as expected (see H2-international, May 2021) – along with 
the cities of Chemnitz and Duisburg. The intention is now 
to commission feasibility studies for the finalists in order to 
better assess the precise potential of each proposal.

Since the application from Bremerhaven-Stade-Hamburg 
was judged to be of exceptional interest, Scheuer said, the 
judging panel decided to grant this project access to addi-
tional funding. It is therefore expected that cash will also be 
made available for a feasibility study to look into the project’s 
main area of focus: hydrogen-fueled aviation and shipping. 
The 11 unsuccessful applicants will, however, not be left com-
pletely high and dry, according to reports. They should be on 
the receiving end of suitable support as part of Germany’s 
national hydrogen and fuel cell innovation program NIP or 
through the HyLand initiative.

DIFFICULT DECISION Attendees of the press conference, 
however, came away with a reinforced impression – not 
least due to Minister Scheuer’s wording – that Pfeffenhausen 
in Bavaria was the best qualified candidate for the job and 
could potentially emerge the overall winner at the end of the 
tendering process. After all, the HyBayern region – home 
to the Landshut district in which Pfeffenhausen is situated 

– is already a HyPerformer area and therefore has excellent 
backing from local industry as well as the region’s political 
establishment.

In response to the question put forward by H2-interna-
tional about how the contest would ensure that there would 
be no conflicts of interest within the CSU-led transport 
ministry, Scheuer only indicated that “we will look at all 
applications very closely.” Yet at the same time he talked 
about the southern German candidate using phrases such 
as “impressive application,” “the consortium’s high level of 

PRELIMINARY DECISION TAKEN ON HYDROGEN 
CENTER LOCATION
Bavaria enters final round as clear favorite

Category: Politics    Author: Sven Geitmann

dynamism” and “proximity to the sites of large automotive 
companies.”

PFEFFENHAUSEN, DUISBURG AND CHEMNITZ Those in-
volved in Bavaria’s proposed hydrogen technology applica-
tion center WTAZ have been working on the design for two 
years and – it has been hinted by participants – had them-
selves urged that there should be a tender that generates a 
lot of additional work but also gives opportunities for other 
applicants.

A major factor separating the Pfeffenhausen proposal and 
the technology and innovation center for hydrogen technol-
ogies TIW in Duisburg is that many facilities and avenues of 
support are already present in the area surrounding the ZBT 
Duisburg – the fuel cell technology center which submitted 
the application. These include hydrogen laboratories, pipe-
lines, staff and the university as well as a specially trained 
fire service. Clear plus points for North Rhine-Westphalia on 
the infrastructure side. In total, over 100 partner organiza-
tions have joined together to back the ZBT application.

By contrast, the Bavarian consortium, formed of Hynergy, 
TÜV Süd, LBST and 70 other supporters, has put forward 
a greenfield location as the site for the anticipated liquid 
hydrogen facility which would need to be built from scratch. 
This is a distinct advantage for Bavaria in terms of securing 
sufficient land for construction.

LASCHET VERSUS SÖDER? The battle between the regions 
takes on a particular poignancy due to Germany’s forth-
coming federal government election in September, with Pfef-
fenhausen located in the home region of Bavarian Minister 
President Söder while Duisburg falls under the territory of 
Armin Laschet, head of government in North Rhine-West-
phalia. The two statesmen, who were both recently contend-
ers for the German chancellorship candidacy, brought their 
regions into the fray at the beginning of the year. For exam-
ple, Laschet, along with his cabinet, had pledged considerable 

“The regional government expressly supports the candi-
dacy of the fuel cell technology center ZBT as a leading 
institute of a North Rhine-Westphalian consortium in its 
bid to become the location for a technology and inno-
vation center for hydrogen technology at Duisburg-Hüt-
tenheim.”

Armin Laschet, 
governor of North Rhine-Westphalia

“We will, as the state government, support the Bavarian 
consortium in its application so that the center comes to 
the state of Bavaria. Thanks to its hydrogen infrastruc
ture along with numerous research and application 
projects, Bavaria is best qualified to be a pioneer in 
hydrogen technology.”

Hubert Aiwanger, 
Bavarian economy minister

Fig. 1: Plan for the hydrogen technology application center WTAZ
[Source: Hynergy]
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regional funding. 
C o m m e n t i n g 
on this in Janu-
ary 2021, North 
R h i n e - W e s t -
phalia’s economy 
minister An-
dreas Pinkwart 
said: “If the bid 
is successful, we 
want to make up 
to EUR 50 mil-
lion in support 
available through 
to 2025 for the 
development of 
the technology 
and innovation 
center for hydro-
gen technologies.” 
The TIW hydro-

gen hub would then be built on the site of the Hüttenwerke 
Krupp Mannesmann HKM steelworks in southern Duisburg.

In a similar move, the Bavarian economy ministry had 
brought the market town of Pfeffenhausen into the running 

– almost certainly with the endorsement of Minister Presi-
dent Markus Söder. If a decision were now to go in favor of 
one of these two candidates so close to the national parlia-
mentary election, it would undoubtedly also have political 
consequences.

The Hydrogen and Mobility Innovation Center in Chem-
nitz, Saxony, meanwhile, can apparently only gaze at the ac-
tion from the sidelines. While it’s true to say that the city has 
submitted a well-considered application, with initially only 
25 partner organizations supporting its candidacy compared 
to the other two heavyweights it would appear that Chem-
nitz is only “ticking the box” in terms of eastern German rep-
resentation. That said, Thomas von Unwerth, the university 
professor leading the charge for Chemnitz, has since indicat-
ed that around 60 supporters have announced their backing, 
among them the state’s governor, Michael Kretschmer, and 
his economy minister Martin Dulig.

So it is perhaps still possible that Chemnitz could emerge 
victorious from the shadows. North Rhine-Westphalia with 
its battery factory and three HyExpert regions and Bavaria, 
which boasts one HyPerformer and three HyExpert regions, 
are already well funded, while the entire eastern area of the 
country still remains a blank canvas.

DECISION PRIOR TO NATIONAL ELECTION? Officially, the 
decision has not yet been taken as to who, in the end, will 
be able to invest hundreds of millions of euros in their de-
sired location. A demonstration of how not to proceed was 
clearly provided in mid-2020 during the selection process for 
the site of a new German battery factory. In that case, the 
bid was won by the North Rhine-Westphalian town of Ib-
benbühren, coincidentally located in the electoral district 
of German research minister Anja Karliczek who also over-
saw the tendering process. In the play out of events, North 
Rhine-Westphalia gained the upper hand over Ulm in 
Baden-Württemberg (see H2-international, October 2020) 
despite the fact that its rival had been, for many observers, 
the favorite to win.

While admittedly Scheuer’s own electoral district is not 
in Landshut but in Passau (likewise in the administrative 

district of Lower Bavaria), in the face of last year’s experi-
ences it seems all the more important that maximum trans-
parency comes to bear in this current tendering process. For, 
in addition to the purely financial implications, the politi-
cal and social fallout potentially caused by grubby dealings 
could be dramatic should there be any doubt as to the unpar-
tisan nature of the decision-making.

Given that the selection procedure is continuing just as 
Germany is preparing to go to the polls, the commissioning 
of feasibility studies appears to be a wise move in order to 
calmly ensure the complete transparency and traceability of 
all steps and decisions taken. Should the knock-on effect be 
that the announcement of the winner is postponed to 2022, 
at least that would make it crystal clear that there has been a 
serious attempt to avoid a potential conflict of interest.

And if two or even three victors were selected, with the 
subsidy pot split accordingly, the benefits of sharing the 
prize would far outweigh the disadvantages – an appealing 
scenario also given the great knowledge boost that each Ger-
man state would experience as a result. The National Organi
sation Hydrogen and Fuel Cell Technology, or NOW, has for 
its part signaled that it would be entirely plausible for the 
decision to be made in favor of several locations, each with a 
different focus.

SUPPORT BY NOW AND PTJ Information from the German 
transportation ministry indicates that the 15 submitted pro-
posals were checked and evaluated “neutrally and according 
to objective criteria” in a dual-control procedure by NOW 
and the project management agency Jülich, or PtJ for short. 
The ministry chose the final contestants, it said, on the basis 
of the prioritization from NOW and PtJ. The planned feasibil-
ity study will be reportedly carried out by an external service 
provider in close consultation with the relevant project leader. 
Which external provider will undertake this work, H2-inter-
national is led to believe, is currently being determined by PtJ 
via a tendering process which is close to completion.

The transportation ministry is expected to make the final 
decision on the location by September 2021 once the feasibil-
ity studies have been reviewed and assessed by PtJ and NOW. 
The ministry is intent on keeping to this schedule, it claimed. 
What’s more, the ministry has said it anticipates that the ad-
ditional feasibility study due to be carried out on the pro-
posed aviation and shipping technology cluster for the Stade, 
Bremen/Bremerhaven and Hamburg area will provide valu-
able information about the implementation prospects such a 
cluster might offer. ||

GERMANY’S TRANSITION TO A HYDROGEN NATION
At the end of April 2021, German transportation minis-
ter Andreas Scheuer kicked off a new HyExperts bid-
ding process under the slogan “Germany’s transition to 
a hydrogen nation.” German regional bodies had until 
mid-June 2021 to submit their applications in the sec-
ond round of the HyLand contest. Previously, a second 
round of bidding had also taken place for potential Hy
Starter areas which aim to support the development of 
networks. The second half of the year is due to see the 
opening of a new HyPerformer round for applications 
from larger consortiums (see H2-international’s series 
on Germany’s hydrogen regions on p. 24 and H2-inter-
national, May 2021).

Fig. 2: Minister Andreas Scheuer
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For hydrogen to contribute to climate protection, it should 
be produced in an environmentally friendly way and used 
sparingly. This is what the German Advisory Council on 
the Environment (SRU) recommends in a new statement. 
Accordingly, the market ramp-up should focus on green 
hydrogen from the outset and be subject to strict sustain-
ability criteria. In the Council’s view, the use of hydrogen 
only makes sense in certain areas.

As the combustion of hydrogen is locally emission-free, it 
is currently often considered as a climate protection option. 
Currently, hydrogen in Germany and worldwide is primari-
ly produced from fossil raw materials, especially natural gas. 
High CO2 emissions are released in the process. In addition, 
methane is emitted during natural gas production and trans-
port, a greenhouse gas that is about 84 times more effective 
than CO2 (based on 20 years). This so-called gray hydrogen 
is therefore out of the question for climate protection.

ONLY GREEN HYDROGEN CAN BE SUSTAINABLE Some 
stakeholders are therefore calling for the use of natural gas-
based blue hydrogen. In this process, the emitted CO2 is 
partially captured and stored (carbon capture and storage, 
CCS). In the view of the German Advisory Council on the 
Environment, however, this is not a recommendable tech-
nological path. The CO2 cannot be completely captured; 
the methane emissions in the upstream chain cannot be 
prevented either. Moreover, CO2 storage is associated 
with environmental and health risks. Blue hydrogen is not 
available in the short term because the corresponding in-
frastructure for CO2 transport and storage is lacking and 
would have to be newly built.

Substantial investments in technologies and infrastruc-
tures would be needed, which are not compatible with the 
future greenhouse gas-neutral economy. In the SRU’s view, 
investments and state funding instruments should address 
green hydrogen exclusively from the outset. This plays an 
important role in the future energy system and can be pro-
duced from water by electrolysis without greenhouse gases 
using renewable energies such as wind and solar energy.

MINIMIZE THE ENVIRONMENTAL IMPACT OF H2 PRODUC-
TION The production of green hydrogen requires large 
amounts of renewable electricity, as it involves high con-

HYDROGEN IN CLIMATE PROTECTION:  
CLASS INSTEAD OF MASS
SRU formulates recommendations to policymaker

Category: Politics    Authors: Claudia Kemfert, Sophie Schmalz, Gregor Jaschke, Alexander Franke

version losses. One third of the energy used in electrolysis 
is lost at current efficiencies. The losses are even higher for 
downstream products of hydrogen such as synthetic meth-
ane, synthetic fuels, or ammonia (see Fig. 1).

Renewable energies also have negative environmental 
impacts: large areas of land, raw materials and high amounts 
of water are consumed. This is all the more serious with hy-
drogen production, as significantly more energy is required 
than for direct electricity use due to the conversion losses. 
Accordingly, the effects of energy production also increase 
significantly. In order to minimize environmental impacts 
and social consequences, clear requirements should apply to 
hydrogen production from the outset (see Fig. 2).

GREEN HYDROGEN REMAINS SCARCE AND VALUABLE If 
the market ramp-up for green hydrogen in Germany is to 
succeed, the expansion of renewable energies must be mas-
sively accelerated. In the SRU’s view, the slump in wind ener-
gy expansion is particularly problematic and requires timely 
solutions. If no new and additional solar and wind energy 
plants are built for the production of hydrogen, the devel-
opment of the hydrogen economy will even lead to higher 
greenhouse gas emissions in the energy system. The opinion 
therefore shows that the criterion of additionality must be 
ensured.

As suitable land for renewable energy is limited in Germa-
ny, domestic hydrogen production is not expected to be able to 
fully meet long-term demand. Thus, the import of hydrogen 
and derived products would also be necessary. However, since 
renewable energies are also needed in the potential export 
countries first for the decarbonization of the domestic energy 
system and not just for green hydrogen, hydrogen will remain 
a scarce energy source for the foreseeable future.

It is true that the prices for green hydrogen will fall sig-
nificantly and, in the best case scenario, cost parity with blue 
hydrogen will be reached as early as 2030. Nevertheless, hy-
drogen will remain a valuable energy source. Hydrogen will 
always be more expensive than electricity, as long as taxes 
and duties are based on the CO2 and energy content of the 
energy sources. This is due to the significantly higher prima-
ry energy input, which is reflected in higher generation costs.

TARGETED USE OF HYDROGEN Hydrogen can theoretically 
be used in many areas, but it remains foreseeably scarce and 

Fig. 1: Production side efficiencies [Source: SRU]
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expensive. In the SRU’s view, therefore, its use only makes 
sense in areas where it brings the greatest benefit for climate 
protection and no alternative decarbonization options exist.

Particularly in parts of industry and in international 
transport, there are hardly any alternatives to achieve green-
house gas neutrality.

Hydrogen will play an important role in industry. To 
produce steel, the primary steel route from the blast furnace 
can be converted to hydrogen-based direct reduction. The 
chemical industry also needs hydrogen as a future raw ma-
terial base when the use of fossil resources is discontinued. 
In some industrial sectors, extensive reinvestments are due 
in the coming years. Due to the long investment cycles, it is 
crucial that these are channeled into greenhouse gas-neutral 
technologies.

According to the statement, the use of hydrogen and syn-
thetic fuels also makes sense in international air and ship-
ping traffic. For international maritime transport, ammonia 
based on green hydrogen as a fuel is an option. Synthetic 
paraffin could be used for international air traffic, whereby 
the carbon used for fuel production would first have to be 
taken from the atmosphere.

In the winter months, hydrogen can also be used to store 
electricity. However, seasonal electricity storage systems are 
only necessary when the share of renewable energies in the 
electricity system is very high. If there is hardly any wind 
and little sunshine over a longer period of time, green hydro-
gen could be converted back into electricity and thus balance 
out the supply and demand for electricity.

TOO INEFFICIENT FOR PASSENGER CARS AND HEAT The 
SRU, on the other hand, takes a critical view of the use of 
hydrogen for passenger cars and the provision of heat in 
buildings, as more efficient alternatives exist. Battery elec-
tric vehicles are clearly advantageous: Vehicles with fuel cell 
drives require (well-to-wheel) two to three times more pri-
mary energy input, while vehicles powered by combustion 
engines using synthetic fuels require as much as five to six 
times more primary energy input. Heat pumps can be used 
for the building heat sector. Even assuming a moderate an-
nual performance factor of 3, these require four to six times 
less primary energy input than heating with hydrogen or 
synthetic gas. In addition to decentralized heat pumps, heat-
ing grids based on renewable energies are also an important 
component, especially in densely populated areas.

Despite the obvious disadvantages, some stakeholders 
are pushing for hydrogen to be used in passenger cars and 
for heating buildings. The SRU recommends that the Federal 
government send clear signals that the use of hydrogen is not 
expedient here and will not be promoted.

BUILD UP INFRASTRUCTURE ACCORDING TO DEMAND 
Initially, hydrogen will probably be produced close to indus-
trial consumers, but to keep things in perspective, a trans-
port infrastructure is required. The SRU does not consider 
blending into the natural gas grid to be a good idea. Green 
hydrogen is scarce and mixing it with natural gas would be 
tantamount to wasting the scarce energy source. In addition, 
those consumers who need pure hydrogen for their process-
es and who have no climate-friendly alternatives to hydrogen 
use would be excluded. In addition, blending in larger quan-
tities can cause problems for parts of the infrastructure and 
some consumers.

The conversion of natural gas pipelines to pure hydro-
gen pipelines is also technically non-trivial and requires 

further research. How large the future hydrogen grid is to 
be depends on the areas in which hydrogen is used. There-
fore, directional decisions for the consumption sectors are 
also crucial for the development of the hydrogen infra-
structure. Overall, however, it can be assumed that the hy-
drogen grid will be significantly smaller than the current 
natural gas grid.

INITIATE OIL AND GAS PHASE-OUT So far, the agreed cli-
mate protection targets have not been sufficiently taken into 
account in the planning of natural gas infrastructure. How-
ever, adequate infrastructure planning should be guided by 
compliance with climate and sustainability goals. The con-
version of natural gas pipelines to hydrogen pipelines must 
not be used as an argument to continue investing in the al-
ready oversized natural gas infrastructure. In the view of the 
SRU, the Federal government should initiate the phase-out 
of the use of oil and natural gas in the coming legislative pe-
riod. The phase-out of fossil energy sources must be linked 
to the switch to renewable energies. This requires an overall 
concept for decarbonization that is cross-sectoral and ori-
ented toward the climate goals. Clear political signals can re-
serve green hydrogen for sensible uses from the outset, pre-
vent structural breaks and prevent further misinvestment in 
fossil technologies and infrastructure. ||
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Fig. 2: Criteria for H2 production [Source: SRU]
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Up to now, hydrogen has generally been stored in a gas
eous state – both in the mobile and stationary sectors. But 
there are other possibilities: For example, a group of com-
panies has applied the same technology to a South Tyrole-
an residential building that is also used in fuel cell-pow-
ered submarines: Metal hydride storage. With their help, a 
seasonal energy transfer of hydropower from summer to 
winter is being tested as part of a demonstration project.

Instead of storing hydrogen at high pressure (gaseous hy-
drogen, GH2) or at low temperatures (liquid hydrogen, 
LH2), the H2 molecules can also be incorporated into metal 
compounds. The volumetric storage density in such metal 
hydride storage tanks is relatively high compared to com-
pressed gas cylinders.

In 2019, a 10 kW energy system with such a metal hy-
dride storage system was installed in the Miner’s house in 
Prettau and has since been tested. If the metal hydride is 
filled with hydrogen, heat is released (exothermic). If the 
storage system is to release H2 gas, it must be heated (en-
dothermically) so that the molecules break away from the 
lattice structure. The thermal energy for desorption (H2 re-
lease) is taken from the fuel cell system to desorb the stored 
hydrogen from the lattice structure of the metal hydride. 
In addition, a wood pellet stove for heat supply and four 
lithium iron phosphate accumulators with around 10 kWh 
storage capacity for uninterruptible electricity supply are 
installed.

The Miner’s house in the Ahrntal is located at 1,400 m 
above sea level and has no public electricity connection. In-
stead, the extensively renovated and expanded building in 

METAL HYDRIDE AS H2 STORAGE FOR ALPINE 
RESIDENTIAL BUILDING
Seasonal storage of hydropower

Category: Stationary systems   Author: Sven Geitmann

the Italian Alps is supplied with energy via a Pelton water 
turbine (8 kW). However, since the water inflow is lower 
in winter due to frost, there used to be an oil generator for 
which an alternative should be found.

With the solid storage facility realised in 2019, hydro-
gen can now be produced by electrolysis from the purified 
spring water using electricity from the turbine and stored 
in the metal pellets (iron-titanium alloy). On demand – es-
pecially in winter – the chemically stored energy can then 
be converted into electricity and heat with the help of a 
polymer electrolyte membrane fuel cell. The compact unit 
is throttled to around 6 kW of electrical power and sup-
plies electricity and heat with an efficiency of around 50 
percent.

The Hy2green metal hydride storage consists of eight 
storage bottles, each filled with 82 pellets of pressed metal 
powder. The metal reacts with hydrogen to form metal hy-
dride and stores the hydrogen chemically at a maximum 
of 40 bar. Each bottle weighs around 100 kg and can store 
around 1 kg of hydrogen with an energy content of 33 kWh. 
Alfons Geueke from Business Development Hydrogen Stor-
age at GKN put the H2 storage density at 1.7% by volume and 
explained that this relatively small amount of hydrogen in 
terms of volume is one reason why the company is focusing 
on the stationary sector.

For comparison: In a fuel cell car, this amount of energy 
is sufficient for a driving distance of about 100 km. In the 
Miner’s house, it can be used to take a hot shower for about 
an hour and also to wash clothes 16 times. The total capacity 
is sufficient to supply a four-person household with electric-
ity for about twelve days and heat for an additional six days. 
According to GKN employee Martin Beikircher, the benefits 
of this system are high purity of the gas, short control times 
and high efficiency.

GKN LAUNCHES H2 BUSINESS UNIT The powder metal 
solutions provider is increasingly focusing on the hydro-
gen sector. In mid-May 2021, for example, the company, 
which belongs to the British investment company Melrose 
PLC, opened a new, fourth business unit, GKN Hydrogen 
in Bruneck, which is to be dedicated in particular to the 
storage of renewable energies via hydrogen. The company 
promotes this technology as “reliable”, “robust” and “safe”. 
It is said that H2 storage in metals is a compact solution for 
storing hydrogen in the long term for a wide range of ap-
plications. Even storage over months and years is possible 
almost without loss.

According to GKN managing director Peter Oberpar-
leiter, this technology is marketable, albeit still very expen-
sive. So far, the company has three storage sizes on offer: 
HY2MINI (10 to 25 kgH2), HY2MEDI (60 to 120 kgH2) and 
the HY2MEGA (260 kgH2, see Fig. 2).

Another larger hydrogen project is already being planned 
in the Puster Valley. In addition, GKN is in contact with 
a major Italian shipbuilder who wants to build a hydro-
gen-based test ship. ||

Fig. 1: The Miner’s house with Hy2green energy supply (see p. 19)
[Source: GKN]
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“When I visited this hydrogen house, I had the feeling that 
this pilot project will still make history in the develop-
ment of a sustainable energy supply.”

Winfried Schneider, 
Managing Director IBN

Fig. 2: The HY2MEGA storage system with a capacity of 4.5MWhel.
[Source: GKN]
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ENERGY STOR AGE

Germany focuses too much on national goals in the fight against climate change 
(climate nationalism). However, these are of little relevance in the global context. 
This focus leads to unfavourable strategies, for example in the areas of green elec-
tricity, green hydrogen and synthetic fuels. All considerations are dominated by 
scarcity and too high costs. Because in Germany people want to produce them-
selves what should be imported wisely. Just as 70 per cent of energy has been 
imported up to now.

The topic of climate protection is extremely complex. Global CO2 emissions 
continue to grow. The Paris Treaty contains ambitious targets, but no matching 
commitments and measures. The negative dynamics in the climate sector result 
from the understandable economic aspirations of many poorer countries towards 
catch-up prosperity.

China is leading the way, but is subsequently emitting a third of global CO2 
emissions and continuing to increase them. In parallel, the world population is 
growing at a rapid pace. By 2050, about 2.5 billion people will be added, once the 
population of the Federal Republic of Germany each year.

German and European climate policy is not very concerned with these issues. 
We are primarily concerned with reducing our own CO2 emissions. This is of little 
relevance to the world’s climate, but it requires all our attention and enormous fi-
nancial and intellectual resources. We are fully committed to electro-mobility, not 
to climate-neutral synthetic fuels for passenger cars, among others for the global 
existing fleet. Nuclear power is rejected across the board, as is the capture and use 
of CO2 from industrial plants and coal-fired power stations.

SYNTHETIC ENERGY SOURCES ARE AN ALTERNATIVE Would there be alterna-
tives? Yes, because Germany is a high-tech country and the world needs new tech-
nical solutions. Huge amounts of cheap green electricity from the great sun des
erts, green hydrogen as a by-product from these regions, derived synthetic energy 
sources such as methanol and methane for use everywhere in the world would 
totally change the situation.

Siemens Energy and Porsche are currently pursuing this path in the Haru Oni 
project in Chile. In this context, the recycling of CO2 from power plants and in-
dustrial facilities and their conversion to climate neutrality using green methanol 
and methane as an energy source is also interesting. From the above follows a 
three-step approach leading from green electricity via green hydrogen to synthetic 
fuels, especially methanol.

METHANOL AS A CENTRAL BUILDING BLOCK  
OF A SUSTAINABLE ENERGY FUTURE
Guest commentary by Prof. Dr. Dr. Dr. h.c. Franz Josef Radermacher

Category: Energy storage    Author: Franz Josef Radermacher

GREEN ELECTRICITY Over the last de
cades, the possibilities to produce green 
electricity, i.e. renewable energy in 
electricity form, have greatly improved, 
especially via large installations of pho-
tovoltaic plants and via large onshore 
and offshore wind power. Particularly 
interesting – also from a development 
perspective – are the potentials in the 
world’s great sun deserts. Germany is 
not a good location for green electricity. 
Despite a very high subsidy via the EEG, 
the yield is only seven percent of the 
useful energy used. The high volatility 
of production drives the cost of elec-
tricity very high in terms of total cost of 
ownership. This blocks the widespread 
use of green electricity for a variety of 
downstream productions, especially 
for green hydrogen.

The world needs cheap green elec-
tricity in huge quantities if a climate 
catastrophe is still to be prevented. The 
author calculates up to 400,000 TWh 
for the whole world in 2050. This in-
cludes the further growth of the world 
population, the hoped-for further 
increase in prosperity (especially in 
poorer countries) and the lower ener-
gy efficiency in poorer countries. The 
energy losses when green electricity is 
transferred to other forms of use (e.g. 
e-fuels) are also taken into account. 
Total electricity production in Ger-
many today, including electricity from 
coal, is around 700 TWh. The German 
Federal Minister of Research, Anja 
Karliczek, wants to cover about 800 
TWh of Germany’s energy needs from 
green hydrogen by 2040. She recently 
presented the Potential Atlas, which 
shows a potential for 165,000 TWh of 
green electricity per year in West Af-
rica alone.

What does this imply? The com-
munity of states should ensure that 
a great deal of this green electricity 
is produced around the world in the 
right places, and at a cost that is not 
much higher than the current cost of 
energy use in an international com-
parison. Ultimately, this green elec-
tricity and its downstream products 
(such as green hydrogen) must largely 
replace today’s primary energy sourc-
es of coal, gas and oil.
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Reasonably, the green path should be made so attractive pri-
marily via cost arguments, only secondarily via temporary 
public subsidies, that, among other things, the correspond-
ing corporations, industries and states coming from the fos-
sil energy sector no longer put their money into the explo-
ration of fossil energy sources (so far about 600 billion US 
dollars per year), but instead produce large volumes of green 
electricity (and subsequently also green hydrogen) in suit
able places – above all in the sun deserts of the world – for 
the reason that it pays off.

GREEN HYDROGEN In many applications, energy is required 
in a form that is not electrical and detached from a conduc-
tion system. Today, fossil energy sources play a central role 
in this context, partly used to generate electricity, but also 
in a completely different form (e.g. as fuels). Green hydro-
gen opens up new options in this context. Therefore, it was 
always clear and is becoming increasingly clear that green 
hydrogen is urgently needed as another component along-
side green electricity, and in large quantities. This is now also 
part of the German debate.

With this broadening of the view of the topic, the path 
to a new world of energy no longer stands on one leg (green 
electricity), but on two legs (green electricity and green hy-
drogen), whereby very large amounts of green electricity are 
needed for the production of green hydrogen, not least be-
cause of the conversion losses (about 30 percent) compared 
to the direct use of green electricity. Green hydrogen is there-
fore a by-product of green electricity, which in particular is 
great for energy storage. Many applications need energy in a 
form other than electricity. This is how green hydrogen and 
its derivatives come into play.

From a German perspective, there is the problem that we 
cannot supply ourselves with either green electricity or green 
hydrogen – just as we cannot currently supply ourselves with 
fossil energy sources locally. In addition, green hydrogen is 
far too expensive in our country to make it possible to use 
it competitively worldwide. Politicians are addressing this 
problem in the German hydrogen strategy with funding 
programmes for green hydrogen (e.g. H2 Global), but also by 
promoting a green “ramp-up” in Germany.

From the author’s point of view, the debate on green 
hydrogen in Germany and Europe is still far too much deter-
mined by the unrealistic idea of some stakeholders that the 
renewable energy we use should be produced to a large extent 
in Germany or Europe. We don’t have the land or the right 
sunlight for that. Ultimately, it is hard to understand why 
there is such a fixation on the production of energy sourc-
es locally. Oil, gas and coal are also imported – to our own 
benefit, because our technology is exported in return. As 
the “export world champion”, our balance of payments has 
always contained considerable surpluses. It is hard enough 
for the world to bear.

SYNTHETIC FUELS (E-FUELS) However, green electricity 
and green hydrogen alone are not enough for a global cli-
mate-neutral future. With international production, trans-
port problems remain, which are serious in the case of hy-
drogen, especially when transporting it across large oceans. 
That is why we need a third pillar in addition to green elec-
tricity and green hydrogen. This third pillar leads to e-fuels 
or also reFuels (regenerative fuels).

Because of the geographical and climatic conditions 
alone, we need this third component, namely as an ener-
gy source, in order to be able to store and transport the 

energy. Synthetic fuels, such as green methanol, green 
methane and green ammonia, are suitable for a wide range 
of applications and can be manufactured from green hy-
drogen. Various synthesis methods exist for this. For ex-
ample, there is the direct synthesis pathway and the Fi
scher-Tropsch line.

For various reasons, the author finds the technology 
path via the direct synthesis of methanol and methane 
particularly attractive. Both substances are very good for 
energy storage and comparatively easy to transport. The 
methanol track in particular opens up a broad field in the 
direction of diverse applications. The green methane track – 
like the methanol track – leads in the direction of gas appli-
cations, e.g. heat/cooling in houses or (coal) power plants, 
but also to the topics of steel and cement. The topic of heat-
ing/cooling is of central importance, as we all know, and 
there are smarter, and above all cheaper, solutions for this 
than focusing exclusively on the expensive energy refur-
bishment of buildings, namely the use of climate-neutral 
synthetic heating oil.

Starting from methanol, the paths to synthetic petrol, 
diesel, paraffin, marine fuel and heating oil are promising. 
It is these reFuels that help to transform our civilisation 
towards climate neutrality at a sustainable cost. The re-
cycling of CO2 from industrial facilities and power plants 
and the use of CO2 for the production of synthetic fuels 
play a major role in this. This is a great advantage of the 
path described here.

In particular, such reFuels offer a realistic option for 
moving the total number of vehicles with combustion en-
gines worldwide in the direction of climate neutrality. Indi-
vidual mobility plays a central role here, as does individual 
heating and cooling. In the mobility sector, we are talking 
about around 1.3 billion vehicles worldwide, which release 
a total of around 5 billion tonnes of CO2 into the atmos-
phere every year. This is almost double the CO2 emissions 
within the EU.

Overall, the path described is embedded in an environ-
ment that has been worked on for decades, for which the 
term methanol economy is also used. Methanol is the sec-
ond most synthesised energy fluid in the world today (albeit 
in “black” form). The world market leader is China. Meth-
anol from coal is used there to reduce the import require-
ments for oil. ||

 https://global-energy-solutions.org
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The industry needs reliable technologies for the broad application of green hydro-
gen. In the Hydrogen Labs, the Fraunhofer-Gesellschaft is pooling its expertise in 
the generation and use of green H2 and creating a unique research infrastructure 
for practical performance and load tests on an industrial scale in order to deci-
sively advance the development of H2 technologies suitable for mass production 
and thus the market ramp-up.

The national hydrogen strategy has placed green hydrogen as a key component in 
the focus of the energy turnaround. The annual production capacity of 14 TWh 
of green hydrogen targeted by 2030 poses enormous challenges for existing tech-
nologies, which can only be overcome by a significant research and development 
push. In addition to the scaling of electrolysers into new performance classes, the 
development of more efficient and cost-effective components and the establish-
ment of series production, operational reliability and economic efficiency in real 
operation play a decisive role in the targeted market ramp-up.

Electrolysers are preferably operated at static load to maximise efficiency and 
economic efficiency with predictable degradation. In order to produce green hydro-
gen, however, electrolysers must be powered exclusively by electricity from renew-
able sources, the availability of which is subject to strong fluctuations. Extensive 
tests under such dynamic conditions are indispensable for an accurate prediction of 
service life and economic efficiency in long-term operation under fluctuating loads.

However, test facilities with the necessary infrastructure are rare, especially for 
the electrolysers in the MW range, which are becoming increasingly important. In 
addition to a sufficient supply of ideally green electricity and, depending on the type 
of electrolyser, water or steam, the sensible use of the hydrogen produced on a con-
siderable scale (a 1 MW electrolyser produces over 200 Nm³ H2 per hour) plays an 
important role, both for reasons of safety and from an economic perspective.

Many companies – especially small and medium-sized companies that drive 
new technologies with high innovation potential – cannot afford the high invest-
ment costs for their own test infrastructure. The Fraunhofer-Gesellschaft has set 
itself the task of providing an open-technology test platform for plants for H2 pro-
duction and related processes such as storage, compression, purification, trans-
port, utilisation, etc., including scientific support, and is thus making an impor-
tant contribution to the rapid implementation of the hydrogen strategy in practice.

LEUNA – GREEN HYDROGEN FOR THE CHEMICAL INDUSTRY In the Central Ger-
man Chemical Triangle, the Fraunhofer-Gesellschaft has now given the go-ahead 
for a new generation of test infrastructure that can precisely serve this demand with 

FRAUNHOFER HYDROGEN LABS
Test centres for industrial hydrogen technology start operation

Category: Energy storage    Authors: Moritz Kühnel, Sylvia Schattauer, Nora Denecke, Sebastian Schmidt
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the commissioning of the Hydrogen Lab 
Leuna (HLL, see Fig. 1), which is funded 
by the state of Saxony-Anhalt and the 
EU. Embedded in the materials net-
work of the Leuna Chemical Park, the 
HLL offers four test stands for electro-
lysers with a connected load of up to 5 
MW, which are supplied with deionised 
water, steam, compressed air, nitrogen, 
hydrogen and CO2. The green hydrogen 
produced is analysed and processed on 
site and can be fed directly into the 157 
km long H2 pipeline, distributed to the 
industrial sites in the region and used 
there in chemical processes.

At the HLL, industrial-scale electro-
lysers of any type – whether PEM, AEL, 
AEM or SOEC – can be tested in contin-
uous operation around the clock, with 
dynamic load profiles simulated when 
operating with electricity from photo-
voltaic plants and wind energy plants 
in order to investigate performance, 
economic efficiency and long-term be-
haviour in real operation. This data pro-
vides the basis for future certification, 
which gives buyers certainty about the 
reliability and efficiency of such plants.

The expertise of the Fraunhofer 
IMWS in microstructure analytics 
make it possible to trace back degra-
dation phenomena on critical com-
ponents such as membranes, bipolar 
plates or power electronics to material 
properties and to use these findings 
to continuously develop materials and 
components together with the manu-
facturers. To this end, additional test 
stands for electrolysers up to 50 kW 
will enable the investigation of new 
components as well as operation un-
der particularly challenging conditions 
(mechanical and thermal load) in an 
attached pilot plant.

Together with the Fraunhofer IGB 
and its CBP department, the hydrogen 
generated green at HLL can also be used 
on site on the Hy2Chem scaling plat-
form to validate power-to-X processes 
for the sustainable synthesis of chemical 
feedstocks such as methanol from CO2, 
also on an industrial scale. Thanks to 
the integration of the HLL into the Leu
na chemical site and its materials net-
work, model processes for sector cou-
pling can thus be demonstrated directly 
at the chemical industry site and tested 
under realistic conditions.

Fig. 1: Test area of the Hydrogen Lab Leuna [Source: Fraunhofer IMWS / Moritz Kühnel]
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BREMERHAVEN – WIND ENERGY FOR GREEN HYDROGEN 
The Hydrogen Lab Bremerhaven (HLB) focuses on the in-
teraction of wind energy plant with electrolytic H2 genera-
tion. The increasing decentralisation of electricity generation 
through the integration of renewable energies places high de-
mands on the power grids, which have so far been designed 
for the parallel operation of centralised large-scale genera-
tors. Particularly in the context of offshore wind farms, the 
development, assessment and operation of which are part of 
the core expertise of Fraunhofer IWES, there is a consider-
able need for optimisation to ensure security of electricity 
supply.

Direct onshore and offshore production of green hydro-
gen has a high potential to increase the safety of supply in 
decentralised power grids by smoothing supply and demand 
peaks through the production and reconversion of H2. When 
the HLB, which is funded by the state of Bremen and the EU, 
is completed in 2022, this very approach will be tested there 
on ten test plots for electrolysers with a total output of up to 
10 MW, which will prospectively be supplied with electrici-
ty by an 8 MW wind turbine installed on site, among other 
things.

The electrical properties of electrolysers in interaction 
with the fluctuating power feed-in from wind energy can 
be investigated on PEM and alkaline electrolysers in order 
to gain insights into how electrolysers and their power elec-
tronics must be constructed in order to have a grid-stabilis-
ing effect and thus make the power grid of the future reliable 
and flexible. For this purpose, the electrolysers are connect-
ed to the virtual 44 MVA medium-voltage grid of the Dy-
namic Nacelle Testing Laboratory (DyNaLab), the leading 
facility for grid integration testing of wind turbines, which 
allows real operation to be simulated.

The areas for the test operation of electrolysers will be 
available for interested industrial companies. Currently, the 
Fraunhofer IMWS and IWES, among others, are developing 
electrolysers for offshore operation together with industry as 
part of the BMBF joint project H2Mare. The HLB also focus-
es on integrating the production, storage and use of hydro-
gen to build a local H2 economy. Thus, not only are H2 gas 
tanks and fuel cells kept on hand, but local project partners 
are also investigating the use of H2 in the food industry as 
well as the production of SNG and methanisation processes.

GÖRLITZ – SUSTAINABLE STRUCTURAL CHANGE WITH 
GREEN HYDROGEN The energy turnaround towards an 
economy without the use of fossil raw materials heralds a 
profound change in energy-intensive industry. To achieve 
this, a number of technologies must be combined into an 
H2 value chain, starting with the development of efficient 
electrolysers and fuel cells for mobile and stationary applica-
tions, via practicable methods for storage and transport, to 
the cost-effective series production of such plants. In order 
to develop holistic solutions for this complex of topics, the 
Fraunhofer IMWS and IWU are jointly realising the Hydro-
gen Lab Görlitz (HLG, see Fig. 2), which is scheduled to start 
operations in 2022.

The construction is supported by the Sächsische Auf-
baubank and the BMWi. In close cooperation with Siemens 
Energy, the transformation process of the turbine manufac-
turing site there is to become an innovation epicentre in the 
middle of the Lausitz lignite region and serve as a blueprint 
for successful structural change throughout Germany and 
Europe. The HLG creates a unique research and develop-
ment platform for the power-to-H2-to-power value chain, 

which is crucial in the industrial and mobility sectors. For 
this purpose, a multi-strand chain of electrolysers, pipeline 
systems, H2 storage facilities and fuel cells with a total ca-
pacity of 12 MW will be installed, in which individual links 
can be replaced by test plants in order to evaluate their real 
operation in the overall context of the value chain.

In addition to test operations, the focus of research ac-
tivities is on the development of components and manufac-
turing technologies for electrolysers and fuel cells that are 
suitable for large-scale production, as well as on the digital-
isation of H2 technology. For the automatic identification of 
optimisation potential, digital twins of the components to 
be examined are to be created automatically with the help 
of suitable sensor technology. For this purpose, hierarchi-
cal models are developed and parameterised on the basis of 
measurement data. In addition to networked further devel-
opment of electrolysers and fuel cells, digital twins enable 
real-time monitoring of production as well as predictive con-
trol of plant operation with the aim of maximum economic 
efficiency and longevity.

CONCLUSION The Hydrogen Labs offer a versatile, digitally 
networked and thus uniquely powerful test infrastructure 
with over 25 MW of connected power for all key technolo-
gies and application fields of the hydrogen value chain. The 
Fraunhofer-Gesellschaft is thus sending a strong signal as a 
pioneer for the green energy transition. ||

 www.hydrogen-lab.de

Authors:

Dr. Moritz Kühnel
Fraunhofer Institute for Microstructure of 
Materials and Systems, Leuna

 Moritz.Kuehnel@imws.fraunhofer.de

Dr. Sylvia Schattauer
Fraunhofer Institute for Microstructure of 
Materials and Systems, Halle

 Sylvia.Schattauer@imws.fraunhofer.de

Nora Denecke
Fraunhofer Institute for Wind Energy Systems, 
Bremerhaven

 Nora.Denecke@iwes.fraunhofer.de

Dr. Sebastian Schmidt
Fraunhofer Institute for Machine Tools and 
Forming Technology, Zittau

 Sebastian.Schmidt@iwu.fraunhofer.de

The Hydrogen Labs are being created in cooperation 
with the Fraunhofer Institute for Microstructure of Ma-
terials and Systems IMWS, the Institute for Wind Ener-
gy Systems IWES, the Institute for Machine Tools and 
Forming Technology IWU and the Institute of Interfacial 
Engineering and Biotechnology IGB.
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What role can the production of green hydrogen play in the 
future for regional added value creation in a rural, structur-
ally weak, but large area region with a high share of renew-
able energy production capacities? Which generation paths 
make sense at different locations, and which framework 
conditions must be fulfilled in order to achieve this? Where 
is there potential for hydrogen applications in the district 
of Vorpommern-Rügen? With these questions in mind, the 
HyStarter Region Rügen-Stralsund started a one-year strat-
egy process in December 2019 to develop a vision, define 
fields of action, analyse selected locations and technology 
concepts, and adopt a roadmap until 2030 that describes a 
whole bundle of measures to be implemented in the future.

With the Institute for Regenerative Energy Systems at 
Stralsund University of Applied Sciences, there has already 
been expertise and experience in hydrogen technology in 
the Vorpommern-Rügen region for over 25 years – both 
in teaching and research. In the HyStarter region of Rü-
gen-Stralsund, however, the implementation of this technol-
ogy is still in its infancy. Vorpommern-Rügen is a coastal 
region, characterised by port industry, ship and boat build-
ing, tourism and agriculture. Here, where there is a unique 
natural setting with several large, protected areas and sus-
tainability plays an important role, there is potential to pro-
mote emission-free mobility on the water as well as on land. 
Due to its geographical location, the region is an important 
renewable energy generation site. High capacities of installed 
wind power capacity offer ideal conditions for the produc-
tion of green hydrogen.

There are currently 230 wind energy plants (WTs) in 67 
wind farms in the district with an installed capacity of 378.4 
megawatts. In addition, 2,187 photovoltaic plants (PV) with 
a capacity of 352 MW have been installed in the district so 
far. In addition, there are 49 biomass plants that are used 
in particular for the supply of heat. Although electricity can 
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increasingly be generated from renewable energies, there are 
major challenges to be overcome with sector coupling.

There are many potential hydrogen consumers in the dis-
trict: The existing maritime economy wants to reduce emis-
sions in the long term, and tourism has a strong sustainabili-
ty claim. New mobility solutions have to be found, especially 
for the busy summer with its high traffic volume. The high 
proportion of individual mobility as well as the greater dis-
tances for public transport and logistics providers pose par-
ticular challenges for mobility here. There is also pressure to 
decarbonise the heating sector, which is primarily character-
ised by fossil energy sources.

The business landscape is characterised by a small-scale 
structure. The district of Vorpommern-Rügen has the low-
est industrial density in Mecklenburg-Vorpommern. The 
most important industrial sectors include the maritime in-
dustry, the food industry, mechanical and plant engineering 
and the production of metal products. The production and 
regional utilisation of hydrogen would create new potential 
for the establishment of companies and the development of 
a new branch of industry. In particular, the transformation 
of the local ports into energy locations and the development 
of green business parks are overarching goals. This is where 
HyStarter, with the support of Spilett, Becker Büttner Held 
Consulting, the Reiner Lemoine Institute, the Choice Group 
and Energy Engineers, comes in to take advantage of this 
starting position.

VISION AND OBJECTIVE In a total of six HyStarter strategy 
dialogues, the following fields of action and a large number 
of proposed measures for hydrogen production and utilisa-
tion as well as preparatory site development concepts were 
defined, which are located in the H2 ideas map below:

	· Hydrogen production (from wind and photovoltaics, 
from post-EEG plants, from plasmalysis)

	· Hydrogen use in mobility (acquisition of FC buses in local 
public transport, in regional fleets, agricultural vehicles 
and for trains)

	· Hydrogen use in the heat sector (H2-ready CHP plants for 
building energy supply, neighbourhood concepts and inte-
gration into heat grids, alternatives for gas and oil heating) 

BUILDING A HYDROGEN ECONOMY ON THE 
BALTIC SEA COAST
Fifth part of the Regions series: HyStarter Rügen-Stralsund

Category: Energy storage    Authors: Johannes Gulden, Romy Sommer, Gunnar Wobig

“Hydrogen must be considered holistically, i.e. from pro-
duction to consumption.”

Prof. Dr Johannes Gulden, Head of the Institute  
for Regenerative Energy Systems at  

Stralsund University of Applied Sciences

“Not only do we have a good network and numerous ide-
as, but we can also move promptly into implementation.”

Gunnar Wobig, Managing Director of  
Landesenergie- und Klimaschutzagentur 

Mecklenburg-Vorpommern GmbH

Fig. 1: Rügen Bridge Dänholm [Source: LEKA]
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	· Hydrogen site concepts for the ferry port of Sassnitz as a 
future PtX pilot location, the seaport of Stralsund as a hy-
drogen port, the commercial location of Pommerndreieck 
as a producer location and H2 hub as well as the Bernstein 
Resort Pütnitz 

IMPLEMENTATION It is a long way from “wanting” to “do-
ing”. Legal framework conditions are still an obstacle, as are 
the comparatively low costs of fossil energy sources, which 
continue to compete with the calculated hydrogen produc-
tion costs. Therefore, the planned measures have different 
priorities and time horizons. The work in the hydrogen re-
gion Rügen-Stralsund has also shown how important it is to 
network regional stakeholders on the production and con-
sumer side and to accompany emerging project ideas.

Up to now, this support has been provided by a team of 
advisers commissioned by NOW. In order for the proposed 
measures to be implemented and the network to be sustain
able in the long term, capacities must be made available in 
the municipalities and companies. The first step for the Hy
Starter Region Rügen-Stralsund is now to establish a hydrogen 
coordinator in the district who will hold together the active 
network with currently 16 core team members and a growing 
number of interested stakeholders and attract new partners 
from the business community. The Stralsund University of 
Applied Sciences is available as a scientific partner to provide 
advice. A newly established generator consortium consisting 
of Mukran Port, Seehafen Stralsund, Stadtwerke Stralsund 
and EnergieWerk Rügen is already planning the next steps to 
prepare concrete investments. A first measure is a HyExperts 
application, which is submitted by the consortium. ||

 www.leka-mv.de/themen/wasserstoff/
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THE HYSTARTER CORE TEAM OF THE RÜGEN-
STRALSUND REGION
EnergieWerk Rügen e. G. | Hansestadt Stralsund | 
Hochschule Stralsund / Institut für Regenerative Ener-
gieSysteme | Landesenergie- und Klimaschutzagentur 
Mecklenburg-Vorpommern (LEKA MV) | District of Vor-
pommern-Rügen | Mukran Port (Fährhafen Sassnitz 
GmbH) | Nachhaltigkeitszentrum Rügen e.V. | SWS See-
hafen Stralsund GmbH | SWS Energie GmbH | Touris-
musverband Rügen e.V. | UmWeltSchule Rügen e.V. | 
Weiße Flotte GmbH | Wirtschaftsfördergesellschaft 
Vorpommern GmbH | Verkehrsgesellschaft Vorpom-
mern-Rügen mbH (VVR) | Zweckverband Wasserver-
sorgung und Abwasserbehandlung Rügen (ZWAR)

Fig. 2: Ideas map [Source: LEKA]

http://www.prignitz-mst.de
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ELECTRIC TR ANSPORTATION

HIGH EXPECTATIONS FOR H2 TRUCKS
Two truck heavyweights become partners

Category: Electric transportation    Author: Sven Geitmann

Volvo and Daimler have substantiated their plans to use 
hydrogen for large long-distance trucks. During an online 
presentation event at the end of April 2021, Martin Lund-
stedt, President of the Volvo Group, specifically named the 
high possible payloads and the long ranges as decisive cri-
teria for the use of fuel cell technology. He also held out the 
prospect of large-scale production starting after 2025 and a 
gigafactory for fuel cells being built by then. Initially, pre-se-
ries production is to take place in Esslingen near Stuttgart. 
The final location question is to be clarified in 2022.

Martin Daum, Chairman of the Board of Daimler Truck AG, 
announced that in 2040 – or earlier – the last combustion 
engines would be sold, i.e. that from then on the company 
would be CO2-neutral. He stressed the need for a second 
energy storage system in addition to batteries. He said: “We 
need a second source of energy – and that source is hydro-
gen.” According to him, 2027 will be the year when things 

“really start happening”. In concrete terms, this means that 
initial road tests are planned for the next few months, fol-
lowed by customer trials in 2023 and the first series produc-
tion vehicles of the GenH2 truck from 2027. Larger numbers 
are therefore not expected until the end of the decade at 
the earliest. Regarding a competitive situation with Volvo, 
Daum explained: “We are competitors in terms of vehicles, 
but when it comes to the H2 power unit, we work together.”

To date, the FC fleet has mainly consisted of passenger 
cars, but will be increasingly supplemented by commercial 
vehicles in the coming years (see Fig. 2). In terms of con-
sumption, H2 Mobility expects the light-duty vehicle (LCV) 
sector and, especially towards the end of the decade, the 
heavy-duty sector to decrease significantly. According to the 
study, of the 9,000 fuel cell vehicles expected in Germany by 
2025, 16 percent will initially be trucks and then 38 percent 
by 2030. Light-duty vehicles are projected at 25 per cent in 
the medium and long term, with the total number of FC ve-
hicles potentially exceeding 100,000 by 2030. “The stock of 
trucks larger than 3 t will exceed the stock of buses by 2025. 
In Switzerland, you can already see the monthly delivery vol-
umes for a truck in regular operation,” Nikolas Iwan, man-
aging director of H2 Mobility, told H2-international.

It is currently unclear who will produce the expected 2,000 
LCVs and 1,500 trucks by 2025. Iwan’s bets include Stellantis, 
which he says is “already aiming to produce several thou-
sand by 2023”, and Faun, which is aiming to “scale to several 
hundred refuse collection vehicles per year by 2024”. He also 
expects Hyundai’s FC trucks to enter the German market.

The European Commission expects 110,000 FC trucks 
across Europe by 2030. In its study “Fuel Cells Hydrogen 
Trucks”, the business consultancy Roland Berger arrived at 
59,500 new registrations per year in the base scenario at the 
end of 2020 – provided that hydrogen is offered for less than 
6 Euro per kilogram by then.

Regarding the amount of hydrogen required (see Fig. 3), 
Iwan explained: “At H2 Mobility filling stations, 200 to 250 
tonnes will be sold this year.” However, four fifths of FC bus-
es alone refuel at “non-public depots”.

Iwan went on to explain that more financial resources 
would be needed to build the required medium-sized filling 
stations that would be designed for commercial vehicles in the 
future, which is why he is hoping for more shareholders to join 
H2 Mobility, especially from the commercial vehicle sector.

GH2, LH2 OR CcH2 One obstacle to the development of an H2 
infrastructure for commercial vehicles is probably the fact 
that there is still no agreement on the state of aggregation. 
Daum was initially clearly in favour of LH2 when it came to 
the choice of fuel: “There can only be one.” However, this 
was put into perspective by his press office a short time later 
(see below). Some other competitors rely on GH2, others on 
pure electric. Adian Vălean, EU Commissioner for Trans-
port, said from Brussels that the declared goal in Europe is 
500 H2 stations by 2025 and 1,000 by 2030 – without spec-
ifying the aggregate state. H2 Mobility boss Iwan was also 
open. However, due to the higher energy density, liquid 
cryogenic hydrogen is likely to be used to supply the filling 
stations, he believes.

Then, in mid-May 2021, the Stuttgart-based company cre-
ated new facts by announcing a cooperation with Shell. As a 
Daimler spokesperson confirmed to H2-international, Shell 
New Energies NL B.V. will henceforth take care of the H2 in-
frastructure. Namely, a fuelling station network for green hy-
drogen is to be established first between the three production 
sites in Rotterdam, Cologne and Hamburg, so that heavy FC 
trucks can be operated in this 1,200 km corridor from 2024. 
Starting from this Dutch-German region, further expan-
sion is then planned so that from 2030 onwards 150 stations 
can be served by around 5,000 H2 heavy-duty trucks from 
Mercedes-Benz alone.

When asked by the editors whether these would then be 
GH2 or LH2 stations, they said: “Both liquid and gaseous hy-
drogen will be part of the planned cooperation with Shell.” 
They went on to say that a uniform standard for hydrogen 

GENH2 FUEL CELL TRUCK BY MERCEDES-BENZ
	· For 40 t total weight
	· Service life: at least 1 million kilometres
	· Two stainless steel tanks with 40 kg capacity
	· 300 kW FC system consisting of two stacks  

with 200 individual cells each
	· High-voltage battery, between the two tanks  

(400 kW)
	· Two electric motors with 230 kW continuous 

output
	· More cooling capacity than a diesel vehicle
	· Size of the FC system comparable with a  

diesel unit
	· Continuous operation of the fuel cell;  

peak load via accumulator

“This is nothing less than the beginning of a new era. [...] 
Our clear preference is liquid hydrogen.”

Sven Ennerst, Member of the Board of Management  
for Development at Daimler Truck AG



27

H2-international 0 3 |  AU G U S T 2 0 21

trucks is to be established, similar to the already existing re-
fuelling protocol for H2 passenger cars. Specifically, it is stat-
ed: “Other potential partners are invited to join this effort 
[...] to define the interface and interaction between trucks 
and filling stations, enabling customer-friendly, cost-effi-
cient, reliable and safe hydrogen refuelling [...].”

So far, there is no refuelling protocol for LH2. Here, the 
industry is practically still at the very beginning of devel-
opment. What is clear is that the robotic refuelling that 
BMW tried out twenty years ago didn’t really work out well 
and is probably not practical today either. Daimler and 
Volvo have not yet provided an answer to the question of 
what LH2 refuelling might look like today. Instead, Mar-
tin Daum had stated that Daimler itself would not build 
or offer infrastructure solutions. According to the business 
economist, the solution to this task lies with the mineral oil 
and energy companies.

The current motto seems to be that the next one to two 
years should be used to calmly clarify which fuel is favoured 
in Europe. In addition to LH2 and 700 bar GH2, 500 bar GH2 
and CcH2 (cryo-compressed hydrogen – hydrogen com-
pressed at -240 °C) are also possible. Critics complain that 
Daimler is – once again – playing for time with its pre-com-
mitment to LH2 as a fuel alternative for commercial vehicles 
by initiating a lengthy decision-making process in order to 
be able to do business as usual for the time being. Observers 
in the H2 community are already drawing parallels between 
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the development of FC passenger cars, which has now lasted 
over twenty years, and the announced market entry of FC 
trucks. In the automotive sector, the Stuttgart company had 
always presented itself as progressive and future-oriented, 
but to date has not put a major series on the road. >>

140 H2 STATIONS FOR TRUCKS
According to calculations by the Fraunhofer ISI, a net-
work of 140 filling stations for fuel cell trucks could be 
sufficient to cover the entire hydrogen demand for a na-
tionwide H2 supply in Germany. The costs would amount 
to around nine billion euros per year. Prof. Martin Wie
tschel, Head of the Competence Center Energy Tech-
nologies and Energy Systems at Fraunhofer ISI, ex-
plained in October 2020: “According to EU regulations, 
emissions from trucks are to be reduced by 30 per cent 
by 2030 compared to 2019. In order to enable the helpful 
use of fuel cell trucks for this purpose, it is necessary 
to establish many filling stations at an early stage: For 
just under 50,000 vehicles in 2030, 70 hydrogen filling 
stations, some of them smaller, are already needed for 
spatial coverage. This comparatively high number of 
filling stations compared to hydrogen sales shows that 
there is a great demand for suitable business models. 
The question of state subsidies for hydrogen filling sta-
tions for trucks must also be clarified quickly.”

Fig. 1: Expected number  
of FCHVs by 2030 
[Source: H2 Mobility]

Fig. 2: Expected H2 
demand until 2030  
[Source: H2 Mobility]

1,250 vehicles 9,000 vehicles 102,000 vehicles

400 tons 16,000 tons 307,000 tons
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TARGET DEFEAT IS NOT AN OPTION Prof. Christian 
Mohrdieck, Managing Director of Daimler Truck Fuel Cell 
GmbH & Co. KG, sketched a somewhat different picture than 
Daum. While he confirmed that there is a much greater com-
pulsion and need for the use of fuel cells in trucks than in pas-
senger cars, in terms of fuel choice he did not want to commit 
to LH2, but to wait for the discussions just described.

Mohrdieck, who is also managing director of Mercedes-
Benz Fuel Cell GmbH and chairman of the board of trustees 
of the ZSW, and who joined the supervisory board of Pa-
jarito Powder in autumn 2020, revealed that Daimler plans 
to use two 150 kW FC systems for the heavy-duty vehicles, 
while the simple L-modules are designed for both light-du-
ty and stationary applications (see cooperation with MTU 
and Rolls-Royce-Power-Systems for back-up systems). He is 
particularly proud of the low platinum content that has been 
achieved over three decades and the fact that 97 per cent of 
the precious metal can be recycled. In addition, the modules 
are now designed for large-scale production.

Mohrdieck said he was confident that this technology 
could achieve the tightened climate protection targets (15 
per cent less CO2 by 2025/26, 30 per cent less by 2030). In 
doing so, he stressed that failure to meet these targets was 
not an option, because otherwise severe penalties would be-
come due. Daimler would have to pay a three-digit million 
Euro amount annually if the targets were missed by one to 
five percent.

BATTERY OR FUEL CELL The so-called economy wise Prof. 
Veronika Grimm, who is also a member of the National Hy-
drogen Council, told dpa: “It is utopian to believe that bat-
tery-based electric-mobility will be the sole solution.” The 
goal must be to build an infrastructure from which passen-
ger car traffic can later also benefit. “The development can, 
for example, initially take place via regional alliances, which 
can then be successively expanded later.” And Grimm went 
on to explain: “Abandoning the rapid ramp-up of hydrogen 
would mean putting important export markets at risk – be-
cause German companies are excellently positioned to pro-
duce key components for the hydrogen economy, such as 
vehicles, fuel cells, logistics and filling station infrastructure.”

ELECTRIC TR ANSPORTATION

H2 AND FC ALLIANCES IN THE TRUCK SECTOR
In 2020, Daimler Truck, OMV, Shell and Iveco have joined 
forces and launched H2Accelerate. The consortium of 
companies will serve as a central platform to drive the 
introduction of hydrogen-powered commercial vehicles 
in Europe.
As a kind of counterpart, BMW, Hyundai, Toyota and 
Stellantis joined forces in a GH2 alliance on 26 April 2021. 
They sent a joint statement to the Executive Vice-Presi-
dent of the EU Commission Frans Timmermans in which 
they advocated that the expansion of the existing net-
work of 700-bar stations across Europe be continued. 
They referred to studies by the globally active Hydrogen 
Council and received support for this initiative from H2 
Mobility, among others.
Nikola and Iveco, meanwhile, have joined forces with 
Open Grid Europe (OGE). On 14 April 2021, they signed an 
agreement to jointly develop an H2 infrastructure for com-
mercial vehicles. The production, distribution and supply 
of hydrogen will be taken over by the US-based FC truck 
manufacturer – including the construction of H2 stations 

– while OGE will take care of the construction of a pipeline 
infrastructure from the production to the distribution sites.
StasHH was launched in February 2021. 25 companies 
and organisations from the hydrogen sector have joined 
forces as part of an EU-funded project to work out, de-
velop and test a European standard for fuel cell mod-
ules in heavy-duty transport. This consortium includes 
stack manufacturers, OEMs and research, testing and 
scientific institutes (including Alstom, EKAT, Freuden-
berg Sealing Technologies, Solaris, Hydrogenics, Nuve-
ra, Toyota Motor Europe, Volvo Construction Equipment, 
and VDL). The “HH” in the project name is analogous to 
the battery size designation “AA”.
On the supplier side, major players such as AVL, Bosch, 
FPT Industrial and Johnson Matthey founded the EU-fund-
ed consortium IMMORTAL (IMproved lifetiMe stacks fOR 
heavy-duty Trucks through ultrA-durabLe components) 
to develop durable components for heavy-duty trucks 
with more than 30,000 operating hours.
In order to be able to establish standards for trucks – just 
as in the passenger car sector – eleven companies (in-
cluding Air Liquide, Engie, LBST, MAN, Nikola, Shell, To
yota, and ZBT) came together in Paris as early as February 
2020. The Prhyde consortium (Protocol for heavy-duty 
hydrogen refuelling) intends to establish a refuelling pro-
tocol that enables communication between vehicles and 
filling stations. Among other things, this involves whether 
the refuelling control is taken over by the H2 station or by 
the vehicle, or whether there is a division of tasks.

Fig. 3: Dr Matthias Jurytko took over the management of the Daim-
ler-Volvo joint venture cellcentric, which will supply the stacks in 
the future, on 1 June 2021. [Source: Daimler]

To ensure that an H2 truck fleet can actually establish itself 
from the middle of the decade, Federal Transport Minister 
Andreas Scheuer announced that his ministry will cover 80 
percent of the additional costs compared to comparable con-
ventional models. Scheuer had already declared 2020 at the 
presentation of Daimler’s GenH2 truck in Berlin in Septem-
ber: “Where the battery reaches its limits, the fuel cell is just 
getting started. [...] Hydrogen is a good alternative to diesel 
and a fuel of the future. [...] It can also be the fuel of the fu-
ture. [...] It’s about time.” On this occasion, Daum had made 
it unquestionably clear that it would “only work with green 
hydrogen” – “not grey” – and that Daimler supported an H2 
infrastructure, “no natural gas and no overhead lines”. ||
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dan with fuel cell from 2019. Now it is 2021 and has become 
a Toyota, but the similarity between the Mirai 2 and the LF-1 
is not coincidental.

SPORTY, POWERFUL Special features of the five-seater are a 
remarkable length of 4.975 metres and a rear-wheel drive in-
stead of the often common front-wheel drive. The most last-
ing impression on this car is made by the 20-inch rims. Three 
out of four interested parties who wanted to know more 
about this vehicle praised its design. These comparatively 
large tyres are mainly for visual reasons. According to >> 

The first impression immediately conveys that this Mirai is 
no ordinary Toyota. Its design is much more pleasing to Eu-
ropean tastes than that of its predecessor – and it is bigger, 
fancier, and more refined than the Mirai 1. This impression 
is underlined by the statement of the director of the Berlin 
representative office of Toyota Motor Europe, Ferry Franz, 
that this model was actually supposed to be a Lexus.

Lexus is Toyota’s luxury brand, playing in the same league 
as Mercedes, BMW and Audi. The Japanese manufacturer 
does not have to hide behind European suppliers, because 
the Mirai 2 is a sporty saloon car that makes a good impres-
sion with its good workmanship and elegant design. The 
coupé shape elicits words of praise even from die-hard BMW 
lovers, especially since the Mirai 1 had an unusual shape for 
Western tastes – similar to the Toyota Prius hybrid vehicle, 
which is not particularly popular with many German drivers 
simply because of its Asian design.

While the Mirai 1 was a mid-range car, the Japanese are 
moving into the luxury segment with its successor. Original-
ly, it was planned by Toyota Motor Corporation that Lexus 
would offer its own FC model. During the North American 
International Auto Show in Detroit in January 2018, the 
Lexus LF-1 Limitless was presented as a concept study of a 
crossover model that should offer limitless possibilities (see 
H2-international issue Apr. 2018). This model was derived 
from the LF-FC (Lexus Future – Flagship Car/Fuel Cell, see 
H2-international issue Apr. 2017), about which it was said at 
the time that its features could be offered in the LS luxury se-

THIS SHOULD BE A LEXUS
Driving report on the Toyota Mirai 2

Category: Electric transportation    Author: Sven Geitmann

Fig. 1: Search image: Which animal feels well protected by the Mirai 2?

Fig. 2: Recognition effect – the fuel cell-powered Lexus LF-FC 
announced in 2016 [Source: Lexus]
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The FC car is particularly popular with the younger genera-
tion. So whooped a two-year-old test driver: “Cool car!” As 
a highlight, the H2-international editorial team was able 
to bring together two very different Mirai for the first time 
during the test drives: Namely, the two-year-old girl Mirai 
successfully completed a test drive in the Mirai 2 (see Fig. 3). 
Mirai is Japanese and means “future”.

EXPENSIVE, BUT FUNDABLE With their two H2 passen-
ger cars, Hyundai and Toyota now cover precisely the two 
vehicle categories for which fuel cell drives – if at all – are 
likely to come into question in the passenger car sector 
in the future: SUVs (Hyundai Nexo) and sedans (Toyota 
Mirai 2) in the premium sector. While the South Korean’s 
list price of 79,000 Euros (750 km range) is above the mark 
up to which an eco-rebate is granted, buyers of the Japa-
nese (63,900 euros, 650 km range) can look forward to a 
7,500 Euro subsidy.

However, Toyota is certainly not breaking even with this 
price. Similar to the marketing of the Prius hybrid model, 
the company is paying extra for each of the first two gen-
erations. From the third generation onwards, however, the 
price could be on a par with today’s hybrid cars, according to 
Matthew Harrison, Sales Director Europe.

REDUCING COSTS BY INCREASING THE NUMBER OF 
UNITS In order to reduce unit costs as quickly as possible, 
Toyota is also planning to use its fuel cell units in trucks (see 
p. 28), buses, trains, ships and stationary units. In 2018, the 
carmaker had expanded its production capacities for fuel 
cell stacks for this purpose with the construction of a new 
eight-storey high-tech building near its plant in Honsha. At 
the beginning of 2021, it was said that the compact FC sys-
tem modules produced there (approx. 250 kg, 60 or 80 kW) 
would be offered to potential partners, such as the bus man-
ufacturer Caetano in Portugal.

After California and the domestic market, the Feder-
al Republic of Germany is one of the Japanese company’s 
target regions. According to Ferry Franz, however, signifi-

Ferry  Franz, the 
Mirai 2 runs even 
more quietly with 
19-inch rims and 
also with ten per-
cent less hydro-
gen; they are also 
much cheaper.

But the Mirai 2 
also looks much 
better than its 
predecessor in 
other respects. 
The coupé shape 
is well received, 
even if the car 
looks much big-
ger on the out-
side than it is on 
the inside. With 
five people, the 
s t r e a m l i n e d 
Grand Tourismo 
is very cramped, 
and the low 
height means that 
even tall people in 
the front quick-
ly bump into the 
headliner, while 
only curved seat-

ing positions are possible for them in the rear.
With its 133 kW (182 hp), the fuel cell drive unit acceler-

ates the 1,900 kg unladen weight of the Mirai swiftly to 100 
kilometres per hour, even when fully loaded. (“Just like on 
an airplane!” said a fellow passenger) The hydrogen stored in 
a total of three 700-bar pressure tanks (two transversely, one 
longitudinally arranged) enables a 30-percent further driv-
ing distance than with the predecessor model.

The handling is smooth, but when braking at the latest, 
the moment of inertia of the almost two tonnes comes into 
play. Unusual, however, is the torque at standstill: If the 
brake pedal is not pressed hard enough at the traffic lights, 
the car rolls slowly or continues to roll.

ELECTRIC TR ANSPORTATION

An eco-rebate is only paid for new electric cars whose 
net list price for the base model in Germany is below 
65,000 euros.

Fig. 3: Mirai (left) is happy about her “own”  
car [Source: Matti B.]

Fig. 4: FC modules from Toyota – vertical and horizontal design [Source: Toyota]
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ELECTRIC TR ANSPORTATION

After years of silence regarding Opel’s fuel cell activities, the 
German automobile manufacturer came back in mid-May 
2021 with an H2 van Vivaro-e Hydrogen (see Fig. 2) – and 
with it the French sister companies Peugeot and Citroën, 
both of which also belong to the parent company Stellantis. 
The major corporation designed its own “mid-power plug-in 
hydrogen fuel cell electric system” for the three brands, con-
sisting of a 100-kW drive combined with a 45-kW fuel cell 
from the French manufacturer Symbio and a high-voltage 
power storage unit.

The three manufacturers plan to supply the first fleet 
customers this autumn, as soon as the basic electric vehicles 
have been converted at the Stellantis Hydrogen and Fuel Cell 
Competence Centre in Rüsselsheim. This conversion is car-
ried out without any changes to the bodywork, so that the 
entire load volume is retained.

STELLANTIS LAUNCHES H2 VAN 
ON THE MARKET

Fig. 1: Citroën ë-Jumpy Hydrogen [Source: Citroën]

Fig. 2: Opel Vivaro-e Hydrogen [Source: Opel Automobile]

MIRAI 1
The Mirai 1 did not have many supporters in Europe be-
cause of its design: It took some getting used to for Eu-
ropean eyes with its large radiator and Japanese outfit. 
Nevertheless, this model made it into the Pope’s fleet: A 
Mirai has been converted by Toyota into a hydrogen-pow-
ered papa mobile and handed over to the pontiff in au-
tumn 2020. However, this has since been replaced by a 
battery-powered e-car.
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The compact van, which is available in two lengths, has 
three 700-bar pressurised gas tanks (in total 4.4 kgH2) and 
rechargeable batteries (10.5 kWh), ensuring a WLTP range of 
400 km. The lithium-ion batteries, which come with an eight-
year warranty, also function as a range extender should the 
H2 tank be empty.

On 27 May 2021, Peugeot showed the e-Expert Hydrogen, 
which will initially be offered to professional customers in 
France and Germany from the end of 2021. The French car-
maker advertises that its e-Expert Hydrogen, which is based 
on Peugeot’s Efficient Modular Platform (EMP2), retains 

“the proven properties of the combustion engine”.
Citroën presented its ë-Jumpy Hydrogen (see Fig. 1), a 

fuel cell-powered van that uses the same technology as its 
counterparts, on 3 June. They chose the battery-electric 
ë-Jumpy, which was presented last year and is produced at 
the SevelNord site (former joint venture of Peugeot and Fiat) 
near Valenciennes, as the base model.

Opel boss Michael Lohscheller explained: “Hydrogen is a 
forward-looking solution for an efficient energy system free 
of fossil fuels.” ||

cant quantities will also go to Poland, the Netherlands and 
France. According to Toyota, about 10,000 Mirai 1 units had 
been sold within five years. There will initially be a few hun-
dred Mirai 2s in Germany, and about 1,000 per month in 
Japan. Overall, the Asians are planning for future sales of 
30,000 per year worldwide. The Mirai 2 has been available in 
Germany since this spring. One of the first customers was – 
once again – Nikolaus W. Schües, Hamburg shipowner and 
co-founder of the Hydrogen Society Hamburg.

TOYOTA TESTS H2 ENGINE The latest news from Japan at the 
moment is that Toyota is also active in the field of H2 com-
bustion engines. For endurance races in Fuji, the company 
wants to develop a hydrogen racing car based on the Corolla 
model. Under the type designation GE16-GTS, a 1.6-litre in-
line 3-cylinder engine with turbo charging and inter cooler 
is to be used, which is supplied from 700-bar H2 pressure 
tanks. Participation in the 24-hour race at Le Mans could 
take place in 2024.

And when, at the end of the trial period, your own daugh-
ter asks: “Can we keep it?”, then there is a lot to be said for 
the fact that at least a part of the coming generation feels 
addressed by this vehicle. ||
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FIRST ENDURANCE TESTS FOR  
ALKALINE FUEL CELLS
AFC projects at ABB and FZ Jülich

Category: Development    Author: Michael Nallinger

Alkaline fuel cells, with their very low use of precious met-
als, are an alternative to PEM fuel cell technology. Another 
benefit is the higher tolerance to impurities in the supplied 
hydrogen. The focus of their work is particularly in the sta-
tionary sector. Two current projects with systems from AFC 
Energy bring dynamism to the still rare project landscape 
with alkaline fuel cells: The cooperation with ABB on their 
HPC charging solution for electric vehicles and the future 
project LLEC at the Jülich Research Centre.

Alkaline fuel cell technology has already been around since 
the 1960s. It was used in space travel as part of the Apollo 
programme. Over the decades, various companies have been 
involved with AFCs (alkaline fuel cells). Today, alkaline fuel 
cells are sold commercially by GenCell from Israel and AFC 
Energy from the UK.

AFC Energy in particular has recently attracted atten-
tion with projects, also in this country. For example, at the 
end of last year the British company entered into a strategic 
partnership with ABB to develop a new high-power charg-
ing (HPC) solution for e-vehicles and locations with limited 
grid access. This is based on the CH2ARGE off-grid charging 
solution and combines an H2 fuel cell system for electricity 
supply with a battery for energy storage. This system is to be 
combined with energy storage and fast charging technology 
from ABB in the course of the cooperation.

According to AFC Energy, the agreements give the compa-
ny a multi-year right of first refusal to supply H-PowerTM fuel 
cell systems into ABB’s high-power charging network at inter-
national customers where there is no equivalent on-site power 
demand or where additional resilience is required. Both com-

panies want to market the integrated product together and are 
developing a communication strategy for the branding and 
use of the system, according to the AFC website.

In addition to charging stations, the two partners are also 
looking at other applications. These include logistics hubs 
and distribution centres, public and private local transport 
(including bus depots), as well as maritime transport includ-
ing ports or vertical take-off and landing air units.

BENEFITS OVER PEM AND SOFC A major benefit of AFC 
technology is that the catalysts are platinum-free and there-
fore cheaper than, for example, polymer electrolyte mem-
brane (PEM) fuel cells. In addition, the hydrogen required 
does not have to be ultra-pure, unlike with PEM technolo-
gy. This property also tipped the scales in favour of using 
an AFC fuel cell in the Living Lab Energy Campus (LLEC) 
future project at the Research Centre Jülich (FZJ). “We see 
the potential of alkaline fuel cells in stationary applications 
with long runtimes. The benefit here is the minimal use of 
precious metals compared to PEM technology,” explains 
Martin Müller. In addition, the LLEC team leader for hydro-
gen production emphasises the lower temperature level and 
the resulting easier start-up behaviour compared to the solid 
oxide fuel cell (SOFC).

The LLEC project is a comprehensive conversion of the 
energy supply system at FZ Jülich. In the process, a selected 
part of the centre will first be converted into a sector-coupled 
supply infrastructure with as large a share of renewable ener-
gies as possible. The infrastructure currently being built acts 
as a model for long-term reconstruction, according to the 
plan. In addition to the 100 kW fuel cell from AFC, various 
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further possible delays in this work, the commissioning of 
the fuel cell can probably only take place from the beginning 
of 2022 independently of the trial operation of the WVVZ.

The tender for a hydrogen infrastructure is currently un-
derway, with the help of which hydrogen produced in the 
EnergyLab can be processed, stored and transported to the 
AFC in the long term. The production site is about 200 to 300 
metres away from the new WVVZ. Completion of the hydro-
gen supply is planned for mid-2022, so that the fuel cell can 
then be supplied with hydrogen from the EnergyLab.

Hydrogen expert Martin Müller is generally optimistic 
about the future viability of alkaline fuel cells. In general, 
these could be an interesting topic for future projects. In 
doing so, he emphasises: “In addition to analysing the op-
erational behaviour of the systems, our Institute for Electro-
chemical Process Engineering is always interested in the fur-
ther development of the system, stack and cell components. 
We are taking a cross-scale approach to this.”

As with all fuel cells, costs play an important role here. 
Müller is certain: “In order to become competitive with oth-
er non-electrochemical technologies for electricity and heat 
generation, alkaline fuel cells, like other fuel cells, need to 
have their overall costs reduced.” ||

other building blocks are 
also used. These include a 
400-kW next-generation 
electrolyser for efficient 
hydrogen production, an 
HCP waste heat utilisation 
of the Jülich supercomput-
er JUWELS for building 
heating, and a novel LOHC 
storage system (Liquid Or-
ganic Hydrogen Carrier; 
see box).

The alkaline 100 kW 
fuel cell unit in the LLEC 
will be used to convert hy-
drogen back into electricity. 
According to Müller, the 
main argument in favour 
of AFC Energy as the sup-
plier of the alkaline fuel 
cell was the performance 

class. While GenCell sells fuel cells below 10 kW, AFC Ener-
gy offers electrical power in the 100 kW range.

FIRST DIRECT HYDROGEN USE The fuel cell in the LLEC is 
initially operated with hydrogen, which is produced by elec-
trolysis with electricity from renewable energies. After com-
pletion of the LOHC system, the hydrogen stored there will 
then be used directly for supply.

Both processes differ in the purity of the hydrogen. “The 
hydrogen from electrolysis is very clean to begin with. There 
can be impurities here with water vapour and with traces of 
oxygen,” explains FZJ employee Müller. The situation is dif-
ferent for the H2 gas stored in the LOHC. According to Müller, 
the release of hydrogen by means of dehydrogenation of 
LOHC after condensation of evaporated LOHC can result in 
various impurities, which include toluene, methylcyclohexane, 
cyclohexane, benzene, water, methane, carbon monoxide and 
carbon dioxide. Müller emphasises that quality 3.0 hydrogen 
can be achieved without further cleaning steps.

He assumes that the stored hydrogen is easier to use 
with the AFC than with PEM fuel cells, even without puri-
fication. “This could save or simplify purification stages in 
LOHC technology and thus help to reduce costs,” he surmis-
es. These topics are to be evaluated successively in the further 
course of the project.

The situation is different on the oxygen side. Due to the 
sensitivity of the alkaline electrolyte to CO2, the alkaline fuel 
cell requires air preparation. Here, too, Müller already has a 
solution in mind: “If it is possible to use oxygen, which is also 
produced in electrolysis, then this can simplify air prepara-
tion.” At the LLEC, they also want to investigate the use of 
oxygen in the long term. “This opens up development per-
spectives for this technology in particular,” Müller has stated.

CORONA-RELATED DELAYS The original plan was to put the 
fuel cell system into operation in the third quarter of 2021. 
However, as with many projects, the Corona pandemic has 
caused delays. How long the project will have to be stretched 
out is currently being clarified.

Since the new full heat supply centre (WVVZ) is to sup-
ply the FZJ completely with heating, cooling and also elec-
tricity in future, trouble-free operation must be ensured. 
For this, a careful commissioning with a three-month trial 
operation from August to October 2021 is planned. Due to 

LOHC HYDROGEN STORAGE
LOHC are organic compounds that can absorb and re-
lease hydrogen reversibly in catalytic reactions and are 
liquid at ambient conditions. LOHCs consist of at least 
one low-hydrogen and one high-hydrogen compound. In 
the LLEC project, the compound benzyltoluene repre-
sents the low-hydrogen LOHC and the compound perhy-
dro-benzyltoluene represents the high-hydrogen LOHC. 
Benzyltoluene is commercially marketed as a heat 
transfer medium as a mixture of isomers, for example 
under the brand name Marlotherm LH.
The loading of the low-hydrogen compound with hydro-
gen takes place in a heterogeneously catalysed exother-
mic hydrogenation. After hydrogenation, the hydrogen is 
bound in the high-hydrogen form of the molecule. The 
loaded LOHC can easily be stored or transported in 
ambient conditions. Due to the chemical bonding of the 
hydrogen, no material hydrogen losses occur over the 
storage period. The release of the hydrogen takes place 
in a heterogeneously catalysed endothermic dehydro-
genation. Here, at least the same amount of heat energy 
must be added as is released in the hydrogenation pro-
cess. After dehydrogenation, the LOHC is again in the 
low-hydrogen form and can be loaded with hydrogen 
again. The LOHC is not consumed and can be used over 
several storage cycles.

Fig. 3: LOHC loading and unloading [Source: M. Geiselbrecht]

Fig. 2: Martin Müller, LLEC team 
leader hydrogen production at FZJ: 
“We see the potential of alkaline  
fuel cells in stationary applications 
with long runtimes.” [Source: FZJ]
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At the end of 2020, the German city of Hamburg said goodbye to its Moorburg 
coal power station. The site on which the now-defunct plant was built will soon 
be transformed into a hydrogen hub. Nobody could have picked a more ideal 
location to embark on such a venture. For one, all the infrastructure you could 
hope for is already in place, including connections to Hamburg’s 110-kilovolt 
and Germany’s 380-kilovolt transmission lines. For another, the site is situated 
within the city’s port area, making it easily accessible to large sea vessels, which 
can use the quay and its surroundings to drop off imported hydrogen. Addition-
ally, the nearby industrial area is home to many prospective customers, which 
have shown a keen interest in the project. Even the waste heat released during 
electrolysis will not actually be wasted but be injected into the city’s district 
heating grid. In short, the city is on pace to become one of Europe’s prime loca-
tions for hydrogen technology.

Unsurprisingly, the last months saw stakeholders in the region discuss a flurry 
of new ideas for hydrogen projects. Several of those stakeholders later formed a 
consortium named Wasserstoffverbund Hamburg to apply for grants from the 
Important Projects of Common European Interest program, which allows for ex-
ceptions to European Union restrictions on national funding opportunities. What 
the IPCEI does not have, however, is a funding budget. Instead, support will come 
directly from member states.

GOVERNMENT APPROVES 62 IPCEI PROJECTS A statement made by German 
economy minister Peter Altmaier in late May brought good news for most of the 
consortium’s members. Nearly all their projects had made it onto Germany’s IP-
CEI shortlist. Which of these will get the final nod will now be decided in con-
sultation with representatives for other European countries. Each project greenlit 
in this second stage will then be eligible for federal and state support. The to-
tal amount Germany has set aside for IPCEI is EUR 520 million. According to 
Hamburg’s economy ministry, a sizeable chunk of this, EUR 100 million, will go 
toward putting up a 100-megawatt electrolyzer and a Green Energy Hub in Moor-
burg, including new hydrogen import facilities. 

The Moorburg venture is a collaboration between several companies and 
Hamburg’s government, which has been pushing for the project for quite some 
time. As the former operator of the Moorburg coal power station, Vattenfall 
will provide the location for the hub and clean electricity for the electrolyzer. 
Mitsubishi Heavy Industries, which was involved in constructing Moorburg, 
will be in charge of removing the coal plant. Wärme Hamburg, which runs the 

GOODBYE COAL, HELLO HYDROGEN
Hamburg’s new hydrogen hub

Category: Development    Author: Eva Augsten

city’s district heating grid, will sell the 
waste heat produced on site. And Shell 
will handle the logistical requirements 
of transporting liquid and gaseous hy-
drogen and delivering it to fleet opera-
tors downstream.

A feasibility study is still underway 
but, according to Hamburg’s economy 
ministry, will be completed no later 
than the end of July. At around the 
same time, the ministry will also issue 
a request for proposals for designing 
the electrolyzer. The hub is planned 
to come online by 2025 and produce 
11,500 tons of hydrogen a year. In a re-
cent presentation, the consortium said 
that at some point, the site will have 
10 times its initial capacity, i.e., 1,000 
megawatts, available to make hydro-
gen. An exact date for when that will 
happen has not been announced yet, 
however. And although the increase 
in capacity is sure to have a significant 
impact on production output, it won’t 
be enough to meet the needs of every 
potential client in the industrial area if 
hydrogen really is to be used as widely 
as possible.

A NEW HYDROGEN GRID FOR HAM-
BURG Gasnetz Hamburg will deliver 
the hydrogen produced at Moorburg to 
customers via a new 37-mile (60-kilo
meter) pipeline network called HH-
WIN (see H2-international, May 2021), 
set for completion by 2030. This sub-
project will receive a bit more funding 
than the hub, the company noted, al-
beit without revealing how much more. 
Hopes are that construction on the first 
grid section, which will provide deliv-
ery points for steelmaker ArcelorMittal 
and aircraft maker Airbus, can start 
within the next two years.

ArcelorMittal will employ hydrogen 
as a reducing agent to remove oxygen 
from the iron(III) contained in iron 
ore. Supported by IPCEI funds, the 
corporation also plans to build a pi-
lot system for making 100,000 tons of 
sponge iron a year and, by 2025, have 
put this system through its paces over a 
six-month period. Airbus, on the other 
hand, wants to use the gas during its 
Hydrogen for the Infrastructure and 
Production of Aeronautics in North-
ern Germany project, better known as 
WIPLiN.
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Fig. 1: Hamburg Green Hydrogen Hub [Source: Wärme Hamburg]
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eral economy ministry-funded living labs for climate change. 
Led by Hamburg’s HAW university, the five-year EUR 52 
million venture is an offshoot of the Northern German En-
ergy Transformation 4.0 project. Its members include several 
research organizations and public sector companies based in 
and around Hamburg.

One of them is municipal waste management company 
Stadtreinigung Hamburg. Like Aurubis, it is a member of 
both the living labs program and the city’s hydrogen consor-
tium. The company had originally planned to launch a Waste 
to Hydrogen project to produce the gas via electrolysis at its 
new Center for Energy and Resources. But the project didn’t 
get onto the IPCEI funding list. Stadtreinigung Hamburg 
has since said that it is looking for additional implementa-
tion options and funding opportunities.

By contrast, Airbus’ project to use hydrogen in its 
manufacturing facilities will receive funding from more 
than one source. Besides IPCEI support, the manufacturer 
will get almost EUR 1.4 million in funds from Hamburg’s 
Green Future for Aviation program. By the end of 2022, 
Airbus and multiple research partner organizations want 
to draw up a list of where in Hamburg’s Finkenwerder 
neighborhood hydrogen-fueled systems make technical 
and economic sense. Potential areas for application in-
clude aircraft production, factory supply, and the use of 
liquid hydrogen for powering cabin electronics and air-
craft engines. Airbus expects to have a hydrogen airplane 
ready for the market by 2035. ||

The second grid section will then connect to four different 
types of subprojects at the Port of Hamburg. One of them 
will be Hydrogen Logistics Applications & Distribution, or 
H2LOAD. Set up by logistics firm HHLA, it aims to construct 
and operate several kinds of fuel cell-powered heavy-duty 
vehicles, including big rigs, straddle carriers, yard trucks, 
forklifts, empty container handlers, reach stackers and a 
switcher locomotive.

Another will be Hydrogen Port Applications, or HyPA for 
short, launched by the Hamburg Port Authority, the public 
sector company in charge of maintaining the on-site infra-
structure. This project wants to install hydrogen fueling sta-
tions for rolling stock, watercraft and heavy-duty trucks at 
the port. It will also build and run multiple hydrogen-pow-
ered vessels.

Yet another will be H2HADAG, initiated by HADAG, 
which operates the passenger ferry service that is part of 
Hamburg’s mass transit system. H2HADAG will convert 
three new vessels to run on both diesel and hydrogen, as well 
as put the same hybrid engine into two new ferries, where 
the engine will serve as the basic means of propulsion with 
no prior conversion.

Lastly, GreenPlug’s H2SB will design a hydrogen-fueled 
towboat capable of pushing 2,400 tons at a speed of 10 knots. 
The direct current system that will drive the vessel’s propel-
ler will run off batteries and fuel cells supplied by onboard 
hydrogen tanks. As soon as the first test of the watercraft 
proves successful, GreenPlug intends to build another nine 
towboats and charter them out.

In the third stage, HH-WIN will be linked to a cross-bor-
der pipeline system named H2-Startnetz. In mid-May, Gas-
netz Hamburg confirmed that this system will run from the 
Netherlands via the German state of Lower Saxony all the 
way to Hamburg, the same route now shown on the IPCEI 
map. According to the company, H2-Startnetz is planned to 
come online in the middle of this decade.

The fourth and final stage will then see multiple refineries 
and copper manufacturer Aurubis get hooked up to the grid. 
Aurubis will use the hydrogen as a reducing agent in its rota-
ry furnaces, to displace natural gas. Extracting copper works 
in much the same way as reducing iron ore. Both times, oxy-
gen is removed from a compound with the help of hydrogen. 
In late May, Aurubis announced the successful completion 
of an initial series of tests using hydrogen supplies.

LIVING LABORATORY CROSSOVER April marked the 
launch of the Living Lab Northern Germany, one of 20 fed-

IZK POWER STATION
The IZK power station (Ikonografisches Zukunftskraft-
werk – HH2Europe) is another good example of an inno-
vative hydrogen project in Hamburg. It was announced 
by a consortium made up of HH2E, Uniper and Siemens 
Energy shortly before the end of the IPCEI application 
period.
Like the hub, the IZK will be erected at the Moorburg 
site and produce hydrogen, district heat and waste heat. 
The sale and distribution of gas products is also part of 
the project outline. But while the consortium building 
the hub relies on tried-and-tested solutions, IZK mem-
bers intend to deploy next-gen technology. The plant 
will reportedly receive only around 4 hours’ worth of 
electricity a day (at most 200 megawatts) but produce 
a ton of hydrogen an hour. The key technology behind 
this new approach is an intermediate zinc electrolyzer, 
a quasi-hybrid energy generation device consisting of 
an electrolyzer and a zinc battery. The thermal energy 
generated by the plant will be stored at up to 650 °C 
in a high-temperature storage system equipped with 
steel rods made by Berlin-based Lumenion. Hopes are 
that this new kind of system will be better able to meet 
ups and downs in electricity, process steam and district 
heat demand. And an innovative gas turbine, capable 
of generating a few hundred hours’ worth of electrici-
ty from hydrogen or biomethane, will be used to cover 
peak loads.
Several days prior to the IPCEI funding notification, the 
consortium said Uniper will provide “millions of euros” 
to advance the project. Following the IPCEI’s decision 
not to support the venture, the consortium members an-
nounced they will, among other things, seek out national 
funding opportunities for individual components.

Fig. 2: Planned hydrogen grid expansion at Hamburg’s port.  
The first customers are already lining up.
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MICROBIAL BIOMETHANE ON THE WAY TO 
INDUSTRIAL MATURITY
ORBIT field test successfully completed

Category: Development    Author: Michael Nallinger

In contrast to technically mature chemical-catalytic metha
nation, there is still potential here for optimising process 
engineering and biological processes. On the one hand, the 
focus was on optimising, simulating and setting up a trickle 
bed bioreactor and preparing it for upscaling. On the other 
hand, optimally suitable micro-organisms were selected and 
their behaviour and suitability in the reactor and for the pro-
cess were analysed.

18-MONTH TEST OPERATION The project was divided into 
several phases. After the initial construction of the metha
nation plant at the FAU Erlangen-Nuremberg, it completed 
a successful 18-month test operation on the joint campus 
of the OTH and the University of Regensburg. “In the early 
phases of the project in Regensburg, various micro-organ-
isms were tested in the laboratory in interaction with differ-
ent material samples from the structural part of the plant, 
while in the meantime the plant was set up in Nuremberg 
and then structurally further developed in Regensburg,” 
project coordinator Martin Thema explains the first project 
steps. Afterwards, the project partners further developed the 
interaction of process technology and biology for semi-au-
tomated operation in the pilot plant. The gas supply in this 
project phase was by bottled gas.

Finally, from September to December 2020, the system 
was tested in the field at a gas pressure regulating and mea
suring station of Westnetz GmbH in Ibbenbüren, Westphalia, 
in endurance tests to determine its readiness for use (see Fig. 
1). Here, the approximately three-metre-high plant with a 
reactor output of around 0.6 kW drew the green hydrogen 

In December, the test operation of the ORBIT biometha-
nisation plant in Ibbenbüren ended and with it a research 
project for the further development of power-to-gas tech-
nology, which is becoming more and more important. 
ORBIT stands for “Optimierung eines Rieselbett-Bio
reaktors für die dynamische mikrobielle Biosynthese 
von Methan mit Archaeen in Power-to-Gas-Anlagen” or 

“Optimisation of a trickle bed bioreactor for the dynamic 
microbial biosynthesis of methane with archaea in power-
to-gas plants” in English. The research project had been 
running since July 2017 and was funded by the Federal 
Ministry for Economic Affairs and Energy (BMWi) with 
1.14 million euros. Within a short time, it was possible to 
set up a functioning system. This is now to be expanded 
into a complete system for industrial use in further devel-
opment steps.

Methanation is a process in which regeneratively produced 
hydrogen and CO2 are converted into biomethane by meth-
ane-producing archaea. These micro-organisms are among 
the oldest living organisms on earth. Methanogenic archaea 
occur naturally in oxygen-free habitats such as bogs and 
swamps, geothermal springs or the deep sea, but also in the 
digestive tract of humans and other mammals.

The overall goal of the joint project was to develop new 
technological options for the biological methanation process 
with archaea. Efficient energy storage and sector coupling 
technology should be taken to the next level and a new pro-
cess developed therein from scratch, from technology matu-
rity level (TRL) 3 to 7.

Fig. 1: General view of the plant in Ibbenbüren [Source: M. Thema]
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from an ITM Power electrolyser powered by renewable elec-
tricity, which is part of Westenergie’s Designetz project, as 
well as endogenous carbon dioxide from bioethanol produc-
tion. The ORBIT plant fed the biomethane produced into the 
gas network of the Tecklenburg region.

HYDROGEN REPUBLIC OF GERMANY BECAME REALITY “In 
an interdisciplinary team, all components of a biomethani-
sation plant were coordinated from scratch and brought to 
a feed-in development status,” sums up project coordinator 
Martin Thema. The methane content reached values of up to 
97.75 % with a methanol production rate of 0.35 m3CH4 h-1 
m³R-1 in continuous operation. According to Thema, about 
5.5m3 of methane was injected during the 283-hour operat-
ing period of the field test. This was done by continuously de-
termining various parameters, such as the gas composition, 
the vitality of the organisms and compliance with specified 
feed values.

Prof. Michael Sterner, head of the Energy Networks and 
Energy Storage Research Unit at OTH Regensburg, was sur-
prised by some of the results: “Some of the micro-organisms 
have endured more than was initially suspected.” For ex-
ample, the pH value was very high in places, but the system 
did not collapse completely and could be stabilised again 
through appropriate measures. Sterner’s overall conclusion 
is also positive: “This is where the Hydrogen Republic of 
Germany became a reality. Through constructive and inter-
disciplinary cooperation, we were able to get a functioning 
system, from basic research to application in the field, within 
a short time.”

MINISTERIAL SUPPORT This positive assessment was ech-
oed by Federal Research Minister Anja Karliczek during an 
on-site visit to Ibbenbüren: “The power-to-gas plant is an 
example of how we can build the climate-neutral energy 
supply of the future: With innovation, energy and coop-
eration between science and business. Forward-looking 
solutions like these create new added value and jobs – and 
ensure that we can pass on a world worth living in to our 
children and grandchildren”.

For Andreas Feicht, State Secretary at the Federal Min-
istry for Economic Affairs and Energy, hydrogen and its 
derivatives are key elements in completing the energy turn-
around: “For this, we need projects like ORBIT that trans-
fer innovative approaches into application. This is how we 
can make the market ramp-up of hydrogen technologies a 
reality and achieve our ambitious goals. The success of the 
project also shows that we can make an important contri-
bution with our support for energy research,” Feicht em-
phasised in Ibbenbüren.

FURTHER OPTIMISATION STEPS IN VIEW Despite these suc-
cesses, further steps are needed to technologically optimise 
the process. The project partners first mention the identifica-
tion of suitable packed archaea-industrial gas combinations 
in order to enable a broadly based range for use in many ar-
eas. If the combinations are only suitable for certain educt 
gases, it should be possible to provide customised metha
nation plants for different industrial sectors. In addition, the 
scope of flexibility of the plant is being investigated in order 
to be able to respond to the requirements of different farms. 
Another challenge to be overcome, especially in connection 
with the upscaling of the technology, is the improved trans-
portability of the plant. Here, for example, a container-based 
design is being considered.

Project partners were the University of Regensburg 
with the Chair of Microbiology and Archaeology Centre 
Regensburg, the Friedrich Alexander University Er-
langen-Nuremberg with the Chair of Energy Process 
Engineering, and from industry the companies Elec-
trochaea, microbEnergy (Viessmann Group) and Micro-
Pyros. As associated partners, Westenergie AG and its 
distribution grid operator Westnetz provided the infra-
structure for field testing. The German Technical and 
Scientific Association for Gas and Water (DVGW) was 
involved as a project advisory board with its research 
unit at the Engler-Bunte Institute of the Karlsruhe In-
stitute of Technology. The project was coordinated by 
the Energy Networks and Energy Storage Research 
Unit at OTH Regensburg, headed by Professor Michael 
Sterner.

Fig. 2: Federal Research Minister Anja Karliczek (centre) at the 
commissioning of the field trial – from left to right: Dr. D. Hafen-
bradl, Electrochaea – Dr. A. Bellack, Uni Regensburg – M. Thema 
and Prof. M. Sterner, both OTH Regensburg – H. Heß, Westenergie 
– State Secretary A. Feicht, BMWi – Prof. J. Karl, FAU Erlangen-
Nürnberg [Source: Hermann Pentermann/Westenergie]

The next steps are therefore firmly in sight at OTH Regens-
burg. Thus, as part of a follow-up project, the industrial use 
of the reactor is to be expanded into a complete system and 
this will then be tested in an industrial environment. Here, 
among other things, it is planned to supplement the trickle 
bed reactor with a PEM electrolyser and an intermediate gas 
storage tank and to integrate them into a container. Further 
funding is needed for this research work. Under the leader-
ship of the OTH Regensburg, a corresponding application 
for a follow-up project has already been submitted.

In any case, project coordinator Thema is convinced of 
the competitiveness of the technology: “Each method has 
advantages and disadvantages that weigh more or less heavi
ly depending on the application. Biological methanation is 
insensitive to impurities in the reactant gas.” This is a signif-
icant benefit over the chemical-catalytic process. This posi-
tive property comes into play in the field of biogas process-
ing, for example. After all, this is a fairly common case. As a 
result, Thema sees great potential for biological methanation, 
especially at sites where waste gas streams with no high CO2 
purity produced. In terms of cost comparison, he sees the 
two methods as roughly equal. ||
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The Kawasaki M1A gas turbine is a milestone for the energy 
turnaround. It has been operating on a harbour island off 
Kobe since July 2020 and is the first gas turbine with com-
plete, dry and low-nitrogen oxide hydrogen combustion, 
so-called dry-low NOX combustion. This is because H2 is 
extremely reactive, and it is precisely this that distinguish-
es the combustion of a hydrogen-natural gas mixture from 
that of pure natural gas.

“Other manufacturers are currently trying to increase the 
hydrogen content, but are keeping the previous premix tech-
nology. However, this becomes extremely difficult with vol-
ume shares of more than 80 per cent and is problematic in 
terms of operational safety,” explains Dr Karsten Kusterer. 
He is the managing director of the Aachen-based company 
B&B-AGEMA, which offers engineering services for energy 
and power plant technology, among other things, and helped 
develop the turbine for Kawasaki.

The key technology of the gas turbine in Kobe is a newly 
developed combustion chamber from Kawasaki that uses 
the principle of so-called micro-combustion. The dry, low 
NOX combustion technology improves electrical efficiency 
compared to the conventional method. While other techni-
cal approaches rely on conventional premixed combustion 
systems, which always involve a residual risk of explosive 
states of hydrogen-air mixtures, the new micro-mixing 
technology achieves a high level of operational safety, ac-
cording to Kusterer. That’s why B&B-AGEMA, in coopera-
tion with Kawasaki and the Aachen University of Applied 
Sciences, has opted for the new technology, explains Kus-
terer: “There are a large number of small flames in the com-
bustion chamber. For each of these flames, there is a small 
H2 nozzle that injects the hydrogen into a separate air jet 
in each case.”

AVOIDING FLAME FLASHBACKS The fuel must burn in the 
air with the lowest possible nitrogen oxide levels despite 
higher combustion temperatures, Kusterer describes. With 
conventional premix burners, there is a risk of flame flash-
backs, which becomes higher with increasing hydrogen con-
tent. This safety problem was solved by the micro-mixing 
technology, because the parameters of the air jet could be 

SAFELY AND PRECISELY JETTED IN
First micromix gas turbines burn pure hydrogen

Category: Development    Author: Niels Hendrik Petersen

adjusted very precisely. “The currently ongoing first year in 
field operation is now being used to make further fine adjust-
ments. But the basic technological implementation has been 
completed,” says Kusterer. The technology is now being pre-
pared for Kawasaki’s larger gas turbines. The manufacturer’s 
portfolio ranges up to 30 MW output.

In the end, the work of more than ten years of prepara-
tion was worth it. The tests prior to gas turbine deployment 
have been carried out in Akashi and Aachen. In Aachen, 
initially at the University of Applied Sciences for atmos-
pheric tests in the development phase. Later, complete com-
bustion chambers were run under the pressure conditions 
of the gas turbine on a test bench at RWTH Aachen Uni-
versity with pure hydrogen. Prof. Dieter Bohn set up the 
high-pressure test stand at the Institute for Steam and Gas 
Turbines (then IDG, now IKDG, Institute for Power Plant 
Technology, Steam and Gas Turbines) in 2009 specifically 
for such applications.

In Germany and Europe, many sectors will compete for 
the available green H2 quantities. “Initially, therefore, only 
decentralised small gas turbines and lighthouse projects 
with a few MW of power are likely to play a role when talking 
about the combustion of pure hydrogen,” predicts Kusterer. 
There will presumably initially be hydrogen islands that also 
provide green hydrogen for reverse power generation in a 
regional network. These networks would then have to grad-
ually grow together.

Kusterer initially sees the H2 turbine in this country 
more in mobile applications such as in air taxis, but also on 
rail and in inland waterway transport. “The hydrogen gas 
turbine is clearly in competition with the fuel cell here,” he 
says and explains: “The gas turbine is more robust in oper-
ation, has no problem with contaminated hydrogen or has 
fuel flexibility and is also cheaper in terms of investment.”

KAWASAKI’S HYDROGEN ROADMAP Japan wanted to re-
duce its dependence on LNG supplies early on. From 2008 
onwards, there was an increased interest in converting the 
energy supply to a greater share of hydrogen in the long 
term, in as many areas as possible. That was three years 
before the Fukushima nuclear disaster. “The Japanese view 
is several years ahead of the European one,” compares 
B&B-AGEMA head Kusterer. Kawasaki already started de-
veloping an H2 gas turbine as early as 2010 as part of the 
Hydrogen Roadmap and involved German partners. Japan 
is working closely with Australia on this strategic roadmap. 
The goal is to initially produce blue hydrogen in Australia, 
but in the long term to produce green hydrogen from pho-
tovoltaics and wind power. Thanks to the roadmap, the H2 
infrastructure in Japan is already much further along than 
in Europe (see also p. 55).

HIGH FLEXIBILITY WITH AURELIA The Finnish manufac-
turer Aurelia is also at the beginning of the commerciali-
sation of a pure H2 turbine. A first model was delivered in 
2020. “The Covid pandemic has unfortunately hindered or 
slowed down development somewhat. Nevertheless, Aure-
lia is already currently preparing to deliver the second and 

Fig. 1: H2 turbine from Siemens [Source: Siemens]
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third units in the summer of 2021,” exults Sales Director 
Tony Hynes. There are an enormous number of orders from 
dealers and end consumers, which means that the manufac-
turer’s production capacity will be fully utilised until well 
into 2022.

Fuel flexibility is a decisive benefit: “Our ability to work 
with fuels of varying H2 content means we can cover many 
different applications,” explains Hynes. This, combined with 
the absence of lubricants, low emissions, low operating costs 
and high efficiency, is one of the key differentiators. Techni-
cally, pure hydrogen can be burned, but besides the technical 
challenge of flame speed, pure H2 gas is also more difficult to 
obtain, Hynes explains. Today, there are not so many reliable 
sources, and the distribution infrastructure is still in an ear-
ly development phase.

The hydrogen market is currently growing and is also be-
coming more global, which offers many opportunities, says 
Hynes. “However, the acceptance in individual regions is 

Fig. 2: Turbine unit from Aurelia

very different. Europe has a strong H2 agenda, which makes 
us happy,” says the Aurelia manager. The company is al-
ready engaging with potential customers in Australia, China, 
North America and Russia.

SIEMENS: DEMONSTRATE FROM ZERO TO ONE HUNDRED 
PERCENT The German company Siemens Energy has also 
converted an existing SGT-400 industrial gas turbine for 
H2 use, but relies on premixed combustion. The Hyflex-
power project aims to prove that green hydrogen can be 
mixed with up to one hundred percent natural gas and 
burned in a CHP plant. The turbine works at Smurfit Kap-
pa PRF, a company specialising in recycled paper in Sail-
lat-sur-Vienne, France. The utility Engie Solutions operates 
a 12 MWel CHP plant there that supplies process steam for 
manufacturing. The existing power plant will be modern-
ised and optimised during ongoing operation. According 
to the project partners, the conversion would be signifi-
cantly cheaper and quicker to realise than a new building 
on a greenfield site.

For future retrofits, the changes should be limited mainly 
to the burner as well as the fuel systems and electrical, aux-
iliary and ancillary systems, explains Erik Zindel, manager 
at Siemens Energy. “We want to demonstrate any mix from 
zero to one hundred per cent of natural gas and hydrogen in 
the plant, all with dry premix combustion.”

The Hyflexpower project has a total budget of almost 
€15.2 million, of which €10.5 million is fully funded by the 
EU under the Horizon 2020 programme. During the two 
demonstration phases, the plant will run on a mix of natu-
ral gas and hydrogen, with the final stage in 2023 targeting 
operation with up to 100 per cent hydrogen. The consortium 
includes Siemens Gas and Power, Engie Solutions, Centrax 
as well as Arttic, DLR and four European universities. ||
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Many readers, especially those who’ve been following the hy-
drogen industry for a while, will already be acquainted with 
the name T. Nejat Veziroglu, also known by his decades-long 
moniker “Mr. Hydrogen.” Now over 90 years old, he rose to 
international prominence following his pivotal role in the 
growth of the global hydrogen market, including as the long-
time organizer of the World Hydrogen Energy Conference.

Since the WHEC was launched in Miami Beach in the 
United States in 1976, it has taken place every other year, al-
ternating with the World Hydrogen Technology Conference, 
or WHTC, in odd years. Both conferences are organized 
by international hydrogen association IAHE. Age-related 
health concerns made it impossible for Veziroglu to attend 
the WHEC’s most recent iteration in Rio de Janeiro, Brazil, 
in 2018 (see H2-international, October 2018). But besides 
sending a video message to the conference, he was well rep-
resented at the event by his wife, Ayfer Veziroglu.

“Hydrogen Romantic,” written by Ayfer Veziroglu under 
her pen name Anna Green, is based on a series of daily in-
terviews she did with her husband over the span of several 
weeks. Drawing on her meticulous notes, she created a mem-
orable tribute to the visionary’s eventful life. Although the 
book’s title is a direct nod to her husband’s love for hydro-
gen, the 276-page book offers many historical and personal 
insights into his time spent as a young boy in Israel and as a 
university student in the UK. The topic of hydrogen comes up 
about 100 pages in, as the book turns to The Hydrogen Econ-
omy Miami Energy Conference, better known as THEME. 
Organized by T. Nejat Veziroglu in 1974, the event drew 750 
attendees from 80 countries. A spontaneous meeting on the 
first conference day led to IAHE’s founding, with Veziroglu 
serving as the association’s first president.

The book, which came out at the end of 2020, is available 
in hardcover, pocket book and digital format on publishing 
platform Xlibris. It has a simple yet elegant design and con-
tains numerous black and white photographs. ||

 �Green, Anna. Hydrogen Romantic. ISBN 978-1664126992.  
Xlibris, 2020

On 18 May 2021, the International Energy Agency (IEA) pre-
sented a special report that could help implement the path 
to an era of net-zero emissions in the energy sector by 2050. 
The path to be trodden for this is narrow, but it offers amaz-
ing benefits. The report is the world’s first comprehensive 
study on how the transition to a net-zero energy system by 
2050 can succeed globally. According to the study, the most 
important measures are the rapid expansion of renewable 
energies and the drastic reduction of fossil energy sources.

The path outlined by the IEA involves drastically high 
levels of investment that could create millions of new jobs 
and boost global economic growth. However, this would 
require far-reaching political measures by governments, 
which would have to be flanked by intensive international 
cooperation. For example, the IEA is calling for no further 
investment in fossil fuels with immediate effect and no new 
registrations of passenger cars with combustion engines by 
2035, as well as zero CO2 in the global power sector by 2040. 
Both battery and hydrogen technology are considered to be 
particularly effective.

Fatih Birol, Executive Director of the IEA, said: “Our 
roadmap identifies the priority measures needed today to 
ensure that the opportunity for net-zero emissions by 2050 

– which is low but still achievable – is not lost. The scale and 
speed of effort required by this critical and daunting goal – 
our best chance to combat climate change and limit global 
warming to 1.5°C – make this perhaps the greatest challenge 
humanity has ever faced.” ||

 IEA, Net Zero by 2050: A Roadmap for the Global Energy Sector

HYDROGEN ROMANTIC IEA ROADMAP

“Governments’ climate pledges to date – even if fully 
achieved – would fall far short of what is needed to bring 
global energy-related carbon dioxide emissions to net 
zero by 2050 and give the world a chance to limit glob-
al temperature rise to 1.5°C. [...] An energy turnaround 
of this scale and speed cannot be achieved without the 
sustained support and participation of citizens whose 
lives will be affected in many ways.”
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a single instrument, the OGS elimi-
nates the need for separate analyzers 
to detect a wide variety of gases and 
hydrocarbons. These include hydro-
gen sulfide (H2S), sulfur dioxide (SO2), 
oxygen, dinitrogen (N2), nitrogen di-
oxide, carbon monoxide, carbon di-
oxide, water, alcohols and aromatic 
compounds. Analysis takes only a few 
seconds, with readings given in parts 
per million.

While designed for an operating 
pressure of 10 bars, the OGS can also 
perform measurements at up to 30 bars 
at a temperature of 10 °C to 40 °C. The 
current aim of product development is 
to increase both the pressure and tem-
perature range of the device.

If you are interested in part-
nering with Linde and Bosch to 
improve and test the OGS at your 
production facilities, please send 
an email to Franziska Seitz at  
Franziska.Seitz@de.bosch.com ||

Researchers working for Bosch and Linde are developing a new, portable device 
called an Optical Gas Spectrometer, or OGS. The unit is said to be capable of de-
tecting nearly all types of impurities found in hydrogen and CNG and allow for a 
detailed analysis of gas compositions.

Despite being as small as a shoe box, the device provides the same function-
ality as spectrometers used in laboratories. While Linde Gas is now putting the 
first fully functional prototype through its paces, Bosch is looking for additional 
partners to improve and beta-test the unit.

The purpose of the device is to determine hydrogen or natural gas quality 
based on DIN EN 17124 or ISO 14687. By integrating multiple analyses into 
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ANALYSIS RESULTS AND RECOMMENDED ACTIONS The 
outcome of the analysis indicates that both Germany and 
Europe, when compared to international standards, need to 
regain ground in particular areas of the value chain. This is 
particularly the case for:

	· efficiency of raw material usage and closure of raw 
material cycles

	· development and production in membrane electrode 
assembly

	· basic research into bipolar plates and stack assembly
	· research and development, cost reductions and expan-

sion of the supplier base for key components such as 
hydrogen recirculation blowers, DC/DC converters, 
humidifiers, tanks and electronic air compressors

By contrast, when it comes to system assembly and certain 
components, namely the power distribution unit, high-volt-
age wiring harness, tank valves and pressure regulators, Eu-
ropean organizations are generally at least on a par with the 
world’s major players.

Needs-based fuel cell development and production is 
crucial in order for the European mobility industry to attain 
a leadership position. This presupposes that intensive R&D 
and a high production share of all value creation stages take 
place in Germany and Europe. The effects that the change-
over of power systems will have on employment within the 
automotive industry must be countered by requalification 
and adjustment programs. So as not to jeopardize the estab-
lishment of a future leadership position for Germany and 
Europe in the field of fuel cell technology and in order to 
exploit the associated innovation potential, the training of 
specialist staff and the recruitment of experts at universities, 
as well as in businesses, have an important role to play.

Last but not least, the market for fuel cell vehicles needs 
to be developed and made more attractive to users. Part of 
the solution is the expansion of the refueling infrastructure 
for hydrogen. It also calls for a harmonization of standards at 
an international level along with technology cost reductions 
through economies of scale and strategic partnerships.

CONCLUSION In many areas, Germany and Europe already 
have a solid basis for the future production of fuel cells. When 
compared internationally – particularly with Asia – there is, 
however, a need to catch up. Competitors from Japan, South 
Korea and China are already producing fuel cells in large 
quantities. This is due to an acceptance several years ago of 
a hydrogen-based future and has resulted in infrastructure 
expansion and infrastructure funding, which in turn is sig-
nificantly driving development in various Japanese, South 
Korean and Chinese enterprises.

In China – the largest market for electric transportation 
– the industrial sector is currently expanding all the areas of 
competency required for fuel cell technology. It can be ex-
pected that China will look to achieve a dominant position 
in the fuel cell market, similar to the position it has already 

HOW CAN GERMANY AND EUROPE LEAD  
THE WAY IN FUEL CELL MOBILITY?
National Platform Future of Mobility reveals its position paper

Category: Market    Author: Elisa Reker-Gluhic

The chances of fuel cell technology making a breakthrough 
in mobility applications are looking good. Various devel-
opments are helping the rollout, expansion and deploy-
ment of fuel cell technologies in many different areas of 
the transportation sector. These include the technological 
maturity of the automotive industry, potential synergies in 
connection with other hydrogen applications and sectors, 
considerable changes to the regulatory framework and new 
political ambitions, as articulated in Germany’s national 
hydrogen strategy. But how is the German and European 
vehicle manufacturing industry poised when it comes to 
fuel cells?

If climate goals are to be reached, major new technologies 
will be required that have the potential to significantly re-
duce emissions. While battery electric power systems repre-
sent one option, electric propulsion based on hydrogen and 
fuel cells is another alternative which is particularly suited 
to applications with high performance and energy require-
ments or where the need to cover large distances is para-
mount. Example areas include long-haul and heavy-duty 
road transportation as well as applications in the maritime, 
aviation and rail sectors.

For Germany and Europe to carve out a leading role in 
the field of fuel cell technologies, however, there needs to be 
a sustained increase in the global competitiveness of vehi-
cle manufacturing and the competitiveness of German and 
European industry overall. That’s the stance of the recently 
published position paper of Germany’s National Platform 
Future of Mobility, otherwise known as NPM. The position 
paper sets out a qualitative analysis of the status quo in terms 
of the value network for the production of fuel cells and their 
components, with a focus on the automotive field.

VALUE CREATION PROCESS IN THE SPOTLIGHT The first 
level of the analysis looked at the individual steps of value 
creation depth. Here, a description was given of each separate 
step in the process: from raw materials, membrane electrode 
assembly, the manufacture of bipolar plates through to stack 
and system assembly and recycling. For each of these central 
value creation stages, a second level of analysis and assess-
ment was applied to aspects such as the scientific foundation, 
the development and production know-how, the recruitment 
and development of staff, sustainability and environmental 
responsibility, the basis and readiness for investment as well 
as issues surrounding energy use and performance. The 
expert assessment focuses on an evaluation of the current 
situation with regard to current competitiveness in Ger-
many and Europe and also provides a forecast based on the 
assumptions made about future changes in competitiveness 

“in 10 years” within an international context. Performing 
the analysis were the members of NPM’s Working Group 4, 
whose remit encompasses “securing Germany as a place for 
mobility, production, battery cell production, primary ma-
terials and recycling, training and qualification,” and other 
specially invited experts from academia and industry.
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attained for batteries. Fuel cells are, at present, one of the 
most highly subsidized new vehicle technologies in China. If 
the development of hydrogen-based vehicles in China runs a 
similar course to that of battery electric forms of transporta-
tion, then China could become the market leader in fuel cell 
vehicles in the next six years. Furthermore, there is an addi-
tional risk that the widely used practice in China of whitelis-
ting will be introduced to favor local suppliers, as previously 
seen for high-voltage batteries and cells.

In order to remain internationally competitive with the 
present market leaders, further areas of action and short-
term investment in the domestic economy are, for Germany 
and Europe, essential. Germany, in particular, has previously 
taken a wait-and-see approach in terms of pushing hydrogen. 
Nevertheless, the European Union’s hydrogen strategy and 
the German government’s national hydrogen strategy sent 
out a tangible message in 2020. It is still necessary, however, 
for the political establishment and industry to set clear inten-
tions that recognize the use of the technology in automotive/
mobility applications so as to create future certainty, form 
a sound basis for planning and thus encourage investment.

The rapid development of a functioning European hy-
drogen economy must take place without a preference to 

certain technologies and requires all climate-neutral hydro-
gen production processes in order to cover the increasing 
demand for climate-friendly hydrogen within the industrial 
and transport sectors and to tackle climate change effective-
ly, instead of a one-sided focus on electrolyzed hydrogen. It 
is important now more than ever to establish hydrogen fuel 
cell technology within the transport sector and to maintain 
long-term competitiveness, making sure that the right ap-
proaches are used and at the necessary speed. An applica-
tion-centered market activation must now be the goal in or-
der to drive forward this key area of technology. ||

 www.plattform-zukunft-mobilitaet.de/2download/positionspa-
pier-brennstoffzelle/
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Fig. 1: Overview of recommended actions [Source: NPM]
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DIGITAL VALUE CREATION IN A GREEN 
HYDROGEN ECONOMY
Results of Fraunhofer’s PLATON research project

Category: Market    Authors: Tassilo Schuster, Sebastian Haugk, Anna-Lena Klingler

Three Fraunhofer institutes in Germany – IAO, IIS and IMW – have been tackling 
key questions on the nature of digital value creation in relation to green hydrogen. 
The research comes as part of the PLATON project which has been investigating 
the platform economy in the hydrogen sector. The results of the project have now 
been published in a study. The outcome is a hybrid value creation model that helps 
companies to take a systematic approach to digital value creation.

Enormous political and economic effort is required if hydrogen is to become a new 
lead market in Germany and if Germany is to establish itself as a lead supplier for 
hydrogen technologies. For a lead market means cultivating green hydrogen as a 
new and significant economic sector within Germany and Europe over the longer 
term and developing an awareness of its role in ensuring our lasting prosperity. 
Alongside the German government’s multi-billion-euro subsidy programs and the 
high level of investment in hydrogen technologies by businesses, a greater consid-
eration of digital value creation is imperative to reach these targeted goals.

THINKING DIGITALLY FROM THE OUT-
SET Only when the digital world is 
taken into account – from data gener-
ation right through to platform-based 
approaches – will the high level of in-
vestment in the lead market for green 
hydrogen pay off. This, in any case, is 
what experience tells us from other 
economic areas, e.g., manufacturing 
and mobility, in which the share of 
value created is shifting increasingly 
from the physical to the digital domain. 
Attractive profits and rapid revenue 
growth are often no longer achieved 
by companies that develop and market 
purely physical products and services, 
but are instead obtained by those that 
also successfully implement the ideas 
of the data and platform economy, in-
vest in digital technologies, such as ar-
tificial intelligence, machine learning, 
big data and the internet of things (IoT), 
and transpose these into new business 
models on a large scale.

To help companies establish digital 
value creation within a hydrogen econ-
omy, a hybrid model based on three 
value creation dimensions was devel-
oped as part of the research project (see 
fig. 1). The first two dimensions incor-
porate physical value creation while 
the third dimension illustrates digital 
value creation:

	· Horizontal (physical) value creation: 
from renewable energy to electricity 
to the production and utilization of 
green hydrogen

	· Vertical (physical) value creation: 
from individual components to as-
semblies to entire systems

	· Digital value creation: from data 
from the physical world to con-
nectivity to data-oriented and plat-
form-based business models

Horizontal (physical) value creation 
covers all direct activities, starting 
with generation from renewables, for 
example wind, solar and biomass, and 
extending to the production, storage 
and transportation of hydrogen and 
through to the use of hydrogen in in-
dustry, transport or buildings.

Vertical (physical) value creation 
encompasses the necessary upstream 
components, assemblies and systems 
for generating renewable energy, for 

Fig. 1: Hybrid value creation model for the green hydrogen economy [Source: Fraunhofer IMW]

Fig. 2: Levels of digital business models [Source: Fraunhofer IMW]
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transmitting electricity, for producing, storing and trans-
porting hydrogen, and also for utilizing hydrogen. All 
these value-added activities are important since many key 
elements such as electrolyzer plants or fuel cells are still in 
development or in the process of reaching the series pro-
duction and launch stages. Part of the strategy for establish-
ing a green hydrogen economy must be the rapid further 
development of critical components, software applications, 
assemblies and systems. Value chains for the manufacture 
of electrolyzer plants or fuel cells need to be created and 
optimized.

Digital value creation represents the digital realm of a 
green hydrogen economy. Using digital technologies, data 
is generated from the physical value-added activities and is 
used to create value in digital business models. Such business 
models are frequently subsumed under the headings “data 
economy” and “platform economy.” Digital business models 
benefit from the increasing availability of operating data and 
status information as well as from the rapid progress being 
made in data analysis through technologies that include ar-
tificial intelligence and machine learning. Examples of da-
ta-oriented approaches and value-added activities that have 
already been introduced are as follows:

	· Developers and operators of wind farms and solar arrays 
that use data on weather conditions, including wind force 
and sunshine hours, to assess the attractiveness of loca-
tions for wind and solar power plants and to plan their 
plants more effectively

	· Plant manufacturers that increasingly use machine learn-
ing to better predict failures of wind and solar power 
plants and to identify damage, for example through imag-
es taken by drones

	· Smart grids which, by evaluating data, achieve a better in-
teraction between power generators, power consumers and 
grid management so that fluctuations in the energy supply 
are better offset and grids are more equally balanced

	· Grid operators that collaborate with software companies 
to achieve increased grid stability by means of artificial 
intelligence

	· Industrial companies that generate data during nonde-
structive testing of components in fuel cells and electro-
lyzers which can be used to optimize production process-
es by means of artificial intelligence

	· Operators or gas grids that use data analysis to identify 
leaks in gas pipelines more quickly, to simulate flow mod-
els and to optimize supply grids

These data- and platform-oriented approaches will become 
an important part of value creation within the green hydro-
gen economy and facilitate the route into results-oriented “as 
a service” business models such as “wind power as a service” 
or “hydrogen as a service.” These appear to be inescapable 
in rail and heavy-duty vehicle transportation, for instance, 
since the sale of a hydrogen train or a fuel cell truck will not 
alone be sufficient to encourage companies to switch to the 
new technology. Rather, the supply infrastructure for hy-
drogen must be offered alongside it and this infrastructure 
must be ensured for customers. Companies therefore need to 
develop a comprehensive understanding of digital business 
models and take into account four intertwined levels:

Here, the research project demonstrates that data- and 
platform-based business models already currently exist at 
various points along the value-added activities in the hydro-
gen economy. In hydrogen production, by way of example, 
the German electrolyzer supplier Enapter evaluates the data 
from its electrolyzers on a platform in order to optimize en-

ergy management. Use of the platform allows electrolyzer 
operators to lower their energy costs and reduce their risks, 
such as plant failures.

The PLATON canvas, which was developed during the 
course of the research project, enables the particular charac-
teristics of platforms to be analyzed systematically:

	· Interaction: Describes the reciprocal relationships be-
tween platform provider and other agents. The form of 
the interaction has significant consequences for the value 
proposition, the possibility of achieving network effects, 
the scaling and the revenue mechanism

	· Value proposition: Illustrates how, on platforms, a value is 
created for customers and partners

	· Network effects: Cause an increase in the value created on 
the platform as the number of agents rises

	· Scaling: Denotes growth options by means of which the cre-
ated value can be increased for agents. This is often not ex-
plicitly incorporated in traditional business model concepts. 
Scaling can take place on the user and the partner side

	· Revenue mechanism: A considerable challenge for plat-
forms lies in the revenue mechanism, in other words the 
ways and the means by which companies can generate in-
come via the platform

The research project demonstrates that a comprehensive un-
derstanding of digital business models in the hydrogen econ-
omy and proactive engagement in their design are essential 
for successfully establishing green hydrogen as a lead mar-
ket. At the same time, however, digital value creation in the 
hydrogen economy is only in its infancy. Those companies 
in particular that consider digital value creation at an early 
stage will be among the winners in the newly formed green 
hydrogen economy. ||
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Fig. 3: Enapter’s IoT platform, represented using the PLATON 
canvas [Source: Fraunhofer IMW]
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THE IMMENSITY OF HYDROGEN
Interview with stock market pundit Dirk Müller

Category: Market    Interview partner: Dirk Müller

For months now, hydrogen has been dominating the conver-
sation. But far from it being a topic of discussion confined 
to the energy sector, it’s also a subject on the lips of many 
stockholders. Internet platforms have been brimming over 
with posts: a cacophony of news, views, speculation and 
rumor. And an increasing number of providers are luring 
potential clients with – sometimes dubious – market stud-
ies supposedly offering fresh insider intelligence with the 
promise of maximum stock returns. One of the best-known 
stock market experts in Germany is Dirk Müller – other-
wise known as Mr. Dax. Many years back he predicted that 
hydrogen would have a major role to play not just in the 
energy industry but also on the stock markets. H2-interna-
tional talked to Müller about his experiences, expectations 
and share trading strategy.

Mr. Müller, for you this run on hydrogen stocks has not come as a 
surprise. Back in 2018 you described the potential of this technolo-
gy in your book “Machtbeben” [rough translation: Power Shake-
Up]. When did you start following the hydrogen sector?
Müller: I’ve actually been following it for over 10 years now. 
Ballard Power was already in existence back then as well as 
quite a few other companies that were early adopters of hy-
drogen. But they were pretty far ahead of their time. It was 
still very much a niche area, yet it was already possible to see 
that it would become a big deal one day. We always try to 
keep an eye on things in the early stages and not when they 
are front page news. I think at Cashkurs*Trends, our stock 
market service for tech companies, we flagged up hydrogen 
10 years ago, but of course it’s only now that things are really 
getting interesting.

At what point did you become aware of hydrogen’s potential?
It was the moment when it actually became clear that we 
were going to be relying more on renewable energy, and the 
decision was made to move away from oil – when this issue 
of carbon dioxide became a massive talking point, so five 
or six years ago. It was obvious to me that with renewables 
there would also be a need for a storage technology, and that 
could only be hydrogen. It was clear that there’d also be in-
creasing impetus in the hydrogen sector, although hydrogen 
is such an immense deal that, first of all, the players position 
themselves and try to do as much as possible under the radar 
before it triggers any major change.

And what in the past few months has demonstrated to you that this 
is not just some new short-lived hype but that this is something big 
that’s come along, something that’s here to stay?
For me it all became very clear when I saw the ferocity of the 
political struggle over gas reserves around the world, Qatar 
being a case in point. For the past few years, no damn person 
has had any interest in oil, to put it bluntly. Natural gas, on the 
other hand, has always been a major battleground. It’ll play a 
really, really big role for a long time to come, and, like it or not, 
hydrogen and natural gas are very closely interwoven. Green 
gas and green energy will be put at the forefront, and until 
at least 2050 most of the hydrogen will be produced – in my 
view – from fossil fuels and not from renewables. Although, of 
course, they’re a nice fig leaf. While the emphasis will move in-
creasingly in favor of green hydrogen over the coming decades, 
the transitional technology to reach that goal is gas.

Why then are the Americans so impatient to take the gas 
supplies to Europe away from the Russians if the word is we 
don’t want anything more to do with gas – we want to shift 
to renewables. It could be said that a few cubic meters will 
be left to the Russians. But it’s evident that things are really 
kicking off now in the gas market.

How do things look in the mobility sector? Volkswagen is turning itself 
fully toward battery-powered electromobility while Toyota and Hyundai 
are also focusing on fuel cell cars. What are your thoughts on this?
I think from today’s standpoint, in 2021, it’s impossible to say 
with any certainty that these companies will just do hydro-
gen and these companies will just do electric. Both will be 
used. Everyone will decide for themselves where their strate-
gic advantages lie. These days, I wouldn’t even go so far as to 
separate these two worlds like that.

And where do you see the fields of application?
There was a time when hydrogen propulsion made sense for in-
dustrial trucks. But when this niche product is let out, we most-
ly see the benefits of hydrogen in heavy-duty and long-range 
vehicles, and similarly for limousines. When it comes to small-
er vehicles, that’s where electric now has the upper hand; but 
even small vehicles – and this is also on the Hydrogen Coun-
cil’s timeline – will be powered by hydrogen too from 2025 or 
2030. So at the end of the day we’ll have battery and fuel cell 
vehicles running alongside each other. Both have their own jus-
tifications, as did gasoline and diesel. Both will find their fields 
of application, and that will vary between corporate groups.

Fig. 1: Dirk Müller [Source: Dirk Müller]
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In 2018 you wrote in your book that while China was then going “full 
throttle” toward battery-powered electric transportation, in Germa-
ny the brakes had been applied, “in order to get hydrogen onto the 
slopes as quickly as possible.” Your opinion was that we should “let 
as few electric vehicles on the streets of Western industrial states 
as possible so as to gain time for hydrogen.” Was that the case?
I wrote it in pretty bold terms because back then all you heard 
was electric, electric, electric. Hydrogen hardly got a look-in. 
It was a crackpot technology that was barely in the public 
consciousness. I wanted to make it clear that there were good 
reasons to give hydrogen a much, much higher priority. The 
thrust of my argument was: Don’t underestimate hydrogen – 
which I think was quite apt.

Why should German automakers in particular take a greater 
interest in hydrogen over battery technology?
I’m convinced that there is a great deal of interest in our industry 
to push hydrogen instead of electric, simply due to the higher 
complexity of hydrogen powertrains and hydrogen technology 
because this creates greater value for companies in the Western 
world – that’s how I described it in the book. But I think there are 
now more factors at play than just technology market leadership.

To want a more elaborate technology to prevail purely because 
there is greater potential for value creation is, in terms of re
source conservation, totally nonsensical, surely?
Yes, but nobody is really interested in that. Throughout this 
whole discussion around resource conservation and environ-
mental protection and so on, I have – when it comes to industry 

– never seen anything that’s more than just a fig leaf approach. 
Industry has shown no interest for a hundred years and it still 
isn’t interested now. For them, it’s about making profit, maxi-
mizing gains. When a nice green fig leaf is wafted at them, then 
they gladly take it and use it for decoration. At the end of the 
day, it’s all about revenue for them. Thirty years in the stock 
market tells me that companies actually couldn’t care less. They 
like to tell you they do, and when push comes to shove, they’ll 
do what’s necessary. The driver is always money and power. At 
the most, the environment is used just as a pretext.

So in your opinion would politics need to take a more proactive 
role in order to change the framework?
There’s a lot of misuse surrounding carbon dioxide certificate 
trading and ESG regulations, etc. Much of what happens po-
litically and economically I see as green washing. When I look 
at which companies are getting which ESG assessments, that 
has more to do with issues of power than with actual environ-
mental issues. You have to really scrutinize things, and politics 
is rarely cut free from the financial interests of large corpo-
rations, investors and party donors. If you look at how much 
influence the large corporations have in terms of lobbying in 
Brussels and how little influence the small environmental or-
ganizations or others have there, the cards are clearly stacked.

What’s your take on China? The work there on hydrogen techno-
logy seems, in many places, to be moving forward much more 
rapidly than here, or what’s your current take on it?
The Chinese also see that they can’t get any further with 
all-electric and that they too need hydrogen. The needs are 
the same right around the world. I now have areas of appli-
cation which I can’t progress any further with electric. So of 
course they have gone full throttle into electric and tried to 
use this speed to outpace the Western market. It’s a simple 
technology that China has been able to build super-quickly – 
more quickly than in the West with its bureaucratic hurdles. 

Hydrogen is more complex. That’s where we’re one step ahead. 
These days, I no longer see it as such a clear split between bat-
tery and fuel cells. Today it’s a mixed model in all business 
areas – that’s as much the case for the Chinese as it is for us.

What’s the news from the USA?
I’ve always seen the USA as being well out in front when it 
comes to hydrogen, even if there have been political braking 
maneuvers and inference now and then. But they have been 
in the starting blocks the whole time. There’s also the “Road 
Map to a US Hydrogen Economy.” It sets out in great detail 
how the USA intends to become a true hydrogen nation. 
They are going to be a really key driver. Most of the growth in 
hydrogen vehicles in the runup to 2050 will not be in Europe 
or Japan, but in America – if you look at the Western world.

Where does Europe stand in comparison?
We’re often the inventors of many things but when it comes to 
execution we lag behind. That’s been the case for us for decades. 
I’m utterly convinced that Asia and the USA will be the fore-
runners with great leaps forward in development and Europe 
will be laboring far behind somewhere. The upshot of the crisis 
and the closely related 2030 agenda will be that we’ll see a mas-
sive push for renewable energy, for everything that stands for 
sustainability, environmental protection and the like. It’ll be 
an era that turns its full attention to this. In the end it doesn’t 
matter a jot whether it now happens because people want to 
make money from it or because people are really serious about 
the environment: The main thing is that it happens.

In February 2021 you gave a webinar on the subject of “Energy of 
the future – What investors in hydrogen shares now need to know” 
[in German]. The interest was enormous. How do you interpret this 
ever-growing interest among large investors as well as private 
individuals in hydrogen shares?
It’s difficult to judge: Private investors mostly come along when 
the fish is already in the net. At the start of the year they bought 
anything connected to hydrogen, without any thought given 
to the valuation. My view at the time was that this was another 
hype. Although it’s a great technology, you can still buy the 
best shares at too high a price. We saw this in 1999/2000: Any-
thing connected to dot-com was bought up, and a horrendous 
amount of money was lost. At the moment I see a similar trend 
happening for hydrogen. Until recently, all sorts of small, hap-
less enterprises were being traded at fantastically high prices. 
I should be proved right in terms of the warning I gave about 
this in February: Since that time, many hydrogen stocks have 
collapsed dramatically. The best of example of this is Plug Pow-
er, which fell from USD 70 in February to now USD 20.

You and I have written and spoken about this over the 
past several years: It was foreseeable but at the time only a few 
wanted to pick up on it because the public awareness was not 
there. But now, where there is interest, then the prices are, of 
course, at a level you’d expect them to be at when everyone 
is watching them. That’s why at the moment it’s really, really 
hard for a private investor to be active in this field, in my view. 
But as the saying goes in the stock market: Don’t run after a 
streetcar or chance that’s already departed, the next one will 
come along for sure. And prices gradually get closer to reality 
again to a point where you can reconsider an investment.

That may be, but stock prices have been really up and down for the 
past several months. In your webinar you pointed out that it’s not 
unusual for peak prices like that to be followed by a slump. Are we 
now in such a correction phase?
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The prices are already collapsing, as previously mentioned. 
It shows that a buyer’s market for hydrogen isn’t very far off, 
that there’s not very much profit to distribute. Many weak 
companies will collapse because they do not have the means 
to finance long periods of loss. But that will also lead strong 
companies into difficulties since the weak ones, in their bid for 
survival, will try to get revenue through price dumping. Many 
won’t survive this phase, and the strong ones will be forced 
to become lean and efficient. As the market corrects itself, the 
future champions will be discernible. And then comes the 
phase in which there is hope for long-term revenue sustained 
over many years. Only then will it become apparent which 
companies will benefit from it. In the early stage, it’s not al-
ways so clear who will be the big winner. Many companies we 
rave about today may not even exist in 10 years. Others that 
we don’t even know about or which are still insignificant, they 
will then become the big players in this area. We’ve been ob-
serving these new industry development cycles for decades, 
such as for the internet, wind power or 3D printing.

I’m increasingly asked by people, including neighbors, about listed 
hydrogen and fuel cell companies. I don’t personally own any shares 
but I still get asked: What’s your advice for private investors?
I would focus on the big companies. In the long term they 
will have a part in this trend. So if I’m not concerned so 
much about the price trend over the next two or three years, 
but rather five to 10 years in the future, I’ll be in a very good 
position with them. I’ll still get their stocks at a reasonable 
price, compared to the small, over-hyped stocks that are be-
ing traded at many times their reasonable value, and without 
any indication whether they will actually survive.

We now have the Hydrogen Council and Hydrogen Eu-
rope, and that means everything has assumed quite a differ-
ent dimension. There are far more players on the scene than 
there were in 2017/18. Everything is being split wide open. 
It’s resulted in this momentum. My impression is that we 
now have the breakthrough that will really accelerate hydro-
gen to the point that there will be no stopping it.

Shell was in on it from the beginning but it was always a 
wait-and-see approach. Shell is now, to a great extent, disen-
gaging from its oil business and is focusing fully on its natu-
ral gas business and the combination with hydrogen. That’s 
why I no longer see Shell in the braking zone but rather in 
the acceleration zone.

Perhaps you could give H2-international readers an insider tip?
Truth be told, I don’t really go in for insider tips. I’ve been in 
the market for 30 years and at some time or other I learned 
to steer of such things and instead concentrate on long-term 
business models. Five or six years ago, as part of our stock 
market services, we pointed out the companies that are now 
hyped up, but that’s something that you have to do succes-
sively. You have to go into it before anyone’s interested oth-
erwise the market is grazed down to the roots. Big players 
such as Royal Dutch, Equinor, Nel or even Atlas Copco with 
its compressors are rather conservative, long-term interests.

What’s your opinion of Nikola? General Motors has pulled out but the 
Americans are still currently building up production capacity in Ulm.
To my mind there were too many anomalies, too many ques-
tion marks. That’s not what I like. I like companies that have 
a good, stable management that’s proved it can work reliably 
over many years, companies that are quantifiable and deliver 
on what they promise. For me, anything else rings alarm bells.

Finally, I’d like to ask you for a prediction. You are well known as 
a highly critical stock market expert who openly speaks his mind. 
For example, you talk about a “small investor hype” on the one 
hand and the threat of a “Great Reset” on the other hand. Could 
you tell us in just a few words: Where do we stand today and what 
will be coming our way?
The Great Reset is precisely what we are experiencing. What’s 
happening here will have dramatic economic consequences. 
I’m of the opinion that we are not at the end of this trend but 
right in the middle of it – best-case scenario. I believe we’ll see 
even more serious disruptions in the financial markets and in 
the economy. It’ll also be yet another massive shake-up for the 
stock markets. In the last 12 months we have experienced such 
disruption, the consequences of which we will only see in the 
next two or three years. There’ll be a lot of tears and blood-
shed – in the economy, but also among the people outside. At 
the end of it we’ll have a completely different world based on a 
completely different economy. We have now arrived at a world 
in which we don’t assume economic growth is the holy grail.

“We need growth, growth and more growth” – that’s the 
mantra we’ve lived by over recent decades. Now people are 
saying we are stretching this planet to its limits in terms of 
resources. Now it’s all about less consumption; politics will 
also gear itself toward this. Klaus Schwab from the World 
Economic Forum WEF writes lucidly on the subject: “We 
want to get away from a growth economy to a world which 
is based on different principles.” That will, of course, mean 
dramatic changes for companies that up to now have had 
everything trained on growth. It’ll have a big impact on 
stock valuations since our valuation models are based on 
the old growth assumptions. But these have not taken into 
account the fact that the goal is now a politically motivated 
change from a growth economy to “less growth please” or 
perhaps even to a “contracting economy”: “Please buy less, go 
on fewer long-distance trips, stop building new homes, stop 
eating meat, share a car.” That’s a totally new dogma. Inter-
estingly, an economy that no longer has growth as its dogma 
doesn’t need an inflationary monetary system, but rather a 
deflationary one. Interestingly, Bitcoin is just that.

Fascinating prospects. Please allow me to ask one final question: 
What encouraged you to take this view?
I’ve always fought against our “exploitative industry,” and for 
someone in my position that’s rather unusual. Sustainability, 
environmental protection and all these other issues have always 
been extremely important to me – and even more so these days. 
My concern is that in many areas it’s all about dressing things 
up with a fig leaf, that what finally happens is actually some-
thing quite different and the fig leaf is only used to generate a 
dramatic shift in power. In the end there will be a few big win-
ners, a few big corporate groups that will dominate everything 
and then, through green washing, have the power to destroy all 
the others, to portray themselves as the big savior, and in the 
end have power over billions of people. At the end of the day, 
however, genuine environmental protection doesn’t have any 
kind of significant role to play for them – they couldn’t care less, 
it’s just about driving others out of business. My fear is that a 
lot of it is just for show and you can’t even say much against it 
because it’s impossible to be against environmental protection.

Thank you very much for giving your time and answering my 
questions.

Interviewer: Sven Geitmann
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GROWING EFFORTS TO DECARBONIZE  
THROUGH HYDROGEN
Sven Jösting’s stock analysis

Category: Market    Author: Sven Jösting

A market report recently published by news agency Bloom
berg concludes we’re well on our way to a hydrogen revolution. 
I’d call it a megatrend. The report’s authors expect USD 2.5 
trillion, that is, USD 2,500 billion, will pour into the hydro-
gen and fuel cell sector by 2050. The International Energy 
Agency agrees. Between 2018 and 2020, an estimated USD 
1.5 billion per year went into developing the market, a fig-
ure said to climb to USD 38 billion by 2040. By 2050, invest-
ments will reportedly grow to USD 181 billion – again, per 
year. All these forecasts are based on targets already set by 
countries, global organizations and companies themselves.

That’s mighty good news for the stock market and the com-
panies listed on it. In other words, the all-time highs the 
stocks discussed in this issue saw in February won’t be the 
end of the road. That the stocks have since lost some of their 
value can only be a sign to start buying again. Any compa-
ny that has a good positioning strategy and, thanks to its 
technology and business model, is able to deliver convincing 
solutions is sure to experience above-average growth in the 
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near future and generate high revenues in the long run. That, 
in turn, will have a positive influence on its stock and the 
market in general, as stock prices reflect everything that has 
or can have an impact on business.

FEBRUARY HIGHS DESTINED FOR A REPEAT The past weeks 
have seen multiple rallies on the market come to an abrupt 
end, with some companies’ market caps suffering a heavy blow 
as a result. Now, stocks seem to be consolidating. In fact, the 
bottom seems to have been reached already. Prices are again 
on the up, albeit from a low base. The hefty drop could partly 
be the result of hedge funds, short sellers and other traders’ 
attempts to bring hydrogen and fuel cell shares to their knees.

That’s my suspicion, at least, after seeing multiple spikes 
in short interest lately. But the growing number of shorts 
could also be a boon to the market. As soon as good news 
comes from individual companies or the whole sector, driv-
ing up prices, short sellers may be forced to cover their po-
sitions. That would then likely boost demand for the shares 
being sold short.

One thing that’s crystal clear these days is that the time 
has come for hydrogen and fuel cells to disrupt the energy 
world. They’re not a dead end. The sector is simply trying to 
find its footing. A new megatrend is emerging. Growth may 
not happen in a straight line, but there will be tremendous 
gains over time.

What investors need to consider is that all these com-
panies, all their technologies and business models, are only 
now – in 2021 – starting to generate notable revenues, which 
could translate into fast-growing earnings further down the 
line. That’s not at all unusual for a nascent market. It’s also 
why shareholders shouldn’t look at hydrogen and fuel cell 
companies through the prism of yearly revenues and quar-
terly results. Of course, companies in the sector will keep 
posting high losses for now. R&D requires a lot of cash. But 
the stock market reflects views of the future, and much of 
that expectations game is rooted in psychology.

A few detours may be necessary. Technology adoption 
rates differ from country to country, continent to continent. 
Countries in East Asia, from Japan to South Korea to China, 
were the first to make the switch to batteries. Now, they seem 
to be again the prime movers, this time in the hydrogen and 
fuel cell market. What investors need is patience. I reckon 
that in one to three years, hydrogen and fuel cell stocks could 
earn them a lot of money. Though only if they spend funds 
not meant for more immediate needs. Taking out a loan to 
buy stock is a big no-no. What every investor needs to keep 
in mind is that a market crash is always a possibility. And it’s 
not just price bubbles that those borrowing money for buy-
ing stock need to worry about; inflation and interest may be 
even bigger risks.

As for the stocks discussed in this magazine, I believe the 
worst is already behind us. Plus, the industry’s technologies 
and business models are becoming viable enough to help the 
fight against climate change. That seems like good prospects 
for high revenues in the long term. >>

Fig. 1: Historical prices of the stocks discussed in this issue
[Source: wallstreet-online.de] Retrieved June 8, 2021
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But Ballard has around USD 1.3 billion in the bank, money it 
can put to good use. The company could build new produc-
tion facilities in Europe or make a large acquisition, or both.

As said, the stock market reflects views of the future, not 
the current situation. That is precisely what’s happening in 
this case. There are huge, global opportunities opening up 
for Ballard, a leader and pioneer in fuel cell technology.

BOLD PLANS FOR CHINA In March, the Chinese govern-
ment released its 14th Five-Year Plan. A source in China 
told me the plan makes special mention of renewable energy, 
hydrogen in particular. What’s missing from the picture is 
the precise amount the country wants to spend on creating 
a hydrogen economy. Are we talking about USD 100 billion 
over five years? Or about USD 500 billion – or even USD 1 
trillion – over a decade?

By its own account, Ballard and Weichai’s joint venture 
is the People’s Republic’s largest stack producer by volume. A 
few months ago, Ballard CEO Randy MacEwen took a six-
week trip across China, meeting with Communist Party big 
shots, mayors, business leaders and community representa-
tives. As he noted, it’s important to show up in person and 
pay homage to the local region. It’s the kind of attitude that 
can go a long way in gaining new orders and business part-
ners, for example.

Over the next two to three years, I expect Ballard to
1.	 �make stacks at commercial scale in China and increase 

production capacity.
2.	 �take the joint venture with Weichai public via an IPO.
3.	 �build new manufacturing facilities in Europe, in 

partnership with a major auto supplier.
4.	 �ramp up the production of modules and stacks for 

rolling stock.
5.	 �set up or acquire a business unit that will make 

electrolyzers and, possibly, its own hydrogen.
6.	 �enter the market for drones, or passenger cars even, 

using patents that will become available upon the end 
of the company’s collaboration with Audi/VW.

7.	 �grow long term starting in 2022 and push the market 
cap above USD 10 billion.

Ballard [Nasdaq: BLDP] is quietly moving forward with 
forging new alliances around the world. Or, more specifical-
ly, the company is building prototypes that are sure to lead 
to joint ventures and partnerships to commercialize stacks 
and modules and components for parts suppliers. I previous-
ly covered Ballard’s business relationship with Mahle. Now, 
Ballard has teamed up with compressor manufacturer Chart 
Industries, as well as Linamar, a Canadian automotive sup-
plier with sales of USD 7.5 billion and over 26,000 employees. 
The aim of Ballard’s partnership with Linamar is to develop 
fuel cell powertrains for light commercial vehicles weighing 
up to 5 tons and for SUVs, and maybe other kinds of pas-
senger cars in the future. Ballard might even consider form-
ing a joint venture with a company such as Honeywell, to 
which the fuel cell maker sold its former subsidiary Protonex’ 
fuel cell drone program – but not before indicating plans for 
some type of future collaboration.

As for rolling stock, Ballard has partnered with Siemens, 
Germany, CRRC, China, and Canadian Pacific Railway, the 
owner of 1,400 locomotives. Regarding boats and ships, it is 
working with German ABB on new fuel cell systems. One 
venture to keep on the radar is Ballard-Weichai’s in China 
for the joint production of commercial vehicle stacks and 
modules. That deal could be a sign Ballard will eventually 
also join forces with Weichai subsidiary Kion to produce 
fuel cells for forklift trucks. In any case, all these partner-
ships lay a solid foundation for future orders, revenues and 
earnings.

It’s why I think Ballard’s current quarterly, or yearly, fig-
ures aren’t as important or relevant as they might seem. Of 
course, there are those who beg to differ. They base their 
arguments on Ballard’s financial results for the first quar-
ter, when total revenue fell to USD 17.6 million, less than 
the USD 26.5 million analysts expected, and the net loss per 
share came to USD 0.06 instead of USD 0.05.

Ballard’s market cap now stands at USD 5 billion. In Feb-
ruary, the cap was nearly USD 10 billion, despite estimates 
that have the company’s revenue for all of 2021 at a mere 
USD 80 million to USD 120 million. Some market pundits 
and analysts find that disparity hard to grasp, striking even. 

BALLARD POWER QUIETLY 
SHARPENS ITS EDGE

“The development of the first hydrogen-fueled excavator 
is very exciting as we strive towards a zero-carbon world. 
In the coming months, JCB will continue to develop and 
refine this technology with advanced testing of our proto-
type machine, and we will continue to be at the forefront 
of technologies designed to build a zero-carbon future.”

Lord Bamford, JCB chairman

Fig. 2: JCB excavator powered by a Ballard fuel cell  
[Source: JCB Group]

BLOOM ENERGY – 30 PERCENT 
STEADY ANNUAL GROWTH
Investment bank J.  P. Morgan’s analyst meeting with KR 
Sridhar, Bloom Energy’s chief executive, on May 26 revealed 
bright prospects for the company. When one analyst asked by 
how much Bloom wants to grow in the near future – if it aims 
for a rate of 20 percent to 25 percent annually – Sridhar replied 
the target is rather 30 percent a year over a long period of time. 
He based his assessment on an analysis of the company’s ad-
vanced technology, IP portfolio, markets and applications, as 
well as its competitive position, expertise and experience.
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have given him enough options to buy stock, so his personal 
trading activity can be seen as a positive sign. Meanwhile, GE 
has announced it will invest a massive amount of money in 
renewable technology, including hydrogen and fuel cells.

I think Bloom [NYSE: BE] is the most mature fuel cell-hy-
drogen venture in the market, one that can hope to rake in 
USD 1 billion in revenue this year and break even. The com-
pany needs comparatively little cash to fund large increases 
in capacity. The payback period for putting up new fuel cell 
power systems is said to be one year only. And the high par-
ticipation rate of institutional investors means Bloom Energy 
is seen as a long-term position that promises strong growth. 
Bloom’s global expansion of operations and its use of in-
house technology to branch out into electrolyzers have the 
potential to fire up not only one’s imagination but also the 
stock, currently trading at a very decent price. Why couldn’t 
Bloom reach USD 100 or more in the next three years? I cor-
rectly predicted Ballard to go double digits when the stock 
was trading between USD 2 and USD 3. I’m inclined to be-
lieve Bloom will surpass the USD 100 mark.

Bloom, he added, is well equipped to provide on-site elec-
tricity via its own fuel cell-based power systems. They are 
up and running nearly 99.9 percent of the time, are secure, 
even against hacking, inexpensive, reliable, and resilient to 
environmental hazards and disasters, e.g., wild fires, storms 
and cold weather. Plus, they supply clean electricity. They 
can also take a variety of input fuels, ranging from natural 
gas, LNG and biogas to hydrogen. Sridhar wants this list to 
be understood chronologically. That means hydrogen-fueled 
systems will come. But other gases will remain in use – at 
least, for the time being. Blends are possible too.

Bloom’s customer base includes several big corporations, 
operators of huge server farms, hospitals and university 
campuses. All of them require electricity and energy sup-
plies. That benefits Bloom while giving its customers more 
freedom from the public grid via new platform technology. 
Sridhar said the company is now able to generate electricity 
for USD 0.09 a kilowatt-hour. That’s definitely much cheaper 
than a power outage caused by a failing grid.

Additional growth is said to come from sales in new mar-
kets. Sridhar noted Bloom is expanding rapidly as “grid costs 
are coming down.” Step by step, oil is being displaced by 
hydrogen. Bloom’s plans include constructing 20-megawatt 
fuel cell power systems with a daily production capacity of 20 
tons of clean hydrogen. At some point in the future, it expects 
to build one such system a month. Projects that competitors 
are just sketching out Bloom already has in its pipeline, ready 
to implement, Sridhar added. He further expects the price of 
hydrogen to fall to USD 2 and create a global market worth 
USD 10 billion a day.

As for first-quarter results, Bloom’s revenue grew to USD 
194 million, up 24 percent year over year. The non-GAAP 
gross margin increased from 16.2 percent to around 30 percent 
in the same period, mainly driven by a product gross margin 
of 36.7 percent. That works out to a:net loss of USD 0.15 a share 
on a GAAP basis and USD 0.07 based on non-GAAP. Year-
ly revenues are expected to reach close to USD 1 billion. The 
question now is whether Bloom can increase annual produc-
tion capacity to 400 megawatts of fuel cells and 1 gigawatt of 
electrolyzers. The company is on the right track, Sridhar said, 
ahead of the competition, thanks to “compelling competitive 
advantages that are unique to Bloom.” Those advantages could 
also help Bloom finally get into the black this year.

COLLABORATION WITH BAKER HUGHES AS A BLUEPRINT 
To increase deployment of its fuel cell and carbon capture 
equipment, Bloom set up a joint venture with Baker Hughes, 
an engineering firm specializing in the manufacture of pipe-
lines, compressors and gas turbines. The aim of the collabo-
ration is to exploit synergies in the design of off-grid fuel cell 
power systems and micro-grids for Baker Hughes’ clients. 
Baker Hughes is said to have important technology that in-
tegrates perfectly with Bloom’s to build systems for the pet-
rochemical and fertilizer industries. This will include utiliz-
ing the gases found in sludge and wastewater and leveraging 
both companies’ expertise in carbon capture technology.

GENERAL ELECTRIC Jeff Immelt, formerly CEO of General 
Electric, is a Bloom board member, while several ex-GE staffers 
hold high-level jobs at the company. Recently, they were joined 
by another ex-GE employee, Stephan Reimelt. Reimelt used to 
manage GE operations in Europe and is now overseeing the 
same at Bloom. Of note are his trades in 2020, when he bought 
USD 1 million worth of Bloom shares. He later purchased an-
other batch for USD 750,000. I think his bonus package will 

It seems like Nikola Motors [Nasdaq: NKLA] was able to stop 
the bleeding of the past few months. The stock is rising again. 
Up to 30 million shares are now traded each day, a compara-
tively high volume for the company. The new-found optimism 
among investors seems to stem from reports about Nikola’s 
recent progress in meeting its targets. Construction of the Ar-
izona factory is well underway. Then there are new production 
facilities being built in Ulm, Germany. And another boost for 
the stock came when competitor Daimler Truck announced 
its intention to have 5,000 hydrogen-fueled heavy-duty vehi-
cles on the road over the next few years, with business partner 
Shell providing the fueling infrastructure (see p. 26). Sounds 
a lot like Nikola’s business model, the difference being that 
Nikola will produce its own hydrogen, and be able to keep the 
revenue, instead of outsourcing the task to another company.

NIKOLA, THE START-UP BUSINESS The most important 
thing for a start-up to have is a business idea. Or, better yet, its 
founders have already drawn up a business plan and built a 
prototype of their product. Some venture capitalists are even 
willing to invest in an idea only and offer capital or funding 
based on milestones or similar agreements specified in a start-
up’s financial plan. That’s what’s happening in Nikola’s case. 
The company has recognized that the commercial vehicle 
market is, right now, the best opportunity for the broad adop-
tion of fuel cells. That doesn’t mean Nikola has abandoned bat-
tery-powered solutions. What technology is a better fit depends 
on a logistics firm’s operations profile. Nikola has developed a 
software program to answer that question. It is now working 
together with Bosch and CNH Industrial’s Iveco to construct 
prototypes and prepare for mass production. The stock market 
gave Nikola the capital to implement its business plan.

When people invest money like venture capitalists do, 
they purchase stock knowing full well that it will take time 
before a business has enough orders, production capacity 
and profits. It is said that this year, Nikola will be making 50 
to 100 units. In 2022, that number may rise to 1,200 to 1,500. 
In 2023, we could be looking at a production capacity >> 

NIKOLA MOTORS – COMPETITION 
IS GOOD FOR BUSINESS
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of as many as 10,000 or more (though nothing is guaranteed). 
Nikola has also begun to put up a fueling infrastructure – a 
fuel cell truck will be a hard sale if no one offers hydrogen at 
decent prices. That’s, in a nutshell, Nikola’s business model 
and it’s similar to Tesla’s eight years ago.

Furthermore, Nikola has inked a sales and service agree-
ment with RIG360, a company with 65 service centers locat-
ed in key metropolitan areas and major intersections of the 
US interstate highway system. It also signed a deal for the 
supply of renewable electricity, in an effort to achieve price 
parity with diesel. And partner Iveco announced that it 
plans to market the fuel cell trucks that will be built in Ulm 
across Europe. Meanwhile, construction of Nikola’s factory 
in Coolidge, Arizona, has been on schedule. The company’s 
staff is said to grow from 530 to 1,000 by the end of this year.

Nikola’s cash reserves came to USD 763.8 million for the 
quarter ended March 30. The net loss in that period was USD 
120.2 million, which includes USD 50.3 million in stock-
based compensation. All in line with business plan targets.

What’s more, Nikola is currently in negotiations with 25 
large fleet operators. Plus, a hydrogen infrastructure is being 
put up at key locations and near big prospective customers, with 
Nikola investing USD 30 million in five new fueling stations.

CONCLUSION I think with some patience, Nikola stock could 
be a rewarding buy. I speculate that the next larger capital 
raise, via the issue of new shares, will bring in the money 
Nikola needs to follow its business plan to the letter. New 
strategic partners could be on the horizon and those now 
working with Nikola may increase their ownership stake. 
The stock’s price still reflects some of the negative expecta-
tions but none of the positive ones. I’m counting on the latter.

I believe the stock will, as early as this year, be back above 
USD 20, or above USD 25 if there’s another strategic partner-
ship, and pass USD 30 by 2022. It all depends on how much 
of Nikola’s plans will come to fruition, including how much 
money the company can raise issuing new stock. Estimates in-
dicate that by 2024, Nikola will generate revenues of USD 1.4 
billion and turn a profit from selling hydrogen. Those willing 
to take a gamble can buy the stock. But they need to be patient.

Nowadays, Tesla [Nasdaq: TSLA] is largely making headlines 
not for of its financials but for the tweets of its charismatic 
chief executive, Elon Musk. His thoughts on cryptocurren-
cies such as bitcoin and doge coin, which, depending on the 
time of day, he says are a really good or a really bad deal, can 
dominate whole news cycles. Someone recently brought up 
the huge amounts of energy needed to mine them. As it turns 
out, the process uses non-renewable sources of energy, which 
could end up reflecting badly on the image of battery-electric 
cars as well. In response, Musk said he will rethink his po-
sition on bitcoin, which helped cause the cryptocurrency’s 
price to plunge from over USD 60,000 to USD 30,000. One 
might wonder what his behavior did to Tesla’s own USD 1.5 
billion bitcoin investment.

Fig. 3: Production facilities of HYVIA, Plug Power’s new joint 
venture with Renault [Source: Renault]

Headquarters and engineering / 
R&D center

Assembly of fuel cells and recharging 
stations, supply of hydrogen

Production of Renault Master

Integration of fuel cells by PVI,
a subsidiary of Renault Group

A few months ago, Plug Power [Nasdaq: PLUG] was forced 
to revise several of its previously published financial state-
ments. While the accounting errors were not severe enough 
to have a material impact on the statements, they resulted in 
a USD 62.9 million decrease in R&D costs in the years 2018 
to 2020 and a corresponding rise in cost revenue. Further-
more, non-cash charges, including charges associated with 
warrants Plug granted to Amazon and Walmart, exceeded 
USD 400 million. That’s pretty notable. Do these charges 
have anything to do with Plug’s relatively high amount of 
short interest, which comes to over 50 million shares? Could 
Amazon and Walmart have exercised warrants? Or have they 
now shorted stock to shore up their unrealized gains run-
ning into the billions of dollars?

Plug has done a very good job of maintaining investor rela-
tions and becoming a focal point of discussion on Reddit and 
WallStreetBets. In other words, Plug’s stock will likely continue 
to rise. Still, questions have been raised about a few of the com-

pany’s first-quarter acquisitions. Plug reportedly issued around 
55 million shares worth USD 1.6 billion to acquire multiple 
companies previously owned by SK Holding: Grove Energy 
Capital, Plutus Capital NY and SK E & S Americas. At around 
the same time, SK Group South Korea purchased a 9.9-percent 
ownership stake in Plug. So, were Plug’s acquisitions part of an 
asset exchange? Will they affect the USD 5 billion Plug has in 
cash? I’m only speculating here as to the company’s motives. 
Though I have yet to find answers to both questions. 

Plug’s actual goal was to become less dependent on two big 
customers, Amazon and Walmart. It seems there’s no mon-
ey to be made from either. But there’s good news as well, as 
Plug is forging multiple new alliances. Partners include Baker 
Hughes (see Bloom), which is in talks with Plug about setting 
up a hydrogen fund, metal trader Johnson Matthey and Chart 
Industries (see Ballard). You could rightly say Plug is all over 
the map these days; see also its collaboration with automaker 
Renault (see fig. 3 and p. 7). Now, the fuel cell business needs 
to demonstrate that it can produce hydrogen at reasonable 
costs and turn a profit selling the gas as fuel for forklift trucks. 
Analysts have set new price targets in the range of USD 40. I 
believe Plug should take a closer look at what Nikola Motors 
is doing. I can think of several reasons why Plug should be 
setting up a new joint venture or make another acquisition. As 
for the stock itself, I prefer Bloom’s or Ballard’s.PLUG POWER – CASH INFUSION 

DRIVES UP PRICE
TESLA – PROFITABLE IN WHAT 
WAY?
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Is that a proper way for a CEO to act in public? His more than 50 
million followers, including his hardcore fan base, seem more 
than happy to play along. But why does the SEC stay silent? Ac-
cording to the commission’s settlement agreement with Tesla 
and its chief executive, Musk has to seek approval for tweets that 
could affect the stock price or the market in general.

On to the numbers: 184,800 Tesla cars were delivered in 
the first quarter this year. Model X and S were the least pop-
ular offerings, with around 2,000 vehicles shipped. Most or-
ders were for Tesla’s less profitable models Y and 3. The electric 
carmaker posted non-GAAP earnings of USD 0.93 per share, 
USD 0.15 above estimates. On a more conservative GAAP 
basis, however, earnings came to USD 0.39 per share, USD 
0.08 less than what analysts predicted. That hardly matters, 
though: Tesla fans, buy-side analysts and funds like ARK In-
vest are only ever interested in the more positive figure.

Regulatory credit and bitcoin sales brought in USD 518 
million and USD 101 million, respectively. Minus those, Tesla 
would have most likely posted a loss this quarter. Impressive, 
on the other hand, the jump in revenue to USD 10.39 billion, a 
73.5 percent increase year over year. And yet, compared to the 
fourth quarter of 2020, the first of 2021 wasn’t a good look, as 
car sales were up by only 4,000 units. On top of this, Stellantis, 
formed via a merger of Fiat and Peugeot-Citroen, said it will 
no longer consider buying Tesla’s zero-emission vehicle cred-
its now that it can get enough on its own. But lucky for Tesla, 
there’s still Volkswagen, which reportedly agreed to buy the 
electric carmaker’s credits in China.

COMPENSATION PACKAGE FOR MUSK UNDER SCRUTINY 
Musk’s compensation plan is quite the deal, earning him 
millions of options if he reaches the targets set out in the 
agreement. Milestones include revenue, profitability and Tes
la’s market cap, which unlocks a new tranche of options each 
time it grows by another USD 50 billion. With the company’s 
market value currently exceeding USD 600 billion, Musk has 
the right to purchase more than 50 million shares at USD 
70.01 apiece. That works out to USD 30 billion in stock. A 
lawsuit has been filed over the compensation package and, in 
my opinion, the deal could come with tax pitfalls for Tesla, 
as well as its shareholders. Musk has now reached six of the 
12 milestones and could gain another 40 million options if 
Tesla meets additional targets. But if all these options are ex-
ercised, won’t that massively dilute the existing stock?

GROWTH – IN EVERY CORNER OF THE GLOBE Construc-
tion on Tesla’s Grünheide factory near Germany’s capital 
Berlin has slowed down lately. Aside from some missing per-
mits, there are unanswered questions about how much water 
can be taken out of the ground before putting the region’s 
supply at risk (the factory is being built in a water conserva-
tion zone). At least, the Cybertruck production site in Aus-
tin, Texas, may soon be up and running. But the competition 
isn’t asleep at the wheel. As an example, Ford is now offering 
an electrically powered F-150 and its eMustang is already 
enticing customers away from Tesla. Meanwhile, the electric 
carmaker has announced plans to expand to India and is ex-
ploring the idea of building a factory in Russia. Tesla does 
have over USD 17 billion in cash. But that could be a bit little, 
too little, to fund all its new ventures. Tesla may have to raise 
capital again. One option to do that would be an at-the-mar-
ket program. The question is, will investors go for it?

Recent events then put the focus on quality and safety 
issues. Tesla has announced that it’s no longer including a 
radar in some models, which will be equipped with onboard 
cameras instead. In response, Consumer Reports and the In-
surance Institute for Highway Safety dropped Model 3 from 
their safety rankings. Additionally, Tesla is being plagued 
by the same problem as any other automaker. The current 
car chip shortage means some of the company’s vehicles just 
can’t be delivered. >>

Fig. 4: Tesla’s upcoming Gigafactory in the Grünheide community 
near Berlin [Source: Tesla]

http://www.wystrach-gmbh.de
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Burckhardt Compression, formerly a subsidiary of Swiss en-
gineering group Sulzer, could become the next stock to pique 
the interest of investors. The world’s foremost manufacturer 
of piston compressors, Burckhardt [SIX: BCHN] is increas-
ingly producing equipment that is later used in hydrogen pro-
duction or transport, as in gas networks delivering hydrogen 
blends or in electrolyzers, providing the company with new 
and huge opportunities for growth. Burckhardt is expected to 
generate CHF 620 million to CHF 650 million in revenue this 
fiscal year. Its performance last year had already resulted in 
earnings of CHF 13 a share, including CHF 6.5 in dividend 
payouts. In its annual report, Burckhardt noted that 2020 saw 
a “substantial increase” in demand for hydrogen-related com-
ponents in the transportation and energy sectors.

I’ll put the stock on my watchlist for now. Investors are in-
creasingly focusing not just on companies that produce hydro-
gen or convert the gas into electricity (via fuel cells). They’re 
also taking a growing interest in technology suppliers and oth-
er companies supporting the sector, as the relevance of both 
groups is on the rise. I think that gives those businesses an 
opportunity to set up one or more joint ventures and increase 
demand for electrolysis. And many big corporations are look-
ing for smaller market players to buy, in an effort to become 
one-stop hydrogen providers. Companies such as Burckhardt 
Compression could then, I imagine, be a target for acquisition. 
As the stock is traded in a narrow market, investors should set 
an order limit, as well as buy directly from the Swiss stock ex-
change if they want to acquire a large number of shares. I’m 
looking forward to reading the news coming out of Burck-
hardt’s annual general meeting, set to take place on July 2. ||

Like all hydrogen and fuel cell stocks, Weichai Power’s has 
come under pressure since February. That doesn’t change the 
business’s bright prospects. Weichai [2338:HK] is turning a 
profit and is expanding its operations through joint ventures 
and strategic acquisitions. One example of this is Weichai’s 
recent purchase of a 45-percent ownership stake in Kion, the 
world’s second-largest forklift truck manufacturer. The deal, 
valued at EUR 3.5 billion, might even lead to the deployment of 
hydrogen and fuel cell systems in Kion’s next-generation fork-
lift trucks. Like Bosch, Weichai owns part of CERUS. It also 
has an around 15-percent stake in Ballard Power, with which it 
runs a stack factory in China (a 51/49 partnership). The factory 
may become the center of attention once the Chinese govern-
ment puts numbers to its hydrogen and fuel cell plans, which 
could benefit the entire sector. Chinese fuel cell stack producer 
Refire (see also p. 7) will then be used as the basis for assessing 
the performance of the joint venture, as an IPO seems likely. 
Analysts expect Weichai’s stock to end up between EUR 2.7 and 
EUR 3.5 – which works out to, on average, 50-percent growth.

WEICHAI POWER – INTRIGUING 
PROSPECTS

NEU: BURCKHARDT COMPRES-
SION – PERIPHERAL TECHNOLOGY

RISK WARNING
Share trading can result in a total loss of your investment. 
Consider spreading the risk as a sensible precaution. The 
fuel cell companies mentioned in this article are small- 
and mid-cap businesses, which means their stocks may 
experience high volatility. The information in this article 
is based on publicly available sources, and the views and 
opinions expressed herein are those of the author only. 
They are not to be taken as a suggestion of what stocks to 
buy or sell and come without any explicit or implicit guar-
antee or warranty. The author focuses on mid-term and 
long-term prospects, not short-term gains, and may own 
shares in the company or the companies being analyzed.

WIKIFOLIO
Like the company stocks discussed in this issue, my 
Wiki portfolio, BZVision, has lost some ground. And yet, 
it’s still up by over 60 percent year over year. My Tesla 
puts with a USD 600 strike price are seeing a great deal 
of movement, fluctuating between EUR 0.7 and EUR 1.3. 
This is because the stock is now trading at the set limit, 
so there’s a constant back and forth between intrinsic 
value, i.e., a price under USD 600, and time value. But 
their December 2021 expiry isn’t that far into the future. 
Should Tesla’s second-quarter results be as disappoint-
ing as I think they will be, its stock could drop, possibly 
to as low as USD 400. That’s a bet I’m willing to make, as 
the puts comprise only around 13 percent of my portfo-
lio. I will need to wait, though, until the puts are sold be-
fore I increase my investment in the three hydrogen and 
fuel cell stocks previously discussed in this section. In 
the meantime, the price of those three should gradually 
be rising again, so we’ll have new targets soon.

Fig. 5: Oil-free high-pressure membrane hydrogen compressors
[Source: Burckhardt Compression]

Things don’t seem to be going so well in China either. Gov-
ernment officials are no longer allowed to buy Tesla cars over 
fears the vehicles might record sensitive location informa-
tion, reports say. Tesla is now building a data center in China 
to store and process information in the country and not, as I 
would guess, in Fremont.

CONCLUSION Tesla stock tends to decrease in value when-
ever it experiences big daily fluctuations. Short sellers and 
institutional investors betting on failing prices, such as Mi-
chael Burry (“The Big Short”), expect the stock to drop, as 
the company’s market cap of more than USD 600 billion has 
no basis in reality. I fully concur. Not only is the competition 
getting more intense. Fuel cells could also put a big dent in 
Tesla’s plans a few years from now. To justify a high stock 
price, the electric carmaker would need to turn a profit from 
selling vehicles and related software, not from trading bit-
coins or regulatory credits.
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ceeded in launching mass-produced fuel cell cars onto the 
market early on. Both corporations, together with Nissan, 
are also founder members of Japan H2 Mobility. The con-
sortium, which also counts Iwatani, Tokyo Gas and Toyota 
Tsusho among its partners, is undertaking an enormous ex-
pansion program of the hydrogen refueling network, helped 
by government grants. The aim of the economy ministry to 
reach 160 hydrogen refilling stations by March 2021, how-
ever, came up short: As of April 1, 2021, there were 146 sta-
tions in operation. Nevertheless, the country still boasts the 
world’s largest hydrogen refueling network, according to 
Japan’s Next Generation Vehicle Promotion Center. By the 
year 2025, this total should have doubled to 320 hydrogen 
stations, a figure that is projected to increase further to 900 
stations by 2040. By that time, 800,000 fuel cell vehicles are 
anticipated to be on the road, with 200,000 hydrogen-pow-
ered vehicles expected by 2025 – an ambitious target given 
the around 4,000 fuel cell vehicles currently in use in 2020.

Another area of focus is the building sector. By 2030, 5.3 
million fuel cell-based micro-CHP units are slated for instal-
lation. Current figures indicate that 1.4 million of these Ene-
Farm systems are already supplying Japanese buildings with 
power and heat. Predecessor models for residential buildings, 
most commonly polymer electrolyte fuel cells, have run on 
natural gas. However, concrete plans are yet to emerge as to 
how these units might operate on low-carbon or zero-car-
bon hydrogen in the future. A switchover would entail more 
than just a technical upgrade of the Ene-Farm units, with 
the construction of new supply infrastructure also becoming 
a necessity. The lack of gas infrastructure is one reason why 
autonomous systems for the production of hydrogen, such as 
H2One by Toshiba, are a Japanese specialty.

FIRST COMMERCIAL SUPPLY CHAIN FOR BLUE HYDRO-
GEN As well as growth in terms of user applications, Japan is 
also pursuing strategic expansion on the supply side. In order 
to accelerate mass production, import chains are due to be 
established for blue hydrogen as an initial step. This should 
allow the price of imported hydrogen to reach the USD 3 per 
kilogram mark by the mid-2020s and in the future attain 
parity with liquefied natural gas which currently resides at 
around USD 1.6 per kilogram. According to proposals, the 
intention is also for these supply chains to become carbon 
neutral by 2050, a target set to be achieved primarily through 
the use of carbon capture and storage technology. From 2040 
onward, increasing amounts of green hydrogen are forecast 
to be produced domestically or imported from abroad.

The first international commercial supply chain for hy-
drogen, as organized as part of the HySTRA project backed 
by NEDO, went operational in Japan in the spring. In Aus-
tralia’s Latrobe Valley, hydrogen is being separated from 
brown coal, liquefied and shipped in the world’s first  >> 

IS JAPAN HEADING FOR A HYDROGEN SOCIETY?
Hydrogen set to play a vital part in green growth strategy

Category: International    Author: Johanna Schilling

Thanks to generous subsidies, Japanese buyers get a 
discount worth JYP 1 million, around EUR 7,600, on the 
current starting price for a Toyota Mirai 2. The normal 
price tag is JYP 7.1 million.

In 2017, Japan became the first industrialized nation to set 
out its national hydrogen plan. As part of the hydrogen so-
ciety strategy, massive investments have been made in pio-
neering pilot projects, albeit with a clear focus on the impor-
tation of blue hydrogen. The Japanese hydrogen roadmap 
foresees expansion on the user side – through fuel cell vehi-
cles, mini combined heat and power units in buildings, and 
the energy supply – as well as infrastructure build-out and, 
above all, the rapid establishment of supply chains abroad. 
And thanks to the Japanese government’s new climate target 
and green growth strategy, hydrogen has now assumed an 
even greater significance.

Shortly after taking over the reins from his predecessor Shin-
zo Abe, newly elected Prime Minister Yoshihide Suga used 
the opportunity of his inaugural address on Oct. 26, 2020, to 
announce a new direction in Japanese climate policy: a com-
mitment to achieving net-zero greenhouse gas emissions by 
2050. Such a goal would be impossible to reach under the 
Basic Energy Plan, published in 2015, that envisages a 56 per-
cent share of fossil fuels in the electricity mix for 2030 and 
an unrealistic 20 percent to 22 percent contribution from 
nuclear power. A new strategic plan is due to be presented 
in spring 2021.

Against this backdrop, hydrogen is set to play a much more 
important role in Japan’s overall energy supply strategy in the 
future. The Japanese economy ministry’s “Energy Outlook of 
Carbon Neutrality in 2050” plan sees hydrogen as an impor-
tant pillar in its bid for a carbon-neutral energy supply by 2050. 
In addition to its direct use in transport and buildings, hydro-
gen is also expected to provide a “decarbonized power source” 
alongside ammonia, which will act as a transitional fuel as the 
country shifts to a “hydrogen-powered society.” With Japan’s 
demand for electricity predicted to rise by 30 percent to 50 
percent, the intention is for these energy carriers to cover 10 
percent of the power requirement. Japan’s remaining electric-
ity needs would then be met by renewables (50 percent to 60 
percent) and nuclear and gas power plants with carbon cap-
ture use and storage (30 percent to 40 percent).

The country’s New Energy and Industrial Technology De-
velopment Organization, NEDO, has already funneled more 
than JPY 200 billion, roughly equivalent to EUR 1.5 billion, 
into the development of hydrogen technologies. What’s more, 
the Japanese government has set aside a pot of JPY 70 billion, 
or around EUR 0.53 billion, for hydrogen schemes for the new 
financial year which started in April. JPY 30 billion alone is 
being released in the form of subsidies for the purchase of fuel 
cell vehicles and the construction of hydrogen refueling sta-
tions. Hydrogen is also among the 14 priority areas outlined in 
the green growth strategy that was made public in December 
2020; the initiative’s green innovation fund will invest a total 
of JPY 2 trillion, approximately EUR 15.2 billion, in future 
technologies over the next 10 years.

800,000 FUEL CELL VEHICLES, 900 HYDROGEN STATIONS 
BY 2030 When it comes to end-user applications, Japan is 
clearly placing much weight on the mobility sector. Two 
Asian automakers in the guise of Toyota and Honda suc-
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hydrogen  tanker. The vessel, a Suiso Frontier carrier from Kawasaki Heavy 
Industries, will transport hydrogen in a storage tank measuring 42,400 cubic feet 
(1,200 cubic meters) to the Japanese city of Kobe. The resulting carbon dioxide, 
once captured, is to be sequestered underground off the Australian coast. At Ko-
be’s port, the hydrogen will then drive a gas turbine and provide heat and power 
to a sport’s center and a nearby hospital.

AHEAD is the name of another flagship project: A consortium including the 
plant construction company Chiyoda Chemical Engineering is responsible for ar-
ranging the extraction of hydrogen from LNG in Brunei and shipping it in liquid 
form, bound in methylcyclohexane or MCH, to Kawasaki. There, the hydrogen is 
separated again and used to power gas turbines. The toluene that is formed during 
dehydrogenation is then pumped back into the tanker and transported to Brunei 
where it is combined with hydrogen for the next MCH load.

GREEN HYDROGEN FOR THE OLYMPIC VILLAGE While the importation of blue 
hydrogen may be taking center stage, the commercialization and installation of 
power-to-gas systems for storing the excess power generated from renewables are, 
according to the hydrogen roadmap, at least a medium-term goal. Between 2030 
and 2050, Japan is due to build electrolyzer capacity of between 15 gigawatts and 
30 gigawatts. The system costs for hydrogen production from renewable energy 

INTERNATIONAL

are predicted to fall to JYP 50,000, or 
EUR 380, by 2030 – something that 
could be aided by the proposed large-
scale expansion of wind power gener-
ating capacity in Japan’s offshore and 
inshore areas.

The Fukushima Hydrogen Research 
Field (see fig. 1) in the coastal town of 
Namie, located just 20 minutes north 
of the Fukushima Daiichi power plant 
that was damaged in 2011, is a test site 
for green hydrogen production that re-
ceived NEDO funding for its construc-
tion to the tune of JYP 250 billion, i.e., 
EUR 1.9 billion. Here, a 10-megawatt 
electrolyzer manufactured by Asahi 
Kasei is connected to a 20-megawatt 
photovoltaic plant and is expected to 
produce 1,200 standard cubic meters 
per hour or 900 tons of hydrogen a year 
in future. Situated within the vicinity 
is also a further PV array, rated at 100 
megawatts, which has entered service 
just recently.

The hydrogen is compressed and 
conveyed by truck to three stationary 
fuel cell systems. The H2Rex units 
from Toshiba then supply power, heat 
and hot water to sports facilities and a 
train station. As part of the Fukushima 
Hydro Supply project, the green hydro-
gen produced in Namie will be trucked 
to hydrogen filling stations in the pre-
fecture – and also as far as Tokyo for 
the purposes of supplying the Olympic 
Village. The dedicated city quarter has 
been designed to be a model for hydro-
gen deployment, with 22 buildings, a 
school, supermarkets and 100 fuel cell 
buses connected to a hydrogen distri-
bution network.

The Olympics and the G-20 sum-
mit have also breathed new life into 
another project: the Hydrogen Town 
in Kitakyushu. Found in the north-
ern part of Kyushu island, it is Japan’s 
fourth-strongest economic region. It 
was here that the first community hy-
drogen project in Japan was launched 
as early as 2011. Hydrogen, which ac-
crues as a byproduct in a steelworks op-
erated by Nippon Steel, is carried along 
a 0.75-mile (1.2-kilometer) hydrogen 
pipeline to a residential and commer-
cial area where it feeds a fuel cell CHP 
plant that serves public buildings and 
private households. Further trials ex-
ploring the safe and cost-effective sup-
ply of hydrogen via pipeline are due to 
start here soon.

There are also further green pow-
er-to-gas projects in the prefecture of 
Yamanashi, in Hokkaido, and in north-
ern Honshu where electrolysis will har-
ness the power of the wind.

Fig. 1: Fukushima Hydrogen Research Field [Source: Toshiba]

DIFFERENCES IN HYDROGEN STRATEGIES:

	· In Germany, there is a clear emphasis on green hydrogen. At least a proportion 
of this hydrogen is due to be produced in Germany itself. Japan, on the other 
hand, sees little potential for indigenous production of green hydrogen at scale.

	· Japan’s political strategy initially envisages the production and deployment 
of large quantities of hydrogen that is also derived from fossil fuels. Due to 
the limited coverage of the nation’s natural gas grid, the main focus rests on 
infrastructure and technology for mobile distribution coupled with decentral-
ized production and use, while Germany’s extensive natural gas network offers 
great potential for methanation or direct injection.

	· On the user side, Japan clearly centers its attention on mobility, buildings and 
reinforcement of the electricity supply, and to a lesser extent on industrial 
applications such as the use of hydrogen in direct reduction processes within 
steelworks. Germany, meanwhile, places industry and transportation at the 
forefront. Power generation and the building sector, by contrast, rank lower 
down on the list of priorities.
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gen and Fuel Cell Technology, NOW, 
and NEDO have been collaborating for 
some time now. In addition, the Ger-
man-Japanese Energy Partnership and 
the German-Japanese Energy Transi-
tion Council have instigated working 
groups for investigating the subject, 
plus the German-Japanese environ-
mental and energy dialog forum UEDF 
frequently addresses the role of hydro-
gen in the energy system. While some 
differences may exist between Germa-
ny and Japan’s strategic plans and tech-
nological preferences, it’s plain to see 
that much effort is being made behind 
the scenes to enhance international co-
operation. ||
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INTERNATIONAL COOPERATION SOUGHT At the annual Hydrogen Energy Min-
isterial Meeting in October 2020, organized by the Japanese government, the na-
tion’s economy minister Hiroshi Kajiyama made the following pledge: “Japan is 
determined to contribute to establish the low-cost H2 production technology from 
Renewable Energy resources. [...] It is important to promote further international 
collaboration in order to create one global hydrogen-based society in the future.”

In recent times, hydrogen has represented a key area for discussion between 
Germany and Japan: As a case in point, Germany’s National Organisation Hydro-

Fig. 2: Growth targets [Source: NEDO]

LARGE-SCALE HYDROGEN PROJECTS ON THE 
ARABIAN PENINSULA
Oman and Saudi Arabia’s plans to export solar energy

Category: International    Author: Sven Geitmann

Sun-soaked countries around the world are inevitably des-
tined for solar-powered hydrogen production. Yet while 
many look to Australia, Chile or Morocco as prime loca-
tions, the Middle East is also gaining attention. Nations 
such as Saudi Arabia, Kuwait and the Sultanate of Oman, 
well known for their bountiful oil resources, have now rec-
ognized another useful asset – their copious sunshine – and 
one which is ideally suited to making hydrogen.

Many Arab states have grown rich on their large oil deposits. 
As supplies dwindle, these times of plenty will at some point 
come to an end – something that Oman is currently experi-
encing. The country’s reserves will last only a few more years, 
with natural gas already being imported. Other Arab nations, 
too, have now become aware that it will only be economical 
to lift oil for a limited number of years and that natural gas 
extraction is also becoming more laborious. The exportation 
of solar energy could therefore be a suitable alternative to oil 
shipments, even though hydrogen was practically unheard 
of in these regions until just a few years ago.

OMAN UNDER PRESSURE TO ACT With a view to opening 
up these new markets, Bernd Wiemann founded the Hydro-
gen Rise AG start-up in 2018. Wiemann, who for many years 
held management positions at Mannesmann and Vodafone 
and had previously established the fuel cell company P21 in 
2001, is well connected in the Middle East. Therefore his aim, 

he told H2-international, is to forge sustainable value crea-
tion on the Arabian Peninsula.

Wiemann intends to supply the requisite technology and 
know-how to Oman so that money can be generated domes-
tically. For this reason, the Munich-based entrepreneur set 
up the Oman subsidiary, Hydrogen Rise LLC, in the capital 
Muscat. In addition, he is already in talks with large German 
electrolyzer manufacturers about siting these plants in Oman, 
explained Frank Sreball, who deputized for Wiemann as di-
rector of Green Hydrogen Economics until August 2020. The 
water that would be needed by the electrolyzers would then be 
produced from seawater by means of desalination plants. “Hy-
drogen Rise offers this country of 5 million residents a strategy 
for developing a new energy economy,” said Sreball.

One of the ensuing initiatives has included the setup of 
the Oman Hydrogen Center in Muscat on the campus of the 
German Technical University (see fig. 2). In January 2020, 
both Sheikh Abdullah bin Mohammed al-Salmi, minister 
for religious affairs, and Mohammed bin Hamad al-Rumhi, 
minister for oil and gas, took part in the opening ceremony.

Although the pandemic has made contact in the Arab 
world difficult in recent months, in May 2021 another con-
sortium comprising companies from Hong Kong, Kuwait 
and Oman announced its intention to start a 25-gigawatt 
project to make green hydrogen and export it in the form 
of ammonia (see fig. 1). Preparations for this endeavor have 
been ongoing for more than three years. According to a >> 
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press release: “Renewable power generation will benefit from 
very high and stable levels of solar and wind energy, exhib-
iting the optimal diurnal profile of strong wind at night and 
reliable sun during the day. The project is also located near 
the coast for seawater intake and electrolysis.”

NEOM – A BRAVE NEW FUTURE A much bigger undertaking 
is the Saudi mega-city Neom. Due to be designed and con-
structed from scratch, this metropolis is to be located in an 
area of Saudi Arabia close to the Suez Canal and is expected 
to give the world a glimpse of life in the future. Appropriately, 
it takes its name from the words for “new” and “future.”

Neom is set to take shape on the northwestern tip of the 
Arabian Peninsula, directly on the Red Sea. The city, which is 
forecast to require an investment of over EUR 400 billion for 
its construction, could be as large as Mecklenburg-Western 
Pomerania and house several million people. According to 
the plans, Neom’s energy needs will be met entirely by solar 
and wind power.

A key part in the city’s energy storage system is expected to 
be played by hydrogen. Consequently, potential electrolyzer 
manufacturers are busy jostling for position. For example, 
thyssenkrupp has succeeded in defeating other applicants 
in its bid for the Element One project, which focuses on the 
development and installation of a prototype for an alkaline 
electrolyzer in Neom with a 20-megawatt capacity. On Dec. 
16., 2020, it was revealed that thyssenkrupp Uhde Chlorine 
Engineers would be receiving the allocated funding from the 
German economy ministry.

Martina Merz, chair of thyssenkrupp AG, accepted the 
EUR 1.525 million grant virtually and described the sum for 
such a project as “reasonable.” The planned facility – as soon 
as it is finished – will be one of the largest green hydrogen 
plants in the world. Merz explained that hydrogen is very 
high up in the company’s list of priorities which is why mil-
lions of euros are being invested in electrolysis. She contin-
ued saying that water electrolysis is an important area of fo-
cus at thyssenkrupp given that the global market is expected 
to be worth EUR 40 billion by 2030.

Also among the plans for the Saudi flagship region of 
Neom is the proposal to set up a hydrogen innovation and 
development center for testing and demonstrating the tech-
nologies and uses of green hydrogen. Following on from 
this, an industrial production facility is due to be built 
as part of the project’s second phase. Dubbed the Helios 
Green Fuels Project and scheduled for completion in 2025, 
the plant is expected to produce up to 650 tons of hydrogen 
and 3,000 tons of ammonia per day, running on up to 4 
gigawatts of power from solar and wind. Among the part-
ners in this venture are the Saudi company ACWA Power 
and the U.S.-based Air Products & Chemicals corporation 
which jointly concluded a USD 5 billion deal with Neom in 
July 2020. The ammonia technology is being provided by 
Haldor Topsoe.

Neom CEO Nadhmi Al-Nasr referred to this “life’s work” 
of Saudi Crown Prince Mohammed bin Salman “as the 
world’s largest project for renewable hydrogen.” ||
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Fig. 2: Sealing the deal for German-Omani cooperation 
[Source: Hydrogen Rise]
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In December 2020 Scotland became the first country in the UK to publish a hy-
drogen policy statement, six months after publication of the German hydrogen 
strategy. This sets out Scotland’s vision for hydrogen and how we can maximize 
our massive potential in the sector. Our accompanying Hydrogen Assessment 
Report appraised the potential for hydrogen to be deployed to help achieve our 
stretching decarbonization targets. Its economic impact scenarios concluded 
that Scotland has the potential to deliver up to 126 terawatt-hours of green hy-
drogen per year by 2045, up to 96 terawatt-hours of them for export. This would 
protect or create between 70,000 and over 300,000 jobs – in a population of 5.5 
million – and deliver gross value-added impacts of between GBP 5 billion and 
GBP 25 billion.

It is clear that hydrogen will play an important role for all of us in our energy tran-
sition to net-zero and is a key component of the green recovery post-Covid 19. In 
2019 Scotland tightened its legally binding climate change targets to achieve net-ze-
ro greenhouse gas emissions by 2045, with a 75 percent reduction by 2030 against 
the 1990 baseline. To achieve this, we need to move at an unprecedented pace across 
our whole economy to deliver the innovation, investment, regulation and market 
environment that will enable the required step change toward net-zero.

Hydrogen is rapidly emerging as a key sustainable solution for the decarbon-
ization of the economy. We believe that Scotland’s abundant resources – natural, 
human and physical – will support the establishment of a thriving hydrogen 
sector both in Scotland and in the emerging global hydrogen market. Producing 
clean hydrogen and demonstrating that it can be used to help meet the chal-
lenging energy demands of industry, transport and heat will be a key part in 
Scotland’s energy journey.

Our ambition is for Scotland to become a leading hydrogen nation and a 
strong international partner in the production of sustainable hydrogen. The Scot-
tish government will support the strategic growth of a strong hydrogen economy, 
focusing our efforts on the development of our hydrogen production capability to 
meet an ambition of at least 5 gigawatts of renewable and low-carbon hydrogen by 
2030 and at least 25 gigawatts by 2045. The scale of our ambition will be familiar 
to German readers, with our hydrogen production plans for 2030 the equivalent 
of the target set by Germany. Naturally, we look forward to working closely with 
others such as Germany to advance this opportunity.

SCOTLAND’S HYDROGEN ECONOMY
Delivering a bright future through collaboration and innovation

Category: International    Authors: Michael Matheson, Alexandra Stein

SCOTLAND’S RESOURCES AND EX-
PERTISE We have confidence in 
setting such high ambitions since 
Scotland has access to all the key 
components of a hydrogen economy. 
Scotland has the potential to produce 
industrial-scale quantities of firstly 
blue hydrogen and then – internation-
ally more important – green hydrogen 
from our offshore and onshore wind 
resources and our potential wave and 
tidal power.

Scotland has an estimated 25 per-
cent of all the wind resource in Europe, 
with an ambition for up to 11-gigawatt 
offshore wind capacity in Scottish wa-
ters by 2030. We have the largest sea-
scape for future development, with 
178,000 square miles (462,000 square 
kilometers) under management giving 
the best yield due to high load hours. 
Our potential production capacity far 
exceeds indigenous demand, giving us 
the opportunity for Scotland to pro-
duce and export low-cost clean hydro-
gen to Europe.

To set our hydrogen vision in con-
text, it is worth reflecting on Scotland’s 
hydrogen journey to date. The Scottish 
government has a strong track record 
of supporting world-leading hydrogen 
demonstration projects, with a broad 
portfolio of hydrogen projects that has 
grown over the years. For example, in 
the Orkney Islands, our initial fund-
ing of hydrogen projects at the Euro-
pean Marine Energy Centre EMEC 
has helped shepherd in an impressive 
GBP 65 million portfolio of projects 
that is still growing. In Aberdeen, our 
initial funding for 25 hydrogen dou-
ble-decker buses has helped establish 
the infrastructure to support an eco-
system of over 60 hydrogen-fueled ve-
hicles of many shapes and sizes. This 
has in turn been a catalyst for the 
much larger Aberdeen Hydrogen Hub 
initiative, which is now growing fast 
to become one of the key model hydro-
gen regions in Europe. Meanwhile, our 
flagship demonstration of hydrogen 
for domestic heat, the H100Fife proj
ect, is currently building a 100 percent 
green hydrogen production and dis-
tribution network and installing 300 
homes with new hydrogen boilers to 
demonstrate hydrogen for domestic 
heating. >>
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WORKING TOGETHER IN INTERNATIONAL PARTNERSHIP  
Although we may still be at the dawn of the hydrogen econ-
omy, we believe there is a bright day ahead, and that hy-
drogen will play a key role in realizing our climate change 
ambitions.

Scotland’s vision for hydrogen is confident, ambitious 
and challenging. Our ambition, and indeed that of all na-
tions looking to develop the hydrogen economy, can only 
be realized if we work together. None of us can go on this 
journey alone. Working with international partners will 
be critical to the successful development of the hydrogen 
economy. Scotland is committed to collaborating interna-
tionally so that we can all achieve our shared goals more 
quickly and efficiently. We know that international part-
nership will be key in developing the predictable, reliable 
and supportive business environments that are needed 
for future international hydrogen markets to grow and to 
flourish.

Whilst, regrettably, Scotland is no longer a member of 
the European Union, we are ready and committed to work 
with our EU partners and others to overcome the challeng-
es of safe, rapid and cost-effective deployment as we build 
a hydrogen economy and develop international hydrogen 
markets.

COP26 can inspire all of us to move toward a net-zero 
future, with a Just Transition that is fair to all. It is clear hy-
drogen has an exciting and important role to play in this, and 
I look forward to working with our partners in Germany and 
elsewhere to achieve this. ||
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These developments and others are supported by Scotland’s 
company base and our valuable skills and assets in the oil 
and gas, offshore wind, and energy systems sectors, which 
will all play a critical role in the building of Scotland’s hy-
drogen economy.

We are also clear on the need to support the demonstra-
tion, research and development and innovation required for 
hydrogen deployment. For example, we are funding a re-
search project with partners in France to consider floating 
wind and hydrogen opportunities. We are also supporting 
a collaborative study into the potential for Liquid Organic 
Hydrogen Carriers or LOHC in the marine vessel transpor-
tation and storage of hydrogen. This forms part of our exam-
ination of the safe and cost-effective options for the marine 
transport of hydrogen between Scotland and UK and Euro-
pean ports.

In doing this, we want to explore how we can drive for-
ward technological progress and advance innovation by un-
locking public and private funds for development, and how 
we can support demonstration for key hydrogen technolo-
gies, such as fuel cells and electrolyzers.

INCREASING THE PACE If Scotland is to capture and max-
imize the economic value from hydrogen activities then we 
will need to act quickly and decisively. Just last month, plan-
ning applications were submitted for what will be the UK’s 
largest electrolyzer, just outside Glasgow at Whitelee. The 
20-megawatt electrolyzer, situated close to Europe’s second 
largest onshore windfarm, will be able to produce up to 8 
metric tons of green hydrogen per day.

Such pace is crucial. We need to grow the hydrogen sec-
tor quickly and develop an indigenous hydrogen economy 
that aligns with the needs of a growing global export market. 
To help achieve this, we will publish our national Hydro-
gen Action Plan later this year – building on the framework 
provided by our Hydrogen Policy Statement. This plan will 
provide further detail on our planned approach and the key 
actions necessary to implement our priorities. It will seek to 
provide strategic support for hydrogen research, innovation 
and demonstration, for the development of Scotland’s exist-
ing supply chain and our green hydrogen export potential, 
and international collaboration.

INTERNATIONAL

Fig. 2: Fuel cell container by Proton Motor, car, mobile storage unit 
and H2 ferry of BIG HIT and Surf’n’Turf on Orkneys  
[Source: Colin Keldie]

http://www.gov.scot/publications/scottish-government-hydrogen-policy-statement/
http://www.gov.scot/publications/scottish-government-hydrogen-policy-statement/
http://www.gov.scot/publications/securing-green-recovery-path-net-zero-update-climate-change-plan-20182032/
http://www.gov.scot/publications/securing-green-recovery-path-net-zero-update-climate-change-plan-20182032/
http://www.gov.scot/publications/securing-green-recovery-path-net-zero-update-climate-change-plan-20182032/
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Kälte- und System- 
technik GmbH, 
Refrigeration  

systems for cooling hydrogen according SAE, Heavy duty 
refueling, Strassfeld 5, 3441 Freundorf, Austria,  
Phone +43-2274-44109, office@kustec.at, www.kustec.at

Wystrach GmbH, Industrie
str. 60, 47652 Weeze, Germany, 
Phone +49-(0)2837-9135-0,  
Fax -30, www.wystrach-gmbh.de

ELECTROLYZERS

Areva H2Gen GmbH, 
Eupener Strasse 165, 

50933 Köln, Germany, Phone +49-(0)221- 2919073-0, Fax -9, 
www.arevah2gen.com

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

Enapter srl, Pisa, Berlin,  
Chiang Mai, Via di lavoria 56G,  
56040 Crespina Lorenzana (PI), 
Italy, Phone +39-5064-4281,  
www.enapter.com

a company of FEST group, 
Phone +49-05321-687-0, 
kontakt@fest-group.de,  
www.green-h2-systems.com

Giner ELX, Inc., 89 Rumford 
Avenue, Newton, Massachusetts 
02466, USA, Phone +1-(0)781-

529-0500, information@ginerelx.com, www.ginerelx.com

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

H-Tec Systems GmbH, 
PEM electrolyzers for  
industry application,  
Am Mittleren Moos 46,  
86167 Augsburg, Ger-

many, Phone +49-821-507697-0, Fax +49-451-399-41799, 
info@h-tec-systems.com, www.h-tec.com

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

 
IPS-FEST GmbH,  
Power Supplier, Eisenbahnstr. 22-23, 
53489 Sinzig, Germany, 
Phone +49-02642-9020-20, 
sales@ips-fest.de, www.ips-fest.de

BUSINESS DIRECTORY

COATING

Aalberts Surface Technologies 
GmbH, Seelandstr. 7, 23569 Lübeck, 
Germany, Phone +49-451-39006-0, 
www.aalberts.com

COMMUNICATION & MARKETING

Mission Hydrogen 
GmbH,  
Lise-Meitner-Str. 20,  

71364 Winnenden, Germany, Phone +49-7195-904390-0, 
+49-162-2109822, www.mission-hydrogen.de

mummert – creating relations,  
Uta Mummert, German-French 
Communication Services – 
Media, Events, Marketing,  

85 Chemin du Vignal, 07230 Lablachère, France,  
Phone +33-652980552, info@mummert.fr, www.mummert.fr 

COMPRESSORS

Mehrer Compression GmbH, Rosenfelder Str. 35,  
72336 Balingen, Germany, Phone +49-(0)7433-2605-0,  
Fax -7541, www.mehrer.de

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

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

CONSULTING

Haas Engineering GmbH & Co. KG, Reinhold- 
Schneider-Str. 18a, 79194 Gundelfingen, Germany, Phone 
+49-(0)761-503649-0, Fax -69, info@haasengineering.de, 
www.haasengineering.de

DISTRIBUTION

Hydrogenious LOHC 
Technologies GmbH, 
Weidenweg 13,  

91058 Erlangen, Germany, Phone +49-(0)9131-12640-220, 
Fax -29, www.hydrogenious.net



64

H2-international 0 3 |  AU G U S T 2 0 21

BU SINE S S D IR EC T O R Y

Kraftanlagen München 
GmbH, Ridlerstr. 31 c, 
80339 München, Germany, 
Phone +49-89-62370,  
www.kraftanlagen.com 

Nel Hydrogen, 10 Technology Dr,  
06492 Wallingford CT, USA,  
Phone +1-203-9498-697, Fax -016,  

info@nelhydrogen.com, www.NelHydrogen.com

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

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

FITTINGS, REGULATORS, VALVES

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

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

Eugen Seitz AG, Leading 
H2-solenoid valve tech
nology from 10 to  

1,000 bar, Spitalstr. 204, 8623 Wetzikon, Switzerland,  
Phone +41-44-9318190, h2info@seitz.ch, www.seitz.ch

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

Magnet-Schultz GmbH & Co. KG, High-pressure-cut-off-, 
safety–shut-off-, flow-control valves for H2,  
Allgäuer Str. 30, 87700 Memmingen, Germany,  
Phone +49-8331-104-0, Fax -333, www.magnet-schultz.com
	

Nova Werke AG, H2 
High Pressure Sole-

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

OMB Saleri SpA,  
Via Rose di Sotto 38/c 
– 25126 Brescia, Italy, 

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

�PTEC – Pressure Technology 
GmbH, pipelines, screw  
connections, filters, valves,  
regulators, TPRD, Linde 11, 
51399 Burscheid, Germany, 

Phone +49-2174-748-722, mail@ptec.eu, www.ptec.eu

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 

FUEL RECIRCULATION AND AIR SUPPLY

Gebr. Becker GmbH,  
Hölker Feld 29-31,  
42279 Wuppertal,  

Germany, Phone +49-(0)202-697-255, Fax -38255,  
info@becker-international.com, www.becker-international.com

Busch Clean Air S.A., Chemin 
des Grandes-Vies 54, 2900 Por-
rentruy, Switzerland, Phone  
+41-(0)32-46589-60, Fax -79, 

info@buschcleanair.com, www.buschcleanair.com

Haskel International, LLC,  
100 E Graham Place,  
91502 Burbank, CA, USA,  
Phone +1-818-84-34000, Fax -14291, 
www.haskel.com

sera ComPress GmbH, 
sera-Str. 1, 34369 Immen
hausen, Germany,  

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

Vairex air systems, 
3048 Valmont Road,  
Boulder, CO, 80301, 
USA, Phone +1-303-

994-2047, info@vairex.com, www.vairex.com

GAS DIFFUSION LAYERS (GDL)

MeliCon GmbH, Metallic 
Lightweight Construction, 
Porschestr. 6, 41836 Hückel-
hoven, Germany,  

Phone +49-(0)2433-44674-0, Fax -22, www.melicon.de

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
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HYDROGEN GENERATION

Rouge H2 Engineering GmbH, 
Reininghausstr. 13, 8020 Graz, 
Austria, Phone +43-316-375-007
Germany: Rouge H2 Engi-

neering Deutschland GmbH, Maurener Str. 11/1, 71155 
Altdorf, Phone +49-2175-6688-575, www.rgh2.com

INTEGRATION

Deutsche Zentrum für 
Luft- und Raumfahrt 
(DLR) / German Aero-
space 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

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

MEASUREMENT AND CONTROL TECHNOLOGY

ADZ NAGANO GmbH, 
H2-pressure sensors with 
EC79 approval, Bergener 
Ring 43, 01458 Otten-

dorf-Okrilla, Germany, Phone +49-035205-596930,  
sales@adz.de, www.adz.de

Henze-Hauck 
Prozessmesstechnik / 
Analytik GmbH,  

Wasserstoffanalysatoren, ATEX zertifiziert, Sicherheits
technik, Dünnhauptstr. 14, 06847 Dessau, Tel. 0340 5169363,  
info@henze-hauck.de, www.processanalytik.de

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

MEMBRANES AND SEPARATORS

AGC Chemicals Europe, Ltd., 
FORBLUE™ Membrane Tech-
nology, Commercial Centre, 
World Trade Center, Zuidplein 

80, 1077 XV Amsterdam, Netherlands, Phone +31-20-880-
4170, forblue.info@agc.com, www.agcce.com

Agfa-Gevaert NV, 
Zirfon – separator 
membranes for  
alkaline water  

electrolysis, Septestraat 27, 2640 Mortsel, Belgium,  
Phone +32-3444-8004, www.agfa.com

Chemours International Operations SARL, 
Chemin du Pavillon 2, 1218 Le Grand  
Saconnex, Switzerland, Patrick Redon,  
Phone +33 680 28 21 40,  
www.chemours.com, www.nafion.com

FUMATECH BWT GmbH, 
Carl-Benz-Str. 4, 74321 Bietig
heim-Bissingen, Germany, 
Phone +49-(0)7142-3737-900, 
Fax -999, www.fumatech.com
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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, Inf-
feldgasse 15, 8010 Graz, Austria, 
Phone +43 (0)316-873-9501, 
office@hycenta.at, www.hycenta.at

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

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

Wenger Engineering 
GmbH, Research and 
Development Center  
for Thermodynamics, 

CFD Simulation & H2-Technology, Einsteinstr. 55, 89077 
Ulm, Germany, Phone +49-(0)731-790605-0, Fax -99, 
mail@wenger-engineering.com, www.wenger-engineering.com

STORAGE

GKN Powder Metallurgy Holding GmbH, Pennefeldsweg 
11-15, 53177 Bonn, Germany, www.gknhydrogen.com

Hexagon Purus GmbH, 
Otto-Hahn-Str. 5, 34123 Kassel, 
Germany,  
Phone +49-561-58549-0, Fax -29, 
www.hexagonxperion.com

HPS Home Power Solutions GmbH, Carl-Scheele-Str. 16, 
12489 Berlin, Germany, Phone +49-(0)30-5169-5810,  
mail@homepowersolutions.de, www.homepowersolutions.de

Hydrogenious  
Technologies GmbH,  
Weidenweg 13,  

91058 Erlangen, Germany, Phone +49-(0)9131-12640-220, 
Fax -29, www.hydrogenious.net

Kessels Prüfwerk Gmbh & Co. 
KG, Lehmkuhlenweg 13,  
41065 Mönchengladbach,  

Germany, Phone +49-(0)2161-65907-0, Fax -68,  
www.kessels-pruefwerke.de

Reuther STC GmbH, Fabrikstr. 8, 
15517 Fuerstenwalde, Germany, 
Phone +49-(0)3361-694-0,  
Fax -852, www.reuther-stc.com

Worthington 
Industries – 
Stako Sp. z o.o., 

54 Poznanska, 76-200 Slupsk, Poland, Phone +48 598424895, 
Sales-PL@worthingtonindustries.com,  
www.worthingtonindustries.com

BU SINE S S D IR EC T O R Y

ORGANIZATIONS

German Hydrogen and Fuel Cell 
Association, Deutscher Wasserstoff- 
und Brennstoffzellen-Verband e.V. 

(DWV), Moltkestr. 42, 12203 Berlin, Germany,  
Phone +49-(0)30-398209946-0, Fax -9, www.dwv-info.de

hySOLUTIONS GmbH, 
Steinstrasse 25, 20095 Hamburg, Germany, Phone  
+49-(0)40-3288353-2, Fax -8, www.hysolutions-hamburg.de

National Organisation Hydrogen 
and Fuel Cell Technology  
(NOW GmbH), Fasanenstr. 5, 

10623 Berlin, Germany, Phone +49-(0)30-3116116-15,  
Fax -99, www.now-gmbh.de

ORGANIZERS (EVENTS)

European Fuel Cell Forum, Obgardihalde 2, 6043 Luzern-
Adligenswil, Switzerland, Phone +41-(0)4-45865644, Fax 
35080622, forum@efcf.com, www.efcf.com

Peter Sauber Agentur Messen und 
Kongresse GmbH,  
f-cell, Haus der Wirtschaft,  
Willi-Bleicher-Str. 19, 70174 Stuttgart, 

Germany, Phone +49-(0)711-656960-55, Fax -9055,  
www.f-cell.de

Peter Sauber Agentur  
Messen und Kongresse 
GmbH, f-cell + HFC,  
The Hydrogen and Fuel Cell 

Event, Vancouver Convention Centre, Canada,  
www.hyfcell.com

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-gut.de

Fraunhofer Institute 
for Microengineering 
and Microsystems IMM, 

Reformer and Heat Exchanger, Carl-Zeiss-Str. 18-20, 55129 
Mainz, Germany, Phone +49-(0)6131-9900,  
info@imm.fraunhofer.de, www.imm.fraunhofer.de
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TESTING

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

+49-(0)5139-9855-011, Fax -33, www.ja-gastechnology.com

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

Resato International B.V., H2-Pres-
sure Testing, H2 gas booster for 
refueling stations, high pressure 

technology, Duitslandlaan 1, 9400 AZ Assen, Netherlands, 
Phone +31-(0)501-6877, h2sales@resato.com, www.resato.com

Sonplas GmbH, Sachsenring 57, 94315 
Straubing, Germany, Phone +49-9421-
9275-0, Fax -199, www.sonplas.de

TesTneT Engineering GmbH, 
Schleissheimer Str. 95, 85748  
Garching / Munich, Germany,  
Phone +49-(0)89-237109-39,  
info@h2-test.net, www.h2-test.net

Zeltwanger, Leak and Functional Testing, Automat-
ed Lines for Laser Applications and Assembly Tasks, 
Maltschachstr. 32, 72144 Dußlingen, Germany, Phone +49-
7071-3663-106, a.nobel@zeltwanger.de, www.zeltwanger.de

TEST STANDS

DAM Group, 200 Rue Léon Blum,  
69100 Villeurbanne, France,  
Phone +33-478-269583, 
www.dam.fr
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SUPPLIERS

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

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

HIAT gGmbH,  
Schwerin, Germany, 
CCMs / MEAs / GDEs 
for PEFC, DMFC & 

PEM-Electrolysis, www.hiat.de

Kerafol Keramische Folien GmbH 
& Co. KG, Ceramic Electrolytes, 
Solid Oxide Cells, Glass Tapes, 

Koppe-Platz 1, 92676 Eschenbach, Germany,  
Phone +49-(0)9645-884-30, Fax -90, www.kerafol.com/sofc

Pajarito Powder, LLC,  
3600 Osuna Road NE, Suite 309, 
Albuquerque, NM 87109-4427, 

USA, Phone +1-505-2-935367, Fax -448040,  
www.pajaritopowder.com

Sandvik High Precision Tube, 
ZN der SMT D GmbH,  
33824 Werther, Germany, 
Phone +49-5203-91090,  

info.hpt@sandvik.com, H2 Stainless Steel Tube Applications /  
Coil Container Service – On Site Tubing Solution

WEKA AG, Schuerlistr. 8,  
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Energy transition with compressors
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the proven compressor technologies from NEA and HOFER 
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Power to Gas needs energy-efficient piston and dia-
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security with green gases.
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