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ED I T O R I A L

cleaner.” We will probably never know why this long overdue 
step was so difficult for an ecoparty.

But if even in the CSU it is now true that “hydrogen is in-
creasingly establishing itself as a storage technology for the 
national and global energy turnaround of energy systems” 
(quote: Sandro Kirchner, parliamentary party leader of CSU 
Bavaria), and Federal Transport Minister Andreas Scheuer 
states that “hydrogen is good for the climate” (see p. 10), an 
environmental party must of course no longer lag behind.

At state level, Olaf Lies, Environment Minister in Lower 
Saxony, has long wanted to establish his state as an H2 region. 
In return, he recently pledged 40 million euros in investment 
funds, for 2020 alone. Brandenburg would also like to move 
in this direction and become a “model state for the use of H2 
technology”, said Economics Minister Jörg Steinbach. Even 
the Saarland is to be developed into a model region for hy-
drogen research in the opinion of its Economics Minister 
Anke Rehlinger.

That’s why, because of all these developments, I have the 
feeling that this time it’s not just a hype, but there’s a cer-
tainty in the air that something fundamental must and will 
change. And we cannot only be witnesses of it, but we can 
actively participate in shaping it. Finally!

However, it is still questionable how strong the resistance 
of the established actors will be. The direction of the Fed-
eral Ministry of Economics and Technology to temporarily 
(until 2040/50) rely on so-called “blue” hydrogen from fossil 
energy sources and on CCS technology suggests that by no 
means everything is clear. Instead, it looks as if there are still 
many people who would like to stretch the actually neces-
sary short-term energy turnaround over many years – for 
whatever reason. ||

Sincerely

Sven Geitmann
H2-international editor

CHANGE IS IN THE AIR
Dear Readers!

The current interest in hydrogen is almost frightening. Too 
often we already had H2 hypes, according to which the im-
age of hydrogen was worse than ever before. A number of 
industry representatives with whom I have talked these days 
are therefore sceptical and fear that the hope for sustainable 
change that is just emerging will immediately be destroyed 
again.

At the same time, however, something is currently being 
felt that did not previously exist. Something is different from 
the previous hypes, as if the premonition of something new 
was already in the air.

At the time of the first hype, some developers had first 
emphasised the advantages of H2 and FC technology and – as 
we later discovered – made unfounded promises about how 
quickly first products could get to market. A few years later, 
the media then celebrated fuel cells as an innovative tech-
nology of the future, but then quickly wrote them off again.

In contrast, we now have a completely different start-
ing position: While these earlier hypes were driven solely 
by technology, today there is an acute need for action. At 
that time there were discussions about global warming and 
sustainability, but hardly anyone really wanted to change 
anything. Today – after the diesel scandal, driving bans, 
Fridays-for-Future, climate refugees, drought summers etc. – 
there are many more people who don’t want to go on like this.

Another important point is that this is happening not 
only in Germany, but worldwide. In addition, it is becoming 
increasingly clear that Germany is no longer a pioneer when 
it comes to climate protection or renewable energies. The so-
lar and wind industry in Germany is on the ground, while in 
Asia in particular the government is clearly pointing the way 
towards greater sustainability. While we are hesitant to start 
with battery cars here, China is already reducing subsidies 
for them again and is focusing entirely on hydrogen instead.

But the biggest difference between the hypes of that time 
and the situation I perceive today is the mood of the pop-
ulation. I’m not talking about the Fridays-for-Future kids, 
about whom there are very different opinions. I mean the 
consciousness of the average consumer, who has been tell-
ing me more and more recently: Battery cars are all well and 
good, but the future is hydrogen!

In recent months – almost unnoticed by sociologists or 
the media – an opinion-forming process seems to have tak-
en place in society. The collected intelligence of the citizens 
anticipates a development for which many of the so-called 
experts and politicians needed much longer.

In line with this, however, all sorts of politicians are now 
suddenly daring to take to the microphones and announce 
hydrogen strategies – whether at local, state or federal level.

After “little Austria” first advanced and announced that 
it wanted to become the number one hydrogen nation (see p. 
12), it took just eight days for the German Federal Environ-
ment Minister to present a PtX action programme, and fur-
ther eight days for the German Federal Economics Minister 
to claim that it “wanted to become the number one in the 
world for hydrogen technologies” (see p. 8).

Even the Greens seem to finally give up their decades-long 
rejection of H2 and FC technology: On 10 July 2019, six mem-
bers of the Bundestag presented a position paper in which 
it was stated: “Hydrogen can and should make our country 
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N O T IF I C AT I O N S

The Managing Director 
of the National Organi-
sation for Hydrogen and 
Fuel Cell Technology 
GmbH, Dr. Klaus Bon-
hoff, will leave NOW 
and will in future be 
head of the Policy De-
partment at the Federal 
Ministry of Transport 
and Digital Infrastruc-
ture (BMVI). He will 
thus occupy a central 
position within the 
ministry and, according 
to Minister of Trans-
port Andreas Scheuer, 
will focus in particular 
on the “mobility of the 

future". Bonhoff has been 
active as a NOW spokesman since the company was found-
ed in 2008, after working for Daimler on fuel cell cars for 
many years.

At the end of July 2019, several personnel changes in the 
BMVI went hand in hand with this change of personnel. 
Among others, Dr. Norbert Salomon, who was head of the basic 
principles department for 16 months, became the new head of 
the department Waterways, Shipping.

A successor for Bonhoff at NOW will probably only be 
named after a lengthy tender procedure. This is how long the 
second managing director, Wolfgang Axthammer, will proba-
bly take over his duties with the support of Thorsten Herbert, 
NOW’s Head of Transport and Infrastructure. ||

The Saxon city of Chemnitz is increasingly developing into a 
Mecca for hydrogen enthusiasts. On July 17, 2019, the Tech-
nical University there and the company Continental Pow-
ertrain will open a new hydrogen laboratory equipped with 
a test rig for researching modern fuel cell vehicle systems. 
Vladimír Buday, responsible for the test bench, reported to 
H2-international: “It is a Greenlight test stand with 150 kW 
power, which already has some features that are second to 
none.” (The test bench can be extended to 300 kW.)

On the occasion of the inauguration on the university 
campus, in addition to Martin Dulig, the Saxon Minister 

BONHOFF SWITCHES TO 
POLITICS

CHEMNITZ BECOMES  
H2-CENTRE

Dr. Klaus Bonhoff

of State for Economics, Labour and Transport, Miko Run-
kel, the mayor of the city, and Prof. Thomas von Unwerth, 
holder of the Chair for Alternative Vehicle Propulsion Sys-
tems at the TU, also attended. Prof. von Unwerth, who also 
heads the innovation cluster H2, said: “As the largest indus-
trial partner in the innovation cluster H2 grid, Continental 
brings extensive knowledge of vehicle applications, control 
technology and components for fuel cells. Combined with 
our expert knowledge, this creates an ideal basis for develop-
ing efficient fuel cell solutions and preparing the ground for 
economic industrialisation”. ||

“The fact that Chemnitz University of Technology is a 
leader in the field of hydrogen fuel cell technology 
is demonstrated not least by the commissioning of a 
test bench that is unparalleled in the university sector 
throughout Europe.”

Prof. Gerd Strohmeier, Rector of the TU Chemnitz

Prof. von Unwerth explains the new test bench
[Source: TU Chemnitz, Jacob Müller]

HYDROGEN-INNOVATIONS-
CAMPUS IN GÖRLITZ

Joe Kaeser [Source: Siemens]
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BDR WANTS TO INSTALL 400  
H2 BOILERS

Hydrogen boiler without CO2 from Remeha [Source: BDR Thermea]

Hydrogen technology and steam turbines – this is the motto 
in Görlitz from now on. After the planned closure of the Sie-
mens plant on the Polish border, announced two years ago, 
had caused a great deal of displeasure, the major corpora-
tion gave in and signed a declaration of intent in mid-July 
2019 together with the Free State of Saxony and the Fraun-
hofer-Gesellschaft in order to strengthen the location in the 
long term and support structural change in Lausitz. To this 
end, an innovation campus is to be set up on the plant site, 
where technology and industrial companies, start-ups and 
research institutes as well as a laboratory for hydrogen re-
search will be located. The partners intend to invest a total of 
30 million euros in this project.

Minister president Michael Kretschmer was very pleased 
about this development: “Together with Fraunhofer, the uni-
versities and companies in the region, we are developing a 
research platform for innovative storage and hydrogen tech-
nologies for the energy turnaround But how many of the 
former 800 Siemens employees will continue to work there 
in the future remains to be seen. Chancellor Angela Merkel, 
who also visited the plant on this occasion, explained: “It is 
important for this energy region to become an innovation 
region, and the foundation stone for this has been laid today 
with the hydrogen future. The Confederation will try to ac-
company this.” Joe Kaeser, Chairman of the Siemens Board 
of Management, added: “In addition to the worldwide head-
quarters for industrial steam turbines, we also want to build 
an innovation campus here in Görlitz, where products and 
solutions in hydrogen technology are to be developed togeth-
er with partners and start-ups. ||

Hannover, Germany
20 – 24 Apr 2020
h2fc-fair.com

Shanghai, China
23 – 26 Oct 2019
h2fc-fair.com/asia

Shanghai, ChinaShanghai, China

Hydrogen + Fuel Cells  

Be part of the community
For more information visit
hannovermesse.de/en/worldwide

The BDR Thermea Group commissioned a hydrogen-pow-
ered boiler at the end of June 2019. The pilot plant, which 
was developed at the BDR Thermea competence centre for 
research and development in Italy, is located in Rozenburg, 
the Netherlands, and is supplied with sustainably produced 
hydrogen by the regional gas network operator Stedin, who 
also initiated the project. According to the manufacturer, 
this is “the first real situation in which pure hydrogen is used 
to fire a condensing boiler to heat the central heating system 
of a residential building". The device is operated by the Dutch 
BDR subsidiary Remeha. The next step is a larger field trial in 
Great Britain. The installation of 400 hydrogen boilers with-
in two years is planned. ||

http://www.hannovermesse.de/en/worldwide
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On 10 June 2019, a hydrogen filling station in Norway 
caught fire. While several media talked about an explosion, 
the electrolyser manufacturer involved, Nel, stated that 
leaked hydrogen gas caught fire in the open air, causing a 
shock wave. According to police reports, two people were 
slightly injured in this incident in Sandvika, west of Oslo, 
when the airbags of their cars were triggered. After initial 
tests, it was said a few days later that hydrogen had escaped 
through a leak in the high-pressure storage system and had 
ignited. However, no tank had burst.

For safety reasons, several hydrogen stations in some countries 
were closed as a precaution to avoid further incidents of this 
type until the cause of the leakage and ignition could be iden-
tified. In addition, Toyota and Hyundai temporarily stopped 
the delivery of their fuel cell cars. However, Espen Olsen of 
Toyota Norway stated that the incident did not change “our 
attitude towards hydrogen, and it is important for us to stress 
that H2 cars are at least as safe as conventional vehicles”.

On 27 June, Nel reported that Gexcon AS, one of the 
world’s leading companies in safety management and explo-
sion and fire modelling, had identified a fault in the assem-
bly of a connector in a high-pressure hydrogen tank as the 

N O T IF I C AT I O N S

Fig. 1: Seconds after ignition, it can be seen how pure hydrogen 
burns with only a weakly visible flame [Source: VG]

FIRE AT AN A HYDROGEN 
STATION IN NORWAY

F-CELL WITH 24-HOUR RALLY

During this year’s f-cell, which took place on 10 and 11 Sep-
tember 2019 in Stuttgart, a look into the future was taken and 
the question of how hydrogen can make the transport sector 
more climate-friendly was answered. In the House of Econ-
omy studies were discussed which had just been published 
and which had already provided a lot of material for discus-
sion when they were published. For example, the life cycle 
analysis of the Fraunhofer Institute for Solar Energy Systems 
ISE, in which battery and fuel cell cars were compared on 
behalf of H2 Mobility, was presented. It states that FC cars are 
more economical than battery cars for vehicles with a range 
of several hundred kilometres from the point of view of cli-
mate protection.

The discussion with presenter Jürgen Pfeiffer (see p. 8), 
who discussed the best mix of alternative drive technologies 
with H2 Mobility boss Nikolas Iwan, among others, was also 
interesting again. In the context of this panel discussion, the 
infrastructure study of the Ludwig Boelkow Foundation by 
Dr. Ulrich Bünger, which was carried out with the help of the 
ADAC Foundation (see p. 32), was also mentioned.

Valuable input from abroad came from the French bus 
manufacturer Safra, which presented its bus concept based 
on hybrid technology. His model Businova is an electric bus 
whose battery is powered by a 30 kW fuel cell so that it can 
cover about 300 km. A ten-member delegation from China 
was arriving this year to exchange ideas with local exhibitors 
and participants. A workshop entitled “Doing Business in 
China” was also offered. Hans-Werner Kulenkampff traveled 
from Chile to explain why this South American country is 
traded as an insider tip in the PtX sector.

New this year was the 24-Hour-Hydrogen-Challenge, 
which was held in the run-up to f-cell. This 24-hour rally 
started on Monday, 9 September, in which various teams in 
Stuttgart had to head for various checkpoints on a self-cho-
sen route across Germany within one day. Although this 
was the first German hydrogen challenge, it was also the 5th 
hydrogen challenge organised by the Dutch organisers. The 
winners were announced at the evening event on 10 Septem-
ber, at which the f-cell awards were also presented. ||

cause. As a result, hydrogen had escaped which had mixed 
with air and ignited. However, it is still unclear what the ig-
nition source was, which is why further investigations are 
being carried out.

The hydrogen filling station is a Uno-X site (see photo), 
where the Nel ASA electrolysers, located directly next to 
the filling station, generates H2 gas with the aid of solar 
energy. ||
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Mobility is undergoing its biggest changes since the invention of the automobile. Makers of today’s 
electrifi ed powertrains are looking to batteries and hydrogen as promising energy carriers. AVL is addressing 
this technological revolution with the introduction of AVL PUMA 2TM Fuel Cell, a tailored automation 
system lying at the heart of the fuel cell testbed. This industrialized solution is compliant to the latest 
automotive standards, and can be used for both research and product development activities.
At AVL we are supporting new and existing customers to build modern, optimized fuel cell test 
environments. We can offer complete solutions and application knowledge, from component validation 
up to real driving test scenarios.

YOUR BENEFITS
• Build the most modern serial development environment for fuel cell technology – from cell to complete vehicle
• Integrate real test cycles in early development phases
• Integrated diagnosis control offers early measurement of fuel cell degradation
• Reliable and precise control of all components in real time

www.avl.com/puma2-fuel-cell

AVL´S MODERN FUEL CELL 
ENVIRONMENT FOR DEVELOPMENT 
AND TESTING
Innovative, market-ready solutions for the development of fuel cell vehicles

http://www.avl.com/puma2-fuel-cell
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industry and many local regions are in 
the starting blocks, even if the major re-
think is still missing. Germany could be 
a Hydrogen-Front-Runner, but – unfor-
tunately – it would rather become a fol-
lower. But it is not too late yet, accord-
ing to the tenor of the panellists.

BAVARIA AS LEAD MARKET Almost 
at the same time, interesting speeches 
with unusual content were also heard 
from southern Germany. CSU leader 
Markus Söder had initially announced 
a climate offensive to the party exec-
utive, whereupon Bavaria was called 
upon to become a pioneer in hydrogen 
technologies. As the Süddeutsche Zei-
tung reported, the CDU,s sister party 
is currently increasingly focusing on 
hydrogen as an energy carrier. Not 
only could new industries and jobs be 
created with hydrogen, CSU state par-
liament member Martin Huber was 
quoted as saying that Bavaria also had 
the opportunity to take on a pioneer-
ing role worldwide in innovation, value 
creation and sustainability. The poten-
tial is gigantic, says Huber.

It was also said that a “Master Plan 
Hydrogen Economy for Bavaria” was in 

POLICY

Something is happening in politics. After decades of niche existence, hydrogen 
now seems to have become socially acceptable – at least in some circles. In any 
case, more and more political representatives are openly talking about the fact 
that this gaseous energy storage system has potential. Even some Bavarians now 
admit that hydrogen can significantly advance the energy turnaround. After Fed-
eral Education Minister Anja Karliczek announced that her budget for hydrogen 
research would be increased, Federal Transport Minister Andreas Scheuer also 
ventured into the public eye at the end of June 2019 with completely new tones 
and presented a complete package with over 50 measures for a more sustainable 
transport policy. To top it all off, Economics Minister Peter Altmaier announced 
an H2 strategy for autumn this year (see p. 10), after his cabinet colleague, Fed-
eral Environment Minister Svenja Schulze, had already presented a PtX action 
programme a week earlier.

Shortly before the summer break there was movement in politics: The modera-
tor Jürgen Pfeiffer first discussed the “hydrogen miracle weapon” in Kiel on 21 
June 2019 and asked questions there: “Will Northern Germany save the energy 
turnaround?” Invited to this political talk were high-ranking representatives from 
politics and economy, among others Dr. Bernd Buchholz, Minister for Economy, 
Transport, Labour, Technology and Tourism of Schleswig-Holstein, and Jorgo 
Chatzimarkakis, Secretary General Hydrogen Europe from Brussels.

NOW Managing Director Dr. Klaus Bonhoff reported that hydrogen is taking 
up more and more space in the global energy system. Already today, hydrogen is 
being produced in a Chinese province for US$ 1.60 per kilogram. In his opinion, 
Germany should finally “step on the gas” and exploit the potential. DWV Chair-
man Werner Diwald demanded that Germany must prove that it works for itself 
in order to be a role model for the world. Otherwise, China will explain to us how 
the energy turnaround is going, says the head of the association.

Jürgen Wollschläger, Managing Director of Raffinerie Heide GmbH, sees great 
opportunities especially for synthetic fuels based on hydrogen, from which, in his 
opinion, Hamburg Airport would also benefit. And Economics Minister Buch-
holz stressed the industrial-political opportunity offered to the North. However, it 
was viewed critically that other countries such as Denmark, England, France and 
the Netherlands already have a defined hydrogen strategy, whereas Germany has 
not yet done so.

All in all, this was a round that left nothing to be desired in terms of dynamics 
and flow of information, also thanks to moderator Jürgen Pfeiffer. It was agreed 
that hydrogen is a very important – if not the most important – medium for cre-
ating the energy turnaround. Most important point: The politicians of the Grand 
Coalition, as well as some car manufacturers, could be very wrong about the time-
line. They do not see the breakthrough until 2025/30 – possibly a misjudgement if 
one considers the rapid developments in Japan and now also in China (new subsidy 
programmes for fuel cells, subsidy stop for batteries). However, parts of German 

POLITICIANS RECOGNISE HYDROGEN POTENTIAL
A master plan for a hydrogen economy

Category: Politik    Authors: Sven Geitmann, Sven Jösting

"All those present were motivated, 
and it could have been the im-
pression that we are on the right 
track with the hydrogen economy. 
But if you have listened well ’bet-
ween the lines’, you can see the 
problem: Minister Dr. Buchholz 
is very committed, but so liberal 
that he does not want to consider 
designing the policy guidelines 
in such a way that there will be a 
reward and punishment system 
to promote hydrogen (for the eco-
nomy/industry and private indivi-
duals). Dr. Bonhoff, on the other 
hand, has almost prayed like a 
madman for the NOW strategy 
(station construction in metro-
polises and magistrates), without 
considering the possibility of ad-
apting to accelerate the H2 expan-
sion. That’s why I went home with 
rather subdued expectations for 
the future after this event.”

Political talk guest Udo Wagner, 
Neumünster

S
ou

rc
e:

 P
F

E
IF

F
E

R
_F

ra
gt

/O
li

ve
r 

R
ee

tz



9

H2-international 0 4 |  O C T O BER 2 019

From the BMVI it was said in addition: “According to the 
German government,s climate protection plan, greenhouse 
gas emissions from transport must be reduced by 68 million 
tonnes in 2030. The measures already adopted will reduce 
greenhouse gas emissions by 13 million tonnes. Through our 
climate protection strategy, we are reducing emissions by a 
further 55 million tonnes and thus achieving our target.”

This strategy includes more than 50 actions in different 
categories. In the field of alternative fuels, for example, a con-
cept “hydrogen/renewable fuels” is to be developed “in order 
to advance hydrogen and liquid renewable fuels from pro-
duction through composition to the end customer". Within 
this framework, Scheuer also wants, among other things, to 

“promote generation plants". In the area of commercial ve-
hicles, the Minister of Transport wants to “ensure sufficient 
H2 filling stations". Specifically, he said: “We,re gradually ex-
panding the hydrogen filling station infrastructure.”

ONE-SIDED CAR SUMMIT In contrast, the German automo-
tive industry and Chancellor Angela Merkel still did not give 
in. The car summit at the Chancellor,s Office, to which the 
bosses of German car manufacturers were once again in-
vited at the end of June 2019, was primarily about battery 
cars and charging infrastructure, but hardly about fuel cells, 
which according to the Handelsblatt was expressly criticized 
by the Association of Engineers (VDI) and the Association 
of Electrical Engineers (VDE). They called for a technolo-
gy-open discussion and a rapid expansion of the hydrogen 
infrastructure.

The study “Fuel cells and battery vehicles – significance 
for electro-mobility”, which was presented on the occasion of 
this summit in Berlin, states this in concrete terms: “It is the 
opinion of VDI-GEU, VDI-FVT and VDE/ETG that fuel cell-
based electric-mobility can also make an important contri-
bution to reducing greenhouse gas emissions. This is also the 
assessment of the railway operators and, in addition to cost as-
pects, an important reason for their decision to invest not only 
in battery trains but also in fuel cell trains". It criticises the 
neglected treatment of FC technology and the strong focus of 
the discussion on car traffic: Truck and bus transport were not 
included, nor was rail transport (detailed report on page 34).

BMW boss Harald Krüger told the Handelsblatt news-
paper after the car summit: “We believe in electric cars, we 
believe in hybrids, and we believe in fuel cells. That was the 
consensus of the Federal Chancellor.” On the other hand, it 
was said from the other side: “In the coming years, cars with 
plugs will be favoured. Fuel cell technology is not suitable for 
mass production until 2030 at the earliest.” ||

 Political talk video: http://bit.ly/2Tr5ZPR

the works. The aim is to bring more vehicles with fuel cells 
onto the market, which is why the infrastructure must be ex-
panded, for example by gradually increasing the number of 
hydrogen filling stations. In this context, environmental pol-
itician Huber spoke of a pioneering role for public transport, 
for example through the increased use of hydrogen-powered 
buses and taxis. His target is: “We want to make Bavaria the 
lead market for clean economy.”

MORE MONEY FOR HYDROGEN RESEARCH FROM THE BMBF 
In the same week, the Federal Minister of Education and Re-
search, Anja Karliczek, also tried to set new accents by par-
ticularly advocating the intensification of research activities 
in the hydrogen sector. She declared on the occasion of the 
new budget just passed by the federal cabinet: “In the current 
legislative period, we will spend EUR 2.3 billion on promot-
ing projects in the areas of sustainability, climate and energy 
according to the current budget planning. That,s about 50 
percent more than in the previous parliamentary term.”

She pointed out that the Federal Government was cur-
rently preparing a climate protection law for which it had 
founded a science platform together with Federal Envi-
ronment Minister Svenja Schulze, in which climate pro-
tection-relevant topics were to be developed. In addition, a 
research and innovation programme on climate protection 
had been launched. In addition, research into the use of 
green hydrogen should be intensified.

Using concrete examples, she first mentioned the com-
mercialisation of Power-to-X plants for the production of 
green hydrogen, for which 30 million euros have been ear-
marked over the next three years. Secondly, Africa is to be 
made a partner of Germany,s energy turnaround. To this 
end, a “Potential Atlas on Green Hydrogen and Synthetic 
Fuels” is to be published, which will contribute to the anal-
ysis, together with German industry and research partners, 
of possible locations in Africa, their production and export 
potentials and their development, so that climate protection 
can become a global business model. And thirdly, hydrogen 
is to be brought into everyday life through “Franco-German 
research cooperation” (budget for the stationary sector): 4.5 
million euros).

In total, the BMBF intends to provide around 180 million 
euros within three years for projects in hydrogen research – 
twice as much as before.

BMVI WANTS TO SUCCESSIVELY EXPAND HYDROGEN IN-
FRASTRUCTURE One highlight was the initiative of Andreas 
Scheuer, Federal Minister of Transport and Digital Infra-
structure, who still does not want to prohibit or regulate an-
ything, but instead focuses on “allowing, facilitating and en-
abling". He explained “Climate protection is a task for society 
as a whole. The only way we,ll be able to handle them is for 
everyone to join in. That is why we must not take measures 
that are dependent on sections of society. We want everyone 
to make good progress – in the city and in the country.”

Scheuer, who has been said to be very close to the auto-
motive industry so far, seemed both to accommodate the Fri-
days-for-Future students and to want to improve his battered 
image again as a result of the toll disaster.

POLICY

"Today we have to make hydrogen technologies, fuel 
cells, synthetic fuels cost competitive.”

Thomas Kreuzer, head of the CSU 
state parliamentary group, in Munich Merkur

"In the German chemical industry and refineries alone, 
we can avoid up to 15 million tons of CO2 a year by re-
placing ’grey’ hydrogen from natural gas and oil with 
climate-friendly ’green’ hydrogen. For comparison: the 
entire German industry emits around 190 million tons of 
CO2 per year.”

Federal Minister of Education Anja Karliczek

"We need more hydrogen for clean mobility. It’s good for 
the climate. We’re all going for clean fuels. Germany 
must become champion here.”

Andreas Scheuer, Federal Transport Minister
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In the middle of the summer break, Federal Economics 
Minister Peter Altmaier announced what the hydrogen 
and fuel cell industry has been waiting for for many years: 
a hydrogen strategy for Germany. The announcement of a 
hydrogen roadmap to be presented in autumn is also like-
ly to have been of particular interest to large parts of the 
entire German energy industry, as it could mark a turning 
point in energy supply. What is decisive now, however, is 
how concretely this hydrogen strategy will be developed. 
Not only the success of the energy turnaround will depend 
on this, but also social peace (see Fridays-for-Future, driv-
ing bans, etc.).

The official tag of the press conference, which Altmaier held 
in Berlin on 18 July 2019, was the presentation of the “Hand-
book Reallabore". The announcement of the winners of the 

“Reallabore der Energiewende” (Real laboratories of the en-
ergy turnaround) competition of ideas alone, which went 
hand in hand with this, provided sufficient publicity mate-
rial, since a total of 90 consortia – “an enormous response”, 
according to Altmaier – had applied, of which 20 locations 
were ultimately selected. In these real laboratories, hydrogen 
technologies in particular are now to be tested nationwide 
on an industrial scale and in a real environment in order to 
strengthen the value chains in Germany within the energy 
sector. The selected ones are now called upon to submit their 
applications for the funding provided (100 million euros an-
nually on the part of the Federal Government plus the indus-
try’s own funds).

The new handbook contains tips and concrete practical 
examples with the aim of encouraging companies, research, 
politics and administrations to test and implement smart 
ideas in the future.

Altmaier had launched the real laboratory strategy in 
December 2018 (see H2-international issues Apr. and Jul. 
2019). The ideas competition started in February 2019. 
On the occasion of the award ceremony, the Minister ex-
plained: “Hydrogen technologies offer enormous potential 
for energy turnaround and climate protection as well as for 
new jobs. With the real laboratories of the Energy Turna-
round, we will test new hydrogen technologies not only in 
research, but also in application under real conditions and 
on an industrial scale. This is an important building block 
for the further implementation of the energy turnaround.” 
The Federal Minister of Economics and Technology formu-
lated clear objectives in line with this:

POLICY

MINISTER OF ECONOMICS ANNOUNCES  
HYDROGEN STRATEGY
Altmaier announces the winners of the real laboratories

Category: Policy    Author: Sven Geitmann

·· Maintaining and expanding technological leadership
·· Moving from isolated individual projects to a systemic 

approach
·· Implementing innovation projects on an industrial scale
·· Enable viable business models for energy innovation and 

review the energy framework
·· Realizing sustainable CO2 savings

In the next issues of H2-international magazine, various real 
laboratories will be presented in detail one after the other.

START INTO THE HYDROGEN ECONOMY The real highlight 
on this day was the following statement of the Minister of 
Economic Affairs:

“We want to become number one in the world for hydrogen 
technologies.”

The announcement that the German government intends to 
adopt a hydrogen strategy by the end of this year was only 
a marginal note in the press release. For the hydrogen and 
FC industry, however, it is precisely the hope that something 
will now be done conceptually and that political guard rails 
will finally emerge so that planning security could be guar-
anteed for the next few years.

The decisive factor, however, will be what the announced 
hydrogen strategy will look like in concrete terms. At the mo-
ment it sounds as if a process of rethinking might have taken 
place in politics, but as long as no corresponding steps have 
yet been taken, these remain just words for the time being.

Ingrid Nestle, spokeswoman for energy economics for 
the Green parliamentary group in the Bundestag, therefore 
warned in this context that “blue hydrogen” (hydrogen from 
natural gas), for example, could be too much of a transition-
al technology. She referred H2-international to the BMWi’s 
opinion that “the import of ‘blue hydrogen’ is probably nec-
essary”, but that it also needs ‘acceptance’ (see BMWi quote).

BMU PRESENTS PTX ACTION PROGRAMME A good week 
before the Federal Minister of Economics, the Federal Min-
ister of the Environment also went public with a new con-

As test spaces for innovation and regulation, real labo-
ratories make it possible to test new technologies and 
business models under real conditions [...]. In the pro-
cess, state rules and regulations are opened for testing 
purposes – also in order to learn which legal framework 
is the right one.”

BMWi

WINDRETTER SUCCESS
In April 2019, the players in the Windretter campaign 
handed over a list of signatures to Dr. Bernd Klaus 
Buchholz, Schleswig-Holstein’s Minister of Economic 
Affairs (see H2-international issue July 2019). Combined 
with the demand for storage of green electricity as sim-
ply as possible in the form of hydrogen in the future, this 
list has since been handed over to the Federal Minister 
of Economics, Peter Altmaier. The head of the campaign, 
Sybille Riepe, therefore assumes that the joint commit-
ment of the Windretter has made a not inconsiderable 
contribution to the initiation of the hydrogen strategy 
now announced by Altmaier.
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cept. On 10 July 2019, Svenja Schulze 
presented an action programme aimed 
at promoting electricity-based fuels in 
the future in order to achieve CO2 neu-
trality in Germany by 2050. 

Key points of this programme are 
the establishment of a PtX competence 
centre in the Lausitz energy region and 
an internationally oriented PtX sec-
retariat based in Berlin. In addition, 
Schulze is focusing on better network-
ing (e.g. via a PtX symposium in Berlin 
in November 2019) and other model 
projects – also abroad. In contrast to 
the BMWi’s real laboratories, the BMU 
would like to use this initiative to focus 
on the issue of sustainability and coor-
dinate existing activities. ||

 www.bmwi.de/handbuch-reallabore

 www.reallabore-bmwi.de

 www.energieforschung.de

"At least for a transitional period, it will not be possible to do without the im-
port of ’blue’ hydrogen alongside ’green’ hydrogen. [...] The use of green hy-
drogen/gas is not economically viable at 3 to 6 times the price under current 
market conditions. Blue hydrogen can be a cheaper bridge technology until 
2040/50. Political and social hurdles for the CCS technology required for this 
are seen as a challenge.”

BMWi

"In the energy sector, there will be complete decarbonisation by 2050, which 
means that we will have to completely do without CO2 emissions. [...] Po-
wer-to-X will make an important national and international contribution to 
climate protection in the future. For on the way to a climate-neutral world 
economy it will not be enough to switch only power generation to renew-
able energies. Green electricity will also play a central role in the transport 
sector and in industry. In some areas, green electricity can be used directly, 
for example in electric cars. In other areas this will remain difficult in the 
future, such as aircraft, freighters or – for process-related reasons – in the 
steel, cement or chemical industries. Here, electricity-based fuels will be-
come an important substitute for fossil fuels. For the climate protection, it 
is imperative that these fuels are produced from renewable electricity. The 
Federal Ministry for the Environment will support the transfer of know-how 
in this important field and support companies in the development of the 
technology”

Svenja Schulze, BMU

Fig. 1: Peter Altmaier presents the Reallabore [Source: BMWi / Susanne Eriksson]
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On 2 July 2019, 
Sebastian Kurz, 
chairman of the 
new Austrian Peo-
ple’s Party (ÖVP), 
and his party col-
league Elisabeth 
Köstinger jointly 
presented their 
climate protec-
tion package. The 
goal formulated 
therein is to make 
the Alpine repub-
lic CO2-neutral by 
2045. According 
to Kurz, hydrogen 
should play a key 
role in this pro-
cess: “This is not 

only a clean alternative hope for the future in the field of 
mobility, but also a great opportunity for Austria to become 
the world’s number one hydrogen nation.

Part of this new H2-Ö-concept is the establishment of a hy-
drogen centre to attract the best minds and most innovative 
companies, especially from research and development, to 
Austria. In addition, the acquisition of hydrogen vehicles is 
to be promoted in particular and a nationwide hydrogen fill-
ing station network is to be established by 2025. 500 million 
is to be invested in this over the next ten years.

During his presentation, former Chancellor Kurz 
pointed out that Austria was one of the first countries to 
abandon coal-fired power and that more than 80 percent 
of its electricity is currently generated from renewable en-
ergies (especially hydropower). His next goal is therefore 
to achieve 100 percent clean electricity by 2030. On his 
website, Kurz also speaks out against tax burdens, since “a 
CO2 tax would affect the socially weaker, commuters and 
people in rural areas".

HYDROGEN INITIATIVE In March 2019, the Austrian Federal 
Ministry for Sustainability and Tourism (BMNT), with the 
participation of the Federal Ministry of Transport, Infra-
structure and Technology (BMVIT), had begun drafting a 
nationwide hydrogen strategy. The then Austrian Energy 
Minister Elisabeth Köstinger (see Fig. 1) had explained at 
the kick-off event: “In order to achieve our climate targets, 
we must make even more intensive use of all forward-look-
ing technologies. In #mission2030 – the Austrian Climate 
and Energy Strategy – we outlined the way forward. With 
the hydrogen strategy, we are now implementing a light-
house step by step. Only with companies and industry as 
partners can a successful energy turnaround be achieved. 
Renewable hydrogen will play an important role in this.” 
The strategy is to be submitted to the European Commission 
by the end of the year.

AUSTRIA AS HYDROGEN NATION NO. 1
Former Chancellor Kurz has big climate plans

Category: Policy    Author: Sven Geitmann

In 2018 Köstinger had already proclaimed the Hydrogen Initi-
ative (see H2-international issue Jan. 2019) in Linz during the 
EU Council Presidency, which had been signed by 26 member 
states and the European Commission, among others.

SUPPORT FROM THE USA At Stanford University, Kurz met 
the Austrian physics professor Friedrich Prinz, an expert in 
energy storage. As www.derbrutkasten.com reported, Prince 
explained: “Nothing is as cheap as solar energy today. The 
Chinese have now reduced costs per kilowatt hour by 80 per-
cent. In Europe, too, there is more than enough geographi-
cal potential. But you have to think of the energy solution as 
pan-European.”

In addition to hydrogen, the Stanford expert also sees 
synthetic fuels as a good storage medium for green electric-
ity: “This is an environmentally friendly alternative that is 
particularly exciting because electric cars and cars with fuel 
cells will be too expensive for the masses in markets like In-
dia and China, at least for the next fifteen years” In conclu-
sion, he also made it clear “There will be no solution where 
one technology creates everything, but a broad diversifica-
tion of technology is needed to achieve zero or even negative 
bottom-line CO2 emissions.” ||

"The environmentally friendly hydrogen technology will 
play an important role in the mobility and energy tur-
naround. The aim is to make the best possible use of 
the ecological and economic potential of this technology 
both as a forward-looking form of propulsion in trans-
port and in the economy. The time is ripe [...] for Vorarl-
berg to lead the way with hydrogen.”

Christof Bitschi, FPÖ Chairman  
of the Vorarlberg Regional Assembly

"Hydrogen has the potential 
to revolutionize our energy 
system in the long term. It 
can help us as a long-term 
storage facility, for the in-
tegration of electricity and 
heat, in industry and in the 
transport sector. In this 
way he points out possibili-
ties for a clean and sustai-
nable energy future. In this 
way, even those sectors 
can be decarbonized that 
are difficult to reach by 
electrification alone.”

Austrian Energy Minister 
Elisabeth Köstinger

Fig. 1: Elisabeth Köstinger 
[Source: BMNT]
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It is certainly important to make sure that the price increase 
for CO2 emissions progresses smoothly, so that almost no-
body has to emigrate. You just have to make sure that no-
body invests any more fresh money in the climate-damag-
ing industry. And one must try to get as many countries of 
the “North” as possible to participate. The current speed of 
technological structural change should ensure that climate 
pioneers become the winners in international competition.

FRIDAYS-FOR-FUTURE A great effect of the student protests 
“Fridays-for-Future” is the fact that now finally a CO2 tax is 
seriously spoken about. In several countries, e.g. Switzerland, 
Sweden and Canada, the tax is already a reality. And they 
have ensured that the poorer sections of the population do 
not suffer any damage. The political weakness is that a lot of 
mathematics is used to calculate the precise correct amount 
of the tax. This height is then either very painful or largely 
ineffective.

On the other hand, a strategy is recommended in which 
the tax starts small and then increases steadily, in line with 
the technical development of energy efficiency and renewa-
ble energies. Then the price burden for the families always 
remains fairly constant. For poorer families, a fixed amount 
can be agreed as a gift. Nevertheless, the climate impact re-
mains very high because all investors immediately switch 
to climate friendliness in the knowledge of the increase and 
shape technical progress accordingly. State infrastructures 
are also being developed in this direction. 

Hydrogen technology would benefit in particular from 
such a development. It is a much more elegant form of energy 
storage than classic batteries, with a much lower weight and 
very little metal waste. ||

Prof. Ernst Ulrich von Weizsäcker
since 1991 Member of the Club of Rome, Co-President (2012 to 2018)

POLICY

Climate change is very unpleasant. But it also becomes 
uncomfortable to do something about climate change. In 
Germany, the Coal Commission was formed with the task 
of conceiving and planning the phase-out of coal. It can last 
up to twenty years, it’s been agreed. The affected regions 
painfully fast, and the climate protectors unbearably long. 
Germany’s withdrawal from coal is not enough for global cli-
mate protection. Around 1,300 new coal-fired power plants 
are currently being built or planned worldwide. And 90 per-
cent of all new coal-fired power plants are built in develop-
ing countries. Those who understand these figures will think 
that the game against climate change has long since been lost.

However, there is a solution. It is called the “Budget Approach” 
and was developed in Germany by the WBGU (German Ad-
visory Council on Global Change). This approach aims to 
give countries of all kinds the same per capita budget for CO2 
emissions. However, the old industrial countries would have 
used up their budgets very soon and would then have to buy 
all their licences abroad. The exciting thing is this: For the 
first time in history, a developing country facing the deci-
sion to build a coal-fired power plant would not automatical-
ly start construction, but would first conduct a cost-benefit 
analysis for the two options: build or not build.

High prices for CO2 licenses would make non-construc-
tion temptingly lucrative. And if renewable energies were 
promoted and energy efficiency greatly improved, the bal-
ance would very quickly move towards the non-construction 
option. And this for purely economic reasons.

Unfortunately, the USA, Russia, Saudi Arabia and a few 
others came to the Copenhagen climate summit with the 
clear intention of blocking the discussion on the budget ap-
proach. German industry was not enthusiastic either. How-
ever, I also consider it feasible and even economically attrac-
tive for countries such as Germany to run ahead.

CLIMATE CHANGE MEANS STRUCTURAL CHANGE
Comment by Prof. Ernst Ulrich von Weizsäcker

Category: Policy    Author: Prof. Ernst Ulrich von Weizsäcker
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Not so long ago, CO2 certificates were still the epitome of 
a bureaucratic failure: Hardly anyone wanted them. They 
were introduced into the energy industry, but in a way that 
hardly allowed them to have any effect. The situation has 
changed fundamentally in recent months: Up and down the 
country, there are now lively discussions about pricing car-
bon dioxide emissions – in whatever way.

At first, the CDU was divided: While party leader Anne-
gret Kramp-Karrenbauer clearly rejectedthe introduction 
of a CO2 tax, her vice-president Armin Laschet, the minis-
ter president of North Rhine-Westphalia, initially appeared 

“just as open as other parties". Over the summer, however, he 
revised this stance and took a line with Chancellor Angela 
Merkel, who prefers a system that is controlled via certificate 
trading, because this could rather achieve a steering effect.

HEATED DEBATE CONCERNING THE CO2 PRICE
Taxation or certificate trading

Category: Policy    Author: Sven Geitmann

SPD and Greens, on the other hand, spoke out clearly in fa-
vour of CO2 pricing. Federal Environment Minister Svenja 
Schulze presented an expert opinion on the subject, which 
she had commissioned. The German Institute for Econom-
ic Research (DIW), the Institute for Macroeconomics and 
Economic Research of the Hans Böckler Foundation (IMK) 
and the Forum Ökologisch-Soziale Marktwirtschaft (FÖS) 
investigated possible CO2 price developments for transport 
and heat. According to the authors, a climate premium is the 
best instrument for rewarding climate-friendly behaviour 
and at the same time reducing the burden on low and nor-
mal earners.

However, according to Schulze, the state should not “gen-
erate any additional revenue” through this, but the money 
should be used “to relieve the burden on citizens and com-

"I reject the CO2 tax. The average Bavarian causes around 
three tons of CO2 per year, which would be an additional 
cost of 150 euros, which would then be offset by a giant 
mechanism. That has zero steering effect, no incentive 
to save CO2. People get paid, then everything is redistri-
buted, nothing helps the climate.”

Thomas Kreuzer, head of the CSU  
state parliamentary group, in Munich Merkur

"A CO2 price is not a cure-all with which we can achie-
ve all our climate goals. Together with other measures, 
however, it is an important building block for Germany 
to get away from burning coal, oil and gas. Particularly 
in the areas of transport and heating, there has so far 
been a lack of sufficient price incentives for switching to 
climate-friendly alternatives. In the future: Those who 
behave in a climate-friendly manner are rewarded.

Federal Environment Minister Svenja Schulze
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Fig. 1: Development of the CO2 price since 2014 [Quelle: www.wallstreet-online.de]
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(EEHH) voted for a CO2 tax in June 2019, while 27 percent 
voted for certificates.

Opinions on how high an appropriate CO2 prices should 
be today or in the future (see Fig. 1), however, diverge widely. 
While some people say that the cost of CO2 emissions in the 
transport sector must be at least 50 euros per tonne, others 
say that 20 euros is enough because the gasoline level re-
mains within the range of normal fluctuations at the pump. 
Bundestag President Wolfgang Schäuble said: “Whether you 
make certificates more expensive or levy a tax: This goes in 
the same direction and should be examined by the respon-
sible politicians. Only one thing must be guaranteed: Quick 
decisions have to be made. We can’t afford ten years of fur-
ther discussion.”

Current speculations are going in the direction that a 
combined solution could end the disputes: For example, 
new CO2 certificates could be introduced for various sec-
tors, which would then have to be embedded in a European 
solution at a later date. In addition to these new certificates, 
a CO2 tax could then close any gaps. A decision is expect-
ed in autumn. Chancellor Angela Merkel has announced 
a decision on the tax and social compensation for 20 Sep-
tember 2019. ||

"I am convinced that the CO2 price is the ’Silver Bullet’ 
after thinking about it for a long time. Intelligent pricing 
is the key to success.”

Nikolas Iwan, 
H2 Mobility

POLICY

panies". For it is “about a sensible climate protection instru-
ment with a social and ecological steering effect". A climate 
premium, which would be paid out to thrifty citizens, would 
relieve the burden on low-income earners in particular.

LITTLE HELPFUL INTERVENTION WORK So far, industry 
and the energy industry have had to buy certificates when 
they emit carbon dioxide. Initially, they received a certain 
proportion of these CO2 certificates free of charge, but had to 
buy some at auction. This procedure has been in practice in 
the EU for years, even though the price level has been so low 
that certificate trading has had little effect since too many 
certificates were launched on the market at the start of trad-
ing in 2010 (see box).

Dr. Hans-Jürgen Nantke, Head of the German Emissions 
Trading Authority at the Federal Environment Agency, had 
already commented on this in 2015: “Over the years, more 
and more emission allowances have accumulated, and the 
surplus in the EU now consists of well over 2 billion allow-
ances. This is the reason for very low prices for emission al-
lowances. There is little incentive for participating compa-
nies to invest in lower-emission technology.” Although the 
system was reformed in 2018, resulting in moderate price 
increases, it has not yet had any steering effect.

Meanwhile, there are lively discussions about which 
is the better way to reduce CO2 emissions: Taxation or 
certificate trading. Almost 70 percent of the members of 
the North German Renewable Energy Cluster Hamburg 

DRAMATIC CERTIFICATE SURPLUS
"In a recent study [2011] analysts at Deutsche Bank as-
sume that by 2020 companies will have rights to 566 
million tonnes of CO2 left over. For comparison: Ger-
many – the EU’s industrial heavyweight – will receive 
rights for 452 million tonnes of CO2 this year [2011]. 
According to Deutsche Bank calculations, this cushion 
of certificates means that their price will be consistent-
ly too low until at least 2020 to induce companies to in-
vest in climate protection”

Message on Spiegel Online 
from 18/12/2011

"The idea is that CO2 gets a price, so you tax greenhouse 
gases.”

Federal Environment Minister 
Svenja Schulze

"A CO2 price of 20 to 25 euros is no good at all.”
Dr. Patrick Graichen, 

Agora Energy Turnaround
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Synthetic gases will play an important role in the full supply 
of renewable energies for Germany,s energy requirements. 
The meta-analysis of [1] shows that, according to several 
studies, an electrolysis capacity of more than 100 GW is re-
quired in the future energy system in Germany. If such an 
electrolysis capacity is to be installed in the course of the 
next few decades, it will be necessary to ramp up the market 
in good time so that market-driven, reliable and inexpensive 
plants can be made available. For this development, first 
scaling effects must be realized from a certain point in time. 
To this end, it is necessary to enable economically viable op-
eration during the market run-up. This article will show the 
influence of CO2 pricing on the economic efficiency of pow-
er-to-gas (PtG) plants.

First, the H2 production costs are analysed as a function of 
the investment sum and the production quantity, whereby 
different variants of electricity procurement are consid-

POSITIVE INFLUENCE OF CO2 PRICING
Market entry evaluation of Power-to-Gas plants

Category: Policy    Authors: Martin Kopp, Birgit Scheppat

ered. Subsequently, the influence of pricing CO2 emissions 
is discussed.
The electricity procurement costs are minimised on the basis 
of a mathematical optimisation model, taking into account 
hydrogen sales, so that hydrogen production takes place pre-
dominantly in times with favourable electricity prices or at 
favourable control power prices [2].

SCALING EFFECTS REDUCE COSTS If the production quan-
tity of a good increases, the manufacturing costs are reduced 
in accordance with the price experience curve. This effect has 
already been quantified in other technology areas. For exam-
ple, the prices for PV plants were reduced by around 24 per-
cent with a doubling of the installed capacity [3]. For wind 
turbines, an experience curve of 7 percent for offshore wind 
energy and 10 percent for onshore wind energy is cited [4].

Use to estimate future investment amounts for PtG 
plants [5] a factor of 13 percent for the reduction of the in-
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vestment sum with a doubling of the installed capacity, a value that is estimated to 
be plausible for plants in chemical process engineering [5]. Based on this learning 
rate, the authors indicate a possible reduction of the investment amount for PtG 
plants to 500 €/kW with an installed capacity of more than 10 GW. The investment 
amount of 300 €/kW is valid after [6] as a possible cost reduction target. In order 
to achieve these cost targets, the authors state that larger production volumes, an 
improved supply industry and further technological improvements, such as in the 
field of membranes and catalysts, are necessary.

Based on the discussion of the price-experience curve approach, it becomes clear 
that a reduction of the investment sum for PtG plants depends significantly on the 
market development, which in turn is influenced by the possible production costs of 
hydrogen (see Fig. 1). The calculation of the production costs of PtG plants is based 
on the experience and the technical framework conditions of the 6 MW PEM elec-
trolysis plant of the Energiepark Mainz project and is carried out on the basis of elec-
tricity prices, control power data and weather data for 2017. For the calculation of 
the production costs, a depreciation period of twenty years, a capital interest rate of 
5 percent and annual operating costs amounting to 4 percent of the investment sum 
are assumed. For the levies and duties on electricity purchases, the assumption is 
made that the plant belongs to the manufacturing sector and receives a reduction on 
levies due to the energy intensity, whereby the full levies are payable for 1,000 MWh.

The potential of optimisation on the electricity market side becomes clear when 
comparing the various variants of electricity procurement. While the resulting H2 
production costs for electricity purchased at a constant price (baseload price 2017: 
€ 34.19/MWh) with an average daily production of 1,000 kgH2 and an investment 
sum of € 1,000/kW amount to around € 4.48/kgH2, these can be reduced to around 
€ 3.83/kgH2 by optimising the electricity market on the spot markets. The saving of 
0.65 €/kgH2 leads to a cost saving of approximately 237,000 € for the assumed daily 
production of 1,000 kgH2, which corresponds to 15 percent of the total annual costs. 
This cost saving would only be achieved if electricity were purchased at a constant 
price when the investment sum fell to 700 €/kW. A further reduction in costs can 
be achieved through participation in the secondary regulatory power market (SRL) 
and the assumptions made for 2017 regarding the switch to a daily tender. In this 
case, the hydrogen production costs can be reduced from an average daily pro-
duction of 1,000 kgH2 and an investment sum of 1,000 €/kW to approx. 3.46 €/kg 
hydrogen with the assumed daily production. This corresponds to a total saving of 
approx. 372,000 € or 23 percent of the total annual costs.

These calculations were based on the assumption that the PtG plant would 
benefit from reductions in ancillary electricity costs for energy-intensive compa-
nies. If the case were to arise that PtG plants would be completely exempted from 
levies and duties, this would lead to a further reduction of the production costs 
to approx. 3.16 €/kgH2 with the assumptions mentioned. If, on the other hand, the 
full levies and duties have to be paid, the hydrogen production costs increase by 
approx. 4.40 €/kgH2 compared to the figures mentioned. The competitiveness of 
PtG plants in comparison to hydrogen production by natural gas reforming is not 
achievable under these conditions.

In Fig. 1 it is further shown that with a 
decrease of the investment sum for PtG 
plants the hydrogen production costs 
can be reduced significantly. Should 
the investment sum for PtG plants be 
reduced to 300 €/kW, production costs 
between 2.20 €/kgH2 and 3.10 €/kgH2 
are conceivable. In this case, the share 
of electricity costs in the total produc-
tion costs would increase, so that opti-
misation on the electricity market side 
would gain in importance.

INFLUENCE OF CO2 PRICING If, in ad-
dition, a financial burden is imposed for 
the emission of greenhouse gas emis-
sions such as CO2, alternative hydrogen 
production in natural gas reforming 
plants would become more expensive. 
The costs for this type of large scale H2 
production are calculated on the basis 
of [7] with 2.00 €/kg hydrogen accepted. 
[8] puts the share of natural gas costs in 
the total hydrogen production costs for 
large natural gas reforming plants at 50 
to 68 percent.

Effective pricing of CO2 emissions 
therefore has a direct influence on the 
production costs of conventional hy-
drogen production. Increasing the pric-
es for CO2 emission certificates could 
therefore directly increase the compet-
itiveness of PtG plants.

After [9] CO2 emissions of about 
100 g CO2/MJH2 are caused during hy-
drogen production in central reform-
ing plants. Based on the calorific value 
of hydrogen, CO2 emissions of 14.3 
kg result for the production of 1 kg of 
hydrogen. The hydrogen production 
costs of natural gas reforming plants 
thus rise proportionally to the price of 
CO2 emission certificates. With with 
a CO2 price of 10 €/tCO2 this results in 
additional costs of 0.14 €/kgH2.

Fig. 2: Development of 
hydrogen production costs 
in the event of an expected 
market ramp-up of PtG 
plants [Source: University 
RheinMain]
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H2-international: Minister Untersteller, are you satisfied with the 
current interim status of the energy turnaround?
Untersteller: We’ve achieved a lot. 44 percent of green elec-
tricity in the first half of 2019 throughout Germany is a suc-
cess. And I hope that the much-discussed issue of climate 
protection will continue to boost renewables. I am also very 
pleased that we no longer have a discussion about costs due 
to the positive developments in renewables. Raising the ex-
pansion corridors in Germany would have hardly any effect 

This analysis shows that the competitiveness of PtG plants 
can be achieved from an installed capacity in the low sin-
gle-digit GW range if the CO2 price is increased accordingly. 
In order to close the initial competitiveness gap and encour-
age a market ramp-up of PtG plants, an investment grant 
could be helpful.

The calculated development of the investment sum for PtG 
plants was carried out in this article on the basis of assumed 
learning rates. It remains to be seen to what extent these can 
be implemented in practice. In particular, pending electrol-
ysis projects on a large scale of 10 to 100 MW could provide 
information on whether a cost degression can actually be 
achieved by increasing the installed electrolysis capacity. ||
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Currently, the traded CO2 price is 26.72 €/tCO2 (as at: 
01/07/2019). Assuming that the CO2 price rises to 70 €/tCO2, 
the additional costs for conventional hydrogen production 
would increase by 1 €/kgH2. In this case, the total production 
costs, based on the assumed values according to[7]to 3.00 €/
kgH2. In this cost area, PtG technology could become com-
petitive with the expected reduction in capital expenditure 
and optimisation on the electricity market side.

A prerequisite for this is that the electricity procurement 
costs for the PtG plant do not change as a result of CO2 pric-
ing. This is the case when conventional power plants only 
have a price-setting effect on the electricity exchange during 
a short period of the year, as is expected with an increased 
expansion of renewable energies. In addition, it should be 
noted that CO2 pricing should be applied internationally so 
as to prevent energy-intensive companies from migrating to 
countries with lower CO2 pricing.

POTENTIAL DEVELOPMENT OF H2 PRODUCTION COSTS 
In the course of a market ramp-up, learning rates of 7 and 
13 percent respectively are assumed for the price experience 
curve. For the calculation of the investment sum, a current-
ly installed electrolysis capacity of 60 MW and production 
costs of 1,000 €/kW are taken as a basis. According to the 
published information, PtG projects with a capacity of 26 
MW are currently in operation in Germany.

The H2 production costs were determined on the basis 
of the expected cost degression for the respective electrol-
ysis capacities and the variant of optimised electricity pro-
curement via the spot markets and a daily SRL participation 
(secondary control capacity). These calculations are based 
on the assumption that the production costs of natural gas 
reforming plants without CO2 pricing amount to 2 €/kgH2. 
It shows that with a learning rate of 13 percent (see Fig. 2), 
an installed electrolysis capacity of 0.3 GW is sufficient to 
enable H2 production costs of 3 €/kgH2. In this case, with an 
assumed CO2 price of 70 €/tCO2, the same production costs 
would be achieved as in natural gas reforming plants.

The calculated investment sum for PtG plants with an 
installed capacity of 0.3 GW is around € 725 per kW. Assum-
ing a CO2 price of 40 €/t CO2, the cost equality between PtG 
plants and conventional H2 production will be achieved with 
an installed capacity of about 3 GW. The calculated invest-
ment sum for this service is around 450 €/kW. In the case of 
a learning rate of 7 percent, an installed electrolysis capacity 
of 50 GW is required.

Baden-Württemberg is home to a large part of the Ger-
man automotive industry. However, the new headquar-
ters of German battery research will be located in North 
Rhine-Westphalia, not in Ulm. Therefore, the HyFab pro-
ject comes to Baden-Württemberg for this purpose. Franz 
Untersteller, Minister for the Environment, Climate and En-
ergy Economy, calls in this context for greater investment in 
research and development in order to significantly reduce 
costs, for example for the electrolysers required.

“WE’RE STILL IN SHOCK.”
Interview with Franz Untersteller, Environment Minister of Baden-Württemberg

Category: Policy    Interview Partner: Franz Untersteller
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so-called fuel cell stacks is to be developed and tested. In coop-
eration with the Fraunhofer ISE in Freiburg and other players 
from science and industry, the ZSW in Ulm will strengthen 
the supply industry and create an open, flexible platform. Hy-
drogen and fuel cell technology can play an important role in 
buses and trucks in particular. The state of Baden-Württem-
berg is providing up to 18.5 million euros in funding for the 
realisation of the research factory. In total, the HyFab project 
will cost a good 74 million euros over the next ten years.

Who should finance the necessary infrastructure? Do you see a 
duty on the state or on companies?
The state is not a fully comprehensive insurance that can 
be used for everything. It goes without saying that industry 
must participate in the construction of a charging infrastruc-
ture, as it does. We currently have thirteen hydrogen filling 
stations in Baden-Württemberg. Outside Baden-Württem-
berg it looks much thinner – by this I mean our neighbours 
in other European countries.

Is there no master plan for an H2 economy like in Japan?
There is. In Northern Germany, the establishment of a hy-
drogen economy is currently being discussed very concretely. 
There is an agreement between the minister presidents of the 
northern states concerned. In addition, the electricity grid 
operator Tennet and the pipeline network operators Gasunie 
Deutschland and Thyssengas are planning to build a power-
to-gas pilot plant with a capacity of 100 megawatts in Lower 
Saxony. However, there are still only a few hours in which 
hydrogen can be produced with excess production. But that 
will increase – from 2030 at the latest. It therefore makes 
sense to step up research and development in order to signifi-
cantly reduce the costs of H2 production and storage. We will 
also need our own electrolysis capacities in Baden-Württem-
berg by 2030 at the latest. ||

on the EEG levy. Other effects, such as the price difference 
between the low exchange electricity price and the EEG re-
muneration, increase the levy.

As of 2021, the first EEG plants will drop out of funding after they 
have received money for twenty years plus the year of installation. 
What does this mean?
This means that many plant owners will think hard about 
what to do with the free solar power from their own roof. 
Whether they want to market the solar power or perhaps 
purchase a battery storage tank. My own photovoltaic sys-
tem will soon reach this age, by the way. But thoughts about 
the future of electricity are only one side of the energy turna-
round. It’s far more than just a electricity turnaround.

What has to happen?
The heat and transport sectors urgently need to be decarbon-
ised. Heating and hot water generation account for almost a 
quarter of all greenhouse gas emissions in Baden-Württem-
berg. Almost 90 percent of this is accounted for by fossil en-
ergy sources. We therefore have a Renewable Heat Act (EW-
ärmeG) in Baden-Württemberg. It is partly responsible for 
the fact that, at 16 percent, we are slightly above the national 
average of around 14 percent. In an evaluation report, we re-
cently asked 1,000 people affected whether the law had added 
to their work. This was not confirmed by the respondents. 
However, the even thicker chunk of the energy turnaround 
lies clearly in the transport sector.

Baden-Württemberg is the location of several well-known car 
manufacturers who are facing a difficult transformation process. 
How can politics help?
Politics must accompany the transformation process from 
the old to the new world of mobility. It’s about switching 
from the combustion engine to electric cars and cars with 
fuel cells. Autonomous driving and digitalisation are oth-
er trends that are driving car manufacturers. Three major 
manufacturers plus suppliers account for 440,000 jobs at 
our company. They are an essential reason for the prosperity 
of our federal state. The topic is very complex, especially in 
Baden-Württemberg. This is why minister president Win-
fried Kretschmann opened the so-called Strategy Dialogue 
Car Industry two years ago, which is to run for a total of 
seven years. Politics, industry and research are sitting at the 
same table. An intelligent charging infrastructure for elec-
tric and FC cars will also be considered.

A commission of experts commissioned by the federal government 
has selected Münster as the main location for battery cell produc-
tion (see p. 40). How did you react?
Honestly, we’re still in shock. From my point of view, there 
are many criteria that speak in favour of the Ulm location. 
Over Easter we had already promised state grant financing 
for the state of 180 million euros. The empty buildings are 
already ready and could be occupied tomorrow. In Münster, 
these would first have to be built on greenfield sites. One 
thing’s for sure: Time is an essential topic in the develop-
ment of cell production. I don’t see how this is going to go 
any faster in Ibbenbüren.

Another prestigious project is the so-called HyFab-Baden-Württ-
emberg (see p. 40). This project is supported by Audi, BMW and 
Daimler, among others. What’s behind all this?
In the research factory for fuel cells and hydrogen, an automat-
ed production process with quality assurance procedures for 
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The business model for hydrogen pro-
duction is not yet sufficiently developed 
either. Electricity prices of 3 to a max-
imum of 6 Ct/kWh would be required 
in order to be able to offer the new en-
ergy source at the filling station at costs 
comparable to diesel and petrol. Direct 
coupling of electrolysers with renewa-
ble energy plants is seen as the key to 
success here. The import of hydrogen, 
for example from the sunny countries 
of North Africa, is also a future option.

What would be the effect of all 
these measures? Is it worth the effort 
to develop a double infrastructure 
(charging infrastructure for battery 
vehicles and hydrogen filling stations) 
and two different drive concepts? The 
answer is definitely yes.

1.	 �Hydrogen filling stations can re-
place the charging infrastructure 
where charging of many vehicles 
at fast intervals is necessary, as the 
amount of energy transferred du-
ring gas filling can be about 2 to 3 
MW compared to 50 to 100 kW at 
an electricity charging station. A 
hydrogen filling station therefore 
replaces 20 to 60 charging stations. 
If necessary, expensive local ampli-
fication of the electrical distributi-
on grid can be avoided.

2.	 �Since fuel cell vehicles enable long 
ranges and good payloads and will 
therefore rather replace today,s 
diesel vehicles, the CO2 savings are 
high. A lot can be achieved with 

There is a lot going on in the energy sector at the moment. As a result of numer-
ous activities and events – be it diesel scandals or CO2 pricing, driving bans 
or Fridays-for-Future demonstrations, flight shame or real laboratories – more 
and more players are committing themselves to more sustainability as well as 
to hydrogen as an energy storage. But this time it doesn,t seem to be just anoth-
er FC and hydrogen hype. On the contrary, there is increasing evidence of the 
emergence of an actual energy turnaround. The H2-international editorial team 
therefore asked the long-standing hydrogen and FC expert Prof. Angelika Hein-
zel from the Zentrum für BrennstoffzellenTechnik Duisburg GmbH (ZBT) for 
answers to the following questions: What is different now from previous hypes? 
Where do you see any development potential? What are currently still obstacles? 
What must politics do?

Just two years ago the word electro-mobility was inseparably linked to the bat-
tery car, today it is different. Climate change requires comprehensive approach-
es; the storage of large quantities of electricity generated from renewable sources 
can only succeed with hydrogen technology. So there will be electrolysers and 
a hydrogen infrastructure. Since fuels are the most expensive energy sources 
that we burn (about 15 Ct/kWh for petrol compared to 7 Ct/kWh for natural 
gas) and battery cars have a limited range and require a longer charging process, 
the growing interest in fuel cell vehicles is logical. In addition, Japan, Korea and 
China rely on hydrogen and fuel cell vehicles, which our export-oriented indus-
try cannot afford to ignore.

Conclusion: If we take climate protection seriously, there will be fuel cell mo-
bility and a hydrogen industry will emerge. Achieving the 2030 CO2 reduction 
targets is still possible, but not with a simple “keep it up".
Politicians must set a reliable framework and the right steering signals, and pur-
sue the necessary change vigorously. Germany as a business location must not 
be neglected. The new products should and can be developed and manufactured 
in Germany in order to create new jobs. With the first hundred filling stations 
opened by the end of this year, it will be possible to drive a fuel cell vehicle in 
Germany. So it must now be our goal to bring enough vehicles onto the German 
market and to develop a business model from hydrogen technology.

The demand from fleet operators could ensure the acceptance of the first 
small-series vehicles, as Deutsche Post AG has done with the Streetscooter vehicles 
in the battery sector. After a start-up subsidy, the necessary cost reduction can be 
achieved through series production, also for fuel cell vehicles. However, filling sta-
tions for trucks are still largely lacking, and there is an urgent need for action here.

THERE WILL BE FC MOBILITY AND AN H2 INDUSTRY
Comment by Prof. Angelika Heinzel

Category: Policy    Author: Angelika Heinzel

Fig. 1: Prof. Angelika Heinzel [Source: ZBT]
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just a few vehicles. The transition from the industrial 
hydrogen used today to “green” hydrogen is rapidly pos-
sible. Several large companies have already developed 
electrolysers of the MW class and are waiting for the 
right political framework conditions. This conversion 
could even be faster than making the electricity available 
in the grid free of CO2.

3.	 �Fuel cell vehicles benefit from developments in the bat-
tery sector: The electric drive train is similar. For fuel 
cells as power generators, however, other raw materials 
are needed than for the Li-ion battery: Instead of lithi-
um, cobalt, nickel and manganese, it,s platinum, steel and 
carbon. A broad material base reduces the risk of scarcity 
and price increases.

4.	 �While catching up in the production of high-energy bat-
teries is a challenge, fuel cell production currently still of-
fers opportunities. The production of fuel cells requires 
high material and component qualities, low rejection 
rates and established recycling processes, especially be-
cause of the precious metals used – qualities that can be 
found in German production technology. A first indus-
trial consortium has just announced the start of series 
production.

These should be enough arguments to inspire politicians 
and industry with the technology. Toyota and Hyundai are 
showing us what to do. The two companies have announced 
that they will produce 30,000 and 40,000 vehicles per year 
respectively over the next few years. In any case, the demand 
for the vehicles far exceeds the supply. ||

Author:
Prof. Angelika Heinzel
Managing Director Centre for Fuel Cell Technology  
Duisburg (ZBT)

H2 TEST FIELD AT THE ZBT
A hydrogen test field with laboratories and H2 filling sta-
tion is currently being built at the Centre for Fuel Cell 
Technology (ZBT) on the campus of the University of 
Duisburg-Essen (see H2-international issue July 2017). 
On 26 June 2019, the project, financed with public funds 
from the state, the federal government and the EU, was 
presented in the presence of NRW Prime Minister Armin 
Laschet. The current occasion was the “Hydrogen Week 
in NRW”, during which a new H2 filling station in Duis-
burg was inaugurated at the same time.
The area comprises various electrolysers (Carbon-
2Chem, see H2-international issue Oct. 2018), a test 
platform for H2 filling stations (H2TestOpt), a mobile 
filling unit (MobFuelH2, see H2-international issue Apr. 
2018) and a quality laboratory (Hy-Lab).
Dr. Christian Spitta of the ZBT explained: “The mapping 
of the entire chain of the H2 infrastructure for mobility, 
from generation to delivery to vehicles, as well as the 
connected quality laboratory are unique in their form. 
Together with industry, we want to investigate and test 
the economic efficiency, safety, quality, cost-effective-
ness, availability and regulatory framework conditions 
of a suitable H2 infrastructure in the real world” minister 
president Laschet said: “Hydrogen has special potential, 
it is a versatile energy source, hydrogen can be used in 
power generation and as a fuel for fuel cell vehicles and 
can replace CO2-rich fuels.” (sg)

http://www.h-tec.com
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es. This figure alone makes it clear that with an electrification 
strategy alone neither the ambitious sector target of 40 percent 
greenhouse gas reduction in the transport sector by 2030 nor 
the climate targets for 2050 as a whole can be achieved.

INCREASING EFFICIENCY AND ELECTRIFICATION ARE NOT 
ENOUGH The analyses carried out within the framework of 
the National Platform on the Future of Mobility have also 
shown that it is not enough to rely solely on increasing effi-
ciency, electrifying and expanding public transport, especially 
rail transport. Even if it is possible to bring around ten million 
electrically powered passenger cars and a significant number 
of electrically powered commercial vehicles onto the roads by 
2030 and to cope with considerable growth in freight and pas-
senger transport by rail, a share of around 20 percent renewa-
ble fuels will be needed in 2030 to achieve the 40 percent target.

The development and market ramp-up of renewable fuels 
is therefore a necessary measure to achieve the climate tar-
gets. Various climate-friendly technologies are available for 
this purpose:

The member companies of the German Petroleum Industry 
Association (MWV) welcome the Paris Climate Protection 
Agreement and the associated targets to reduce greenhouse 
gas emissions in all sectors. The petroleum industry can 
make a significant contribution to achieving the targets 
with renewable fuels. 

At the European level, European refining companies published 
their concept for achieving climate targets last spring: In April 
2018 the European petroleum association FuelsEurope pre-
sented its VISION 2050 [1] to the Council of EU Economic 
and Energy Ministers. The core is the transition to the produc-
tion of low-greenhouse gas or greenhouse gas-neutral liquid 
energy sources and a continuous reduction in emissions from 
refineries. Hydrogen plays an important role here.

Numerous studies and analyses confirm that liquid energy 
sources and raw materials are also needed in substantial quan-
tities in the long term. The transport sector plays a major role 
in this. Today – including the railways – 98 percent of the final 
energy demand in transport is covered by liquid energy sourc-

GREEN HYDROGEN FOR LOW-EMISSION  
REFINERIES
Guest article by Prof. Christian Küchen from the Mineralölwirtschaftsverband 
(Petroleum Industry Association)

Thema: Politik    Autor: Christian Küchen

Fig. 1: Technical Options for Fossil Energy Replacement [Source: MWV, iwo]
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·· The use of greenhouse gas neutral hydrogen in fuel production in refineries
·· Co-processing, e.g. of biogenic residues and waste materials – hydrogen is also 

required for this purpose
·· New advanced biofuels based on residual and waste materials
·· Electricity-based fuels (E-Fuels)

Mineral oil refineries use large quantities of conventional hydrogen to refine min-
eral oil components and achieve the required product properties. Many of the 
technologies mentioned for the production of greenhouse gas-reduced or even 
greenhouse gas-neutral hydrocarbons will further increase the hydrogen demand 
of refineries in the future.

The hydrogen required is largely produced as a by-product in other refining 
processes. However, these quantities are not sufficient to meet demand. This is 
why additional hydrogen is already being produced today, above all by steam re-
forming of natural gas. This results in CO2 emissions.

More than 90 percent of greenhouse gases can be avoided if “green” hydrogen 
is produced and used from green electricity. Since hydrogen is also found in the 
material of the products, this automatically increases the renewable portion in 
fuels and combustibles.

THE FIRST STEPS HAVE BEEN TAKEN H&R Ölwerke Schindler has been oper-
ating an electrolysis hydrogen plant in Hamburg since November 2017. The re-
finery uses surplus wind power for this purpose. The high-energy gas is used in 
production processes for the manufacture of special mineral oil products such as 
paraffins, white or process oils.

Construction of the Refhyne hydrogen electrolysis plant has begun at the 
Shell-Rheinland refinery (see H2-international issue Apr. 2018). From 2020, the plant 
is expected to produce 1,300 tons of hydrogen per year, which can be fully integrated 
into the refining process. Although this corresponds to only one percent of the hy-
drogen quantity required in production, it shows that refineries have great potential 
to advance the path to large-scale plants and thus reduce the costs of electrolysis.

REFINERIES CAN HELP SHAPE THE ENERGY TURNAROUND One of the pioneers 
in the use of green hydrogen is the BP refinery in Lingen, Emsland. In 2018, it used 
climate-neutral hydrogen to produce fuels for the first time worldwide. A total of 
about 130,000 cubic meters of electrolytically produced hydrogen were obtained 
from a power-to-gas plant for the production of green autogas. This pilot project 
has shown that oil refineries can play an active role in shaping the energy turna-
round in the transport sector.

The Heide refinery in Schleswig-Holstein has two projects in preparation that 
involve the production of green hydrogen through the use of surplus wind power: 
The West Coast 100 real laboratory and KEROSyN 100. The hydrogen produced in 
this way is to be used as 100% climate-neutral kerosene for the production of cli-
mate-friendly fuels for aircraft (see H2-international issue Jan. 2019 and Oct. 2017).

But not only hydrogen is in the focus of the climate neutrality of refineries. 
As part of the strategy dialogue for the automotive industry, the MiRO refinery 
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in Karlsruhe is involved in the Refuels 
project. For the first time, the potential 
of greenhouse gas-reduced synthetic 
fuels will be investigated from their 
production using renewable energies to 
their use in vehicles.

The OMV refinery Wien-Schwechat 
is testing the conversion of old plastics 
into synthetic crude oil using the ReOil 
process. Additional methanol produc-
tion capacities are being built at the 
Total refinery in Central Germany. In 
the case of purely material use for the 
chemical industry, CO2 emissions are 
avoided by possible combustion.

STABLE FRAMEWORK CONDITIONS 
REQUIRED The mentioned examples 
are only the beginning. Larger produc-
tion facilities for greenhouse gas-neu-
tral hydrogen and products made from 
it are essential if the climate targets for 
2030 are to be achieved. This requires 
stable framework conditions for invest-
ments. For first plants, the petroleum 
industry, together with other associ-
ations, is demanding a market launch 
programme for Power-to-X technolo-
gies [2] as part of the recently founded 
PtX alliance.

A further important prerequisite 
is that the possibilities for offsetting 
green hydrogen against the fuel suppli-
ers, obligations to reduce greenhouse 
gas emissions from fuels as laid down in 
the EU’s Renewable Energies Directive 
(RED II) are quickly transposed into 
German law. Greenhouse gas abate-
ment costs are particularly high in the 
transport sector. If the greenhouse gas 
reduction obligations of fuel suppliers 
in Germany are not met, payments of 
470 euros per tonne of CO2 become due.

The refinery sector thus offers great 
potential, particularly in fuel produc-
tion, for supporting the market ramp-
up of climate-friendly electrolysis hy-
drogen technology. ||

Literature:
 �[1] Vision 2050, A Pathway for the Evolu-

tion of the Refining Industry and Liquid 
Fuels, FuelsEurope, Apr. 2018

 �[2] Ein Markteinführungsprogramm für 
Power-to-X-Technologien, Power-to-X-
Allianz, Apr. 2019

Author:

Prof. Christian Küchen
Mineralölwirtschafts-
verband (MWV), Berlin



24

H2-international 0 4 |  O C T O BER 2 019

ENERGY STOR AGE

The energy system of the future faces numerous challenges 
with its increasing decarbonisation, the further expansion 
of renewable energies and the coupling of the electricity, 
heat, transport and industrial sectors. At the same time, 
however, the advancing energy turnaround also offers eco-
nomic opportunities through additional added value, new 
jobs and a reduction in dependence on imports of fossil 
energy sources. In this context, hydrogen produced from 
renewable energies can be seen as an important pillar in 
achieving the energy policy triangle of climate protection, 
safety of supply and economic efficiency.

The Hydrogen Study NRW, which was commissioned by the 
state of North Rhine-Westphalia and carried out by Lud-
wig-Bölkow-Systemtechnik (LBST), focuses on the economic 
and climate-relevant potential of hydrogen in a future energy 
system in Germany and NRW. On the basis of a differentiat-
ed evaluation of hydrogen, the study provides well-founded 
insights into the value of hydrogen as an energy source in 
a future energy system. The cost-optimized design and op-
eration of the future energy system were modelled. On the 
other hand, on the basis of these results, further economic 
effects of hydrogen in terms of value creation potential were 
examined in more detail.

INTEGRATED MODELLING OF THE ENERGY SYSTEM The 
evaluation of the potentials of hydrogen is basically based 
on a comparison of two applications with low or high H2 
demand. On the one hand, the focus on electrification is 
predominantly on direct electrical end applications, with 

POTENTIALS OF A FUTURE ENERGY SYSTEM
Findings from the hydrogen study in North Rhine-Westphalia

Category: Energy storage    Authors: Jan Michalski, Ulrich Bünger, Matthias Altmann, Werner Weindorf

electricity being the main energy source, so that the power 
grid has to be expanded accordingly. The lower demand for 
hydrogen, for example for material use in industry, is served 
locally by electrolysis. On the other hand, the focus on hy-
drogen on a larger scale uses hydrogen-based end applica-
tions supplied by a dedicated H2 pipeline network.

The study considers a total of six scenarios that differ for 
the three GHG reduction targets (GHG = greenhouse gas) 
across all sectors from 55 percent in 2030 and 80 percent and 
95 percent in 2050, respectively, on the basis of the two appli-
cation cases. The GHG target of 95 percent means a complete 
decarbonization of the remaining energy system due to una-
voidable residual emissions, for example from agriculture or 
cement production.

In a first step, the energy supply for the sectors electricity, 
buildings, transport and industry was simulated temporally 
and spatially for all scenarios as part of an integrated mod-
elling in order to determine the cost-optimal expansion for 
hourly operation of the individual components for the gen-
eration, conversion, storage and transport of electricity and 
hydrogen from a system perspective (see Fig. 1). The state of 
North Rhine-Westphalia was considered in greater spatial 
detail than the rest of Germany.

On the basis of the results from the comprehensive sys-
tem analysis, the domestic value added, job effects and a re-
duced energy import dependency were then analysed in a 
second step in a cost-based approach and on the basis of the 
literature values on value added shares and employment in-
tensities. The study was rounded off with recommendations 
for action for politics, industry and research.
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ed value generated by the additional generation of renewable 
energy for the production of hydrogen. The effects on jobs 
generally follow the creation of value. The use of hydrogen 
can create between 200,000 and one million new jobs in the 
energy supply sector in Germany and between 20,000 and 
130,000 in NRW. However, this figure does not include po-
tential jobs from production and operation of end-uses (e.g. 
FC vehicles), so that the actual number of jobs caused by hy-
drogen use may be even higher.

HYDROGEN AND ELECTRICITY IDEAL PARTNERS The anal-
yses make it clear that cost-optimal design and operation of 
the future energy system Germany and NRW will require a 
compromise between system efficiency and flexibility. In this 
context, hydrogen as a universal energy source offers numer-
ous benefits for intelligent sector coupling. Electrolysis as a 
flexible load and the cost-effective storage of large amounts 
of energy in the form of hydrogen not only support the in-
tegration of renewable energies, but can also have a positive 
effect on system costs as well as domestic value added and 
jobs under appropriate framework conditions. The use of hy-
drogen in the various sectors will thus strengthen Germany 
and NRW as business locations.

In addition, the continued use of the existing natural 
gas infrastructure and the resulting reduction in the expan-
sion of the electricity grid can, under certain circumstanc-
es, increase acceptance of the energy turnaround among 
the population. It will be particularly important for North 
Rhine-Westphalia to prepare and establish the correspond-
ing infrastructures to meet the disproportionately high de-
mand for hydrogen, whether produced locally or imported.

In addition, the study shows that the result depends 
strongly on the climate protection targets and that the char-
acteristics of a cost-optimal energy system can differ sig-
nificantly between the GHG reduction targets of 80 and 95 
percent. For this reason, binding energy policy targets can 
reduce the risk of undesirable bad investments and unnec-
essary lock-in effects, for example through the use of hy-
drogen, since cross-sectoral approaches and infrastructures 
already need to be developed and tested today if the energy 
turnaround is to succeed. Overall, the two energy sources, 
electricity and hydrogen, can complement each other in this 
respect and, by exploiting synergy effects, contribute as ideal 
partners to the success of the energy turnaround. ||
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HYDROGEN AS AN IMPORTANT SUPPORT Under the as-
sumptions of the study, a wide range of hydrogen demand 
is assumed, depending on the scenario. By 2030, Germa-
ny-wide hydrogen demand in all sectors will amount to 100 
to 300 TWh per year and, depending on the GHG reduction 
target and scenario focus, will rise to 200 to 650 TWh per 
year by 2050. Within North Rhine-Westphalia, the long-
term demand for hydrogen can be disproportionately high 
compared to other federal states, at up to 160 TWh per year. 
This is due not only to the high population density and the 
corresponding demand in the building and transport sector, 
but also to the demand from industry, whereby the steel in-
dustry is likely to play a special role by converting produc-
tion processes to hydrogen direct reduction and thus has the 
potential to become a game changer in NRW.

For the corresponding hydrogen supply, the required 
electrical electrolysis capacity throughout Germany is 25 to 
100 GW in 2030 and 75 to 250 GW by 2050 (see Fig. 2). In 
all scenarios with 4,000 to 5,000 full-load hours, electroly-
sis achieves a comparatively good utilisation rate in the cost 
optimum and in compliance with the climate protection tar-
gets, but this also leads to the fact that hydrogen is not always 
produced in a completely renewable way with less ambitious 
GHG reduction targets. Nevertheless, electrolysis as a flexi-
ble load makes an important contribution to the integration 
of renewable energies into the energy system in all scenarios.

In the long term until 2050, the peak load will be secured 
with a GHG reduction target of 80 percent, predominant-
ly with natural gas power plants, and with the ambitious 95 
percent target with H2-operated power plants and stationary 
fuel cells. At the same time, the ambitious climate protection 
target creates a large long-term demand for seasonal energy 
storage of 40 to 60 TWh, which can be covered cost-effec-
tively by H2 storage (especially salt caverns). In addition, H2 
transport in dedicated pipelines in the scenarios focusing on 
hydrogen significantly reduces the necessary expansion of 
the electricity grid (see Fig. 3). Hydrogen can thus become an 
important support in the production, conversion and trans-
port of large quantities of energy in a cost-optimal system 
with a high proportion of renewable energy.

POSITIVE ECONOMIC EFFECTS An initial analysis of the 
overall economic costs of the German energy system shows 
that the strengths of hydrogen cannot yet be exploited to the 
full with GHG reduction targets of 55 and 80 percent and 
that the system costs are lower in the scenarios with a focus 
on electrification (see Fig. 4). Nevertheless, with high hydro-
gen demand, the system costs in the 80% scenario are below 
the costs of today’s energy system due to low-cost renewable 
energy generation, reduction of fossil energy imports and 
increasing sector coupling. In addition, in this scenario the 
GHG reduction target is exceeded in the optimum and re-
newable energies are more strongly integrated into the system.

With the ambitious GHG reduction target of 95 percent, 
the advantages of flexibilisation through the use of hydrogen 
outweigh the disadvantages of reduced system efficiency, so 
that the system costs are lower if the focus is on hydrogen. At 
the same time the average electricity costs can be reduced to 
below 60 Euro/MWh and the H2 production costs to below 
4 Euro/kgH2.

Depending on the scenario, the additional value added 
attributable to the production of hydrogen amounts to 10 to 
50 billion euros per year, whereby 1 to 10 billion euros per 
year can be allocated to North Rhine-Westphalia. In all sce-
narios, the largest share is accounted for by the indirect add-

The study, financed by the Ministry of Economics, In-
novation, Digitisation and Energy of the State of North 
Rhine-Westphalia, was published in May 2019 and pre-
sented at the specialist event “Hydrogen – Solutions for 
the Industry of the Future” of the new state initiative IN-
4climate.NRW.
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with hydrogen. Above all, surplus electricity should be 
stored using this. In the currently used electricity system, 
which is not very flexible, surplus electricity is generated not 
only by weather-dependent renewable energies, but also by 
must-run power plants, most of which are operated conven-
tionally. If too much electricity is generated, solar and wind 
power plants are switched off, power plants are shut down 
or ramped up, or electricity is exported. Much energy is lost 
from year to year in increasing measure unused, although 
this energy could be used for hydrogen, which is produced 
by electrolysis.

PEM electrolysis with high efficiencies of up to 74 % is 
best suited for the conversion of fluctuating power gener-
ation [1]. Fuel cells can then, if required, re-introduce the 
energy stored in chemical form. The solid oxide fuel cell ap-
pears to be the most suitable for continuous power delivery 
in terms of current efficiency at 50 to 65 % and the possibility 
of using the waste heat. In turn, the PEM fuel cell would be 
preferred for the provision of control power due to its flexi-
bility in load changes and short start-up times.

So far, only hydrogen pressure storage in salt caverns has 
been taken into account on an industrial scale. Correspond-
ingly suitable geological conditions are given by salt depos-
its, especially in Northern Germany, which is rich in excess 
electricity. The technical potential for hydrogen storage in 
salt caverns by 2050 is estimated at 126 TWh. However, the 
time span from preparation to commissioning is about ten 
years. However, the USA and Great Britain have decades of 
practical experience with such hydrogen storage.

LOHC FOR ENERGY STORAGE In recent years, however, an-
other possibility has emerged for the storage of hydrogen in 

A stable energy supply in the future can only be ensured 
with the storage of energy on a large scale. On the basis of 
the liquid organic hydrogen carrier system (LOHC) and 
with the aid of PEM electrolysis and solid oxide fuel cells, 
the dimensions and above all the capacity of a storage power 
plant to replace a conventional power plant will be deter-
mined using the example of a lignite-fired power plant. If 
this is applied to all lignite-fired power plants in Germany, 
the potential of using surplus electricity from hydrogen be-
comes apparent.

In order to enable the energy turnaround to progress, energy 
produced by wind and sun must be able to be stored over 
longer periods of time in the terawatt hour range. By 2022, 
when the nuclear phase-out will also take place, 30 percent 
of the coal capacity is to be shut down. Electricity is already 
being produced in excess of demand and is currently largely 
regulated, i.e. not used. The large-scale storage of energy in 
the form of hydrogen is of great importance for the temporal 
compensation of fluctuations in electricity production and 
for meeting the electricity demand during a dark lull.

How could electricity supply be guaranteed when coal-
fired power is phased out, so that the energy turnaround can 
be implemented? How, for example, could hydrogen be used 
to replace a lignite-fired power plant? What storage capaci-
ties are required?

SURPLUS ELECTRICITY FOR H2 GENERATION With the 
help of the literature, it can be determined that large-scale 
storage system such as pumped storage power plants and 
compressed air storage power plants have little expansion 
potential, so that energy can only be stored on a large scale 

LIGNITE VERSUS HYDROGEN POWER PLANT
Could coal-fired power plants already be shut down today?

Category: Energy storage    Authors:  Sabrina Schiefelbein, Klaus-Michael Ahrend, Johannes Windeln
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How large must the capacity of the storage system be? For 
simplicity’s sake, it is estimated that the lignite-fired power 
plant’s electricity production is constant and that the daily 
feed-in quantity is thus 32.9 GWh. In extreme cases, a dark 
lull of 14 days should be expected [4]. In order to guarantee a 
minimum filling level of the storage system at the beginning 
of the dark lull, it must contain sufficient hydrogen for a total 
of 28 days. With an FC efficiency of 65 %, this would corre-
spond to 1,416 GWh or a dibenzyltoluene volume of 745,500 
m3. This LOHC quantity can be stored in 15 tank silos with 
a capacity of 50,000 m3.

Since the lignite-fired power plants in operation generate 
a total of 137.79 TWh net electricity and this corresponds to 
about 11.5 times the production of the lignite-fired power 
plant, a storage capacity of 16.3 TWh results from the shut-
down of all lignite-fired power plants in Germany to ensure 
grid security. With an electrolysis efficiency of 74 %, this re-
sults in a requirement of 22 TWh, which is stored in about 
660,000 t of hydrogen (= 11.6 million m3 dibenzyltoluene). 
This LOHC quantity fits into 232 tank silos of 50,000 m3 each.

The storage capacity determined according to public es-
timates for securing the electricity supply in the context of 
the energy turnaround is in the double-digit TWh range [2]. 
Although the two-digit TWh range has a large spread, the 
calculated 16.3 TWh, which only apply to the compensation 
of the switched-off lignite-fired power plants, fall within this 
range and thus support the fact that this result is within a 
suitable frame.

By way of comparison, the 15.7 TWh surplus electricity 
from 2017 [5], which resulted from feed-in and grid bottle-
neck management throughout Germany, can be cited as a 
comparison. If all lignite-fired power plants had been shut 
down, a complete replacement would not have been possible 
at that time (difference: 0.6 TWh, excluding electricity ex-
ports). However, this would be feasible if renewable energies 
were to be expanded further.

CONCLUSIONS However, there are regional differences in 
surplus electricity production in Germany, so that corre-
sponding over-capacities cannot currently be absorbed at 
a central location. Therefore, a study of the exact surpluses 
of all kinds in terms of quantity, duration and region would 
first have to be carried out. The electrolysis capacity also de-
pends strongly on the actual surplus electricity hours. Since 
the provision of water can also become sufficiently problem-
atic, a solution must also be found for this.

Researchers are already working on seawater electrol-
ysis. Decentralised hydrogen storage system on a smaller 
scale at several locations with a distinct energy surplus 
would be preferable. Since it is possible to transport hydro-
gen in stored form, it would also be conceivable to convert 
it back into electricity at another, perhaps central, location. 
The transport would, however, result in further energy loss-

large quantities: In liquid organic hydrogen carrier system 
(LOHC; see H2-international issue July 2018), hydrogen can 
be stored and transported at high energy density under am-
bient pressure for as long as required. From a technical point 
of view, dibenzyltoluene is the most promising LOHC sys-
tem, as it has fewer problems in terms of toxicology, availa-
bility and physical properties than other systems [2].

Technically, hydrogenation and dehydrogenation have 
long been known methods in industry. The potential for the 
construction of storage tanks is high as sites are not geo-
logically bound and can therefore be chosen more flexibly 
than other storage technologies. The production of the en-
ergy carrier dibenzyltoluene is also already taking place on 
a large scale due to its use as a heat transfer fluid (e.g. under 
the brand name Marlotherm SH).

Hydrogenation and dehydrogenation units can be spa-
tially separated from each other. The transport and storage 
of loaded and unloaded dibenzyltoluene can be implement-
ed in the existing liquid fuel infrastructure [3]. Making this 
technology available can be done more quickly than cavern 
storage. In a direct comparison of the two H2 storage options 
(see Table 1), LOHC storage systems outperform caverns 
both in terms of efficiency and energy density and in terms 
of exploiting their expansion potential.

The efficiency for the dehydrogenation of the LOHC 
depends on the supply of the dehydrogenation heat. An ef-
ficiency of 71% is achieved when hydrogen is burned and 
heat is removed there. 100 % can be achieved by extracting 
heat from a heat accumulator heated by solar energy, for 
example, or by using a solid oxide fuel cell (energy loss 
definitely occurs whether the energy is recovered from so-
lar cells or the waste heat from a SOFC is used). The system 
efficiency is thus between 39 and 73 %, and 36 to 47 % for 
the storage cycle with solid oxide fuel cells. The cycle effi-
ciency of the cavern storage correspondingly with fuel cell 
is 26 to 42 %.

COMPARISON: LIGNITE – HYDROGEN  In a hypothetical 
framework, the dimensions required to replace a lignite-fired 
power plant with a hydrogen storage power plant consisting 
of PEM electrolysis, LOHC storage technology and solid ox-
ide fuel cell can now be determined. Modern lignite-fired 
power plant units such as Boxberg or Lippendorf and parts 
of Neurath or Niederaussem have net nominal outputs of be-
tween 944 MW and 2,120 MW.

Our calculation assumes a power plant with 1,750 MW 
and an annual electricity production of 12 TWh, which is to 
be fed into the grid as normal after the H2 has been convert-
ed back into electricity. With the current best possible cycle 
efficiencies of 47% for LOHC technology, the initial energy 
requirement for the H2 storage power plant is 25.5 TWh. For 
this, almost 570,000 t of hydrogen must be produced from 
almost 5.7 million m3 of water.

PROCESS STEP LOHC EFFICIENCY CAVERN STORAGE EFFICIENCY

PEM electrolysis 56 to 74 % 56 to 74 %

Hydrogenation / Storage injection 98 % 90 to 95 %

Dehydrogenation / Storage 71 to 100 % 97 %

System 39 to 73 % 51 to 64 %

Volumetric energy density 2,143 kWh / m3 at 1 bar 468 to 600 kWh / m3 at 200 bar

Tab. 1: Efficiencies of the process steps for the injection and withdrawal of H2 into dibenzyltoluene (changed according to [1], [5])
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es that have not yet been taken into account. The possibility 
of using the existing infrastructure of liquid fuels without 
restriction makes the LOHC storage medium very attrac-
tive in any case. The associated relief for the transmission 
grids is, however, only interesting as long as the grid expan-
sion continues to be delayed.

Despite existing large-scale production processes, the 
production of dibenzyltoluene would have to be clarified. 
The questionability of this material should not go unnoticed, 
as can be read in the safety data sheet of Marlotherm SH, for 
example. In addition, fossil raw materials are currently used 
for production. As the oil can only be used for a few hundred 
storage cycles, it is still necessary to clarify how disposal, in 
this case as hazardous waste, should take place or whether 
recycling is possible. From this point of view, it is worth con-
sidering LOHC storage technology only as an interim solu-
tion for hydrogen storage system, as the path should clearly 
lead away from fossil resources.

In any case, it remains undisputed that in the near future 
the seasonal storage of electrolysis hydrogen will be neces-
sary for electricity supply, even if hydrogen is not a cure-all 
and other storage technologies must be included in parallel. 
In addition, grid expansion, load management, energy effi-
ciency and smart grids are also pillars for successful ener-
gy turnaround. The storage of energy in hydrogen and the 
conversion back into electricity entails losses, but the surplus 
energy generated would otherwise be lost unused. Higher ef-
ficiencies are therefore desirable in order to be able to use the 
largest possible amount of energy, but not a prerequisite.

The surplus energy produced, which will rise steadily as 
renewable energies continue to expand, can ensure grid sta-
bility. Making this amount of energy usable is now the most 
urgent task of the energy industry. It is important that action 
is started now. Hydrogen makes a significant contribution to 
the full use of renewable energies. ||

This article is the result of a bachelor thesis, which the 
author has written in distance learning at the Wilhelm-
Büchner-Hochschule in the course of studies energy 
process engineering.

Fig. 2: Storage level on a monthly basis [Source: [4]]
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The scientists on Ulm’s Eselsberg might have experienced a real roller coaster 
ride of emotions at the beginning of July 2019. First came the no to the battery 
location, but then the yes to the fuel cell location.

The commitment to the HyFab came personally from the minister president of 
Baden-Württemberg, Winfried Kretschmann, within the framework of the Strat-
egy Dialogue Automotive Industry BW. This was much more than just a small 
consolation for Ulm after the announcement that the planned “battery factory” 
would be located in North Rhine-Westphalia. After all, within the framework of 
the HyFab project , a research factory for fuel cells and hydrogen is to be built by 
2024 which will emphasize the importance of this location in the south of Germa-
ny for the H2 and FC industry beyond the national borders. Although this does not 
involve hundreds of millions of research funds, it does involve a total of 74 million 
euros distributed over ten years, of which 18.5 million are available provided by 
the state.

In February 2019, Baden-Württemberg’s Environment Minister Franz Unters-
teller (see interview on p. 16) and Economics Minister Dr. Nicole Hoffmeister-Kraut 
had made a commitment to the German government to financially support Hy-
Fab. She wrote: “Industrial fuel cell production has enormous potential for climate 
protection and for Germany as an industrial location HyFab, which is led by the 
Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg 

HYFAB – FC RESEARCH FACTORY IN ULM
Research production of battery cell in Münster

Category: Energy storage    Author: Sven Geitmann

(ZSW) and the Fraunhofer Institute for 
Solar Energy Systems, aims to create an 
open, flexible platform, strengthen the 
supply industry and develop and test 
fast, automated production processes 
for fuel cell stacks.

NEW BATTERY SITE IN NRW At the 
same time, the Tübingen university 
city also applied for the location of the 
planned research factory for battery 
cells, which is scheduled to go into op-
eration in 2022. However, the contract 
was awarded – surprisingly for some 
players – to Münster, so that the asso-
ciated financial injection of more than 
500 million euros from the Federal 
Ministry of Education and Research 
also goes to Northern Germany.

One of the decisive factors for 
the award to the team from Münster 
Electrochemical Energy Technology 
(MEET) was the professional reputa-
tion of Professors Achim Kampker and 
Günther Schuh from RWTH Aachen 
University, who had entered the race 
as a team of three with Forschungsze-
ntrum Jülich. In addition, the fact that 
the federal state of North Rhine-West-
phalia announced a participation of 
more than 200 million euros at the 
end of May 2019 may have helped. This 
money is to be used, for example, to fi-
nance land and buildings and to make 
a permanent contribution to the basic 
financing, of which 12 million euros 
alone are to be used for the promotion 
of young researchers. An additional 
7.5 million euros are to come from the 
municipalities. The Fraunhofer-Ge-
sellschaft is to be responsible for set-
ting up and operating the site. The 
Federal Minister of Education and Re-
search, Anja Karliczek, stated that “the 
other locations will nevertheless be 
considered". ||

“In addition, we are working in the Strategy Dialogue Automotive Industry BW 
on developing a concept and infrastructure for emission-free local public 
transport based on hydrogen and fuel cell technology.”

Minister president of Baden-Württemberg 
Winfried Kretschmann

"It is an existential question for 
Germany that we want and have 
to be successful with battery re-
search and production and also 
with further development towards 
green batteries. [...] We have 
some catching up to do in global 
competition.”

Federal Research Minister  
Anja Karliczek

Fig. 1: Daimler CEO Ola Källenius with minister president Winfried Kretschmann (right)
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Prof. Volker Quaschning has been drawing attention to the 
climate problem for months with many public contribu-
tions and actively supports the Fridays-for-Future-Kids by, 
for example, setting up the Scientists-for-Future group and 
thus providing scientific support for the youth movement. 
In mid-August, he published a fact check on the question: 
Which car has the best climate balance? In this context, he 
also pursued the thesis that it would be better to rely on the 
fuel cell car rather than the battery car for climate protec-
tion. He writes about it:

In order to operate a fuel cell car, hydrogen must first be 
produced and brought to high pressure. In the car itself, this 
must then be converted back into electricity with the help 

of a fuel cell. Both 
cause high losses, 
so that a fuel cell 
car needs almost 
three times as 
much electricity 
to produce the 
necessary hy-
drogen as a bat-
tery car needs to 
charge the batter-
ies. So if you want 
to compare both 
vehicle variants, 
you also have to 
consider the pro-
duction costs for 
the hydrogen for 
the fuel cell car. 
This eliminates 

HYDROGEN VERSUS BATTERY
Comment by Prof. Volker Quaschning

Category: Policy    Author: Volker Quaschning

the high manufacturing energy required for the battery. At 
the end of the day, the carbon footprint of both vehicle vari-
ants hardly differs [Ste19].

Currently, a large part of the hydrogen in Germany is 
produced from natural gas. This does not generate any ben-
efits for climate protection. If we wanted to replace all cars 
with fuel cell cars and produce hydrogen through renewable 
energies in Germany, we would have to install almost three 
times as many wind power and solar plants. However, at least 
for the installation of the necessary wind power plants the 
necessary locations are missing in Germany [Qua16]. With 
the hydrogen solution we would therefore be dependent on 
the import of regenerative hydrogen. It is likely to be difficult 
to achieve this within the time windows required for climate 
protection. In addition, the hydrogen solution will also be 
more expensive than the battery version due to the high loss-
es in the end.

It is therefore very likely that the hydrogen solution will 
be used primarily in vehicles with high daily mileages such 
as trucks, buses or cars for extreme frequent drivers. The 
normal car for average applications will very probably be a 
battery car in the future. There are no environmental disad-
vantages as a result. ||

 www.volker-quaschning.de/artikel/Fakten-Auto/

Author:
Prof. Volker Quaschning, University of Technology 
and Economics (HTW)
Initiator of Scientists for Future

Prof. Volker Quaschning
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FC CARS PAY OFF IN THE LONG TERM
Infrastructure Study of the Ludwig-Bölkow-Foundation

Category: Electro-mobility    Authors: Jan Michalski, Jan Zerhusen, Ulrich Bünger, Werner Zittel, Steffen Nicolai, Samir Kharboutli, Cristian Monsalve, Stephan Ruhe

When it comes to the subject of “infrastructure of electric 
vehicles”, there are many different opinions regarding costs, 
the possibility of integrating the infrastructure into the 
power grids and the efficiency of energy supply. Depend-
ing on one,s point of view, the infrastructure for battery 
cars is sometimes better than that for fuel cell cars. In or-
der to advance the discussion with tangible facts, the Lud-
wig-Bölkow-Stiftung, supported by Ludwig-Bölkow-Sys-
temtechnik GmbH and Fraunhofer IOSB AST, has published 
the study “Infrastrukturbedarf E-Mobilität – Analyse eines 
koordinierten Infrastrukturaufbau zur Versorgung von 
Batterie- und Brennstoffzellen-Pkw in Deutschland” (In-
frastructure Requirement E-Mobility – Analysis of a Coor-
dinated Infrastructure Structure for the Supply of Battery 
and Fuel Cell Cars in Germany), sponsored by the ADAC 
Foundation. A broad-based project advisory board accom-
panied the preparation of the study, which was published in 
Berlin on 27 June 2019 after about two years of work. Key 
assumptions and selected results of the study are explained 
in the following article.

The study considers the infrastructure needed to supply 40 
million zero-emission passenger cars in Germany by 2050. 
Zero-emission passenger cars here are vehicles with battery 
or fuel cell technology. In addition to the necessary charg-
ing and refuelling infrastructure, its integration into the 
German energy system was also considered. This includes 
energy distribution (electricity distribution grids and hy-

Fig. 1: Simplified representation of the power supply system for zero-emission passenger cars

drogen supply), energy transport (electricity and hydrogen 
transport), energy storage (stationary battery and hydrogen 
storage) and electricity and hydrogen production (see Fig. 1). 
One focus of the study was a detailed analysis of exemplary 
electricity distribution grids.

A total of three scenarios were considered, each with 
a different proportion of battery and fuel cell vehicles. In 
the “Focus BEV” scenario, 80 percent of the zero-emission 
fleet has a battery electric drive available, the remaining 
20 percent uses fuel cell technology. In the “Focus FCEV” 
scenario, the proportion of vehicles with fuel cells is 80 
percent, while the proportion of battery vehicles is now 20 
percent. In the “mix” scenario, both drive technologies ac-
count for 50 percent each. In addition to the 2050 target 
year, the 2030 and 2040 support years were also consid-
ered. However, the following remarks are limited to the 
target year 2050.

 
CHARGING POINTS AND HYDROGEN FILLING STATIONS 
The need for charging points to supply battery cars was de-
termined on the basis of figures from the former National 
Platform for Electric Mobility (NPE). Depending on the 
scenario, between 9.6 (focus FCEV) and 38.4 million (focus 
BEV) charging points are required for 2050. The associated 
annual costs for maintenance, servicing and investment de-
preciation are between EUR 2 billion in the focus FCEV sce-
nario and just under EUR 9 billion in the focus BEV scenario. 
The private charging points, which were assumed to cost an 
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average of 1,650 euros each (hardware 
including planning, grid connection 
and installation), have a significant in-
fluence on the costs.

The number of hydrogen filling 
stations is around 2,000 (focus BEV) 
and 6,000 (focus FCEV) with average 
filling capacities of 1,400 and 2,000 
kgH2 per day respectively. The H2 fill-
ing stations have significantly higher 
capacities available in comparison to 
the H2 plants installed today (approx. 
200 kg/day) in order to exploit econo-
mies of scale and to enable economical 
operation. A comprehensive hydrogen 
supply is thus guaranteed for all three 
scenarios.

In the medium term, hydrogen will 
be supplied to filling stations primarily 
by trucks delivering pressurised hydro-
gen (500 bar) with a rising proportion 
of liquid hydrogen supplied over the 
long term, by pipelines (partly con-
verted natural gas pipelines) and by 
on-site production using electrolysis. 
The annual costs for the hydrogen re-
fuelling infrastructure, including the 
delivery of the hydrogen but excluding 
hydrogen production, will amount to 
between 1 billion (focus BEV) and 3.7 
billion euros (focus FCEV) in 2050.

LOW- AND MEDIUM-VOLTAGE POWER 
GRID The effects of the charging and re-
fuelling processes of the zero-emission 
passenger cars on the electricity dis-
tribution grid and the resulting need 
for upgrading were determined on the 
basis of detailed calculations of exem-
plary grids. Low and medium voltage 
grids from rural areas, small towns 
and suburbs as well as from a large city 
were used for this purpose. Each exam-
ple grid was assigned a certain number 

of battery and fuel cell passenger cars on the basis of current car registration fig-
ures, the year under consideration and the scenario definition. Taking into ac-
count relevant parameters such as simultaneity factors, conventional electricity 
demand, electricity generation from renewable energy plants, charging capacities 
and connection points of the charging points, the grid loads in the example grids 
were determined. The reactions were investigated with regard to the thermal load 
of transformers and cables, the voltage quality, a possible phase skew (phase asym-
metry) and, in the medium voltage range, a violation of the N-1 criterion (failure 
probability).
For each exemplary low-voltage grid, up to 5,000 variants for different load situa-
tions were considered in order to obtain a representative statistical evaluation of 
the relevant parameters. For this purpose, the probability of injury of the various 
parameters was determined. On the other hand, standardized profiles were used 
in the medium voltage to determine the hourly values of the parameters.

The analysis of the example grids shows that the charging and refuelling 
infrastructure required to supply zero-emission passenger cars can in princi-
ple be integrated into the electricity distribution grid. This, however, requires 
some upgrading measures in the grids. The type and scope of the measures re-
quired depends on the respective grid structure, the grid level, the local frame-
work conditions (e.g. conventional electricity consumption, building structure, 
proportion of newly installed heat pumps), the year under consideration and 
the scenario selected. In general, it can be said that the need for upgrading in 
low-voltage grids is higher than in medium-voltage grids, which have a higher 
reliability (N-1 criterion).

The number of battery vehicles, i.e. the scenario and year under consideration, 
have a decisive influence on the extent of the measures required (see Fig. 2). This 
situation can be improved by considering charging management systems that can 
reduce the maximum charging performance of battery vehicles. The integration of 
hydrogen filling stations and rapid charging infrastructure into the medium-volt-
age grids is comparatively easy or requires little expansion.

ENERGY SYSTEM ANALYSIS AND TOTAL COST COMPARISON The timely and 
local provision of electricity and hydrogen must be guaranteed by the German 
energy system. Energy must be provided not only for passenger cars, but also for 
the industrial and GHD sector (trade, commerce, services) for heat generation 
in private households and for other mobility sectors. With the exception of the 
mobility sector, energy consumption and assumptions in the sectors are identical 
for all three scenarios.

The energy system analysis is carried out in a model developed for this purpose, 
which determines the cost-optimal plant park (e.g. power plants, storage facilities, 
electrolysis) with regard to investment and operating costs on the basis of given 
framework conditions (e.g. greenhouse gas budget, existing power plants, energy 
costs etc.). The framework conditions for the analysis were chosen so as to be com-
patible with the Paris climate protection targets.
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Fig. 3 shows a clear correlation between the proportion of 
battery vehicles and the amount of power storage required. 
However, the demand for energy storage capacity is largely 
independent of the technology mix of the vehicle fleet. The 
model for 2040 shows a significantly lower demand for pow-
er and energy storage devices. This is because GHG emis-
sions in the electricity and energy sectors are still permitted 
in 2040 and conventional power plants with energy sources 
(e.g. natural gas) can therefore be used to provide secure out-
put. In 2050, however, stationary batteries and GHG-neutral 
(chemical) energy sources, such as hydrogen, will have to be 
used as power and energy storage devices in order to be able 
to provide electricity as required, e.g. for charging battery 
vehicles, even in times of low electricity generation from 
wind and photovoltaics.

Part of the electricity for battery vehicles is therefore pro-
vided by a stationary hydrogen storage system with a re-con-
version unit (see Fig. 1). In a GHG-neutral energy system 
with a high proportion of fluctuating power generation, the 
efficiency of the energy supply for battery and fuel cell ve-
hicles is therefore approaching. This is also reflected in the 
costs determined within the framework of the energy system 
analysis. For 2050, there are no longer any relevant cost dif-
ferences in the three scenarios.

The situation is somewhat different when considering the 
total costs (i.e. costs within the framework of the energy sys-
tem analysis plus costs for dedicated charging and refuelling 
infrastructure and energy distribution). Although the total 
costs will also be at almost the same level in the medium 
term, cost advantages for scenarios with a high proportion 
of fuel cell vehicles have been identified in the long term. 
These result mainly from different costs for charging points 
compared to hydrogen filling stations. Above all, the high 
number of private loading points and the associated costs 
contribute significantly to cost increases.

CONCLUSION In summary, the study shows that the elec-
tricity distribution grids have to be upgraded on a case-
by-case basis to accommodate a large number of bat-
tery-powered passenger cars, and tend to be in rural areas. 
The hydrogen refuelling infrastructure, on the other hand, 
can be integrated comparatively easily into the electricity 
grids. With an increasing share of fluctuating renewable 
power generation, the good storage capacity of hydrogen 

will gain relevance for the entire German energy system in 
the medium and long term. Guaranteed performance, also 
for charging battery cars, will then be ensured in the long 
term in part by stationary hydrogen storage systems with 
re-conversion units. The efficiency chains of energy supply 
for both passenger car technologies are thus approaching 
each other in the long term. ||

 www.stiftung.adac.de/infrastrukturbedarf-e-mobilitaet
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WHERE DOES ELECTRO-MOBILITY STAND?
Recommendations of VDE and VDI

Category: Electro-mobility    Author: Martin Pokojski

Electric mobility represents an important contribution to 
climate protection and the use of renewable energies in the 
transport sector. VDE/ETG, VDI-FVT and VDI-GEU have 
therefore attempted to present the current state of develop-
ment of fuel cell passenger cars (FCEV) and battery electric 
passenger cars (BEV) within the framework of an interdis-
ciplinary working group made up of universities, research 
institutes and industry.

Electro-mobility offers versatile potential for improving 
mobility. Nevertheless, the discussion is currently concen-
trating primarily on battery-powered drive systems. This 
contradicts the objectives of the Federal Government, which 
provide for a technology-open further development of the 
National Innovation Programme and the Mobility Fuel 
Strategy (MKS). According to FMD, the most efficient drives 
are to be selected, whereby alternative energy sources (fuels) 
are also to be included in the assessment. The necessary in-
frastructures must also be taken into account.

This means that synthetic energy sources are also taken 
into account in the evaluation in addition to systems sup-
plied with electricity. Under certain application criteria, they 
can also fulfil an important function in the transport sector.

With regard to electro-mobility, the fuel cell should be 
included in the assessment on an equal footing with battery 
technology. Discussions with potential users such as opera-
tors of fleets, commercial vehicles etc. show that from their 
point of view hydrogen-supplied vehicles offer various ad-
vantages that speak against a one-sided predetermination on 
battery vehicles.

REDUCTION OF ECONOMIC COSTS Electric mobility offers 
potential for further strengthening the leading position of 
German companies. This presupposes, however, that the 
economic costs, insofar as they burden the companies, are 
reduced. At the same time, political support must be given 
to the establishment of the company’s own production facil-
ities and the prerequisites must be created to make low-cost 
hydrogen available for fuel cell vehicles.

Economic costs in relation to the transport sector result 
from the consumption of resources and environmental pol-
lution. The consumption of resources concerns the use of 
energy sources and the materials used to manufacture the 
vehicles. The reduction of resource consumption requires an 
improvement in efficiency.

With the introduction of electro-mobility, efficiency can 
be expected to increase by a factor of 2 compared to conven-
tional vehicles, especially with BEV. A simple estimate con-
firms this: compared to a vehicle with a fuel consumption of 
6 l per 100 km (60 kWh), a BEV can be expected to consume 
30 kWh of electricity (with conventional electricity genera-
tion at 40 % efficiency).

However, the efficiency improvement will only be sus-
tainable if the electricity used to supply electric vehicles 
comes from renewable energies. This goes hand in hand with 
a reduction in exhaust and noise emissions, which is reflect-
ed in a reduction in environmental pollution.

EFFICIENT MATERIALS MANAGEMENT Conservation of re-
sources also affects the materials required to manufacture 
the vehicles. In order to avoid an increased demand for raw 
materials and thus additional economic costs, the recycling 
of valuable raw materials is absolutely necessary. The ex-
tent to which efforts to save raw materials have already pro-
gressed in the field of electro-mobility is illustrated by the 
need for platinum in fuel cell vehicles:

VDE/ETG: 
Energy Technology Society in the Association of 
Electrical Engineering Electronics Information 
Technology e.V.

VDI-FVT: 
Society for Vehicle and Traffic Engineering of the 
Association of German Engineers e.V.

VDI-GEU: 
Society for Energy and Environment of the Association 
of German Engineers e.V.

4th International Trade Fair for Mobility 4.0 
electric - connected - autonomous

October 15-17, 2019, Messe München

www.emove360.com

FREE
 

EM19-AD97VS96
 

TICKET

CODE

Anzeige eMove 105 x 149 + 3 mm englisch.indd   1 10.09.2019   08:52:55

http://www.emove360.com


36

H2-international 0 4 |  O C T O BER 2 019

demand for electricity. Demand-dependent charging pro-
cesses with corresponding tariff structures will gain in im-
portance accordingly. This trend will become even stronger 
with the accelerated use of renewable energies. The coverage 
of the electricity demand of electric vehicles must take into 
account the fluctuating electricity volume from wind and 
sun, which requires close networking with the electricity 
sector in order to avoid undesirable developments.

The use of hydrogen is conceivable in almost all areas. This 
energy source thus offers the opportunity to intensify sector 
coupling. The use of gas is possible in electricity and heat sup-
ply as well as in traffic and industry. A high degree of network-
ing of the different sectors is thus possible. This also applies to 
the heat generated during hydrogen production. It can be used 
for heat supply by means of heat distribution systems.

Great advantages also result from the storage capacity of 
H2. By means of caverns or other natural cavities, it is possi-
ble to store the gas over longer periods of time, so that a sea-
sonal energy balance can be achieved. This makes it possible 
to decouple supply and demand, especially in connection 
with the use of electricity from renewable energies.

Finally, both charging devices and H2 generation plants 
offer potential for supporting electricity supply. By operating 
the charging and generation processes according to demand, 
they can be used to smooth peak loads and optimize load 
flow in the sense of grid service operation. A redispatch by 
electrolysers to eliminate grid bottlenecks is also conceivable.

POLITICAL SUPPORT The aim of politics is a rapid market 
penetration of electromotive drive systems. Politicians are 
therefore promoting the purchase of electric vehicles with 
purchase premiums. Additional supporting measures are 
recommended:

·· Push ahead with market development: This can be driven 
forward by integrating key customers. These are usual-
ly fleet operators, in both the public and private sectors. 
Their presence and visibility alone contribute to a rapid in-
crease in the acceptance of new technologies. In addition, 
the buyer power creates the basis for the early reduction of 
production costs through larger production volumes.

·· Expansion of the hydrogen infrastructure: The plans for the 
next few years are based on 400 filling stations, but initially 
only 100 will be built. The production of the rest is planned 
depending on the demand. This reluctance, however, has a 
negative impact on the market development of FC vehicles. 
A hen-and-egg problem is provoked: Without sufficient de-
mand there is no sufficient infrastructure and without in-
frastructure there are no vehicles. The planned 400 filling 
stations were therefore to be built without cutbacks.

·· Review of the regulations for hydrogen filling stations: 
Currently, many federal states and municipalities have 
their own regulations for the construction of hydrogen 
stations. This makes implementation more difficult. It 
would be advisable to have uniform regulations nation-
wide in order to set up hydrogen filling stations according 
to a uniform standard.

·· Hydrogen for a secure energy supply: Hydrogen offers 
versatile applications in all economic sectors and enables 
the decoupling of supply and demand. It is therefore im-
portant to consider this energy source as an option for 
long-term security of energy supply.

ELECTRO-MOBILIT Y

While the platinum requirement in the first years of develop-
ment was more than 1 mg per cm2 of reacting fuel cell area 
(stack area), today it is only 0.4 mg/cm2. For a vehicle like 
the Toyota Mirai, this means that about 30 g platinum is re-
quired per kW (0.26 g per kW). By 2020, the demand per kW 
is to be reduced to 0.125 g for an 80 kW unit, so that a FC 
drive system requires less platinum than the exhaust system 
of modern diesel vehicles.

PRODUCTION OF BATTERIES AND FUEL CELLS The pro-
duction of batteries and fuel cells is considered demanding. 
According to the VDMA, Germany nevertheless has the 
potential for its own production capacities and thus for the 
generation of jobs. A roadmap drawn up in cooperation be-
tween RWTH Aachen, Fraunhofer Institute for Systems and 
Innovation Research ISI and VDMA and published in 2014 
has examined this more closely. Accordingly, the greatest 
challenges for the manufacture of high-performance ener-
gy storage devices lie in the areas of process stability with 
simultaneous increase in production throughput, scalability 
to volume production, sustainability and, above all, quality 
improvement with simultaneous cost reduction. However, 
technological breakthroughs are still needed in fifteen core 
areas. In particular, this concerns pilot lines, access to major 
international projects and the ability to offer complete lines.

With regard to fuel cells, there are already many activ-
ities in Germany. They offer the potential to increase local 
value creation by manufacturing fuel cells, including as-
sociated components. According to the Fuel Cell Industry 
Guide Germany 2018 of the Fuel Cell Working Group of the 
VDMA, 57 companies and institutions are already active in 
the field of fuel cells. Sales in 2017 amounted to 190 million 
euros. A number of companies in Germany and Europe are 
also active in the field of material and component suppliers. 
The list of the Fuel Cell and Hydrogen Joint Undertaking 
(FCH JU) for Europe shows that at least fifty companies are 
active in the field of FC vehicles – except FC buses – of which 
about fifteen are vehicle integrators.

EMISSION-FREE HYDROGEN PRODUCTION Seen globally, 
hydrogen is freely available and is considered an internation-
al commodity. Supply would thus be possible in the medi-
um term via corresponding supply contracts. However, the 
broad market launch of fuel cell vehicles requires the pro-
curement of green and low-cost hydrogen.

In the long term, a H2 production from renewable en-
ergies is to be aimed at. In contrast, hydrogen is currently 
produced from natural gas by means of reforming process-
es. The production is inexpensive with about 2 € per kgH2, 
but is associated with high CO2 emissions (approx. 360 
gCO2/kWh).

In terms of sustainability, it is therefore important that 
H2 based on renewable energies is provided in an environ-
mentally friendly and cost-effective way by electrolysis. The 
prerequisites for this are favourable power purchase agree-
ments and high utilization rates of the electrolysers. The 
aim should be that the production costs of emission-free 
hydrogen should be in the order of the production costs of 
reformers.

PROMOTION OF SECTOR TYING  The aim of sector coupling 
is to link the electricity, heating and cooling, transport and 
industrial sectors. Optimization potentials are to be tapped 
in a joint approach. For electro-mobility, this means that the 
purchase of electrical energy must be based on the general 
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·· Framework conditions for production facilities: German 
companies have available the necessary expertise to ma-
nufacture batteries and fuel cell systems. However, setting 
up production facilities is cost-intensive. Without support 
measures, only limited economic success can be expected 
in terms of competitiveness.

·· Accompanying research: Experience shows that with re-
gard to the ancillary systems of electric vehicles and the 
service life and degradation behaviour of batteries and 
fuel cell systems, there is not yet sufficient knowledge of 
real operation. It is therefore advisable to accompany mar-
ket development with research programmes. ||
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38 For years there has been a discrepancy in the hydrogen sec-
tor between North America and Europe: Over on the other 
side of the Atlantic, fuel cell-powered industrial trucks are 
enjoying great popularity, while their number in Germany 
is more in keeping with homoeopathic doses. The reasons 
for this have already been reported many times (see H2-in-
ternational issues Jan. 2018, Jan. 2016, Jul. 2013). However, 
there are still promising approaches and also positive em-
pirical values which indicate that in future more and more 
diesel forklifts will be replaced in Europe by electric fork-
lifts – increasingly by fuel-cell powered ones. 

At the end of 2018, around 21,000 H2-powered industrial 
trucks were in operation worldwide – 300 of them in Europe. 
70 of these drove in the BMW plant in Leipzig alone. The 
indoor tow tractors there, are used in the production of the 
i3 models to supply the assembly lines and are part of the 
total fleet of 400 vehicles. It was commissioned as part of the 
follow-up project to H2IntraDrive, which initially involved 
eleven forklifts and tractors in December 2013 (see H2-inter-
national issues Jan. 2014 and Jan. 2016).

In addition to BMW, Linde Material Handling, Günsel 
Fördertechnik and the Technical University of Munich are 
participating as research partners in the current FFZ70 pro-
ject, which runs until 2021. Their motivation is to check the 
operating conditions for an economical operation. During 
the first trial period it had become apparent that the eco-
nomic efficiency had not been guaranteed until then, also be-
cause too few vehicles had been used. However, with a larger 

NEW CALL FOR FC FORKLIFTS
Logistics relies on emission-free drives

Category: Electro-mobility    Author: Sven Geitmann

number of units, both the investment costs and the mainte-
nance, operating and approval costs should be reduced, so 
the expectation.

Important elements of this second phase are the stand-
ardisation as well as the establishment of plug & play solu-
tions for fleet conversion and the validation of service life, 
but also the elaboration of a training concept for the opera-
tion of H2 equipment, reported Wolfgang Axthammer, Man-
aging Director of the National Organization for Hydrogen 
and Fuel Cell Technology. NOW’s aim is also to establish an 
industry standard (H2Ready) “which will open up the pos-
sibility for other manufacturers on a broad basis to use the 
innovative technology in new or retrofitted vehicles in their 
own production”.

PLUG SHOWS NEW GENDRIVE GENERATION The growing 
interest in hydrogen industrial trucks is now also evident at 
trade fairs and congresses. Linde Material Handling, for ex-
ample, was at LogiMAT, the intralogistics trade fair for fuel 
cells, at the beginning of 2019. The Hamburg-based logistics 
company presented its new H2 electric forklift trucks Linde 
E20 to E35 to the media centrally at its exhibition stand and 
praised them as “new FC roadsters”. As they do not require 
an A-pillar, their larger field of vision makes them particu-
larly suitable for indoor areas with heavy passenger traffic, 
according to the manufacturer.

The fuel cell systems used come from the US manufac-
turer Plug Power. The company, based in Latham, New York, 
was also present at LogiMAT in Stuttgart, where it presented 
the latest generation of its fuel cell units. The Class 1 Gen-
Drive systems, which are specially designed for industrial 
pallet trucks, offer higher efficiency and reliability as well 
as a ten percent longer service life than their predecessors 
thanks to larger fuel tanks, according to the manufacturer. 
These were not only used by BMW, but also by the competi-
tors Mercedes and Toyota.

"Industrial trucks with fuel cell technology in logistics 
can reduce CO2 emissions by at least 25 percent while 
increasing productivity and reducing storage space and 
loading time.“

Wolfgang Axthammer, NOW

Fig. 1: BZ forklift fleet from Still near Carrefour in Vendin-Le-Vieil, France [Source: Carrefou]
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currently underway as part of the work plan for 2019, under 
which over 250 industrial trucks at one or two locations are 
to be funded with 10 million euros.

BMVI LAUNCHES CALL FOR FUNDING Wolfgang Axtham-
mer, NOW managing director and head of the Clean In-
tralogistics Net (CIN) industry network, explained: “Our 
common goal is to further establish fuel cell technology in 
Germany and Europe. In North America, warehouses and 
production facilities are already operated with fuel cell pow-
ered industrial trucks.” It had already sounded similar when 
the CIN was founded in 2016, but since then there has been 
no significant boost in the logistics sector either in Germany 
or in the EU.

In April 2019, the Federal Ministry of Transport and Dig-
ital Infrastructure (BMVI) launched a call for funding for 
fuel cell-powered industrial trucks in fleet applications (at 
least 10 units) in order to accelerate development and stand-
ardise (see above). By the end of July, applications could be 
submitted for vehicles as well as for the necessary refuelling 
infrastructure and the installation of electrolysers for the 
on-site production of hydrogen, for which a total of EUR 4.2 
million was made available.

FUEL CELL IN THE HEAVY-DUTY SECTOR Meanwhile, we 
are hearing from North America that Hyster wants to make 
true what was announced in 2017: It is planned to offer 
an H2 heavy-duty forklift truck with a load capacity of 48 
tonnes (see H2-international issue Jan. 2018). In the spring 
of 2019, the US company substantiated its plans and reported 
that an emission-free electric reach stacker was currently be-
ing developed. Specifically, it is a container stacker which is 
expected to enter service in 2021 in the MSC terminal of the 
port of Valencia and also in the port of Los Angeles.

Hyster has been active in both battery electric industrial 
trucks and fuel cell models since the parent company Nacco 
Materials Handling Group acquired Italian FC manufactur-
er Nuvera in 2014. Jan Willem van den Brand, Director of 
Big Trucks at Hyster Europe, said: “We expect the new reach-
stacker to run uninterrupted and emission-free throughout 
the entire shift and to achieve a performance comparable to 
that of a conventional internal combustion engine.”

The development of this truck is supported both in Europe 
and in the USA: The Fuel Cells and Hydrogen Joint Under-
taking (FCH JU) from Brussels is supporting the project as 
part of the H2Ports project, and money from the California 
Air Resources Board (CARB) from the California State Emis-
sions Trading Scheme (CCI) is flowing into the development. ||

However, it can be problematic for potential customers that 
Plug Power, as a FC manufacturer, does not cover all per-
formance classes. Although some interested parties would 
like to switch to fuel cell technology, they would then like to 
convert all industrial trucks to hydrogen, which is currently 
not yet possible.

Still also relies on the GenDrive units from Plug Power. 
Since 2013, a total of 137 fuel cell vehicles from the Hamburg 
logistics company have been in operation in the new logis-
tics base of the French trading company Carrefour in north-
ern France: 36 FM-X reach trucks, 78 CX-S horizontal order 
pickers, 6 EXD-S double-deck high-platform trucks and 17 
EXU-S low pallet trucks. The first 57 units were delivered 
in September 2017. A further 80 vehicles followed in Janu-
ary 2018 as part of the EU-funded HyLIFT-EUROPE project, 
which was completed at the end of last year. They are refu-
elled with a dispenser from Air Liquide.

Carrefour site manager Alain Audegond was delight-
ed: “By using the hydrogen-powered vehicle fleet, we were 
not only able to reduce our CO2 footprint, but also make 
handling easier and more ergonomic for our employees by 
eliminating the need to replace batteries. In addition, the fill-
ing station does not require a locked room, but could be in-
stalled directly next to the ramps. And finally, we need fewer 
vehicles overall and for the fuel cell vehicles no exchange bat-
teries and other infrastructure for a battery change.” During 
the final completion of the project, Björn Grünke of Still: 

“We are proud to have successfully installed Europe’s largest 
fleet of hydrogen-powered industrial trucks to date.”

Prelocentre has been testing FC industrial trucks from 
another logistics company, Jungheinrich, for more than 
three years, which are also equipped with plug power stacks. 
By the end of 2018 there were 75 of them available, and more 
are to come, so that the entire fleet could soon have fuel cells 
at its disposal. In a test period of two years, more than 40,000 
refuellings were carried out, with the average operating time 
of the fuel cells lying between 97 and 99 percent. The con-
clusion therefore: “We see fuel cell technology in material 
handling not as an R&D approach, but as a mature and prov-
en solution for medium to large fleets in two and three-shift 
operations.

Toyota also uses plug power stacks and uses ten models – a BT 
RRE 140, a BT RRE 160 CC and eight BT OSE 250 P – at Asko 
in Norway. In contrast, Daimler now relies on Infintium Inc, 
a subsidiary of the Dare Group, a Chinese technology group 
active in the automotive and aerospace industries as well as 
in new energy technologies and space travel. Since the end 
of 2018, Infintium has been supplying Mercedes Benz with 
Hydrogen Power Cell systems in which FCgen-1020ACS and 
FCvelocity-9SSL stacks from Ballard Power Systems are in-
stalled in order to equip industrial trucks at Daimler’s pro-
duction site in Vance, Alabama.

CONNECTION TO HYLIFT-EUROPE On the part of the FCH 
JU was determined after termination of HyLIFT-EUROPE: 

“These projects have shown that, in addition to the cost is-
sue, there are also obstacles on the end-user side, for example 
in approving the installation of hydrogen refuelling infra-
structure in buildings and in the training of staff” In order 
to be able to connect seamlessly here, a call from FCH 2 JU is 

ELECTRO-MOBILIT Y

CIN SYMPOSIUM
The next Clean Intralogistics Net meeting – a best prac-
tice workshop – will take place on 12 November 2019 
at the BMW Group plant in Leipzig – with a tour of the 
FFZ70 project.

BALLARD COOPERATION WITH HYSTER
In April 2018, Ballard Power Systems and the Hyster-
Yale Group signed a framework agreement to supply a 
minimum quantity of air-cooled FCgen® 1020 stacks for 
use in class 3 pallet trucks. This agreement, which runs 
until 2022, is aimed in particular at low-power applica-
tions and will complement Nuvera’s existing fuel cell 
solutions.

"The customer is satisfied, the drivers are happy.”
Björn Grünke, Still
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ELECTRO-MOBILITY IS MORE THAN JUST 
BATTERY ELECTRIC
Much French hydrogen on the EVS32

Category: Electro-mobility    Author: Uta Mummert

tongues even spoke of an “infrastructure fair”, and indeed 
there was a swarm of countless charging stations (with strik-
ingly good design) at every corner and end. The Siemens 
booth was also purely battery electric. No reference to the 
Group’s electrolysers expertise.

At the stand of FEV, the Aachen-based development ser-
vice provider, there was a flyer on the subject of fuel cells, 
albeit hidden. AVL France SAS (AVL List GmbH) or Stäubli 
only mentioned their expertise in fuel cell or hydrogen tech-
nology in the exhibitor catalogue. Faurecia and Nel, on the 
other hand, had two tracks: So there was a Norwegian joint 
stand. In addition, the Norwegian electrolyzer manufacturer 
also exhibited on the blue carpet of the “Hydrogen Zone” to-
gether with its French sales partner. The Netherlands is now 
fully committed to hydrogen – which has been talked about 
at all corners of the “Hydrogen Zone” – but nothing was to 
be seen at the actual Holland stand.

On the other hand, the Auvergne Rhone Alpes region’s 
zero-emission valley project was advertised in an unmis-
takably large way. Michelin clearly and clearly committed 
himself to the hydrogen technology. A large number of the 
important French players were also present (Ad-Venta, AF-
HYPAC, Atawey, CEA, Engie, McPhy, Michelin, Symbio, 
etc.), but also Hydrogen Europe, the FCH-JU, John Cockerill 
(formerly CMI Group) and Toyota exhibited here. In addi-
tion, the “European Hydrogen Valleys Partnership”, an alli-
ance of four European hydrogen regions (Auvergne-Rhone-
Alpes, Normandy, Aragon and North-Holland), was publicly 
presented for the first time in the Hydrogen Zone.

Here on the blue carpet there were daily presentations 
in the EVS Agora and you met (almost) everyone who has 
a name in the hydrogen world – the Japanese Prius father 

Fig. 1: Happy togetherness in the hydrogen zone  
[Source: Nicolas Rodet]

In 1969, exactly 50 years ago, some young visionaries enthu-
siastic about technology organised the first Electric Vehicle 
Symposium. Accordingly, the EVS32 was dignifiedly cele-
brated from 9 to 12 May 2019 in Lyon in the presence of the 
now elderly but still dynamic founding members.

Today, the Electric Vehicle Symposium is one of the world’s 
largest events in the field of electro-mobility and is held 
every 12 to 18 months on a different continent. After Stutt-
gart (2017) and Tokyo (2018), over 7,000 visitors from 65 
countries came to France this year. In addition, there were 
several hundred exhibitors from 30 countries. More than 40 
two- and four-wheeled electric vehicles (incl. fuel cell vehi-
cles) were tested on the Ride-&-Drive site, and well over 300 
scientific presentations were presented at the conference.

The EVS has become more than “just” a scientific con-
ference, because the market is calling. The variety of topics 
at the conference ranged from the latest battery technology 
and mobility as a service and autonomous driving to charg-
ing infrastructures, electrification of the drive train on rail 
and road, component and electronics development, urban 
mobility and hydrogen. Still: In all subject areas, the Electric 
Vehicle Symposium remained clearly battery electric.

With regard to the programme, one could almost think 
that hydrogen has just been assigned a place within the 
framework of “political correctness” or in the course of the 
integration of minorities. However, the hydrogen has spread 
well in this place, as is its physical nature. It remains to be 
seen whether this can be attributed to the current “hydrogen 
hype” (which is not only noticeable in France).

ESTABLISHMENT OF H2 ISLANDS At the opening ceremony, 
almost every prominent speaker mentioned the word “hy-
drogen” at least once – be it Elisabeth Borne, French Minister 
for the Energy Turnaround and Solidarity, Gilles Normand 
von Renault, Philippe Monloubou von Enedis, Prince Albert 
II of Monaco, Espen Hauge as President of Avere or Laurent 
Wauquiez, President of the Auvergne Rhône-Alpes Region-
al Council. In addition, several hydrogen islands were to be 
found at the EVS accompanying trade fair.

The largest was undoubtedly the “Hydrogen Zone” in 
front of the entrance to the Paul-Bocuse-Plenarsaal, albe-
it a very francophone zone. Battery and fuel cell technolo-
gy were equally represented in the “EDF Cluster Zone” and 
above all at the German joint stand, for example by NOW 
GmbH, e-mobil BW GmbH and Mann+Hummel. Especial-
ly Baden-Württemberg used the EVS32 as a framework for 
international networking and to inform about the manifold 
competences of the federal state in the field of electro-mo-
bility. Accordingly, Baden-Württemberg’s Minister of Trans-
port Winfried Hermann emphasised that in the context of 
effective climate protection it was important to “use all cli-
mate-friendly technologies, be they battery electric drives or 
fuel cell technology".

Outside these islands, however, hydrogen and fuel cell 
technology had to be sought with much goodwill. Evil 
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and Mr. Fuel Cell Katsuhiko Hirose, Bart Biebuyck together 
with colleagues from FCH JU, the French “Miss Hydrogen” 
Valérie Bouillon-Delporte as well as representatives of Toyo-
ta, Honda, Nikola and many more.

What remains regrettable is that the conference was too 
separated from the trade fair area and that many stands did 
not attract the expected number of visitors. Only half of the 
poster walls were covered with posters, and even there hy-
drogen and fuel cell topics had to be looked for almost like a 
needle in a haystack.

Still, you can hold on: Hydrogen and fuel cell technology 
has outgrown its infancy. Adieu laboratories, experiments 
and prototypes. Hydrogen and FC technology is filling its 
place in electric-mobility with increasingly market-, envi-
ronment- and economically realistic projects and products.

Let us observe the further development from 14 to 17 
June 2020 at the EVS33 in Portland, USA. ||

RECTIFICATION
In the article “Quiet aviation” of the July 2019 issue of H2-in-
ternational (Issue 3) it was written on page 37 that the Boo-
merang drones came from Horizon. I apologize for this 
misrepresentation. The drones were of course from Bluebird 
Aerospace. Horizon’s “HES Energy Systems” division sup-
plied a fuel cell system, which was exchanged for the existing 
battery system in the prototype for a presentation.

In addition, it was said that Horizon had spun-off its “ar-
maments division". This was wrong and misleading because 
Horizon never had an armaments division. Horizon spun-
off its HES Energy Systems division which was acquired by 
H3 Dynamics in 2015. ||

H2ME – EUROPE TAKES STOCK 
OF PROGRESS

THE GROVE CAR’S COMING

H2ME is considered to be the largest hydrogen project in Eu-
rope: Since 2015, around 170 million euros have been invested 
in over 1,400 hydrogen vehicles and almost 50 filling stations 
throughout Europe – 67 million euros of which in the form 
of subsidies. More than 40 institutions are working together 
under the Hydrogen Mobility Europe programme to build a 
transnational grid. The aim is to establish a minimum number 
of hydrogen filling stations and to put a sufficient number of 
zero-emission vehicles on the road in Europe. On 25 October 
2019 the conference “Hydrogen for clean Transport” will take 
place in Hamburg to document the mid-term results.

Hydrogen Mobility Europe is divided into two project 
phases: H2ME1 started in June 2015 and will run until 
mid 2020. Based on the resulting experience, H2ME2 was 
launched in May 2016 to significantly expand the vehicle 
fleet and improve its technical maturity. In addition, this six-
year second programme will identify barriers to commer-
cialisation and make a clear commitment to this technology. 
The funding for this comes from the Fuel Cells and Hydro-
gen Joint Undertaking (FCH JU).

H2ME 1
∙ 29 locations
∙ 300 vehicles
∙ 70 million 2 Capital expenditure
∙ 32 Mio. 2 funding

H2ME 2
∙ 20 locations
∙ 1,100 vehicles
∙ 100 million € Capital expenditure
∙ 35 Mio. € funding

Among the first one hundred H2 vehicles put on the 
roads in early 2017 were 60 Renault Kangoo ZE-H2 in 
France and Great Britain and 40 Mercedes B-Class F-
Cell in Germany. By autumn 2018, 110 Kangoo ZE-H2, 
80 Toyota Mirai, 10 Honda Clarity and 60 other hydro-
gen vehicles had been added. In Germany alone, 20 fil-
ling stations are supported by H2ME.

Similar to Tesla years ago, completely new players are now 
entering the market in the fuel cell sector, with the potential 
to mess up the previous business of vehicle manufacturers. 
In May 2019, the Chinese start-up Grove Hydrogen Automo-
tive Co., Ltd. presented itself to the public for the first time 
after three years of preparation. The Wuhan-based compa-
ny’s repertoire includes two fuel cell studies that were shown 
at the Shanghai Motor Show in April: the Limousine Granite 
and the SUV Obsidian. The Granite, with its range of about 
1,000 km, could go into series production in 2021. CEO Prof. 
Yiguo Hao is already preparing cooperations with various 
cities and car rental companies in order to be able to bring 
the vehicles onto the market.

The company was founded in 2017 by the Chinese In-
stitute of Geosciences and Environment (IGE), which also 
wants to set up an H2 infrastructure. Grove has so far had 
development partnerships with Pininfarina, Hofer Power-
train and the FEV Group, and is drawing on the expertise of 
Christopher Reitz, who has already worked for Fiat, Nissan 
and Volkswagen, as Chief Design Officer. There is also a de-
sign and development centre in Barcelona. ||
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H2ME is comparable to Hydrogen Mobility, which is work-
ing within Germany to have 100 hydrogen filling stations 
in operation by the end of 2019. It is similar with Mobilité 
Hydrogène in France, Scandinavian Hydrogen Highway 
Partnership in Scandinavia and UK H2 Mobility in the 
UK. These four initiatives pursue slightly different strategies 
adapted to their respective home countries, but their results 
are all summarised in H2ME. ||
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Fuel cell technology offers an immense opportunity for fu-
ture emission-free mobility. One of the biggest challenges for 
their breakthrough, however, is the currently still high costs 
compared to the gasoline or diesel drives established on the 
market. This is mainly due to the use of non-standardized 
components and the still insufficiently automated production 
of polymer electrolyte membrane fuel cell (PEMFC) stacks, 
which makes them comparatively expensive. The EU-funded 
development project Fit-4-AMandA (Fit for Automatic Man-
ufacturing and Assembly) will therefore focus on the auto-
mated series production of PEM stacks and their components. 
The knowledge gained could then contribute to the economi-
cal production of fuel cell systems in larger quantities.

A significant milestone in this project, which has been run-
ning since 2017, was the delivery of a new stack robot to Pro-
ton Motor Fuel Cell GmbH at the end of May 2019. With the 
help of this automated PEM stack assembly line (see Fig. 2), 
production in Puchheim is to be increased to up to 5,000 fuel 
cells per year. The international project team, consisting of 

six institutions, jointly developed this robot and participated 
in a rigorous testing program to perfect its performance and 
capacity so that, with a slightly modified machine layout, up 
to 30,000 stacks could be produced per year.

First of all, it had to be clarified how high the desired 
degree of automation and the required plant throughput 
should be, how fragile and flexible components should be 
handled and how quality assurance should be carried out. In 
comparison to manual production, the need for optimisa-
tion essentially arose from the significantly faster feeding as 
well as the separation and manipulation of the components 
during automated assembly. In addition, the redesign of sev-
eral stack components was necessary in order to significantly 
reduce manufacturing costs.

In this project, IRD Fuel Cells A/S will assume the posi-
tion of supplier of the new stack components to be developed. 
This includes the redesign of the process and tool technolo-
gy for the production of the bipolar plates from composite 
material. The second key component to be newly developed 
is the membrane electrode assembly (MEA). Requirement 

DE V ELOPMENT

FIT-4-AMANDA – STACK ROBOT DELIVERED
Automatic production line for PEM stacks

Category: Development    Authors: Sebastian Porstmann, Martin Biák

Fig. 1: Economical production puts fuel cell technology on the road

Fig. 2: Plant for automatic BZ stack assembly
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of the transport OEMs for maintenance in the form of main-
tenance of the fuel cell unit and acceptance by future users.

SIGNIFICANT COST SAVINGS Within the Puchheim as-
sembly line, which is currently in test operation, FC stacks 
of metallic and graphitic bipolar plates can be produced in 
various stack dimensions and heights. The alternating stack-
ing of bipolar plates and MEAs by a robot takes place on a 
flexible workpiece carrier, which then transports the posi-
tion-secured stack into the pressing station. There the stack 
is compacted accordingly and fixed by tie rods.

With the automated stack assembly, Proton’s project 
partner can benefit from advantages such as

·· Increase of the annual production capacity to 5,000 to 
10,000 PEM stacks (depending on stack size),

·· Reduction of stack assembly time by approx. 95 %,
·· Cost reduction for the assembly process of approx. 90 %.

The targeted cost reduction of a PEM stack of at least 50 per-
cent is not achieved by the automated production line alone. 
Rather, the measures required as a result of automation with 
regard to component optimisation play an important role 
here. Furthermore, the larger quantities purchased from 
suppliers have a cost-reducing effect.

The results of the development project will be used by 
Proton Motor for the production of fuel cell systems, IRD 
for the series production of fuel cell components and Au-
mann for the sale of automated fuel cell stack assembly 
systems. ||
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criteria are the achievable performance, compliance with di-
mensional tolerances and process optimisation, with the aim 
of direct integration into the automated assembly line.

Aumann Limbach-Oberfrohna GmbH is responsible for 
the development and design of the automated production 
plant for PEM stacks. On the basis of the experience gained 
in recent years in the field of stack assembly, a scalable plant 
for processing metallic and graphitic bipolar plates with in-
tegrated MEA assembly and finished multi-layer MEAs for 
different stack dimensions and heights has already been de-
veloped, covering all process steps from automated feeding 
of the components to MEA assembly, stacking of the compo-
nents and clamping and fixing of the stack by tie rods.

Furthermore, the project is supportedby the Fraunhofer 
Institute for Machine Tools and Forming Technology IWU 
and the Chemnitz University of Technology (Chair of Alter-
native Vehicle Drives – ALF). Project management is the re-
sponsibility of Uniresearch B.V.

The Fraunhofer IWU is responsible for the theoretical 
analysis and improvement of the current stack components 
and the evaluation of manufacturing processes, especial-
ly for metallic bipolar plates, and the derivation of current 
case studies taking into account the benefits resulting from 
the series production of PEM stacks. The Chemnitz Uni-
versity of Technology is responsible for the analysis, evalu-
ation and selection of test and diagnostic methods for qual-
ity assurance in the automated production of components 
and stack assembly. This involves the identification and 
elimination of bottlenecks in the manufacturing process 
with regard to the selected test methods. In addition, the 
implementation of the developed in-line inspection into 
the production plant and subsequent verification by the 
TU will be realized, whereby a significant reduction of the 
faulty PEM stacks can be guaranteed.

As an application example, it is planned to install a Pro-
ton engine system with a PEM stack produced in this way in 
a UPS delivery vehicle. UPS Europe SA’s approach is to equip 
discarded but still operational diesel vehicles with an electric 
drive. In addition to ensuring that the vehicle (body, interior 
and chassis) is recycled in a way that conserves resources, the 
motivation is to be able to operate it locally emission-free in 
the future.

The PEM stack enables a significant increase in range 
flexibility, a reduction in battery size and the scarce resourc-
es required for this, as well as short refuelling times. In the 
future, these factors may lead to a flexible handling of spon-
taneous tour changes that require a higher range. For this 
purpose UPS prepared a feasibility study for the integration 
of the fuel cell system and other components into their vehi-
cles. In addition, UPS implemented the PEM stack and devel-
oped and implemented the subsystems (BoP). Furthermore, 
it was necessary to develop a corresponding understanding 

The project is funded under the EU FCH JU Grant Agree-
ment No. 735606.
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Fig. 3: Functional units of the fuel cell stack assembly [Sources: Fit-4-AMandA]
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COST-EFFECTIVE AND FLEXIBLE
Modular stack design for high-pressure PEM electrolysis

Category: Development    Authors: Aldo Gago, Svenja Stiber, Pia Aßmann, Andreas Friedrich

Green hydrogen, preferably produced by electrolysis, links 
the energy, industry and mobility sectors and is an important 
tool to enable the integration of renewable energies. Proton 
exchange membrane electrolysis (PEMEL) is considered the 
most promising technology due to its power density and dy-
namics. However, large plants cannot yet meet the Fuel Cells 
& Hydrogen Joint Undertaking (FCH-JU) performance in-
dicators in terms of cost, efficiency, lifetime and function-
ality. Consequently, the state of the art must be further ad-
vanced. The EU has therefore launched a call for tenders for a 
ground-breaking project to improve this technology, which 
will run until the end of 2020.

The partners in the EU project PRETZEL (Novel modular 
stack design for high pressure PEM water electrolyzer tech-
nology with wide operation range and reduced cost) have set 
themselves the goal of developing an innovative proton ex-
change membrane electrolyzer (PEMEL) with significantly 
improved efficiency and functionality in order to meet the 
requirements of the energy turnaround. Such electrolysers, 
for example, are urgently needed for grid balancing.

In order to ensure their maturity for market launch, 
PRETZEL strives to achieve the following goals:

1.	 �Development and manufacture of a high-pressure PE-
MEL for operation at elevated temperatures

2.	 �Stack development and production based on the novel 
principle of hydraulic compression

3.	 �Establish and implement common procedures for evalu-
ating the development process

4.	 �Integration of the stack into a test facility and validation 
of general performance and operational criteria

5.	 �Preparation for market launch

Since the beginning of 2018, the project partners have been 
working on ground-breaking improvements to the PEMEL, 
which are intended to reduce overall system costs in order to 
replace alkaline electrolysis. Key optimisation aspects relate 
to increasing efficiency and achieving high-pressure oper-
ation at PEMEL. To achieve these goals, the PEMEL stack 
must be redesigned to achieve high current densities at an 
appropriate cell voltage (efficiency) and high output pressure. 
This also reduces the use of expensive raw materials and crit-
ical materials (e.g. precious metals, proton-conducting poly-
mers and titanium) and simplifies the system configuration 
(one of the compression stages is omitted; see Tab. 1).

This results in further technical objectives for the project, 
such as the development of an innovative PEMEL system 
with an electrical power consumption of max. 25 kW, which 
generates 4.5 m3

H2/h at nominal power, an output pressure of 
100 bar and a feed water temperature of max. 90 °C.

At the system level, the specific energy demand will be 
below 56 kWh/kg hydrogen and 70 percent at a nominal pro-
duction rate. In addition, this system can operate in over-
load mode at a production rate of up to 6.8 m3

H2/h (1.5 times 

The consortium of the EU project PRETZEL intends 
to implement a 25 kW PEMEL system based on an in-
novative patented cell concept with which a potential 
differential pressure of 100 bar can be achieved. The 
electrolyzer operates dynamically between 4 and 6 A/
cm2 at 90 °C and can nevertheless achieve a revolutio-
nary high efficiency of 70 percent (calorific value). This 
performance will be demonstrated for more than 2,000 
operating hours in the project, but will be further tes
ted beyond the duration of the project. In addition, the 
investment costs for the stack components are signi-
ficantly reduced by using non-precious metal coatings 
and advanced ceramic aerogel catalyst carriers. The 
plant periphery is also optimized with regard to cost 
reduction and reliability.
The high-pressure electrolysis system will become part 
of the product portfolio of a German manufacturer. This 
company will use the contacts from the EU project PRE-
TZEL to further develop the R&D cooperation with part-
ners from France, Spain, Greece and Romania and to 
strengthen their business relations in these countries. 
The hydrogen produced by the demonstrated PEM elec-
trolyzer will be used to supply the fuel cell test stands in 
one of the partner laboratories.

Fig. 1: Schematic of the 100-bar PEMEL system as a container 
solution from the project partner iGas Energy [1]

Fig. 2: Schematic of the 100-bar PEMEL stack in a high-pressure 
housing [2]



45

H2-international 0 4 |  O C T O BER 2 019

DE V ELOPMENT

overload). Other operational objectives include rapid system 
responsiveness with one second for warm start and ten sec-
onds for cold start.

At the stack level, the project will implement a patented 
design approach based on the compression of hydraulic cells. 
This design (see Fig. 2) enables the use of large planar cell com-
ponents required for future mass production, as well as effec-
tive cooling at very high production rates and temperature 
levels. With a view to sufficient stack conditioning, a cooling 
system is being developed for voltages of maximum 2.0 V per 
cell at rated power and 2.3 V per cell in overload mode. In 
addition, the development of a high-pressure PEMEL stack – 
with specific stack costs of less than 500 Euro/kW in the fu-
ture – is an important goal. Since a compressor is not required 
for production at 100 bar, specific system costs in the range of 
750 Euro/kW are possible for the targeted system.

More than one and a half years have passed since the start 
of the project, and there have already been important inno-
vations in terms of materials and components for PEMEL. 
Within the project, anode catalysts were developed that con-
tain 70 percent less precious metal than commercial prod-
ucts. These catalysts are more active and more stable than the 
current benchmark. The integration of these materials into 
a functional electrode is currently being carried out. With 
regard to the bipolar plates, the partners have already devel-
oped dense coatings of titanium (Ti) using plasma spraying, 
which completely protect the base material copper from 
corrosion. The substitution of Ti by niobium (Nb) slightly 
increases costs, but allows a significant reduction in contact 
resistance. Furthermore, the partners have developed the 
next generation of porous transport layers (PTL) with grad-
ed pore structure for efficient water and gas management.

One of the most innovative developments at PRETZEL 
is the macroporous layer (MPL) at the interface between the 
oxygen electrode and the PTL. Based on earlier develop-
ments [3, 4], the partners have applied this MPL of Ti and 
Nb by thermal spraying to low-cost expanded metal grids 
of stainless steel as PTL (see Fig. 3a). In comparison to the 
uncoated steel nets, those with Nb/Ti coating (see Fig. 3b) 
show a reduction of the overvoltage of more than 300 mV 
at 2 A/cm2 in the polarization curves (Ecell-j curve). This re-
sult means an efficiency improvement of about ten percent, 
which can hardly be achieved with more active anode cat-
alysts and thinner membranes. The electrochemical impe
dance shows a reduction in ohmic resistance for all cells with 
plasma spray coated network structures. Furthermore, the 

coating virtually eliminates mass transport limitations at 
high current densities. The Nb/Ti coatings thus lead to con-
siderable improvements in cell performance at high current 
densities. By increasing efficiency, these coated PTLs can po-
tentially reduce the investment costs of PEM water electro-
lyzers (PEMWE).

PRETZEL will achieve its goals and make available a 
new PEMEL technology with ground-breaking innovations 
through material and component innovations and the im-
provement of the stack based on hydraulic compression tech-
nology as well as the simplification of the system. This enables 
the production of green hydrogen at 100 bar at reduced costs. ||
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Fig. 3. a) SEM images of the cross-section of the thermally sprayed Nb/Ti-MPL on steel lattice as PTL, b) polarization curves of PEMEL 
cells with an active area of 4 cm2 and macroporous layer (MPL), which were applied to porous transport layers (PTL) of Ti and steel lat-
tice by plasma spray technique. The corresponding Nyquist diagrams (at 1 A cm-2,, from 50 kHz to 100 mHz) are shown in the lower right 
corner of the screen.
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The reports are coming thick and fast: Chinese companies 
and some provinces are planning to initially invest 17 bil-
lion US-$ in hydrogen technology. A master plan already 
provides for 1 million FC vehicles on the country’s roads 
in 2030. Dr. Wan Gang, Chairman of China’s Technology 
Council (higher ranking than a minister), now clearly pri-
oritises the fuel cell over the battery for future mobility and 
complementary clean green energy issues. It was he him-
self who originally gave the battery the necessary support 
that made China a global pioneer and led to the dramatic 
rethinking of the global automotive industry. And also in 
Germany there is finally movement in this topic, although 
still many politicians and business representatives (example 
VW) connect electro-mobility one-sidedly with the battery 
and expect only in five to fifteen years the break-through of 
the fuel cell, which seems to be a gross misjudgement.

The topic of hydrogen and fuel cells is also becoming increas-
ingly hotly debated on the stock exchange. The takeover of 
Hydrogenics, the Canadian frontrunner in fuel cell systems 
for trucks and rail vehicles as well as for electrolysers, by the 
US company Cummins Engine, should make people sit up 
and even trigger a wave of further takeovers or participa-
tions of listed companies in the industry. Leading previously 

BZ COMPANIES POSITION THEMSELVES
Stock analysis by Sven Jösting

Category: Market    Auhtor: Sven Jösting

01.10.2018 01.01.2019 01.07.201901.04.2019

300

350

250

200

150

30

24

28

26

20

22

4,0

3,5

3,0

2,5

2,0

1,0

0,5

1,5

10

12

14

16

18

4

6

8

4,5

0

2

Tesla Motors FuelCell Energy Hydrogenics Corp.

Ballard Power Systems Plug Power Bloom Energy

FCEL

TSLA

BLDP

PLUG

BLOOM

HYGS

Fig. 1: Share price development of the six discussed companies 
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The surprising takeover of the Canadian competitor Hydro-
genics will also have a positive impact on Ballard Power’s 
stock market valuation: Both companies have been front-
runners in FC development for many years. Their activities 
overlap in rail vehicles and trucks. They are both absolutely 
tops: Hydrogenics with Alstom and Ballard with CRRC and 
Siemens. Ballard also has many other activities in the major 
markets of the future, such as the use of fuel cells in drones.

Depending on the order intake in the various areas and 
the standing of the customers, the stock exchange will increas-
ingly increase the potential of the share and anticipate 2020/21, 
as in these years the clear transition from research and pro-
ject work (prototypes) to operative markets is likely to take 
place. For strategic reasons, companies such as Bosch or Sie-
mens should invest in Ballard. Bosch already cooperates with 
PowerCell and Nikola Motors, as well as with Weichai, which 
in turn is the largest single shareholder of Ballard and also of 
Kion/Still (material handling – forklift trucks etc.; 45 % share).

These overlaps also make capital links and cooperation 
in different markets, where synergies arise, useful. So far, 
Chinese companies (Weichai, Broad Ocean) hold about 30 
percent of Ballard. Another major shareholder from Europe 
would be perfect not to leave the field unilaterally to the Chi-
nese. Ballard has already positioned itself very well in China 
together with Weichai via its own stack production (LCS) 
and serves the world market (stacks for buses, trucks, fork-
lifts, etc.) from there, while Weichai concentrates on China – 
a perfect geographical division of labour. However, I rule out 
a full takeover by the Chinese. That is where the Canadian 
state would put the stop sign.

CURRENT DEVELOPMENTS – 92 FC BUSES ORDERED So-
laris recently announced to Ballard an order for twelve fuel 
cell buses to be used in Italy. Wrightbus from Ireland has 
received another order for fifteen FC buses from Aberdeen, 
Scotland, for which the Canadians are also supplying the 
stacks. In total there are now 92 vehicles in Ballard’s order 
book – a nice start, but an order of magnitude that is only the 
beginning of major orders. You can be curious.

The European H2Bus consortium is already talking 
about 1,000 FC buses, all of which will probably receive the 
FC stacks from Ballard. The price development is interesting: 
Whereas five years ago a hydrogen-powered bus cost more 
than 1 million Euro and three years ago about 650,000 Euro, 
today (according to Ballard) the price is 375,000 Euro and 
the hydrogen price is expected to be between 5 and 7 US $/

BALLARD POWER –  
TAKEOVER UNLIKELY

unlisted companies such as ProtonOnsite (USA) had already 
found a buyer – in this case the Norwegian Nel Asa – and 
thus also received the indirect IPO. At Ballard Power – the 
global market leader – strategic Chinese investors are al-
ready major shareholders. Guess why!
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kg. A few years ago, a bus needed more than 20 kg for 100 
km, today it is less than 7 kg/100 km. And in the long run, 

“green” hydrogen will cost no more than $2 to $3 per kg in 
production. The scaling effects have an effect.

SECOND QUARTER IN LINE WITH EXPECTATIONS Sales were 
expected to decrease slightly to $23.7 million and a non-GAAP 
loss of $0.03 per share was expected. The backlog of orders, 
however, grew to over US-$ 211.6 million. And the cash bal-
ance did not fall as I expected due to the investments in China 
but remains very high at $163.7 million at the end of the second 
quarter. According to Ballard CEO Randy MacEwen, the right 
growth of the company will come in 2020 – we can be curious.

Conclusion: Ballard is and remains the key investment if 
you want to invest in the fuel cell on the stock exchange.

MARKE T

Plug Power has now acquired the Canadian company Ener-
gyOr, which claims to have a leading technology in hydrogen 
powered drones and robotic systems. Since Plug is already 
working closely with Amazon (conversion of forklift trucks 
with FC stacks for hydrogen operation) this can be an inter-
esting new complementary market for Plug, as Amazon is cur-
rently working on delivering goods via drones (Note: Ballard 
Power is already very well positioned here via Protonex, today: 
Ballard Unmanned Services). In any case, a huge market of 
the future, which clearly gives hydrogen and fuel cell technol-
ogy priority over battery technology (weight, service life).

In just a few years, worldwide sales of drone systems are 
expected to reach 52 billion US-$. This raises the question of 
whether and, if so, when Amazon will also become a Plug share-
holder, since Plug has given up an option right to buy its shares.

Plug is meanwhile on a right track: Sales increased to 
58.6 million US-$ (previous year: 58.6 million US-$): 39.2 
US-$). A loss of  0.08 US-$ per share was reported. The bill-
ings are expected to amount to 235 to 245 million US-$ this 
year. Plug has now delivered a total of 28,000 systems and 
can call itself the largest buyer of liquid hydrogen. An im-
pressive 200 million hours were driven by forklifts with fuel 
cells. The first of four major announcements are that DHL’s 
Plug StreetScooter will be equipped with fuel cells, increas-
ing the radius of its vehicles to 500 km. 200 specimens are 
considered to be the basis for 2020. Another three important 
positive announcements are to be made in the further course 
of the year. It is also said that the company is well on the way 
to breaking even. So you can be curious.

The situation was turbulent on 13 August, after the figures for 
the second quarter of 2019 were published and fully in line 
with expectations: 234 million US-$ turnover (previous year: 
168 million) and a loss per share of $0.13 (previous year: loss of 
$0.27). The statement of the CEO that growth in 2020 may not 
be in line with current forecasts, as important markets in Cali-
fornia and New York are unfortunately expected to rethink the 
use of regenerative energies, made us sit up and take notice. As 
a result, the share price fell by 45 percent to approximately 4.50 
US-$ in just one meeting. Just think: the company has a good 

Cummins Engine, the US 
engine manufacturer (trucks, 
ships, rail vehicles), offers $15 
per Hydrogenics share. If you 
paid 4 US-$ at the turn of the 
year, this is a nice increase (I 
pointed here several times to 
the perspectives). Unfortu-
nately, the stock market story 
is now over. Clear recom-
mendation: Invest the equiv-

alent in Ballard Power or Bloom Energy and a highly specu-
lative small part in FuelCell Energy.

Cummins as well as the management of Hydrogenics and 
major shareholder Air Liquide have agreed on the takeover, 
so that 15 US-$ per share is the last price and one should sell 
there – holding does not make sense. The story is hereby pos-
itively concluded. However, this shows that large companies 
are increasingly looking to acquire their own lack of know-
how through takeovers in the industry. However, there are 
not that many listed FC companies. 

PLUG POWER NOW ALSO ACTIVE 
FOR DRONES

BLOOM ENERGY – PRICE TURBU-
LENCE DUE TO OUTLOOK 2020

HYDROGENICS – CUMMINS EN-
GINE ACQUIRES THE COMPANY

"We see a significant pipeline of projects that will feed 
into the 2019 backlog."

Randy MacEwen, Ballard

Source: Cummins

Fig. 3: Permanent energy supply with green electricity using 
Bloom-Boxes [Source: Bloom]

310 million US-$ in the bank, which is more than 50 percent of 
the stock market valuation. And the sale of FC power plants will 
bring another $200 million. A typical Wall Street exaggeration.

Duke Power acquires some of Bloom’s own fuel cell 
power plants from Bloom. Bloom thereby obtains new, ad-
ditional capital, which also generates income from the sale of 
electricity (PPAs) and heat, among other things. Bloom will 
know why you need the capital generated from the sale. The 
purchase price is estimated at over 200 million US-$. The al-
ready high liquidity of more than 300 million US-$ will thus 
probably be expanded not insignificantly. Conclusion: The 
outlook has not changed. The massive decline in the share 
price makes it advisable to buy additional shares or to reduce 
the price of existing positions.
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If you hold this H2-international issue in your hands, we will 
know how FuelCell Energy will continue – whether it will con-
tinue: Chapter 11 (US insolvency) or reorganisation. What has 
happened? Enormous amounts of shares were traded daily by 
FuelCell Energy – on some days up to 150 million (computer 
arbitrage programs?). These were felt more than there actually 
are (reason: Conversion of preference shares). The interim price 
gain resembled an explosion, as there were even short-term 
prices of 1.00 US-$, while the price days before was still 0.13 
US-$ (all, of course, under the aspect of the 12:1 reverse split). 
Was there a plan behind this? Had they tried to destroy the 
company or take it over at a favourable price via bankruptcy?

In the meantime, however, there are developments that 
give rise to hopes that the company will be able to leave 

“the valley of tears": Huron Consulting Services, a success-
ful business consultancy according to Forbes, took over the 
helm in June 2019 and is to restructure the company. The 
Huron employee Laura Marcero (44) became Chief Restruc-
turing Officer. The company pays very well for your services: 
Your hourly rates are over $750. Success bonuses also beckon.

As one of the first measures, the company “amicably” part-
ed company with CEO Arthur A. “Chip” Bottone, who, in my 
opinion, was able to pay himself a sumptuous salary, but in his 
eight years as CEO and President, he was not able to give the 
company convincingly positive impulses. One must regulate 
now first of all the bank debts (Hercules bank) again and/or 
repay these, since probably credit conditions could not be kept. 
I just wonder why this bank isn’t accommodating. Huron is 
working on finding a solution step by step. An ATM program 
(at the market) is to be implemented, according to which new 
shares will be placed on the stock exchange at a value of 42 mil-
lion US-$ (technical term: subject to market). The proceeds can 
then be used to settle the debt. Meanwhile, the prices must also 
be right. On the other hand, this step shows that the company 
wants to maintain its stock exchange listing, which should also 
be in the interest of the business consultancy Huron. After all, 
the company itself could participate with a success fee, which 
would give the normal remuneration a not inconsiderable 
windfall when FuelCell is repositioned. We will see.

EXXON PAYS LICENSE FEE A good omen, however, is that 
Exxon finally gave a signal by acquiring “non-exclusive” 
rights of use for its proprietary carbon capture technology for 
10 million US-$. Here I had rather expected large orders for 
the conversion of chemical plants than a license deal, but that 
may still come. Meanwhile, the UK commissioned a feasibili-
ty study for a carbon capture project with the aim of reducing 
CO2 emissions by 80 tonnes per day. Drax, Selby (Yorkshire), 
where there used to be a nuclear power plant, is now one of 
the largest renewable energy regions in the UK. An order 
from this project should only be a matter of time. In Europe, 
the company is also active in various FC projects and sees 
a great need for smaller, very efficient FC power plants with 
carbon capture potential, according to a press release.

POSITIVE NEWS FROM SOUTH KOREA After one year of pro-
duction, the company announces that a 20 MW FC power 
plant in South Korea from Korea Southern Power is perform-

M ARKE T

FUELCELL ENERGY – ROLLER 
COASTER RIDE ON THE STOCK 
EXCHANGE

ing better than expected. O-Ton: “Highly efficient and afforda-
ble electrical output and heat production.” In view of the price 
turbulence on the stock exchange, such a report provides im-
portant and necessary confidence, as it confirms the profes-
sionalism of FuelCell Energy and, above all, its technology.

The long-standing legal dispute with the Korean licensee 
Posco was resolved amicably by arbitration (settlement) at 
the beginning of July. Unfortunately, there are no figures on 
this, but a solution seems to have finally been found. Posco 
itself wants to say goodbye to the fuel cell sector or has al-
ready done so, while competitors are heading in exactly this 
direction. This is like in the German automotive industry, 
where some (VW) focus primarily on the battery, while oth-
ers are focusing more and more on the fuel cell and hybrid 
versions. It’s corporate policy. The future will show who is 
right and which path will ultimately prevail.

BUSINESS AS USUAL But all this shows that you do “busi-
ness as usual". What matters now is how a complete recapi-
talisation can be implemented, as the company has various 

SAMPLE DEPOT AT WIKIFOLIO: BZVISION 
It should be mentioned here that I also take a very close 
look at many other listed FC companies. I compare the 
key data of the companies such as turnover, orders on 
hand, growth, but also the stock market valuation and the 
respective business model and take a look at the techno-
logical standing. However, companies such as the Swe-
dish company PowerCell, the Norwegian Nel Asa and the 
English ITM Power (see H2-international issue Apr. 2018, 
with a good profit) are much too highly valued compared 
to companies such as Bloom Energy, Ballard and others, 
or the latter are too low, even though companies such 
as Nel Asa are strongly recommended by German stock 
market media, with more than 1.2 billion shares. It is also 
clear, however, that with the accelerating speed of the FC 
train on the stock exchange, all listed companies in the 
industry will profit from this in terms of share price – only 
those I prefer, feel, more / stronger.
For one year, since July 2018, I have been maintaining a 
sample/game depot at Wikifolio (www.wikifolio.com – 
BZVision) with a gaming capital of 100,000 Euro. This cur-
rently includes Ballard Power and FuelCell Energy. Hy-
drogenics was closed after the Cummins takeover bid and 
sold at a high profit, as well as the position in Plug Power 
was realized after the strong increase. The profit offset 
the loss in FuelCell Energy (after 12:1 reverse split). At the 
same time, I had increased Ballard Power from 20,000 by 
2,000 units to 22,000 as well as FuelCell Energy in stock 
by 15,000 units to 18,500. After the price slump at Bloom 
Energy, I sold the purchased 2,000 Ballard shares with a 
good profit and reinvested them in 2,000 Bloom Energy. 
I am confident that Ballard Power will develop dispropor-
tionately well (over the next one to three years) and that 
FuelCell Energy will achieve a turnaround. If this is not the 
case with the latter, I expect much more than just loss com-
pensation through the price development of Ballard Power. 
Looking at it the other way: Should FuelCell (highly spe-
culative) achieve the turnaround, i.e. the recapitalisation, 
this will of course have a positive effect on the share price 
and the overall portfolio. After realization I would then – in 
case – further expand the position in Bloom Energy (2200), 
but only to achieve a better risk diversification. This game 
depot is purely theoretical in nature. No commitment!
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projects, proven technology and full order books, including 
service and maintenance contracts for existing plants (1.4 
billion are shown). Bankruptcy or delisting makes no sense. 
Rather the opposite is the case, as new financial resources 
can be better collected via the stock exchange.

Generate Capital has granted FuelCell credit lines for 
projects up to 300 million US-$. Why shouldn’t this invest-
ment company be prepared to give the company a new credit 
line or to become a major shareholder by taking over shares? 
The result would be a massive increase and revaluation of the 
company. It could also restore confidence.

Since I cannot judge the short sellers (investors of prefer-
ence shares?), I see the perspective of the share price in two 
extremes: Either the (less probable) delisting via Chapter 11 
or the successful restructuring with the potential of a multi-
ple share price. I do not expect a further reversal split (capital 
consolidation), even though the number of shares is again 
in excess of 100 million and continues to increase as a result 
of the ATM program. I’m looking at Nel Asa, who will soon 
have issued 1.3 billion shares. But you have to work hard to 
bring the stock exchange price above 1 US $, because then 
the change of the stock exchange segment is prevented. Ac-
cording to the latest news, there is a good 180 days left here.

A conclusive assessment is unfortunately not possible 
for the time being, since one can only guess at the interests 
of the parties involved but does not know them conclusive-
ly. There is still the greatest possible risk, but also the total 
rebirth as Phoenix from the ashes. I’m betting on the latter.

Bloom Energy should take over FuelCell Energy via an ex-
change of shares, because in my opinion their carbon capture 
technology would be the perfect technological complement. Fig. 4: Giant stack from FuelCell Energy [Source: FuelCell Energy]

Sujin Wren, 
Clean energy 
Program 
manager, Would 
like to introduCe 
our adVanCed 
hydrogen
fueling Station.

the human factor. the most advanced part of our technology.

vehicles with a 500 km range each. While leadership comes 
from our technology, our success is the result of one essential 
ingredient – the human one. our experts, our engineers, our 
researchers and our day-to-day people are advancing hydrogen 
technology for a better, earth-friendly energy source. learn how 
the human factor is changing the world at hydrogenics.com

Sujin and her team are leading the global movement to reduce 
our dependency on fossil fuel.  fueling stations around the 
world are powered by our hyStat™ and hylyZer™ hydrogen
generation systems. they’re safe and reliable, yet powerful. 
a single hydrogen generation stackcan produce more than 
1,000 kg of hydrogen daily. that’s enough to fuel 200 electric 

hyg_19_06_Sujin ƒ _hzWei _h2 intl print_210mmx149mm_oct.indd   1 7/24/19   11:38 Pm

http://www.hydrogenics.com
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CHINA STRATEGY WITH CONDITIONS Meanwhile, the con-
struction of the new Gigafactory, which is scheduled to 
start production of Model 3 as early as 2019, is progressing 
rapidly. However, China and Shanghai have linked the con-
struction of Tesla’s new Gigafactory there to various con-
ditions. Tesla will have to invest 2 billion US-$ in the new 
factory over the next five years and pay a minimum annual 
tax of 323 million US-$ from 2023. With non-compliance, 
the property (and the Gigafactory?) will revert to the city 
of Shanghai. In addition, no production approval for the 
e-cars is yet to be obtained, which is the condition for the 
start of production.

TOP MANAGERS ON THE RUN Tesla also has to struggle with 
the permanent departure of top managers, such as a former 
Audi manager and even the co-founder of Tesla and CTO 
JB Straubel. He ended his position and became a consult-
ant. These key people know more. Rumour has it that even 
a team of experts consisting of eleven programmers has 
left the business because the pressure to succeed caused by 
Elon Musk was too high for them. The Tesla story is not only 
about the smart electric cars, but also about the complexity 
of battery production, the development of the subsidiary So-
larCity and the general indebtedness and its impact on the 
cash balance (repayments and interest) and its development 
(cash burn). According to Elon Musk himself, the 2.7 billion 
US-$ from the last capital increase should already be “pre-
mature” in ten months. And the China strategy may come 
rather late (too late?), since the People’s Republic clearly 
prefers the potentials of the fuel cell to those of the battery. 
The subsidies for the battery will be discontinued and intro-
duced for the fuel cell.

FULL-BODIED FORECASTS Despite all this, 15,000 vehicles 
per week are Elon Musk’s new declared goal. China is sup-
posed to fix this. In addition, there are loud thoughts about 
setting up a third Gigafactory in Europe. Musk, however, is 
relying too much on quantities as on their profitability.

A rethink would be good, but Elon Musk only sees the 
battery. And it already exists, the Tesla as a hybrid with a 
fuel cell. Tesla should achieve this after the Dutch team of the 
company Holthausen, which converted a Tesla on its own in-
itiative to a Hesla (H stands for hydrogen), in order to cre-
ate the combination of battery and fuel cell via hybrid. This 
could mean a real revaluation, but Elon Musk unfortunately 
does not see these potentials of the “Foolcell” (O-Ton) at all.

It’s not too late yet. I would give up my sceptical attitude 
towards Tesla if the fuel cell was given more consideration. 
My next course target: 150 US-$. ||

RISK WARNING
Every investor must always be aware of his own risk 
assessment when investing in shares and also consi-
der a sensible risk diversification. The FC companies 
and shares mentioned here are small and mid-caps, i.e. 
they are not standard stocks and their volatility is also 
much higher. This report is not a buy recommendation – 
without obligation. All information is based on publicly 
available sources and, as far as assessment is concer-
ned, represents exclusively the personal opinion of the 
author, who focuses on a medium- and long-term valua-
tion and not on a short-term profit. The author may be in 
possession of the shares presented here.

Fig. 5: Model Y [Source: Tesla]

TESLA – STRONG PRICE 
REACTION AFTER SHARP SLUMP

170 US dollars, a good 30 US dollars lower than I had expect-
ed (200 US dollars), marked the lowest price of Tesla’s share 
in the recent past, before the strong rebound to over 260 US 
dollars – until the disappointing figures for the second quar-
ter of 2019 started the reverse. The basis for this interim rally 
is the rising sales figures and especially the increased deliver-
ies of Model 3 in the second quarter of approximately 95,000 
units (sales declines for Model S and X, based on an increas-
ing number of competitor models). In addition, reports are 
circulating that suppliers have received larger orders indicat-
ing higher production of Model 3.

The general scepticism expressed in analyses by well-
known investment banks, however, overshadows the share 
price development, because a strong increase in growth is 
not discernible, even though the second quarter was very 
good in this respect and Tesla reported sales in excess of 6 
billion US-$ in the quarter – but again with a loss of 408 
million US-$, which would have been even higher had Tes-
la not massively scaled back its investments (CAPEX). Is all 
this really sustainable?

The further development of the share price will now 
again be driven by the company figures: In addition to the 
loss of $408 million, or more than $2 per share under GAAP 

– significantly more than expected – the cash position was 
maintained at a healthy $5 billion after the capital increase of 
$2.7 billion gross. Recent reports have been circulating that 
Tesla plans to increase production capacity, as demand for 
Model 3 has grown well and the focus is on the new Model Y 
(2020), derived from Model 3. The decline in the high-mar-
gin Models S and X contradicts this. So is this another mar-
keting trick? In parallel, Tesla introduced various discounts 
in the last quarter, which would not have had to be granted if 
sales were going so well, right? However, advance payments 
have declined sharply. In addition, the tax incentives in the 
USA (but also in China and other countries) are increasingly 
disappearing, so that the discounts and reductions in con-
ditions granted for leased vehicles can probably be seen as 
compensation. The fact that now owners of Model S and X 
can refuel free of charge again, may be an incentive to buy, 
but Tesla of course also has higher costs here.
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I’m a hydronaut. No, that’s not a term for an underwater 
astronaut, but a term Honda uses to describe me, as one of 
their Clarity Fuel Cell electric vehicle (FCEV) drivers on 
California’s road today. Between three automakers (Honda, 
Toyota, Hyundai) there are now over 7,000 (Aug 1, 2019) 
FCEV’s on the road. Living life as a hydronaut is a unique 
experience, filled with the jubilation of driving a zero emis-
sion car with 300+ mile range AND fast (3 ~ 5 minute) refu-
eling! However, introducing a new transportation fuel also 
includes an occasional frustration as hydrogen stations are 
still facing growing pains. Luckily, California is well on its 
way to the first 100 hydrogen refueling stations, and those 
13 in Los Angeles County create even more jubilation. The 
number of hydronauts is growing every month.

Some folks may have been converted to FCEV’s due to the 
high penetration marketing campaigns developed by the 
automakers. Driving down the 405 freeway, which runs 
north to south in the Los Angeles area, you can see the 
only place in the world where there is a FCEV billboard 
competition. On one side of the freeway as it nears Carson, 
there’s a billboard advertising the Toyota Mirai, displaying 
a picture of the car sitting on water with the phrase under 

LIFE AS A HYDRONAUT IN CALIFORNIA
Field Report of an Hydrogen Fuel Cell Car Driver

Category: International    Author: Cory Shumaker

it: The only emission is water. This definitely does a good 
job of depicting the car as a clean, green choice for the en-
vironment and consumers. Less than a mile away, a Honda 
billboard boasts “3-5 minute refueling; The All-New Clar-
ity Fuel Cell.” These are the big car company’s attempts to 
recruit more hydronauts and it seems to be working. While 
the increase of battery electric car vehicle (BEV) drivers is a 
bit steeper, each month more drivers in California are say-
ing “yes” to FCEVs.

Marketing strategies, like billboards and radio ads, are 
one way to get more people to drive FCEVs, but another con-
sideration are financial incentives. “Cash is King”, as they say, 
and nothing gets a potential FCEVs driver’s attention like the 
State of CA offering a $5,000 rebate to purchase a zero-emis-
sion car (for low income applicants, this rebate increases to 
$7,000). Thanks to California’s Clean Vehicle Rebate Project 
(CVRP), which is funded by the State’s Cap & Trade Program 
through the California Air Resources Board, FCEV drivers 
are eligible for the rebate when buying or leasing a clean, 
zero emission hydrogen FCEV. The Honda Clarity FCEV is 
being offered as a lease in California for $379 a month + tax 
and includes FUEL. That’s right, hydrogen fuel is provided in 
the lease, for up to $15,000 over three years! In a city where 

Fig. 1: A hydronaut in the midst of many gasoline vehicles [Source: CHBC]
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the price of gasoline per gallon is more than a Starbucks latte, 
it was smart to reduce the fuel cost burden so including fuel 
should not be dismissed when car shopping. It was a genius 
move by all of the OEMs offering FCVs in California today. 
By taking away the price of fuel, it brings the total cost of 
leasing a FCEV below many of its fossil fuel competitors BE-
FORE getting the CVRP rebate. This is a great step forward 
to a future where the price of hydrogen will no longer need to 
be subsidized, as the increase in volume and infrastructure 
economies of scale lowers the fuel cost of hydrogen to parity 
with gasoline.

The average driver in Los Angeles spends between $150-
200 a month on gasoline. In my calculations, I applied that 
savings to my leasing cost for my Honda Clarity FCEV, 
which brought it down to a (net) monthly $169 plus tax. A 
very affordable price to pay for state-of-the-art technology 
in a luxury package. The down payment of $2,878 is more 
than paid for by the $5,000 cash rebate, and if you amortize 
the remaining $2,122 over 36 months of payments, the cost 
of leasing that beautiful new water emitting FCEV drops to 
$110 per month plus tax. This is just talking pure economics 
that convinced me to take the fearless leap of becoming a 
savvy, money saving hydronaut. On top of that, Honda pro-
vides a 21-day car rental voucher with local rental car agency 
Avis. This allows FCEV drivers to rent a normal gasoline car 
when an FCEV is not feasible, such as for drives outside the 
station coverage area, or when a larger vehicle is needed for 
those trips to the ski slopes of Mammoth Mountain. The oth-
er FCEV OEMs, Toyota and Hyundai, have similar packages 
for fuel and car rental vouchers.

Every day I smile as I pass the gasoline station watching 
the gas prices go higher and higher, even exceeding $5 per 
gallon, while I zoom along quietly in my water emitting, air 
cleaner (yes, the air coming out of my Honda Clarity FCEV 
is actually cleaner than the Los Angeles air going into it). I’m 
on cloud nine pulling up to the hydrogen pump behind the 
dinosaur oil spigots, pulling out my shiny Honda fuel card 
that pays for my hydrogen, and stepping over to the pretty 
blue (in some locations) hydrogen dispenser. No more than 
5 minutes later I’m back in my car and on my way with a big 
smile on my face. Fast fueling is a great feature of FCEV zero 
emissions driving that comes in handy when making those 
long trips from Los Angeles to San Francisco. Another envy 
of BEV driver.

So…what about that “frustration” comment earlier? It’s 
clear that the infrastructure has improved over the years 
since the early days of hydrogen refueling. Today the new 
H70 filling nozzles make it easy to connect and disconnect, 
so no more getting stuck with a frozen connection. While 
some stations have shown slight weakness for reliability and 
are improving over time, other stations have become “old 
faithfuls” with outstanding resilience such as the station 
located at Harris Ranch between Northern California and 
Southern California. It’s known as a “connector station”, lit-
erally describing how it connects So Cal to Northern Cal-
ifornia. I’m thankful to be located in Venice Beach where 
there are four hydrogen stations within a 7-mile radius. 
That’s the benefit of living in a large metropolitan city. Other 
remote parts of California may be difficult to fuel in today, 
but with a network of 40 (and counting) hydrogen stations 
spread out through most of populated California, and a goal 
for 100 in a few years, there’s great potential for even better 
road trips to world renowned tourist sites up and down the 
Golden State that make California a hot spot vacation site 
for the world to visit.

This summer in California, southerners have had it much bet-
ter than northerners when it comes to hydrogen availability. 
In the first week of June, the hydrogen supply became impact-
ed via a supply depot incident, and although repairs are well 
underway it caused challenges for those drivers in the Bay 
area.  So yes, there are still some frustrations due to growing 
pains! Future stations will be far more robust with redundan-
cy built in and with far higher capacity to buffer the day to 
day supply challenges. The car OEMs did what they could to 
help the situation; Honda, Toyota and Hyundai all provided 
free car rental vouchers that didn’t count towards their 21 day 
allocation from their lease, to give otherwise stranded drivers 
transportation for their daily driving needs.

During this period, I made the brave decision to venture 
out of Southern California, where hydrogen was plentiful, 
and go right into the “hydrogen desert” of the San Francisco 
Bay and Sacramento area. Both trips that I took up the State 
in July were uneventful, as the hydrogen station on the way 
into the San Francisco Bay Area was online and the Sacra-
mento station had resumed normal operation a week before 
my trip north.

Traveling up and down California in an FCEV is easy 
thanks to the ever reliable Harris Ranch True Zero hydrogen 
station strategically placed about 190 miles from Los An-
geles, 190 miles from Sacramento and 190 miles from San 
Francisco. It’s quite a fun experience to roll into the Harris 
Ranch Express BBQ and Service station past the lineup of 
Tesla fast chargers. In less than the amount of time it takes 
to use the bathroom and buy a water, my hydrogen tank is 
full again for up to 350 miles of zero emission driving. Mean-
while, the owners of pricey battery EVs are standing by their 
cars for a minimum of 45 minutes before they can resume 
the open road. It’s that specific moment that makes dealing 
with the variability of hydrogen stations well worth it. The 
feeling of moving around the Golden State emitting nothing 
but water vapor in a sleek, peppy, comfortable FCEV makes 
me want to take long road trips up the gorgeous California 
Coast multiple times a month.

Cory Shumaker is a Development Specialist for Cali-
fornia Hydrogen Business Council. The article does 
not necessarily represent the views of the CHBC or its 
members.
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by organizations such as the California Hydrogen Business 
Council on regulations and legislation, and the California 
Fuel Cell Partnership in terms of outreach and education. 
The average Californian does not know about hydrogen, 
yet, but what began with a small number of early adopters 
over a decade ago is growing into a movement towards zero 
emissions with zero compromise. Former Governor Brown 
agreed, and put forward a goal of increasing the number of 
100 stations planned for 2024 to 200 stations by 2025. Dr. 
Shane Stephens, Founder and Chief Development Officer of 
True Zero (operator of 19 HRS) stated, “Hydrogen stations 
are starting to scale in both volume and number; hydrogen 
station developers see a pathway to profitable and compet-
itively-priced hydrogen with gasoline.” There will come a 
time very soon in California where the price of filling up a 
tank of hydrogen will be less than filling up an SUV with 
gasoline. With the California Fuel Cell Partnership’s goal 
of 1 million FCEVs and 1,000 hydrogen stations by 2030, in 
the near future being a hydronaut on California’s roads will 
no longer make you stand out of the pack. That’s a future 
I, along with many others, welcome and work every day to 
make a reality. ||

Author:
Cory Shumaker, California Hydrogen Business Council

 cshumaker@californiahydrogen.org
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California continues to move the needle in adopting more 
and more ambitious climate, energy and transportation 
goals, to improve air quality and reduce health impacts 
from emissions, and to develop a strong clean energy econ-
omy in the state that creates sustainable jobs.

One major development in this regard is the adoption of the 
Innovative Clean Transit (ICT) Regulation in December 
2018. The ICT will seek to eliminate emissions from transit 
buses by mandating California transit agencies to purchase 
zero emission buses (ZEBs) in ever increasing numbers, with 
100 percent zero emission bus procurement by 2029, only 10 
years from today, and completely zero emission by 2040!

To be compliant with the ICT Regulation, transit agen-
cies will develop ZEB Rollout Plans, which are due on June 
30, 2020 for large transit agencies (100 or more buses) and 
June 30, 2023 for small transit agencies (fewer than 100 bus-
es). Once ZEB Rollout Plans are approved, annual ZEB pro-
curements for large agencies will require 25 percent by 2023, 
50 percent by 2026, and 100 percent by 2029. Small transit 
agencies will need to procure 25 percent by 2026 and 100 
percent by 2029.

California Air Resources Board (ARB) Chair Mary D. 
Nichols stated “a zero-emission public bus fleet means clean-
er air for all of us. It dramatically reduces tailpipe pollution 
from buses in low-income communities and provides mul-
tiple benefits especially for transit-dependent riders”. Tony 
Brasil, chief of the ARB transportation and clean technology 
branch added “regulations are required to provide that cer-

CALIFORNIA TO ELIMINATE EMISSIONS
Emission-free until 2040 in public transport

Thema: International    Autor: Peter Thompson

tainty for the market, provide market signal, long-term goals, 
and get the investments made to meet the goals”.

The regulation gives transit agencies a deferral option to 
request an extension or exemption from the ZEB purchase 
requirements if conditions outside of the agencies control 
restrict their ability to comply. Industry insiders have stated 
that the high costs of ZEBs and infrastructure are one such 
condition.

“Meeting the mandates of the ICT Regulation will be 
a heavy lift for the transit agencies across the state while 
bringing significant benefit to the public,” said Jeff Serfass, 
California Hydrogen Business Council Executive Director. 

“Education of the available ZEB options and the associated 
infrastructure options will be critical for this regulation to 
be successful. Battery buses work well in some scenarios, fuel 
cell electric buses (FCEBs) work well in all scenarios. Transit 
agencies need to make sure to study both to see the best value 
for their investment to meet the mandate.”

Transit agencies have access to a variety of funding pro-
grams to assist with the high cost of FCEBs and BEB, most 
notably the Federal Transit Administration’s Low or No 
Emission (Low-No) Program and the California Hybrid 
and Zero-Emission Truck and Bus Voucher Incentive Pro-
ject (HVIP). In addition to these programs, funding could 
be obtained through the California Low Carbon Transpor-
tation Program (funded through the Cap-and-Trade auction 
proceeds), the Air Quality Improvement Program, and the 
Volkswagen Environmental Mitigation Trust. Many organ-
izations and industry players are assisting transit agencies 

California still has a long way to go in terms of providing 
enough hydrogen infrastructure. However, it should be not-
ed the length of time it took gasoline infrastructure to be-
come as resilient as it is today. It happened over the course of 
100 years, with huge, cross-sectional demand, and multiple 
business models serving the supply chain. What the hydro-
gen infrastructure market has achieved in the last 20 year is 
remarkable, considering it started with 0 public stations at 
the turn of the millennium. While California is third, be-
hind Japan and Germany, in terms of hydrogen stations, we 
have by far the most cars. It’s amazing the ratio of cars to 
stations compared to the rest of the world. The California 
Fuel Cell Partnership has published a “2030 Vision” called 
the Hydrogen Revolution that outlines the pathway from the 
1st 100 stations to 1,000, which will support up to one-mil-
lion FCEVs! See: www.cafcp.org to download and read the 
document. Over 7,000 people have said yes to hydrogen in 
California so far, still considered early adopters but it’s be-
coming more and more normal for the everyday driver. On 
several occasions I, along with other hydronauts, have been 
inquired upon by gasoline guzzlers while at the pump. They 
ask, “Does your car burn hydrogen?”, “What are you putting 
in that?”, “How does it work?” and my favorite “That’s the 
future isn’t it?” It’s always my pleasure to bring them up to 
speed on the awesomeness that is zero emission hydrogen 
fuel cell electric vehicles. There’s still a lot of work to be done 
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in the development of project proposals, most notably the 
Center for Transportation and the Environment (CTE) and 
New Flyer, a leading zero emission bus manufacturer.

Hydrogen fuel cell electric buses have been in operation 
in California for over 15 years. FCEBs are a scalable solu-
tion for up to hundreds of buses per depot without stressing 
electrical infrastructures and perform very similar to diesel 
buses, including range. With high fuel economy, low mainte-
nance costs, and lower weight than other ZEB options, which 
allows increased passenger capacity and refueling time sim-
ilar to convention fueling, FCEBs are a perfect replacement 
technology, especially for larger transit fleets.

AGE OF CO2-FREE ELECTRICITY California established 
GHG emissions reduction goals of 40 percent by 2030 and 
80 percent by 2050. In addition to these goals, in September 
2018, the state passed SB 100 which will usher in 100 percent 
carbon-free electricity by 2045. Former Governor Brown 
also issued Executive Order B-55-18, committing California 
to total, economy-wide carbon neutrality by 2045.

The ICT Regulation is one of many new and developing 
regulations that the Air Resources Board has adopted to 
improve the state’s air quality and address global climate 
change. Other mandates are currently being considered for 
the trucking industry and light duty transportation. While 
hydrogen may not be the first thought that comes to mind 
for policy makers to meet those mandates, the 100+ CHBC 
members believe that this is the most important and are pre-
pared to deliver hydrogen fuel cell solutions with the right 
mix of mandates and incentives. ||

Peter Thompson is a Project Coordinator for California 
Hydrogen Business Council. The article does not neces-
sarily represent the views of the CHBC or its members.

During the month of June, the California Hydrogen Busi-
ness Council (CHBC) and California Transit Association 
(CTA) will conduct a series of four webinars to provide 
transit agencies, local and state government officials, 
and environmental justice organizations the opportunity 
to learn about the fuel cell electric bus option. Details on 
the webinar series, which is free of charge, are availa-
ble at www.californiahydrogen.org/the-other-electric-
bus-meeting-the-ict-regulation-with-hydrogen-fuel-
cell-technology-webinar-series/

Fig. 1: SunLine-Bus in Palm Desert, California [Source: CHBC]
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Iceland was quick to recognise the 
opportunities offered by hydrogen 
and fuel cells for the transport sec-
tor – but has unfortunately made lit-
tle of them to date. At the end of the 
last millennium, the Nordic island 
was regarded as a pioneer in the field 
of hydrogen, because it considered 
the vision of a sustainable hydrogen 
economy to be quite feasible. For dec-
ades, the country’s energy supply with 
heat and electricity has been covered 
by the country’s existing renewable 
energy sources of hydropower and 
geothermal energy. Only Icelandic 
transport, including shipping, is still 
dependent on fossil fuels, which have 
to be imported at high cost. Electric 
mobility is struggling, although Ice-
landers have been working with fuel 
cell vehicles since the end of the 1990s. 
Reykjavik was one of the first twelve 
cities in the world to use fuel cell buses 
in public transport as part of Europe-
an demonstration projects in the early 
2000s and to produce and supply hy-
drogen from renewable sources.

But then the financial and economic 
crisis came in 2008, and in Iceland not 
one stone was left unturned. Although 
politics has never abandoned the topic 
of hydrogen and fuel cell mobility, the 
island state has had to realign itself fol-
lowing these radical changes and see to 
it that the country can cope with its hor-
rendous debts and get back on its feet.

Iceland’s renewable energies were 
and are the best way to grow with them. 
Geothermal energy and hydropow-
er supply 80 percent of the country’s 
required energy around the clock, re-
gardless of the weather. The remaining 
20 percent of the energy requirement is 
covered by imported fuels for transport 
by land, sea and air.

Iceland made a name for itself at 
the end of the last century by fully an-
nouncing the conversion of its energy 
supply to hydrogen. After a few initial 
demonstration projects, however, the 
Nordic country has now become quiet 
about this issue.

MANY CO2 EMISSIONS Although Ice-
land’s energy supply is predominantly 
based on renewable energies, the small 
Nordic country is nevertheless one of 

FROM PIONEER TO LAGGARD
Iceland holds on to hydrogen and fuel cells

Thema: International    Autorin: Alexandra Huss

Iceland took its first major step towards a sustainable energy economy bet-
ween 1945 and 1970 by using geothermal energy as a source of electrical 
energy and heat and shutting down the last coal-fired power station. Twenty 
years ago, one kilowatt hour of electricity from hydropower cost just under 
three cents. Icelanders nevertheless cover around 30 percent of their annu-
al energy consumption with mineral oil. More than half of the total 850,000 
tonnes per year are consumed by the fishing fleet, the other half by road (three 
out of four Icelanders own a car). However, the required oil must be imported.
The government under Prime Minister Davíd Oddsson (1991-2004) wanted to 
change this and therefore planned to switch to the hydrogen economy. By 
the year 2050, the island state should transform itself into a self-sufficient 
hydrogen society that would cover its entire energy requirements from its 
own regenerative resources. The first hydrogen filling station was opened 
in Reykjavik in April 2003. The project was part of the Icelandic ECTOS pro-
ject (Ecological City Transport System), a sister project of CUTE (Clean Urban 
Transport Europe). The station was used by three fuel cell buses used by the 
local bus company on the streets of Reykjavik.
In addition, in 2003 the North Atlantic island state signed a Memorandum 
of Understanding on cooperation with the Canadian province of Manitoba to 
implement the hydrogen plans. Manitoba has large quantities of hydropower 
available that should be used to produce hydrogen. It was also planned to 
convert the entire fishing fleet to quiet, environmentally friendly FC operation 
in the long term, so that, in addition to reducing oil consumption and the asso-
ciated pollutant emissions, an increase in fishing yield could also have been 
achieved. But for several years now it has been quiet about these plans. (sg)

Abb. 1: Bohrloch für Geothermie in Island [Quelle: ON Power, Island]
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the largest per capita CO2 emitters in the world. The reasons 
for this are the extreme increase in the number of tourists 
in recent years with a corresponding increase in air traffic 
and the three large aluminium smelters that have settled on 
the island with strong support from Icelandic politics thanks 
to low electricity prices. They consume large quantities of 
graphite in the production process, which is used as an elec-
trode material in fused-salt electrolysis. This results in large 
quantities of CO2 emissions.

Since these two major CO2 emitters cannot simply be 
shut down due to their outstanding economic importance 
for the country, the government at least wants to decar-
bonise the mobility sector. This is precisely where Ice-
land’s newly awakened soft spot for hydrogen and fuel cells 
comes in. The use of hydrogen-powered vehicles and ships 
would make CO2 free mobility possible. At the same time, 
the nation of 340,000 inhabitants could reduce its depend-
ence on fossil fuel imports to a minimum. Nevertheless, 
the country has not yet gone beyond a few hydrogen and 
FC demonstration projects.

In contrast to Norway, for example, battery electric mo-
bility does not play a significant role either. Until now, there 
has been no consistent political strategy or even funding 
instruments that would favour the acquisition or operation 
of electric vehicles and ships. It was not until the spring of 
2017 that the Icelandic government actually initiated the 
energy turnaround in the transport sector. Its goal is to in-
crease the share of renewable energies in transport to 10 
percent by 2020 (starting from 6 percent in 2016) and to 40 
percent by 2030. At the same time, the share of renewables 
in the fleet for fishing is to rise from 0.1 percent in 2016 to 
10 percent by 2030. How exactly this is to be achieved, how-
ever, remains unclear.

In the meantime, the country is involved in various Eu-
ropean H2 and FC projects in order not to lose touch. Iceland 
is part of the Scandinavian Hydrogen Highway Partnership 
(SHHP) alongside Norway, Sweden and Denmark. In addi-
tion, the capital Reykjavik is involved in the hydrogen activ-
ities of the business initiative of the European regions of the 
FCH JU. As part of the JIVE 2 project, five new fuel cell buses 
are to be deployed in Iceland’s capital until 2023.

As a partner in the Hydrogen Mobility Europe project 
(H2ME, see p. 37), three hydrogen filling stations have now 
been set up and commissioned in Reykjavik. (The vehicles 
that refuel with this hydrogen, however, are scarce on Ice-
land’s roads.) It is planned to produce the hydrogen for the 
filling stations in Iceland’s largest geothermal power plant 
Hellisheidi of the energy supplier ON Power (Orka náttúrun-
nar) by means of water electrolysis. For this, too, subsidies 
from European funding sources flow to Iceland. ||

SELF-SUPPLIER
Today, Iceland produces more than 18 terawatt hours of 
electricity from geothermal and hydropower – far more 
than its own population needs. Although there are dis-
cussions about connecting Iceland to Great Britain via 
a submarine power cable in order to be able to export 
electricity, as long as the financing of such a project is 
not in place, there can only be further speculation about 
the possibilities. Meanwhile, the country is trying to 
consume the energy itself – either by establishing ener-
gy-intensive industries or, more recently, by producing 
electrolysis hydrogen from renewable electricity.

http://www.enapter.com/careers/
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Diamond Lite S.A., 
Rheineckerstr. 12, 
PO Box 9, 9425 Thal, 

Switzerland, Phone +41-(0)71-880020-0, Fax -1, 
diamondlite@diamondlite.com, www.diamondlite.com

Enapter srl, Pisa, Berlin, 
Chiang Mai, Via di lavoria 56G, 
56040 Crespina Lorenzana (PI), 
Italy, Phone +39-5064-4281, 
www.enapter.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, Germany, Phone +49-821-507697-0, Fax 
+49-451-399-41799, info@h-tec-systems.com, www.h-tec.com

Hydrogenics GmbH, Am Wiesenbusch 2 – Halle 5, 45966 
Gladbeck, Germany, Phone +49-(0)2043-944-133, Fax -146, 
powersales@hydrogenics.com, www.hydrogenics.com

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

 

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

COMPRESSORS
 

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

 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 Erlan-

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

Kälte- und Systemtechnik 
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

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

Wystrach GmbH, Industriestr. 
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

BUSINESS DIRECTORY
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FITTINGS, REGULATORS, VALVES

Bürkert Werke GmbH, Mass 
Flow Controllers, 
Christian-Bürkert-Str. 13-17, 

74653 Ingelfingen, Germany, Phone +49-(0)7940-10-0,  
Fax -91204, www.burkert.com

Eugen Seitz AG, Leading 
H2-solenoid valve technol-
ogy from 10 to 1,000 bar, 

Spitalstrasse 204, 8623 Wetzikon, Switzerland,  
Phone +41-44-9318190, h2info@seitz.ch, www.seitz.ch

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 Solenoid 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-RECIRCULATION AND AIR-SUPPLY

Busch Clean Air S.A., Chemin des 
Grandes-Vies 54, 2900 Porrentruy, 
Switzerland, Phone +41-(0)32-46589-

60, Fax -79, info@buschcleanair.com, www.buschcleanair.com

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

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 Immenhausen, 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 Light-
weight Construction, Porschestr. 
6, 41836 Hückelhoven, 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

HYDROGEN GENERATION

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

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-Berkbil-
ek, Phone +49-(0)9131-90095221, www.framatome.com

MEMBRANES AND SEPARATORS

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

Plansee SE, Bipolar Plates, 
Interconnects and Metal 

Supported Cells, 6600 Reutte, Austria, 
Phone +43-(0)5672-600-2422, www.plansee.com

ORGANIZATIONS

German Hydrogen and Fuel Cell 
Association, Deutscher Wasser
stoff- und Brennstoffzellen-Ver-
band 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, 
hysolutions-hamburg.de
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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, GKN Sinter Metals, 
PO Box 55, Ipsley House, Redditch B98 0TL, 
Worcestershire, United Kingdom, 
www.gkn.com/sintermetals

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

MicrobEnergy GmbH, 
Specialist in Methanisation, 
Bayernwerk 8,  

92421 Schwandorf, Germany, Phone +49-(0)9431-751-400,  
Fax -5400, info@microbenergy.com, www.viessmann.co.uk

Worthington Industries –  
Stako Sp. z o.o., 54 Poznans-
ka, 76-200 Slupsk, Poland, 

Phone +48 598424895, Sales-PL@worthingtonindustries.
com, www.worthingtonindustries.com

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 in-
terconnects, Lammerdries 18e, 
2440 Geel, Belgium, Phone 
+32-(0)14-25090-0, Fax -9, 
contact@borit.be, www.borit.be

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)

Hydrogen + Fuel Cells ASIA, October 23–26, Hydrogen + 
Fuel Cells Europe, Hannover Messe 2020, April 20–24
Tobias Renz FAIR, tobias@h2fc-fair.com, www.h2fc-fair.com

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, September 10 
to 11, 2019, Haus der Wirtschaft, Willi-
Bleicher-Str. 19, 70174 Stuttgart, Germany, 

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

REFORMERS

WS Reformer GmbH, Dornier-
strasse 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

Fraunhofer ISE, 
Heidenhofstrasse 2, 79110 Freiburg, Germany,  
Phone +49-(0)761- 4588-5208, Fax -9202, www.h2-ise.de

HyCentA Research GmbH, Inf-
feldgasse 15, 8010 Graz, Austria, 
Phone +43 (0)316-873-9501, of-
fice@hycenta.at, www.hycenta.at

BU SINE S S D IR EC T O R Y

October 23-26
2019

Shanghai New Int‘l
Expo Centre
Shanghai, PR China

HANNOVER MESSE
April 20-24
2020

Hall 27, C66
Exhibition Grounds
Hannover, Germany

CeMAT       ASIA
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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, Automated 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

AVL List GmbH, Hans-List-Platz 
1, 8020 Graz, Austria, Phone +43-
316-787-0, Fax -400, info@avl.
com, www.avl.com

BU SINE S S D IR EC T O R Y

ElringKlinger AG, Max-Eyth-Str. 2,  
72581 Dettingen/Erms, Germany, 
Phone +49-(0)7123-724-0, 
Fax -9006, info@elringklinger.com, 
www.elringklinger.com

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,  
8344 Baeretswil, Switzerland,  
Phone +41-(0)43-833434-3, Fax -9,  
info@weka-ag.ch, www.weka-ag.ch

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-(0)3631-9533-5107,  
H2Team@maximator.de, www.maximator.de

Resato International B.V., 
H2-Pressure 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

SMART Testsolutions GmbH, 
Rötestrasse 17, 70197 Stuttgart, 
Germeny, Phone +49-(0)711-25521-10, 
Fax -12, sales@smart-ts.de, 
www.smart-testsolutions.de

November 5 to 7, 2019
Fuel Cell Seminar & Energy Exposition
in Long Beach Convention Center
in Long Beach, California, USA
www.fuelcellseminar.com

November 26 to 28, 2019
gat + wat
DVGW Congress in Cologne, Germany
www.gat-wat.de

2020
January 29 to 30, 2020 
El-motion
9. Austrian Electric Mobility Congress in Vienna, Austria
www.elmotion.at

February 26 to 28, 2020
FC Expo
International Hydrogen & Fuel Cell Expo
Tokyo Big Sight, in Tokyo, Japan
www.fcexpo.jp

March 10 to 12, 2020
IRES
International Conference and Exhibition  
for the Storage of Renewable Energies
in Düsseldorf, Germany
www.eurosolar.de

March 10 to 12, 2020
Energy Storage Europe
in Düsseldorf, Germany
www.eseexpo.com

March 17, 2020
Hydrogen and Fuel Cells
Powering the Future #CCSHFC2019
in Burmingham, UK
www.climate-change-solutions.co.uk

DATES 
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http://www.fcexpo.jp/en/

