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EDITORIAL

CONCENTRATION

Dear Readers:

I've been following the hydrogen and fuel cell industry for
20 years. In 1997, you couldn’t even call it a niche market.
Back then, many engineers didn’t know the term “fuel cell”
existed at all and hydrogen was just another element of the
periodic table. Only a handful of companies were tinkering
with metal hydride storage or phosphoric acid fuel cells.

Within a few years, the technology became the latest de-
velopment everyone in the automotive and heating industry
was pinning their hopes on. But nothing came of the ambi-
tious plans businesses were announcing. Even years later, the
situation hadn’t changed.

When electric transportation became the next big thing,
it ushered in a new era of technological progress and peace-
ful co-existence between fuel cells and batteries. In those
days, the editorial team of HZwei — the German-language
version of H2-international — made a conscious choice to
add electricity-powered vehicles to the magazine to be able
to give equal treatment to the various technologies.

It was during that time that the National Organization
Hydrogen and Fuel Cell Technology was tasked with devel-
oping electric transportation in addition to H, and fuel cells.
In Stuttgart, Peter Sauber Agentur expanded the scope of
its fuel cell event, f-cell, to include the Battery+Storage, and
in Hanover Tobias Renz added “Batteries” to the title of its
shared booth for hydrogen and fuel cells.

Much has happened since then. Electric transportation
has become established both in research and industry, and
it now has its own trade shows, conferences and professional
publications to show for.

It also offered another exciting avenue: energy storage,
a field that is much closer than battery-electric vehicles to
what the publishing house Hydrogeit Verlag used to focus on.
We think it is now time for us to do some “spring cleaning”
and redesign the content in this magazine.

Longtime readers might have noticed that unlike in
the past, battery-powered cars were not at the center of
the latest issues — except in Sven Josting’s stock analyses.
Conversely, energy storage has gained in prominence
over the past years, just as hydrogen has become an in-
creasingly popular choice for storage beyond the gas and
energy industry.

H, and fuel cell developments have become so com-
monplace that they can easily fill a quarterly publication.
This November issue, which has grown to as many as 32
pages, provides proof of that. Of course, H2-internation-
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al will continue to inform
about electric transporta-
tion (see pp. 26 to 38), but
with a greater emphasis on
fuel cell technology.

A similar trend can be
observed in the trade show
business. After the EVS30
(see October 2017 issue
of H2-international) and
a 6-year partnership with
Landesmesse Stuttgart, Pe-
ter Sauber Agentur Messen
und Kongresse said that it
wants to go back to organ-
izing the f-cell on its own.
Landesmesse Stuttgart, on the other hand, will hold a new
event on electric transportation called “elect!” from 2018.
Peter Sauber will return the f-cell to the House of the Econ-
omy in Stuttgart, where it again intends to put more weight
on H, and fuel cells.

Likewise, two event organizers in Munich are rethinking
their approach. At the emove360° in October, electric trans-
portation will have to share the limelight with connected
and autonomous driving, while the Intersolar — which will
take place just half a year later at the same location — intends
to incorporate electric vehicles and charging infrastructures
into their program. Energy storage has already become an
increasingly crucial part of the accompanying ees show over
the last three years, but is said to get its own hydrogen and
power-to-gas booth in 2018 (see p. 5). Currently, the trade
show is still looking for suitable partners.

The above proves that interest in hydrogen and fuel cells
has not faded but intensified and not just in Germany but
worldwide.

AllT can say is that I'm looking forward to at least another
20 exciting years.

Best wishes,

P -

Sven Geitmann
Editor of H2-international

NEWS

ZSW GETS NEW BUILDING

Source: ZSWHIE 1 - &

ZSW, the Center for Solar Energy and Hydrogen Research,
has seen the addition of a new building in the state capi-
tal of Baden-Wiirttemberg, Stuttgart. It was officially in-
augurated on July 5 in the presence of the state’s econo-
my minister, Nicole Hoffmeister-Kraut, and the mayor of
Stuttgart, Fritz Kuhn. The expansion is said to house new
analytical and coating equipment for PV systems and pow-
er-to-gas storage units. ||

NEW INSTITUTE FOR ENERGY
NETWORKS

Formerly known as Next
# Deutsches Zentrum Energy, the research in-
DLR fiir Luft- und Raumfahrt  stitution based in Ol-
denburg, Germany, is
now part of the German
Aerospace Center, DLR,
and has been renamed Institute of Networked Energy Sys-
tems (DLR-VE, see September 2017 issue of H2-internation-
al). On June 28, DLR’s council approved the integration of
the institute, which is said to be continuing its progress in
high-quality work and complementing the DLR portfolio,
mainly in energy research. The German parliament had
made EUR 42 million available late last year for establish-
ing seven new DLR locations. The director of the research
institution, Carsten Agert, said: “It’s a great recognition of
the work we’ve done so far and an immense boost to Ol-
denburg’s energy research profile.” DLR-VE’s focus will be
on developing a stable and efficient energy supply grid, i.e.,
on sector integration and storage, but also fuel cells — despite
increasingly decentralized systems. No one had lost their job
because of the the change in ownership, the institute said. ||

Institut fur
Vernetzte Energiesysteme

— www.dlr.de/ve

H,ORIZON BREAKS GROUND

On July 6, 2017, the same date as the 5th Annual Hydrogen
Day, the German Aerospace Center, DLR, broke ground
for the H,ORIZON project. Planning took seven years (see
October 2016 issue of H2-international) — now, the objec-
tive is to get the first hydrogen station in Lampoldshausen
up and running before the end of 2018. A new research and
demonstration plant is planned to be erected on 1.5 hectares
of land to meet that target and not only outline how to pro-
ceed with sustainable hydrogen production from renewable
sources, but demonstrate industrial-scale application. The
investment by DLR and its project partner, ZEAG Energie,
adds up to around EUR 10.5 million. Another 800,000 has
come from the German state of Baden-Wiirttemberg. Stefan
Schlechtriem, director of the DLR’s Space Propulsion divi-
sion, explained: “In H,ORIZON, the DLR combines its re-
search know-how of space flight and energy to find valuable
answers to socially relevant issues such as eco-friendly trans-
portation and climate-neutral energy supply.” ||

INTERSOLAR GETS SMARTER

Intersolar Europe is inching closer to becoming an energy
storage platform. It was the fourth time that Munich’s trade
show on solar energy ran in parallel to the ees Europe — with
254 exhibitors on 17,500 m? Europe’s most popular trade fair
about batteries and energy storage, according to its organiz-
ers. Starting next year, the show will have two new pillars,
Power2Drive for electric transportation and charging infra-
structures and EM Power for smart energy production. The
new “umbrella” under which all four energy trade shows will
be combined will be called “The smarter E” — “in response
to the exhibiting businesses’ latest innovations, which are in-
creasingly relying on integrated and smart networking sys-
tems and services,” it was said.

THESMarter O
| EUROPE

Until now, barely any company from the H, and fuel cell in-
dustry had showed up for the event in Bavaria’s capital in
early summer. That could change next year between June 20
and 22. Sabine Kloos from Solar Promotion, the organizer,
told H2-international that there would be “attractive oppor-
tunities to participate in a large, shared booth” on fuel cells,
hydrogen infrastructure and power-to-gas. She explained:
“The booth will be in an ideal spot in the middle of hall B1.”
Businesses and associations were invited to contribute to the
design of this exhibition area, she added. ||

— www.thesmartere.de
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DWV CALLS FOR EQUAL TREATMENT

Germany’s Social Democrats Present Position Paper

The German Hydrogen and Fuel Cell Association, DWYV, is
committed to helping achieve equal treatment of renewable
electricity-based fuel sources to that of biofuels under the
law. In a recently published paper, it argues in typical Ger-
man bureaucratese that hydrogen offered more advantages
and fewer drawbacks than biogenic fuels and should at least
be treated in the same way.

According to the Berlin-based association, such equal treatment
would create incentives for the private sector to develop busi-
ness models based on electrolyzers and power-to-gas systems
in the foreseeable future. To the DWYV, this would meet one of
the essential requirements for storing large amounts of power.
There were already enough solar and wind farms available, but
it had become increasingly difficult to utilize their production.

One of DWV’s board members and manager at Vatten-
fall Europe, Oliver Weinmann, explained: “Solar and wind
energy have become the most inexpensive method to pro-
duce power.” As an example, he mentioned French energy
supplier EDF, who receives EUR 110 per megawatt-hour for
the planned Hinkley Point C nuclear power station in the
UK. By contrast, the price in wind farm bids was half as
much. Since recently, bidders proposing offshore wind farms
had been able to do without any kind of subsidy and still be
awarded the contract, he said.

DWV’s chair, Werner Diwald, said that the current legis-
lative framework at EU level was a major hurdle to clear. In
Germany, some groups in business and politics saw no need
to change anything about the status quo or simply had no
interest in doing so. Particularly the German environment
and the economy ministry had been unwilling to listen to
any advice and were pointing to European regulations.

Some concessions could be obtained through the Euro-
pean Hydrogen Europe industry association, Diwald added,
but the change in legislation as called for by the DWV hadn’t

Source: NOW

Fig. 1: Ferlemann (right) in discussion with Olaf Lies
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happened yet — although only a few lines would need to be
added to the text of the law.

ENVIRONMENT MINISTRY: FEAR OF ONE’S OWN COURAGE
The environment ministry — which as recently as 2015 had
said hydrogen was “an option for a future energy strategy —
sometime after 2050” (see October 2015 issue of H2-interna-
tional) — seems to have done a 180-degree turn. For example,
a position paper published by the ministry in March 2016
stated: “Only by using power-to-gas and/or power-to-liquid
will there be any possibility of establishing renewable-only
energy supply in the long term without utilizing biomass
crops. Guaranteeing the longtime availability of power-to-
gas and/or power-to-liquid is of paramount importance and
must be considered when designing a transformation poli-
cy.” Biomass is viewed as problematic because its use would
put it in direct competition with food crops.

However, it’s not like the ministry doesn’t see any issues
with power-to-X: “The current renewably generated surplus
energy is far from enough to make power-to-gas or pow-
er-to-liquid plants economically viable.” It fears that the
operation of large-scale systems in Germany could lead to
an increased use of conventional power plants, which “has
to be prevented, as it would gravely endanger the objective
of meeting the climate targets.” It reccommends putting only
a limited number of power-to-gas and power-to-liquid sys-
tems into operation over the next years.

The DWV has criticized the ministry’s perspective as being
too shortsighted. Diwald believes that the energy grid would be
much more sustainable if there were added measures to pro-
mote renewables and if their use were not artificially limited. He
said that together, they would need to look for sensible options
to avoid “stranded investments” in new power lines.

In the fall of 2016, Rainer Baake, state secretary at the
environment ministry, who had always been extremely

critical of hydrogen, admitted: “Power-to-gas is becom-
ing increasingly important to us.”

SOCIAL DEMOCRATS WANT GREEN HYDROGEN At least
some politicians seem to have gotten the message. On June
21, 2017, the Social Democrats presented an 8-page position
paper calling for “more renewables, more hydrogen and a cli-
mate protection act.” Under the slogan “Invest in Job Growth,
Innovation, Climate Protection and a Healthy Future,” the
authors state the need for “a considerable increase in the re-
newable expansion targets to include supply in the heat and
transportation sector.” Regarding the further increase in
renewable production, the paper says: “We favor utilization
over having to switch off renewable power plants.”

Immediately thereafter, the authors talk about the “de-
velopment of a legislative framework to promote the use of
‘green hydrogen,” for example, for storage through so-called
power-to-X methods.”

“

\

A\

They also stated that this paper was to serve as an outline of
party policy “toward an environmentally friendly Germany
by the middle of this century.” During the next legislative
session, the Social Democrats’ Bundestag faction intends
to pass a national climate protection law that it said would
be implemented based on broad consensus among society’s
members. Explicit mention was made of a strategy for sec-
tor integration, especially in environmental, transportation,
economic and agricultural policies.

The Social Democrats even confronted the delicate issue
of European emissions trading and recommended revising
the rules, as the current excess of emissions certificates pre-
vented any progress on that front. They expressly contem-
plated negotiations about minimum CO, prices at European
level. Estimates by experts from the field suggest that one-
fifth of all certificates would have to be taken off the market.

CHRISTIAN DEMOCRATIC UNION: H, IS INDISPENSABLE
Likewise, hydrogen has found its way into policy discussions
among members of the Christian Democrats. Enak Ferle-
mann, parliamentary state secretary at the German trans-
portation ministry, explained in June: “Investment, cooper-
ation and innovation are the three pillars of our hydrogen
strategy. Hydrogen and fuel cells in transportation are an
indispensable alternative and addition to battery vehicles,
which have their power and range limitations. It is how we
will meet our objective of more freedom of movement at
lower emissions.”

GREENS INTENT ON PROMOTING POWER-T0-GAS On be-
half of the Green Party, Julia Verlinden, spokesperson for
energy policy, said about hydrogen and power-to-gas: “We
see this technological pathway as an important component
of transforming the energy industry — in all areas.” And

ENERGY STORAGE

PRICE PER KILO OF H, DWINDLES

Jorg Wind from Daimler explained during the 5th Hydro-
gen Day on July 6 in Lampoldshausen that the automaker
expected hydrogen to cost around EUR 8 per kilogram in
2020 and that the price would go as far down as EUR 6 by

2030. He pointed to a 2012 study titled “Long-time Sce-
narios and Strategies for the Deployment of Renewable
Energies in Germany in View of European and Global De-
velopments” published jointly by the environment minis-
try, the German Aerospace Center and Fraunhofer IWES.

further: “We intend to gradually replace oil products over
the next two decades and use economic incentives to facili-
tate the entry into green transportation based on electric
vehicles. We aim to promote power-to-gas, meaning fuels
produced by renewable electricity. [...] Instead of limiting
wind energy production, eco-power should be utilized in a
sensible way on-site. It could be stored in hydrogen and fed
into the natural gas grid or be transferred directly through
storage units into heating systems.”

Dietrich von Tengg-Kobligk, the Green’s advisor on cli-
mate and energy issues in Brandenburg’s state government,
explained: “Investment in power-to-gas and similar tech-
nologies is being slowed down by the power market’s cur-
rent high excess capacities and low prices.” He added: “The
relatively low overall efficiency of power-to-gas and the po-
tentially short annual full-load cycle of electrolysis systems
— considering available surplus in renewable power — lead to
high costs that restrict the range of sensible uses [...].” ||

— Umweltbundesamt, Integration von Power-to-Gas/Power-to-
Liquid in den laufenden Transformationsprozess, Marz 2016

[Theme: Energy Storage | Author: Sven Geitmann]|

POWER-TO-GAS AS THE BATTERY OF
THE ENERGY MARKET TRANSFORMATION

Zukunft Erdgas Sees Great Potential

For years, renewables and fuel cells powered
by fossil energy sources have been worlds
apart, something that is changing —
at least when it comes to natural
gas. Many companies have real-
ized that there are indeed areas in
which both industries could benefit from collabora-
tion. Several large associations have already started
to emphasize commonalities instead of differences,
especially regarding energy storage.

Years ago, the German Technical and Scientific Associa-
tion for Gas and Water gradually took to the idea of in-
corporating hydrogen and power-to-gas into their energy
strategy (see the January 2011, April 2012 and January 2014
issues of German-language magazine HZwei). Meanwhile,
the Zukunft Erdgas advocacy group has begun to express
opinions that go in the same direction. The theme running
through the news conference it organized in late June was
that the coal industry was now the “bad guy” and natu-
ral gas could be the “yin to the renewable energy’s yang.”
Timm Kehler, managing director of Zukunft Erdgas, said:
“Our objective is to help a bit with dispelling the oft-heard
notion in politics that fossil and renewable energy carriers
don’t go together.”

The lobbying organization sees the role of natural gas ex-
panding from energy production to storage. Kehler said that
“renewables need reliable partners to balance their natural
volatility.” He added: “It takes relatively little time to start >>
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ENERGY STORAGE

“Our energy market transformation is facing storage dif-
ficulties and power-to-gas is key to the largest energy
storage in Germany. [...] Power-to-gas is a technology

we see as the battery of a future energy market.”
Timm Kehler, board member at Zukunft Erdgas

up and switch off natural gas plants. They can be relied on to bal-
ance fluctuations in renewable power output even at short notice
and emit halfas much CO, than brown coal power stations. And
at 60 percent, they have an extremely high efficiency.”

The association drew special attention to the gas grid’s
storage opportunities for renewable energies (total length:
500,000 kilometers or 310,686 miles) thanks to power-to-
gas. It made natural gas “the best supporting option for
transforming the energy market,” as renewable power could
not only be fed into the grid and stored there — even season-
ally — but also be delivered through the network.

POWER-TO-GAS CASE STUDY At an event in Berlin, Zukunft
Erdgas presented a new study that said, fittingly, power-to-gas
had “great potential for bringing about a successful transforma-
tion of the energy sector.” For this Delphi survey, the association
had nymoen strategieberatung send questionnaires to around
30 power-to-gas plant operators. Nine of them participated.

The industry professionals expect power-to-gas technolo-
gy to make “significant inroads regarding efficiency over the
next 10 years and lead to a 50 percent or higher reduction in
costs by 2030.” The technology itself was making good pro-
gress, but “regulatory hurdles” were hampering development,
as power-to-gas systems had not been made part of the energy
infrastructure, meaning consumer fees and charges applied.

When the study was presented, Kehler also announced
the simultaneous start of a marketing campaign called
“Greener than you think.” And hastened to add: “The fuel
cell is extremely important to further innovations.”

“We believe that transforming the energy sector by only
relying on electricity is the wrong avenue to pursue,
economically. It will merely lower acceptance. We regret

that there are those such as state secretary [Rainer]
Baake who very clearly want to take us down this path.”
Constantin H. Alsheimer, CEO of Mainova

THE REGULATORY AGENCY’'S
DOGMA During the concluding
roundtable, Constantin H. Als-
heimer repeated a question he
had recently asked Jochen Ho-
mann, president of the Federal
Network Agency: “Why isn’t
there any request for bids to set
up a pilot power-to-gas plant, at
least in northern Germany, to
convert wind energy into gas and
transport it through the grid to  Fig. 2: Timm Kehler
the south? This kind of project
would make it apparent relatively quickly where the biggest
chunk of the cost goes and whether the system could be scal-
able. Why isn’t there even an attempt to implement this?”
Homann had replied that the he didn’t want to divert
political attention from the Ultranets, meaning the planned
high-voltage lines. And Alsheimer said to him: “That’s a
dogma costing us a lot of money. It’s not a technology-neu-
tral approach, not good for competition and a very regretta-
ble development.”

ZUKUNFT ERDGAS The advocacy group of the German nat-
ural gas industry represents importers, regional and munici-
pal energy suppliers, and industry associations. One of its
bylaws reads: “The purpose of this association is to joint-
ly promote the production and deployment of natural gas,
biogas, their mixtures, liquified natural gas, hydrogen and
synthetically created methane as well as end user, grid and
storage technologies. This includes, but is not limited to,
activities in marketing, sponsoring, advertisement, public
relations, political communication and support of scientific
work.” Two-thirds of the systems included in the study are
operated by members of the group. ||

“We need to harvest the energy provided by stormy and
sunny weather alike, so that we won't be freezing in winter.
The only way forward is power-to-gas.” [He drew parallels
between future energy supply and agriculture, saying that

corn basically consists of solar energy and is harvested
and stored in summer to get one through the winter.]
Stephan Bauer, manager of the Underground Sun Storage
at RAG Austria

[Theme: Energy Storage | Author: Sven Geitmann |

REINVENTING THE ENERGY GRID

dena’s Annual Power-to-Gas Conference

Nearly 120 attendees met for the annual power-to-gas strate-
gy conference on June 20 in Berlin, where the German Energy
Agency, dena, previewed a new road map to call for greater
openness to new technologies and the improvement of ener-
gy storage policies. Another important agenda item was the
introduction of hydrogen and synthetic methane to the fuel
and heat market. Christiane Golling, project manager at
dena, showed in detail how to establish a power-to-gas infra-
structure to advance the transformation of the energy grid.
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While several months ago, power-to-gas had been debated as
purely a vision for the future, it has meanwhile become clear
that the technology will be needed much earlier than expected.
Golling stressed this aspect in her speech. Not only does she see
great potential for the use of excess power, but also for meeting
base demand, specifically where viable alternatives are non-ex-
istent, such as in heavy-duty, maritime and airplane operations.

Specifically, dena called for the full implementation of the
European Fuel Quality Directive, or FQD, into German law. Ac-
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ENERGY STORAGE

hydrogen
and fuel cells

Fig. 1: Strong women abound during the final speech of the evening: Gabriele Schmiedel, Kristina Haverkamp and Kathrin Goldammer (from right)

cording to the European Commission’s adoption proposal from
October 2014, fuel emissions are to be cut by 6 percent until
2020 compared to 2010. But it is up to the individual countries
to decide how to meet this target. In addition to adding biocom-
ponents to conventional fuels or switching from gas and diesel
to hydrogen or electricity, emissions can also be reduced when
creating fossil fuel products. This third avenue could be pursued
through the use of certification, but would lead to the continued
reliance on fully conventional technology and a missed oppor-
tunity for changing to more future-proof pathways.

“The comparatively high number of surcharges and fees
added to the power price creates significant drawbacks
for this energy carrier. It will be up to the new parlia-
ment to design a legal framework that is free of any
technology bias and to remove any regulations that dis-
criminate against or needlessly hinder the development
of power-to-gas systems and their products.”

Andreas Kuhlmann, chief executive of dena

The German Energy Agency clearly favors the way promising
a more sustainable grid in the future and has requested the
introduction of a sub-quota for alternative fuels in the fed-
eral law limiting pollution levels in Germany. Golling also
pointed to the decarbonization of building stock, something
that has shown much less progress than had been expected.
She explained that the current retrofit rate was at a mere 0.5
percent and not at 2 percent, as had been hoped. There was
already talk of a “sluggish heat market transformation.” Pro-
moting the use of hydrogen and synthetic methane in the
new bill on energy efficiency in buildings and recognizing
renewable gases in industry as part of GHG emissions trade
could lead to improvements when replacing a fossil fuel such

Fig. 2: Golling explained: “There is demand for power-to-gas -
both in Germany and worldwide.”
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as natural gas with power-to-gas products. dena sees other
deployment opportunities in refineries and in fuel cell vehi-
cles in logistics, mass transit and railroad operations.

MATURE TECHNOLOGY Germany is currently the leader in
power-to-gas projects, as more than 30 are being or have al-
ready been built (installed capacity: above 20 MW). Corpo-
rations such as Siemens, however, are still looking abroad to
develop power-to-gas plants, as Gabriele Schmiedel, head of
Siemens’ Hydrogen Solutions division, illustrated. Her work
mainly focuses on the northern European nations, as power
prices are well below the ones in middle Europe and regu-
lations provide more flexibility. Schmiedel explained: “The
decarbonized world does not comply with the structures in
place. We need to create a new energy grid. [...] Going down
the H, route will offer many options.” You could see how
motivated she was to let actions follow words when she add-
ed: “Electrolysis is a mature technology, dammit. You learn
by doing. It’s time to put a plan into motion.”

INCENTIVES TO REDUCE CO, Inserting “incentives to lower
CO, emissions” into the debate was a conscious decision on
dena’s part. The agency said that they were certainly an ef-
fective means of jump-starting the political discussion about
sector integration.

There have been others who have called for a workable
system in CO, emissions trading. Before Germany’s general
election, it was not only the Social Democrats (see p. 6), but
also someone such as Johannes Teyssen, CEO of E.ON, who
urged for taking decisive action and adopting minimum CO,
charges. Teyssen told BIZZenergy: “Nothing is as efficient as
a standardized and sensible CO, cost structure.”

INTRODUCING MINIMUM CO,COSTS Several EU members have
begun to see it that way too. Both France and the UK have im-
plemented a minimum price level for carbon dioxide. The Brit-
ish had already voted for the measure in 2010 and since 2013, the
Carbon Price Floor has been in effect in the UK. Initially, it was
at EUR 18 per ton and has meanwhile been upped to EUR 20.5
and is said to increase to EUR 34 by 2020. France’s counterpart,
Composarite Carbone, will rise to EUR 56 per ton by 2020 and
EUR 100 by 2030. The regular price in emissions trading has
long since been at around EUR 5 a ton (EUR 14 at issue date). ||

“You also need to have the courage to say goodbye to the old.”
Hamburg’s environment senator, Jens Kerstan
[see fig. 1; second from right]
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POWER-TO-GAS READY FOR THE MARKET

Interview with Kristina Haverkamp, dena’s Managing Director

The German Energy Agency, or dena
for short, is an independent company
in which the federal government owns
a 50 percent stake. By its own account,
it is a “center of excellence for energy
efficiency, renewables and smart ener-
gy systems,” although it had focused
on centrally controlled supply under
the management of its first director,
Stephan Kohler. In 2011, attempts
were made to include more innovative,
decentralized technologies through
launching the Power to Gas Strategy
Platform alongside partners from sci-
ence and business. Since then, dena has
organized an annual conference on the
topic (see p. 6). H2-international spoke
with the current managing director of
dena, Kristina Haverkamp, about pow-
er-to-gas and the company’s priorities.

Kristina Haverkamp

H2-international: Ms. Haverkamp, for two
years you've been one of the two managing
directors of dena, the other being Andreas
Kuhlmann. What work arrangement do
you have?

Haverkamp: Mr. Kuhlmann and I col-
laborate closely in directing the compa-
ny. But, of course, we each have differ-
ent areas that we focus on. While he is
primarily in charge of managing dena’s
activities portfolio and strategic direc-
tion, I oversee mainly corporate com-
munications and administrative tasks
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as well as the divisions on transport systems and international cooperation. My
experience in European business and environmental policy has served me well in
this capacity.

H2-international: Where do you see your focus?

Haverkamp: The transformation of the energy market is really an exciting,
high-profile project and dena is playing a key role in its implementation. We’re
looking at the entire infrastructure and provide an important contribution to
meeting the energy and climate policy targets of the German government by
bringing politics and business closer together. We make it possible to have a more
inclusive dialog at home and abroad, develop strategies to meet demand and pres-
ent concrete examples of how we can successfully transform the market. I see my
most crucial task as one of advancing dena’s objectives in these areas in collabora-
tion with Mr. Kuhlmann and our entire staff.

Stephan Kohler, dena’s first managing director, went into consulting after
leaving the company. His temporary replacement was Ulrich Benterbusch
between October 2014 and July 2015. Andreas Kuhlmann used to work for the

German Association of the Energy and Water Industries before he became
managing director of dena in July 2015. Kristina Haverkamp joined the com-
pany as second director in October two years ago.

H2-international: In 2015, dena’s Power to Gas Strategy Platform gave politicians detailed
recommendations for action. The most important item on the agenda now and then: a fast
implementation of the EU regulations revised in 2014 through the German act on limiting air
and noise pollution. But nothing has happened since then. Could you tell us why?

Haverkamp: That’s not entirely true. There has been some progress toward imple-
mentation and we’ve already seen the first results from it, such as the introduction
in May of the 37th federal regulation on limiting pollution levels. It ensures that
power-based renewable gases can count toward the GHG reduction quota, mean-
ing that businesses who are subject to the quota can purchase hydrogen or syn-
thetic natural gas produced through power-to-gas to fulfil their minimum CO,
reduction target.

More progress is in sight: The 38th regulation is being debated in the depart-
ment as we speak and is expected to be passed by the federal cabinet this summer.
It sets a minimum alternative fuel target for 2020, which will rise incrementally
by 0.5 percent as per the EU Fuel Quality Directive. This sub-quota is intended to
guarantee the use of alternative and innovative fuels such as hydrogen and SNG
from power-to-gas.

H2-international: Item four of your altogether five potential ways to impact development
is the extension of tax incentives for natural and liquified gas. Item five is freeing energy
storage from the burden of consumer charges and fees. What difference is there between
those two? Why has the fourth already been implemented, but the fifth hasn't?

Haverkamp: Over the past years, dena has been calling for an extension of the tax
credits alongside its partners from the Power to Gas Strategy Platform, the Natu-
ral Gas Transportation Initiative and the Biogas Partnership. We were ultimately
successful; the incentives — which help a vital power-to-gas market — will continue
through 2026.

To reply to the second part of your question: Calling for the removal of con-
sumer surcharges and fees is something that concerns the supply side of power-

to-gas systems, meaning the power market. It can help cut the cost of renewable
gases and make products more competitive, and German politicians have indeed
taken a small step into the right direction. Power-to-gas systems that are used as
power storage facilities don’t have to pay any renewable surcharge on the electri-
city they’re getting. And the energy industry act will make sure their operators
pay no grid fees for the first 20 years. But the use of power storage for reconverting
electricity is one of these business models that will only become relevant over the
long term. Power-to-gas solutions that are more commercially viable today, such
as the use of energy low on CO, in the heat, transportation and industrial sector
or as a service, should also get a chance on the market.

H2-international: What can you already cross off your to-do list?

Haverkamp: When dena launched the Power to Gas Strategy Platform in 2011, our
objective was to create an effective long-term opportunity for exchanging ideas
and experiences across industries, making power-to-gas an item on the agenda
of politicians and professionals and devising recommendations for action. We’ve
accomplished all of it. Power-to-gas has become a hot topic. Interest from politics
and business has increased steadily. For many years, the strategy platform has
been a go-to point for stakeholders and anyone interested in the technology — be
they from politics, business, science or associations, educational institutions or
citizens’ initiatives — to get an overview of the current situation and establish a
dialog between all parties.

H2-international: And what are you focusing on at present?

Haverkamp: We’re currently devising a power-to-gas road map. It will show appli-
cations and the steps necessary to make power-to-gas a powerful technology in an
integrated energy network. A short summary is available on our website (http://
bit.ly/2wlzeET). The entire roadmap is going to be added soon.

H2-international: Your aim is 1,000 megawatts of power-to-gas capacity in Germany by
2022. Do you still believe this to be a realistic target? This summer, the figure was at 20
megawatts.

Haverkamp: The target you’re referring to is from an issues paper that was pub-
lished in November 2013. We believe that it will be necessary in the coming years
to have more power-to-gas systems in markets that are easy to access. Power-to-
gas has left the R&D stage and is ready for market entry, or more precisely on
the way to growth. To offer customers a technologically and economically viable
high-quality product, you need to have knowledge of several plant designs and
how these plants perform in regular operation. In the capital goods market and
industrial equipment manufacturing, it is common to ask for several years of ex-
perience involving everything up to mass production. This will lead to another
decrease in investment and operating costs.

A stepwise market entry contributes a great deal to making technology avail-
able at low cost when it is required in the gigawatt range typical of the energy
industry. We still have a long way to go, but this is mainly due to the cautious-
ness of plant operators and investors and a legal situation that doesn’t benefit
power-to-gas at all. There’s still much to do — as our roadmap will show.

What’s important in market introduction is to approach the easier target mar-
kets first. They offer opportunities over the short and medium term and sustaina-
ble operation after little time has passed. Applications that can be marketed quick-
ly and effectively, meaning ones for which the success rate has already been gauged
through pilot projects, can be found in the power market, energy infrastructure
projects and low-carbon energy supply for transportation, heat and industry.

H2-international: During the annual dena conference, you tried to give a strong voice
to power-to-gas and urged for the swift adoption of new policies. To be honest, | was
surprised by such a frank assessment of the situation, as dena is at least partly a
government organization. Has there been a strategic shift over the last years, possibly
motivated by a change in management?

Haverkamp: I'm a bit unsure what you mean. We’ve always been committed
to advancing power-to-gas solutions and have for a long time stressed over
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Kristina Haverkamp

and again that it can be a vital com-
ponent for successfully transforming
the energy market. For example, we
have used the Power to Gas Strategy
Platform since 2011 to partner with
a variety of organizations — from
private-sector companies to associ-
ations and research institutions — to
prepare the market introduction
of power-to-gas and develop new
business models. There has been no
change in strategy.

H2-international: Alright, let's move on.
You used to work for the EU in Brussels on
energy and environmental matters and are
viewed as an expert in European economic
policy. Do you think that in the foreseeable
future, hydrogen can become a fuel as po-
pular as others are today across Europe?

Haverkamp: To establish hydrogen as
a fuel option in Europe, it will need
joint efforts at EU level. There have
already been several measures to pro-
mote its use, for example, the Renew-
able Energy Directive. It is planned
to introduce a binding sub-quota for
advanced fuels, such as power-based
ones, and create opportunities for the
use of renewably sourced hydrogen in
refineries. The Fuel Cells and Hydro-
gen Joint Undertaking is likewise
making a significant contribution to
the advancement of the technology
throughout Europe. As a public-pri-
vate partnership, it has advocated for
H,-based transportation since 2008
and has already launched and success-
fully completed a great many projects.

But we will need more from the
EU, for example, a European strate-
gy on the related infrastructure. >>
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Europe needs to have an even more
intensive debate about uniform stand-
ards on hydrogen mixtures, the future
use of the natural gas grid, a wide-
spread network of stations to recharge
and refill electric vehicles and, of
course, synthetic fuels.

H2-international: What is your take on the
hydrogen and power-to-gas potential in a
next-generation energy grid?

Haverkamp: The increased utili-
zation of electricity from renewa-
ble sources in all sectors is creating
big challenges for the energy grid.
In 2016, Germany’s yearly demand
across all sectors added up to 3,718
terawatt-hours, 80 percent of which
was met by fossil fuels. Even at 2
percent in annual energy savings,
the power needed in 2050 would
be as much as around 1,870 tera-
watt-hours provided mostly by vola-
tile renewable sources. A complete
electrification of the heat, industrial
and transportation sector would lead
to a considerable increase in power
demand and energy flow, making
it necessary to expand capacities in
transmission and distribution.

A well-adapted and well-positioned
power-to-gas infrastructure can serve
as an important means to provide sup-
ply security, counter demand fluctu-
ations and guarantee the viability of a
mostly renewable-based energy grid.
Power-to-gas can reduce shortages in
power supply, generate baseload, se-
cure capacity and be used as seasonal
storage. It will also be needed whenever
there is no other technological option
and the direct use of renewables is not
possible. One example is heavy-duty,
maritime and air transportation; an-
other is base compounds and chemical
products.

Power-to-gas will be required the
earlier, the more other components ha-
ven’t gained widespread acceptance or
don’t meet people’s expectations, for
example, during the current expansion
of the power grid or when undertaking
complex projects for the insulation of
building stock.

H2-international: When do you think will we
be able to speak of an established hydrogen
economy in Europe?

Haverkamp: The 2050 policy targets
for the transformation of the sector
have been set. They will bring funda-
mental change to markets and busi-
ness areas in all industries. At the
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current time, there is no consensus on what infrastructures, grids and overall
conditions will be required over the coming years. But one thing is clear: The
future energy grid will be much more diverse, whether we’re talking about
energy carriers, producers or consumers. Hydrogen can become one of its
components — even a vital one in some markets, such as transportation.

One of the things we examined as part of our pilot study called “Integrated
Energy Transition” was the importance of storing renewable electricity in synthet-
ic gas or fuels and, subsequently, using available infrastructures for distribution
and storage. The outcomes of the study will certainly help answer your question
more profoundly than is possible at present.

H2-international: I've been looking for someone who can represent the industry, who is
committed to making hydrogen and power-to-gas part of the political discourse. Think of
Hermann Scheer, the “inventor” of the Renewable Energy Sources Act, who was advoca-
ting for the increased use of renewables in general. Do you know someone who could fill
that role?

Haverkamp: 1 don’t think that we need someone like this for hydrogen and power-
to-gas. What we do need is an engaging exchange of ideas between all stakeholders
to combine forces and devise persuasive strategies for adding value to an integrat-
ed energy grid. Each of the stakeholders is important to the process because only
with much hands-on experience will we succeed in marketing hydrogen, SNG,
power-to-liquid and power-to-gas to decarbonize the industry. This also brings
us to initiatives such as the Power to Gas Strategy Platform, initiatives which are
immensely important for offering stakeholders an opportunity to get in touch
with others in the business, identify barriers to market entry and think up recom-
mendations for action.

H2-international: My last question concerns the recent change in dena’s shareholder
structure. In early July, it was reported that the private-sector shareholders, Deutsche
Bank, DZ BANK and Allianz, had returned their shares to dena, effective retroactively from
Jan. 1, 2017. What was the reason for this development?

Haverkamp: The German government needs a strong energy agency to design
and implement the transformation of the market, an agency that has accumu-
lated much expertise in all that it has been tasked with, established a network in
politics and business, and has prompted innovative ideas and the right amount of
know-how. Even today, dena meets all these requirements and more. The change
in ownership guarantees that the government can make increased use of dena’s
knowledge base in the future. The Federal Republic of Germany and the KfW
bank are now the only shareholders with voting rights. None of this will affect any
of dena’s business areas. We will continue our extensive involvement in the design
of the energy transformation, bring together people from politics and business
and help Germany meet its energy and climate targets.

H2-international: Ms. Haverkamp, thank you for our interview. ||
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ODYSSEY INTO THE FUTURE

Energy Observer: Around the Globe by Solar-Hydrogen

Fig. 1: Catamaran powered by clean engine technology

Since this summer, the Energy Observer, a solar-wind-
hydrogen catamaran, has been roaming the seas. After near-
ly four years of preparation, the ship was christened in July
and the crew could set off on their journey. The initiators
of the project plan to be at sea for nearly six years and stop
in around 50 countries to inform about renewable energies,
showcase sustainable technologies and demonstrate their
potential. The focus is on energy autonomy.

The idea for the journey was born in 2013 when Frédéric Da-
hirel approached Victorien Erussard, an officer in the navy
and a frequent participant in regattas, about the design of a
solar-powered catamaran. This prompted Erussard to buy the
racing boat that had won the Jules Verne Trophy in 1994 for
EUR 500,000 together with Jérome Delafosse and hire a crew.

Meanwhile, the team of seafarers, designers and engineers
has grown to 50 and Erussard is now captain of the Energy
Observer. Delafosse, a filmmaker and diver, was appointed ex-
pedition leader. Funding came primarily from Nicolas Hulot,
France’s new environment minister and president of the
Foundation for Nature and Mankind, and Florence Lambert,
managing director of CEA-LITEN, the Innovation Laboratory
for New Energy Technologies and Nanomaterials.

SOLAR, WIND AND HYDROGEN One of the first tasks of the
crew was to turn the racing boat in Saint-Malo, France, into
a solar-powered catamaran. Originally 24.4 meters or 80.1
feet long and 12.8 meters or 50 feet wide, it was ultimately
extended to 30.5 meters or 103.3 feet and the sails were re-
placed with PV modules, wind turbines and an electrolyzer
combined with a fuel cell system.

In addition to the 21-kilowatt solar cells measuring
130 m?, the 30-ton ship was equipped with two vertically
installed wind turbines of 1 kW capacity each and a towing
kite. The latter is thought to reduce energy demand and —
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at optimal orientation — make power generators out of the
41-kilowatt electric motors. The created eco-power will be
used in the onboard electrolyzer to produce hydrogen from
saltwater at 4 normal cubic meters per hour, which is why the
ship also has a desalination unit based on reverse osmosis.

The H, gas will leave the electrolyzer at 30 bars or 435 psi,
be compressed to 350 bars or around 5,000 psi and stored
temporarily in two pressure vessels that each can hold 4,322
liters (= 62 kilograms) to supply the 22-kilowatt fuel cell at
nighttime or when the wind isn’t blowing. The two hulls
contain 106-kilowatt-hour lithium-ion batteries to provide
electricity at 24, 220 and 400 volts. Average hourly speed is
projected to be 15 to 19 kilometers or 9 to 12 miles (at a max-
imum 78 kilometers or 48 miles per hour).

A JOURNEY FOR THE FUTURE The first time the boat was
put into water was on April 14, 2017. Captain Erussard
showed up only shortly before the launch, as his second son
was born the same day. He said: “Watching the ship touch
down in the water for the first time was an exhilarating mo-
ment. From now on, we will all begin testing these new tech-
nologies, especially the electrolyzer and the fuel cell.” Dela-
fosse added: “It was a unique and emotionally overwhelming
experience. The launch will mark the start of our odyssey
into the future.”

From their home port in the French Bretagne region, Da-
hirel and Erussard set off for Paris at 8 a.m. on June 26. On
July 4, the adventurers reached France’s capital, where the
Energy Observer was christened two days later by its spon-

“This project reflects the changes that need to happen on
a global scale.”

Nicolas Hulot, a sponsor of the Energy Observer

sors, Hulot and Lambert. Others in attendance were the
mayor of Paris, Anne Hidalgo and Bertrand Piccard, adven-
turer and president of the Solar Impulse Foundation.

The crew anchored in Paris until July 15, after which they
made another stop in Boulogne sur Mer before they had to
return home for a “quick fix,” as they put it. In late August,
they continued with their own “Tour de France” to Cher-
bourg-en-Cotentin, Nantes and Bordeaux. Their subsequent
goal is to reach the Mediterranean Sea and potentially make
a stop in Hamburg, but presumably not before 2019. There
will reportedly be more than 100 stops during the entire
journey, which has been broadcasted live over the internet
since Day 1 and can be tracked online.

BERTRAND PICCARD The Energy Observer project was in-
spired by Bertrand Piccard’s and André Borschberg’s jour-
ney around the world in their electricity-powered aircraft.
Named Solar Impulse 2, it had around 17,000 solar cells,
four electric motors, a wingspan of 72 meters or 236 feet and
an average speed of 58 kilometers or 36 miles per hour. Pic-
card and Borschberg took off from the capital of the United
Arab Emirates, Abu Dhabi, in March 2015 and returned on

ELECTRIC TRANSPORTATION

IN COMPARISON: SOLAR CATAMARAN
The MS Turanor PlanetSolar made it around the world
in 585 days from 2010 to 2012. Back then, the weight of

the batteries alone added up to 11 tons, and while both
ships are comparable in size, the Turanor weighed near-
ly three times as much as the Energy Observer.

July 26 last year. It took them nearly 510 hours to fly 40,000
kilometers or 24,855 miles based on solar energy only. Their
late touchdown was caused by a battery failure, which forced
them to wait nine months until they could resume their
flight. Still, Ban Ki Moon, then secretary general of the UN,
congratulated them on their achievement and said: “It was
a historic day for humanity.” Piccard might be ending his
journey, he added, “but the journey to a sustainable world is
just beginning.” ||

— www.energy-observer.org
— http://energyobserver.geovoile.com/tourdumonde/
2017/tracker/?lg=en
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HYDROGEN ON WATER

List of Fuel Cell Boats

As a clean yet effective energy source, hydrogen can be used
to not only power vehicles on the road and in the air, but
also propel vessels on the water and deep below the surface.
So far, however, attempts to design a fuel cell vessel for trav-
elling on rivers, lakes and oceans have been few and far be-
tween. Even though no such ship has made it onto the mar-
ket yet, it’s not as if the maritime industry cannot point to
many years of developing alternative systems.

The first-ever German fuel cell boat was the Hydra designed
by Christian Machens and his former company etaing. It
used an alkaline fuel cell, which —as Heinz J. Sturm reports —
is still functioning. Sturm took over etaing and the ship back

Fig. 1: Hydra in operation

in 1999/2000 and uses the fuel cell unit in educational pro-
grams at the Climate Technology Center in Bonn, Germany.

FROM SMALL BOAT TO LARGE CRUISER Another attempt
to utilize fuel cells in maritime applications was undertaken
by Walter Pelka, who constructed a small wooden boat pow-
ered by hydrogen. He received a special f-cell award for his
H2Yacht 540 in 2005.

The Alsterwasser launched in Hamburgin August 2008 as
part of the Zero Emission Ships project also attracted much
interest (see the April 2006, October 2008 and January 2015
issues of German-language magazine HZwei). This fuel cell
ship could transport up to 100 passengers across the Alster
river. The line was shut down in fall 2013 because there was
no longer a refueling site available. And then there was the
ASV Roboat, an autonomously navigating sailboat equipped
with a solar system and a fuel cell to extend its range.

In the summer of 2009, e4ships, the third showcase pro-
ject of the National Innovation Program Hydrogen and Fuel
Cell Technology, breathed new life into the industry at its
launch on the AIDAluna (see the October 2009 and Octo-
ber 2014 issues of German-language magazine HZwei and
the March 2017 issue of H2-international). It promoted R&D
work on yachts and cruisers, although in the beginning it
focused on onboard energy supply.

ENERGY TRANSFORMATION PUT INTO PRACTICE The
most recent example from Germany is the MS Innogy, a
steamship used for day trips and powered by a methanol
fuel cell. It was developed during a project called green-
fuel, which was launched by the innogy energy utility in late
2016 and involved the purchase and conversion of the >>
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MS Inselstadt Ratzeburg passenger ship previously running on
Lake Baldeney in Essen, Germany. Instead of diesel, the ship now
uses methanol for testing the viability of this alternative fuel.
The methanol is produced carbon-neutrally through re-
newables by first extracting carbon dioxide from the ambient
air at the regional hydroelectric power plant. The CO, is sub-
sequently combined with water and renewably generated pow-
er to form methanol. The electric propulsion system will only
release as much carbon dioxide during operation as has been
extracted for production. The EUR 2 million project was part-
ly funded by innogy SE and Europe’s “Green Capital,” Essen.
Since July 2017, there has been a container at Baldeney
dam for the carbon-neutral production of 5 liters of me-
thanol per day from water, eco-power and air. Since this isn’t
enough to power the ship — 150 liters will only last 4 hours —
renewable fuel is additionally imported from Iceland.

“Carbon-neutral maritime propulsion that won't do
any more harm to our environment is not some dream
for the future, but energy transformation put into

practice.”
Frank-Detlef Drake, head of strategy and R&D at innogy

FUEL CELL FERRY ON THE ERDRE A smaller-size version is
the Jules Verne 2 ferry. It is 10 meters or 33 feet long and 3.8
meters or 12.5 feet wide and was launched into water in June
during the Hydrogen Days in Nantes, France. It later started
making regular runs on the Erdre river, permanently replac-
ing the 20-year-old La Mouette (“Seagull”). The H, river-
boat was developed as part of the 5-year NavHybus project
in France and is equipped with two Symbio FCell fuel cells.
The fuel cell supplier’s co-founder, Pierre-Yves Le Berre, ex-
plained: “The most crucial advantage is the ferry’s lack of
carbon dioxide emissions.” It also provided more flexibili-
ty by offering one week in full operation instead of half an
hour and comparatively quick recharges. “Another practical
feature is the use of process heat for the fuel cell to achieve
comfortable cabin temperatures,” Le Berre said.

Phaota)

Fig. 3: Submarine with fuel cell hybrid engine -
HDW Class U212-A

SIXSUBMARINES IN SERVICE

Fuelcells aren’t only used on the surface, but also deep
below. In the fall of 2016, the German military received
the last of six submarines type U212-A. Numbered
U36 and measuring 57 meters or 187 feet in length, it
was brought into service at the naval port in Eckern-
forde, 12 years after the U31 (see January 2007 issue
of German-language magazine HZwei). The six vessels,
worth EUR 2.6 billion in total, are non-nuclear versions
manufactured by ThyssenKrupp Marine Systems, for-
merly Howaldtswerke-Deutsche Werft or HDW, and
possess a hybrid propulsion system that combines a
diesel generator and a fuel cell. Large H, metal hydride
storage ensures that the submarine can be deployed
for several weeks and mostly independent of any out-
side air supply.

Considering the above, the Energy Observer (see p. 16) is just
one of many very special watercraft, although it may be the
most impressive ship in the fuel cell category to date. ||
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THAIGER HZ WINS ECO-MARATHON

Racing as Education

Racing around the track in small-size H, cars might look
like fun, but it has a serious purpose. An event like this is
designed to impart crucial engineering know-how, prompt
design ideas, solve technical issues, encourage improvi-
sation and, most of all, promote deep immersion in a new
technology. This and much more is being offered at compet-
ing events such as the Shell Eco-marathon and the Formula
Student. And, besides, working on a real-life racing car is
certainly much more interesting than listening to someone
speak in an overcrowded seminar room.

There are several racing events for alternative engine fuels
and prospective engineers from different age groups, from
high school to university students. The most well-known of
those would be the Shell Eco-marathon. There, it’s all about
energy efficiency, as the driver with the most economical
vehicle will win. It was first hosted in France in 1985, held
on the Lausitzring track in Germany between 2010 and
2012 before being moved to Rotterdam, Netherlands, for
three years. 2017 was the second year in which it took place
in London, UK.

The event ran in parallel to the Make the Future Live
festival from May 25 to 28 and there were 15 teams from
Germany among the 171 from 24 countries. A regular is the
group from the Stralsund University of Applied Sciences
— which came in second place in 2016 and was this year’s
winner among fuel cell prototypes after the last points were
awarded. With one cubic meter of hydrogen, the ThaiGer
VI could have gone for around 880 kilometers or 547 miles,
further than the then leading vehicle from Turin. The stu-
dents said that their success in the Queen Elizabeth Olym-
pic Park had partly been possible thanks to a redesign of the
car’s SuSy fuel cell by balticFuelCells.

The team from Stralsund also received special recog-
nition for the vehicle’s very aerodynamic carbon body —
at 22 kilograms, it was the most lightweight construction
among the competition. Third place in the same category
went to another German team, NAOB from the Nicolaus
August Otto Berufskolleg in Cologne (268 kilometers or
167 miles per cubic meter). Likewise, two German teams
using battery-electric cars made it onto the podium in
their respective categories: The TUfast Eco Team from the
Technical University of Munich scored second place and
Evi Neuruppin from the Evangelische Schule Neuruppin
came in third in UrbanConcept.

RACE ON HOCKENHEIMRING A comparable competition is
the Formula Student, although the emphasis is not on energy
efficiency but on who has the best package of design, per-
formance, funding and unique selling point. The race or-
ganized by the Association of German Engineers took place
from August 8 through 14 on Hockenheimring. Overall, 115
student teams from 24 countries competed in it with their
self-designed cars.

Despite intensive, long-term planning, team Starcraft
from TU Ilmenau could not participate, as one of its vehicle’s

lithium-ion batteries caught fire during preparations and the
entire car, on which work had just been finished in late May,
went up in flames inside the workshop in Langewiesen. The
result was one totaled car, a second one damaged and EUR
250,000 pulverized. Still, the students said that they would
be back on track next year.

GOOD CAREER OPTIONS

Marcus Mrozek from IAV, an engineering services com-
pany and a partner and sponsor of Formula Student, ex-
plained: “We as a company know what the market ex-

pects over the coming years and can incorporate those
expectations into the students’ developments. In turn,
they will have good opportunities for getting a job with
us or another automotive business.”

COMPETING ON WATER This year also saw 18 teams from
grades 8 through 12 competing in zero-emission ideas in
northern Germany. As you may expect from Hamburg
and Schleswig-Holstein, their proximity to the ocean
made this a contest between maritime vessels, or models
of fuel cell ships to be precise. Powered by nothing more
than hydrogen, the small student-designed boats had to
go 10 meters or 33 feet on water in as short a time as
possible. This year was the tenth in which the Hanse-
Werk grid operator organized this fun-filled boat race. It
took place in mid-July and awarded prizes endowed with
overall EUR 3,600. ||
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Fig. 1: Professor Thomas Luschtinetz (left) and the ThaiGer H2
racing team
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PRESSURE IS MOUNTING

Automakers Need to Deliver

Source: Pixabay

The current standard in all things transportation is China.
It makes policy with which even automakers in Germany
need to comply if they want to keep their foot in the door.
Air pollution in many large Chinese cities is so high that pol-
iticians have been forced to take drastic measures. It is the
reason why the government is providing massive amounts
of subsidies to promote electric transportation, which has
led to half of all electric vehicles worldwide being manufac-
tured in China — and driven there as well. But that’s not all:
The People’s Republic could soon implement a production
quota, earlier than most had hoped.

One country where the announcement of a quota has caused
great unease is Germany, as the design of the related policy
could have serious consequences for the domestic automo-
tive industry. It came as no surprise then that there had been
several rumors making the rounds and many attempts to in-
tervene on the industry’s behalf.

Initially, the plan was to set the share of electric — or at
least, hybrid — vehicles sold by each manufacturer to 8 per-
cent from January 2018. It was to rise by 2 percent each year
thereafter and non-compliance would result in a penalty.

When Sigmar Gabriel went on his first visit to China
in his new capacity as Germany’s foreign minister in May,
German associations injected themselves into the debate
and even Chancellor Angela Merkel felt the need to mention
the quota when meeting China’s Premier Li Keqiang. In re-
sponse, Beijing seemed willing to consider other options and
the German automotive industry had new hope that they
would get more time and fewer restrictions. One car expert,
Ferdinand Dudenhoffer, subsequently explained: “The car-
makers are gaining valuable time that they should use to the
best of their abilities.”

In June, however, it was said that the rules were not go-
ing to be introduced later than planned, nor would they be
watered down. This prompted several carmakers to jointly
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write a letter to the Chinese government, discussing openly
the possibility of a trade war. It seemed as if China was very
much intent on following through with its policy proposals,
but news outlets reported in late September that their imple-
mentation might be postponed by one year.

WHAT ABOUT EUROPE? Meanwhile, there are more and
more voices within the EU calling for the establishment of a
quota. As the Energate magazine reported this June, some of
the staff from the office of EU Commissioner Maros Sef¢ovi¢
had floated the idea of targeting a mandatory electric vehicle
share in new car sales. A spokesperson for the commission
did deny the report in September, but two other German
magazines — Handelsblatt and Climate Home — said shortly
thereafter that the idea was not off the table. It was “increas-
ingly clear” that there would be a decision in fall to establish
an up to 15 percent minimum for sales in the EU from 2025.

Even in Germany, there have already been discussions
about some type of mandatory share. In mid-August, during
the election campaign, the Social Democratic candidate for
chancellor, Martin Schulz, spoke in favor of it as part of a
five-item agenda and announced on the Spiegel online web-

ALTERNATIVE FUELS

So far, the most popular alternative fuel is liquefied petro-
leum gas or LPG, which is offered by 7,000 stations across
Germany. While 448,025 LPG cars had been sold until the
start of 2017 and the number of new registrations jumped
by 38.3 percent during the first half of the year compared

to the same period in 2016, diesel car sales dropped by
9.1 percent and registration figures for vehicles powered
by compressed natural gas (77,187 units / 900 stations) by
41 percent. The number of hybrids added up to 165,408;
battery-only ones stood at 34,022.

HYDROGEN BREAKTHROUGH

The outlook for hydrogen vehicles seems pretty posi-
tive. At the beginning of the year, auditors from KPMG
had published the “Global Automotive Executive Survey
2017,” according to which 78 percent of all managers in

the automotive industry fully or partly agreed with the
statement that fuel cells would help electric transpor-
tation to succeed and 62 percent expected battery-pow-
ered engines to fail.

site: “We will put mounting pressure on the industry.” In
contrast, the Stern magazine had reported earlier that lobby-
ists from the automotive industry had spoken out against a
quota and a much more ambitious electric vehicle program,
on which the ministries had agreed in September 2015.

The amount of economic incentive, which was originally
supposed to be financed through a bonus-malus system and
not by using tax money to cover half of it, had been planned
to go up to EUR 5,000. One expert working in the environ-
ment ministry, however, had warned that even this amount
could be too low considering the difference in price between
electric and fossil fuel vehicles.

DRIVING BANS IN SIGHT? Both the French and British gov-
ernment confirmed that they intend to ban sales of new fossil

ELECTRIC TRANSPORTATION

fuel-powered cars by 2040. Likewise, the Austrian transpor-
tation minister announced a 2030 target of only zero-emis-
sion vehicles in new registrations. Additionally, metropoli-
tan areas such as Athens, Madrid, Mexico City and Paris are
planning to prevent diesel cars from driving into their inner
cities from 2025.

In Germany, the Green Party and former environment
minister Barbara Hendricks from the Social Democrats have
called for a ban on selling any more cars powered by gasoline
and diesel from 2030. Hendricks said at this year’s eMobility
Summit in Berlin that the exit from fossil fuels was doable
and that by 2030, German engineers would “easily be able to
design zero-emission vehicles.” ||

ESSENTIAL INFRASTRUCTURE

Meanwhile, the EU Commission has reminded Greece,
Ireland, Malta, Romania, Slovenia and the UK to submit
their national strategy for setting up an alternative fuel
infrastructure based on the 2014/94/EU directive. This
includes the installation of both charging points for

electric vehicles and refueling stations for natural gas
and hydrogen. The Commission said: “Accelerating al-
ternative fuel infrastructure deployment is indeed es-
sential to clean and competitive transportation for all
Europeans.”

[Theme: Electric Transportation | Author: Sven Geitmann |

GERMAN AUTOMAKERS FALL BEHIND

Between 2013 and 2016, HZwei — and later also H2-interna-
tional — provided readers with regular, detailed updates on
the activities of the Electromobility Showcase program. The
145 projects that were part of this program were accompa-
nied by research and monitoring to coordinate, analyze and
publish results and have led to a final report consisting of
322 pages.

In the report, the authors lament that “overall, the electric ve-
hicle options available on the market remain insufficient to
satisfy the requirements of potential customers. They add:
“German automakers focus on plug-in hybrids, whereas they
do not offer any kind of purely electric vehicle in a segment as
popular as the medium-size car one.” Regarding infrastruc-
ture needs, they consider it “essential to set up fast-charge
stations along freeways and highways immediately.” They es-
timate public demand in 2020 to be around 36,000 for normal
refills and 7,000 for fast charging. By contrast, the country
showed only 5,836 normal and 153 fast-charge points by the
end of last year. They also criticize the fact that “Germany has
so far not witnessed the emergence of any sustainable business
models for operating a refueling infrastructure.”

Currently, the authors don’t see Germany playing a lead
role: “German carmakers have fallen dramatically behind
businesses such as BYD, Tesla, Mitsubishi and Nissan on
the global electric vehicle market. Expectations are that the
picture will not change significantly during market ramp-
up over the next years.” The institute’s recommendation is
to offer electric vehicles primarily in the commercial sector

schaufenster NI
elekkiomobilitat

Schaufenster-Programm Elektromobilitat
Abschlussbericht der
Begleit- und Wirkungsforschung 2017

Ergebnispapier der Begleit- und Wirkungsforschung

and as part of car-share offers for the time being. Later, they
expect that the automotive industry “will undergo consider-
able restructuring, meaning that “the global share of elec-
tric vehicle sales will presumably grow from 9 percent to 31
percent between 2020 and 2030.“ And: “The disruptive na-
ture of [Germany’s] energy transformation can offer SMEs
and start-ups new market opportunities, but will likely have
a negative impact on automotive suppliers from the metal
processing industry.“ Additionally, most of the authors share
the opinion that “electric vehicles are not less safe than ones
based on combustion engines.” ||
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SUN ON THE GROUND

Synlight: Concentrated Solar Power to Produce H,

Since spring, the sun has been shining in Jiilich at the push of
a button and 10,000 times brighter than normal. It is in this
town in the German state of North Rhine-Westphalia that
the German Aerospace Center, DLR, inaugurated its Syn-
light system comprised of 149 high-output lights that can
simulate concentrated solar power. The system is intend-
ed to help the researchers create solar fuels independent of
disruptive changes in weather patterns inside a three-story
building specifically designed for this purpose. The overall
objective is to develop solar units that can produce hydro-
gen or other fuels at maximum efficiency.

What has been installed in DLR’s new building was described
by Bernhard Hoffschmidt, director of the Institute of Solar
Research, as: “We’re bringing that star down to earth.” To
do that, the institute set up a honeycomb-shape array of 150
xenon short-arc lamps as used in movie theaters, mounting
them vertically on a tall support frame. But instead of them
lighting up a motion picture, their mirrored reflectors of
around one meter in diameter can be used to concentrate
the rays on 20 by 20 centimeters (7.87 by 7.87 inches). This
corresponds to a power concentration of around 10,000 kW/
m2, whereas the “original” can only provide sunlight at a
maximum of 1 kW/m2. Temperatures at the focal point can
rise to more than 3,000 °C. Since the lamps can be controlled
individually, they can be employed in as many as three dif-
ferent tests simultaneously, considerably shortening the time
between new developments.

AN ALCHEMIST'S DREAM The high temperatures are in-
tended to produce resources such as hydrogen in a sustain-
able way. Karsten Lemmer, executive board member at DLR,
explained: “Solar-generated fuels offer great potential for
long-term storage, the production of chemical base com-
pounds and reductions in CO, emissions.”

To create hydrogen, light is concentrated on a demonstra-
tion system containing a cerium oxide lattice. If steam is led
into the reaction chamber, the oxygen it contains will com-
bine with the metal at around 800 °C and will be absorbed by

Fig. 1: Work at Synlight reactor
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it, so that hydrogen is the only product left. Hoffschmidt said
that the gas was “an alchemist’s dream,” as “this high-energy
fuel can be used to create virtually anything.”

NORTH RHINE-WESTPHALIA

Johannes Remmel, North Rhine-Westphalia’'s environ-
ment minister, stressed during the inauguration on
March 23, 2017: “To meet renewable energy targets, we
need to increase the use of mature products currently

available to us. But the energy market won’t see a trans-
formation if we don’t invest in innovative research, new
technologies and global showcases such as Synlight.”

The state has supported the project with EUR 2.4 million;
another EUR 1.1 million came from the economy ministry.

HOW TO MAKE SOLAR H, PRODUCTION MORE EFFICIENT
The most crucial advantage is a stable operation that cannot
be guaranteed in a natural environment. “The light has been
optimized to cover most of the sun’s spectrum,” Hoffschmidt
explained. He also clarified that the lamps, whose combined
output adds up to an impressive 1.5 megawatts, are only
switched on for the short time it takes to conduct the rele-
vant experiments.

Kai Wieghardt, who was greatly involved in overseeing
the installation of the system, explained to H2-international:
“Our calculation is 1.5 megawatts times 500 hours per year,
once the system is in full use. That is a lot, say, when you look
at the energy needs of a family of four and very little when
compared to power plant production.”

To Wieghardt, power consumption is a secondary concern.
He’s already thinking further ahead: “The aim of our research
activities is to advance renewable use on a global scale. Our fo-
cus is on the earth’s sun belt, whose rich solar resources are to
provide value and prospects to the people living there. Based on
our vision, we develop technologies and educate students and
graduates. Synlight has been a unique tool for achieving these
objectives and it will now be available to the global research
community and industry.” He added: “Improving the output of
only one 100-megawatt solar system at 7,500 full-load hours by
0.1 percent will recoup our yearly power consumption. But, of
course, we want to accomplish more than that.”

By “more,” Wieghardt means improving PV and elec-
trolysis efficiency in H, production from, on average, around
20 percent and 80 percent, respectively. “We hope that we
can get to market-ready industrial applications in around 10
years,” he said. ||

Jilich has already seen the installation of a solar tower
and more than 2,000 movable mirrors, called heliostats,
and the site’s research activities offers many opportuni-

ties for innovation in solar technology. Another demon-
stration system, a high-flux solar furnace, can be found
at the DLR location in Cologne’s Porz district.

STOCK MARKET
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A REAL STRATEGIC SHIFT

Stock Market Analysis by Sven Josting

More and more news reports, talk shows and interviews
with leading politicians in Germany are making explicit
mention of fuel cells — sadly, most of the time only in refer-
ence to the diesel scandal among the country’s automakers.
Still, it’s a clear sign that people are becoming aware of the
technology’s potential. Pierre-Etienne Franc, secretary gen-
eral of the Hydrogen Council, has said recently: “The years
2020 to 2030 will be for hydrogen what the 1990s were for
solar and wind. It’s a real strategic shift.”

BALLARD POWER: HOW TO
BECOME PROFITABLE

A second-quarter loss of USD 1.2 million or USD 0.01 per
share is one thing, but a more than 50 percent year-on-year
jump in revenue to USD 26.1 million is quite another. Ca-
nadian-based Ballard (Nasdaq: BLDP) managed to push
the gross margin to 38 percent, so that earnings before in-
terest, taxes, depreciation and amortization were at positive
USD 1.1 million. That’s plus USD 0.4 million through the
first half year. Revenue grew by 45 percent to USD 49.2 mil-
lion during the same period.

The stock market has meanwhile rewarded these good
second-quarter results with higher quotes. It was the first
time in the company’s history and — as Ballard said — the
first time for a fuel cell business worldwide to end a quarter
on a positive EBITDA. This leads me to predict that we will
see the company in the black (regarding earnings) for more
than just these three months. Cash and cash equivalents
added up to an impressive USD 68.1 million. CEO Randy
MacEwan expects an excellent outlook in all business are-
as and target markets: “We’re well positioned to deliver a
strong second half; we have a record order book and robust
sales pipeline.”

Particularly China is stepping on the gas. Broad Ocean
— a large Ballard customer and shareholder — upped its al-
ready ambitious growth forecast another time. And repre-
sentatives from the PRC’s biggest port operator are looking
for someone to purchase around 60,000 tons of hydrogen
per year and have been in talks with the Canadian business
about a possible agreement.

STACK PRODUCTION STARTED IN CHINA The production of
fuel cell bus stacks in cooperation with Guangdong Synergy
— 6,000 per year in 2017 and likely 20,000 in a few years’ time
— began after the manufacturing facilities were inaugurated
on Sept. 5. The first stacks were produced for purposes such
as testing and quality assurance. Output will be ramped up
throughout the rest of the year to a three-shift cycle on five
days a week. It would be interesting to know what Ballard
generates in revenue per stack and which margin it receives.
I don’t know the actual figures, but I bet they are something
like USD 10,000 to 30,000 at 10 to 30 percent per stack. You
can easily see what that would mean.
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Fig. 1: Share price development of the six companies we look at in
this month’s issue

The demand is definitely there. Ballard has been co-
operating with 13 bus manufacturers on 13 projects.
China grants RMB 1 million in subsidies for each electric
bus equipped with batteries and/or fuel cells and one of
its cities, Shanghai, pays RMB 1.1 million. That’s around
50 percent of today’s prices for these types of buses. Since
the grants for battery-only versions will be cut by 20 per-
cent by the end of this year, fuel cell buses are becoming
the more attractive option.

EUROPE SLOWLY PUSHES FORWARD - USA FALLS BEHIND
In Europe, fuel cell bus deployment is reaching the bidding
stage. The initial target is said to be 291 vehicles, for which
Ballard believes it has a good chance to be chosen as a stack
supplier. Additionally, metropolitan areas such as London
have launched a series of initiatives to replace their entire pub-
lic fleet of buses. In the States, the situation is a bit different.
There are plans by individual communities and businesses
— such as L.A. Metro, which intends to get 200 fuel cell >>

H2-international 11 | 17

23



24

STOCK MARKET

Source: Hydrogenics

Fig. 2: HyLYZER® 400-30 electrolyzer

buses on the road by the end of 2019 — and some states, such
as California. But there doesn’t seem to be widespread aware-
ness of the fuel cell’s potential, although the specifications — 20
hours continued use at a radius of 250 miles or 402 kilometers
—provide a strong argument in favor of deployment. It was said
during Ballard’s conference call that the United States were at
risk of falling behind in commercial-stage applications.

PROTONEX DISAPPOINTS - AT THE MOMENT Ballard’s sub-
sidiary Protonex, which manufactures drones and other
equipment, has so far not fulfilled expectations. But the com-
pany’s outlook lets one imagine it to have a great future. It was
said during the call that Protonex had reached a critical turn-
ing point in fuel cell growth, which was a reference to the bids
for supplying the U.S. Army with the technology. It would
take a long time until contracts could be awarded because of
the many checks that need to be run first. While all of this
means that progress will not be made as fast as one would
like, things will definitely advance — still in 2017, I believe.
Besides Boeing, Protonex also has another — still unnamed —
big-league customer. And it was revealed that it had been in
negotiations or informal talks with a big logistics company or
a company with a large logistics operation. 'm just speculat-
ing here, but this potential customer could be Amazon. The
corporation has already been collaborating with Plug Power
and indirectly with Ballard, which delivers stacks to Plug.

MATERIALS HANDLING - ANOTHER PARTNERSHIP IN SIGHT
Through its subsidiary GenSure, formerly ReliOn, Plug Power
has set up its own fuel cell stack production and has ordered
an ever fewer number of stacks from Ballard, as you can glean
from looking at the relevant revenue figures. Ballard, on the
other hand, has been involved in Plug’s forklift retrofit project
since the beginning, which has given it unfettered access to the
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outcomes of the stack research. I think that the cooperation
will continue to a lesser degree, but will soon be a lower priority
for Ballard. Indeed, parts of the call transcript could lead you
to believe it had been able to win over another, possibly much
bigger partner for stack use in logistics. My bet is on Toyota
Tsusho, with which it is collaborating closely without having
provided any details on their agreement (potential contract
values). With nearly USD 80 billion in revenue, the Toyota
subsidiary is the world’s leading forklift truck manufacturer.
Should Ballard go down this route, I think it would create bet-
ter supply opportunities for fuel cell stacks than the ones Plug
could provide, despite the latter’s sale of 15,000 systems to date.

FUELCELL ENERGY:
I'T HAS BEGUN

Finally, there are the agreements you could hope for: Three
contracts requesting the supply of overall more than 39.8 mega-
watts were awarded to FuelCell Energy (Nasdaq: FCEL) by Long
Island Lighting, NY. The contracting arrangement to supply
power and heat to 40,000 residential units will run for 20 years.
Another contract was awarded by Korea Southern Power for a
20-megawatt system. FuelCell Energy has said that these new
bookings exceeded USD 1 billion. The recent capital raise and
the issue of warrants, plus the option to exercise them at some
point, add up to a theoretical amount of currently USD 73.8
million in available liquidity (equity), which has laid the perfect
groundwork for financing the business’s share in this and other
projects in the future. Additionally, FuelCell Energy issued pre-
ferred stock convertible into common shares (at a rate of USD
1.84 per share) adding up to a nominal value of USD 33.5 mil-

lion, which corresponds to a net amount of USD 28 million. In
my book, it gives the company a very good chance to finally win
out on the Beacon Falls project. And Exxon could soon come to
the decision to deploy FuelCell Energy’s carbon capture tech-
nology at several facilities worldwide after their joint demon-
stration project. What’s interesting is that the third-quarter net
loss of USD 17.8 million attributable to common shareholders
and posted on Sept. 7 only resulted in a short-term drop in pric-
es, which rallied to a positive close at the end of the day. A good
sign of how the stock market views the company and its future.

The above are “visions” which — if they become reality —
could boost the price considerably and, I believe, return it to
the above USD 5 quotes at which shares were traded as recently
as 2016 or even top them. Projects such as the Long Island one
can provide a steady revenue and profit stream, which traders
will factor in when evaluating the company. And technologies
to produce clean energy are regarded as a base component of
many applications, markets and regions worldwide. FuelCell
Energy is among the leaders in the field, even though the mar-
ket cap of below USD 100 million doesn’t reflect this yet.

ITM POWER: 20 TONS OF
H, PER DAY

ITM Power (London: ITM) based in the UK was able to in-
crease bookings by GBP 4.87 million to GBP 23.54 million.
Projects for which contracts should be awarded soon have a
combined value of GBP 16.67 million, so that the expected
backlog is at around GBP 40 million. An intriguing prod-
uct development is ITM’s recent showcase of a 50-megawatt
electrolyzer design at the Las Vegas trade show. It is said to
make it possible to produce 20 tons of hydrogen per day. That
would be a new benchmark, as the use of hydrogen in electric
transportation requires powerful electrolyzers to meet rising
demand for H,. In late August, the British-based business
won the bid on a 10-megawatt hydrogen production facil-
ity for Shell and a project in cooperation with Van Hool, a
bus manufacturer from the Netherlands. The stock market
shared my positive mood and the stock price rose temporar-
ily to as much as 100 percent above previous levels. To me,
ITM seems like one of those yet-to-be-discovered fuel cell
gems and could turn into a lucrative takeover target.

HYDROGENICS: PROFIT TAKING
AFTER BEING ON A ROLL

Hydrogenics (Nasdaq: HYGS) has a full schedule with USD
151.2 million in backlog for several types of fuel cell applica-
tions, from truck conversion kits (Scania in Norway) to bus
stacks in China to H, refueling stations and power-to-gas sys-
tems. A loss of USD 5.7 million (minus USD 0.45 per share) in
the second quarter can be considered a temporary slump, as
the company said that some shipments had been moved to the
third. Hydrogenics intends to stick to the high-growth fore-
cast it had published for the entire year. What’s clear is that
the company is in a strong position, especially after the latest
capital infusion by a Chinese-based corporation. The current
price drop can be interpreted as a response to the previous
quick rise from USD 4.50 to more than USD 11.

STOCK MARKET

PLUG POWER: THIRD QUARTER
TO DELIVER RECORD FIGURES

The deal with Amazon — which basically acquired a stake in
Plug Power (Nasdaq: PLUG) through warrants and, at the
same time, placed orders to have its forklift trucks retrofitted
— may be the reason why Walmart has agreed to a change in
the terms for its large Plug booking, which will improve the
situation for the latter. Walmart was the first big Plug cus-
tomer to request forklift conversions and an H, refueling in-
frastructure at its logistics centers. The caveat was that Plug
agreed to a leasing model which required the deposition of
a certain amount of capital as collateral despite the leasing
rates apparently not covering costs. Now, everything is said
to change. Walmart is expanding the scope of the contract
to 30 centers overall and has accepted to remove the need
for restricted cash. It can also receive a stake in its fuel cell
supplier by purchasing up to 53 million shares in tranches at
preset terms through warrants at no cost. This will provide
Plug gradually with fresh capital — depending on when war-
rants are exercised (price at over USD 2 per share). And the
best side effect is that the new, improved terms will allow it
to reduce interest rates to single digits.

Whether being both a large customer and shareholder
is a good thing is another matter. Just like for Amazon, it’s
good business for Walmart, as Plug secures bookings that
positively impact revenue and, subsequently, may be reflect-
ed in the stock price. Both corporations could then convert
the warrants into shares and sell them at a profit. Plug re-
ceives a cash infusion and both Amazon and Walmart may
get the money back that they spent on Plug bookings — a
strategy where I think everyone is a winner, although the old
shareholders will have to agree to a stock dilution. But since
only rising share prices will make the entire plan work >>

Fig. 3: H refueling station in warehouse
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for all parties involved, the advantages do seem to outweigh
the negatives. It will close the chapter on uncertain times for
Plug, so the company can focus on its potential for growth.

FIGURES AND OUTLOOK Second-quarter figures proved dis-
appointing: USD 22.6 million in revenue at a loss of USD 0.19
per share based on GAAP or minus USD 0.10 per share in-
cluding warrants. But the prospects sounded promising: The
third quarter is said to see the installation of 3,000 GenDrive
systems and 10 H, gas stations. The target for the entire year
is USD 130 million in revenue, with a gross margin of 8 to 12
percent as a realistic estimate. The installation target is 5,600
GenDrive units in 2017 and 25 H, filling stations. Unrestrict-
ed cash flow is thought to reach USD 25 to 35 million. With
regard to bookings, USD 325 million is seen as attainable.
Cash reserves are planned to hit USD 130 million, possibly
through exercised warrants.

TESLA: FAR REMOVED FROM
RATIONAL ARGUMENTS

In early July, the first Model 3 cars finally left Tesla’s factory,
an occasion that resulted in great enthusiasm among ana-
lysts and shareholders alike. Initial production was limited
to 30 units — 20 for employees and 10 for test drives. Cus-
tom-made versions, maybe? It doesn’t look like actual series
production, but the event was an effective PR tool to launch
the new mass-produced electric vehicle.

The share price had seen a drastic and quick fall from
USD 380 to USD 310 sometime in between. Goldman Sachs
changed its forecast and now sees a correct or fair price at USD
200 within six months instead of USD 190, but that didn’t
deter investors from pushing it to new heights based on what
they imagined the new model to accomplish. Many journalists
and analysts have compared Model 3 to Apple’s iPhone gold
mine. According to CEO Elon Musk’s ambitious plans, pro-
duction is to be increased to 5,000 units per week this year and
to 10,000 thereafter. We will have to wait and see.

In the meantime, there has been an update on the num-
ber of Model 3 preorders based on the USD 1,000 deposit.
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SOLARCITY

SolarCity’s two founders, cousins of Musk’s, have left
the Tesla subsidiary - the CTO in July. Tesla had ac-
quired the company for around USD 2.6 billion in a stock
swap including existing liabilities of about USD 3 billion.

SolarCity’s shareholders have been able to make a nice
windfall profit by exchanging their shares for Tesla’s at
plus 50 percent since the takeover. Did the acquisition
of SolarCity merely provide a safety net in the face of a
possible bankruptcy?

Musk initially spoke of more than 500,000 units, but when
deducting cancellations, the figure is closer to 455,000. Not
bad at all. However: How are potential buyers going to know
a) when the USD 7,500 tax incentive is no longer up for grabs,
and b) if new commercially available battery-powered vehi-
cles by other manufacturers couldn’t offer a lower price and
higher range, and c) whether delivery can even be expected
in 2018 or 2019? We will know the answers to these questions
in 12 to 24 months. But let’s assume for the moment that
prepayments for all Tesla models add up to around USD 603
million; that would mean fewer Model S and X are being or-
dered. Tesla (Nasdaq: TSLA) has also introduced discounts,
for example, USD 3,000 for Model X, saying that increased
profit margins were enabling the company to take this step.
You could come to a different conclusion, as it has already
been the second discount since April.

Revenue rose to USD 2.79 billion in the second quarter,
but net loss was at USD 336 million. On top of this, the cal-
culations include USD 100 million in zero emission vehicle
subsidies, meaning the loss per share seems closer to USD
1.94 than USD 1.33 if you exclude the USD 0.61 contribution
from ZEV incentives.

Cash and cash equivalents reduced by USD 1 billion to
USD 3 billion in the second quarter. Please also note that a
good USD 2 billion are said to be invested in, for example,
Model 3. At the same time, accrued liabilities and accounts
payable increased to around USD 3.8 billion. Vehicle in-
ventory rose to USD 2.43 billion (+ 51 percent) year on year
— all figures that should make you think twice and could be
interpreted in many ways. Considering the need for more

capital, Tesla has already made the wise choice of issuing
debt securities totaling USD 1.8 billion. These are junk
bonds, though. The overall debt rose to USD 8.1 billion.
Interestingly enough, the Moody’s rating agency immedi-
ately commented to welcome the move. It saw the danger
of Tesla not being able to meet growth targets based on its
own cash reserves in the amount of USD 3 billion and its
credit lines worth USD 1.9 billion. Tesla has now acted ac-
cordingly. But the interest burden that had already been as
high as USD 108 million in the second quarter, is increasing
steadily by over USD 90 million per year. Why is there no
issue of shares or convertible bonds? Junk bonds not only
garner bad ratings, but they require less information to be
issued. Well, take a guess. And Goldman Sachs could have
not placed any shares if the price had been “fairly rated” at
50 percent below what they imagined it to be.

As said above, the investment firm has now raised the
previously lowered price target to USD 200. After all, they
are the lead underwriter in the consortium placing the junk
bonds. Nothing to see here...

A BET WITH AUSTRALIA The first Gigafactory for bat-
teries hasn’t even been completed, but plans are to start
construction on another two or as many as three soon
enough, as Tesla’s CEO announced in one of his many
tweets. There are even said to be new vehicle designs in the
pipeline, for example, a Model Y SUV and trucks or bus-
es. He also said that he intended to manufacture directly
in India and China. And then he pledged to complete a
100-megawatt power storage plant (129 MWh) within just
100 days in South Australia by December 2017. Should it
not be finished in time, he — meaning Tesla — would bear
the cost, which was estimated at USD 50 million. The
partner in implementing the project was reported to be
French-based Neoen. It remains unclear whether the deal
is part of a public or private bid request.

ANALYSTS DISAGREE Morgan Stanley analyst Adam Jonas
sees Tesla at USD 317, but with the potential to rise to USD
526 in a bull case scenario. One of the reasons for the latter
would be the recently announced increase in Model 3 pro-
duction next year from 90,000 to 120,000. Additionally, new
products such as truck tracking systems could create added
potential for growth. The Baird investment banking group
set its new price target to USD 411. Aswath Damodaran, a
professor of finance from New York, whose forecasts have
been proved right on numerous occasions, thinks the shares
would be fairly valued at USD 192, while Goldman Sachs has
them at USD 200. My vote is with the latter two, as the cur-
rent market cap only reflects the best possible development
and ignores the risks.

CONCLUSION Soon — maybe not in 2017, but in one or two
years — Goldman Sachs could or should be proved right, as as
a market cap of nearly USD 60 billion already includes any
developments that may have a positive impact on the compa-
ny’s outlook. Even regarding a system such as the autopilot,
Tesla faces the question of whether it can create revenue from
it in the short term or whether this is something that will
take years to accomplish.

In the third quarter, the company will have to jump
through a lot of hoops. Another capital raise before the mid-
dle or end of 2018 or another debt increase (credit facilities
and bonds) won’t be necessary for the time being, but could
happen. It wouldn’t be the first or second time Tesla initially

STOCK MARKET

denies intending to raise fresh capital and then follows up
with exactly such a request a little while later. A loss of USD
500 million or over USD 3 per share in the third quarter —
because of investments in manufacturing, the Gigafactory
and the charging infrastructure — is already being talked
about on online forums.

Tesla relies solely on the battery. It’s the reason for my
rather skeptical assessment, as fuel cells will prove to be
fierce competition or a good addition to batteries due to their
being continually enhanced and because of the way hydro-
gen, specifically green hydrogen, is being generated, stored
and supplied (network of H, refueling stations). The fuel cell
can also be used to extend the range of vehicles, especial-
ly passenger cars. Batteries do see improvements in energy
density, capacity, cost-effectiveness and other areas, but then
there is the dependency on important raw materials, such as
cobalt and lithium, and the long charging times. Additional-
ly, they create much hazardous waste, don’t show a seriously
impressive lifespan and their operation is influenced by out-
side factors, such as changes in temperature and power-hun-
gry peripheral units.

In my opinion, a battery-only solution will leave you with
more questions than answers. Other manufacturers will
counter Tesla’s offerings by developing their own electric and
hybrid cars including fuel cells. There’s an expiration date
on Musk’s first-mover advantage. The German automotive
industry would be well advised not to rely on batteries alone
when it comes to electric transportation, but promote fuel
cells, for which there are new global markets emerging in
China, Japan and Europe. ||

RISK WARNING

Investors must understand that buying and selling
shares is done at their own risk. Consider spreading the
risk as a sensible precaution. The fuel cell companies
mentioned in this article are small and mid-cap ones,
i.e., they do not represent stakes in big companies and
the volatility is significantly higher. This article is not to

be taken as a recommendation of what shares to buy or
sell - it comes without any explicit or implicit guarantee
or warranty. All information is based on publicly availa-
ble sources and the assessments put forth in this article
represent exclusively the author’s own opinion. This ar-
ticle focuses on mid-term and long-term perspectives
and not short-term profit. The author may own shares in
any of the companies mentioned in this article.
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EVENTS

EVENTS 2017

FUEL CELL SEMINAR & ENERGY EXPOSITION

November 7th to 9th, 2017

in Long Beach Convention Center, Long Beach, California, USA
www.fuelcellseminar.com

FeELA,

INTERNATIONAL EV BATTERIES
COST-EFFECTIVE ENGINEERING FOR HYBRID
AND ELECTRIC VEHICLES

November 21th to 22th, 2017

in Twickenham Stadium, London, United Kingdom
http://events.imeche.org

EVENTS 2018

EUROPEAN HYDROGEN ENERGY CONFERENCE (EHEC)
March 14th to 16th, 2018
in Mdlaga, Spain, www.ehec.info

HYDROGEN & FUEL CELLS ENERGY SUMMIT
January 24th to 25th, 2018
in Brussels, Belgium, www.wplgroup.com

Hlﬂmﬁﬁ

EUROPEAN HYDROGEN ENERGY CONFERENCE (EHEC)
March 14th to 16th, 2018

in Malaga, Spain

www.ehec.info

HYDROGEN & FUEL CELLS ENERGY SUMMIT
January 24th to 25th, 2018
in Brussels, Belgium, www.wplgroup.com

Ewropean Hydrogen
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EV EXPO -INTERNATIONAL EV INDUSTRIAL ECOLOGY
CHAIN EXPOSITION & GLOBAL ELECTRIC VEHICLE
LEADERSHIP SUMMIT

May 9th to 11th, 2018, in Guangzhou International
Sourcing Center, China, www.evexpovip.com

EV EXPO
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5TH RESIDENTIAL ENERGY STORAGE FORUM
organized by Dufresne

May 14th to 15th, 2018, in Berlin, Germany
www.energystorageforum.com

Ilmdantul
w Storage For um]

. Berlin 14-15 May 2018

THE BATTERY SHOW
May 15th to 17th, 2018
in Hanover, Germany
www.thebatteryshow.eu

THE BATTERY SHOW

EUROPE 2018

1MTH ENERGY STORAGE WORLD FORUM
organized by Dufresne

May 16th to 18th, 2018, in Berlin, Germany
www.energystorageforum.com

it Energy Storage World Forum)

22ND WHEC

June 17th to 22nd, 2018
in Rio de Janeiro, Brazil
www.whec2018.com

22" World Hydrogen
Energy Conference

June 17-22, 2018
Rio de Janeiro, Brazil
www.whec2018.com

DISCOUNTS AND TICKETS

JANUARY 24TH TO 25TH, 2018
Hydrogen & Fuel Cells Energy Summit
in Brussels, Belgium

15% Discount for the conference
www.wplgroup.com/aci/

MAY 14TH TO 18TH, 2018

11th Energy Storage World Forum
5th Residential Energy Storage Forum
in Berlin, Germany

10% Discount for the conference
Code for registration: H2Int18
http://energystorageworldforum.com

MAY 15TH TO 17TH, 2018

The Battery Show Europe

in Hanover, Germany

10% Discount for the conference
www.thebatteryshow.eu

BUSINESS DIRECTORY

EDUCATION & TRAINING

| O :
.. HTEC EDUCATION

: 1 H-Tec Education GmbH, Demonstration & Education
for Schools, Universities, Maria-Goeppert-Str. 9a,
123562 Luebeck, Germany, Phone +49-(0)451-39941-0, '
' Fax -799, info@h-tec-education.com, www.h-tec.com

______________________________________________________________

AREVA H,Gen
iAreva H,Gen GmbH, Eupener Strasse 165, 50933 Koln,

i Germany, Phone +49-(0)221- 2919073-0, Fax -9, .
‘www.arevah2gen.com '

Diamond Lite S.A.,

;I g Rheineckerstr. 12,

i PO Box 9, 9425 Thal,
Diamond Lite SA Switzerland,

EPhone +41-(0)71-880020-0, Fax -1,

1 diamondlite@diamondlite.com, www.diamondlite.com |

Giner, Inc., 89 Rumford Avenue,

Newton, Massachusetts 02466, USA,
Phone +1-(0)781-529-0500, informa- !
tion@ginerinc.com, www.ginerinc. com:

GR==NHYDROGEN. DK

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

i HIJU"CIS,E"IIEI‘}BW i
.. HTEC SVSTEMS 5

'H Tec Systems GmbH, PEM electrolyzers for industry
.apphcatlon, Maria-Goeppert-Str. 9a, 23562 Luebeck, .
'Germany, Phone +49-(0)451-39941-0, Fax -799,
info@h-tec-systems.com, www.h-tec.com

:SHIFT POWER | ENERGIZE YOUR WORLD

Hydrogenics GmbH, Am Wiesenbusch 2, 45966 Gladbeck,
: Germany, Phone +49-(0)2043-944 141, Fax -6, hydrogen-
' sales@hydrogenics.com, www.hydrogenics.com

iGas energy GmbH, Cockerillstr. 100,
5 52222 Stolberg, Germany,

energy Phone +49-(0)2402-9791600,

Fax -7094864, www.iGas-energy.de

______________________________________________________________

BUSINESS DIRECTORY

s PROTON 5
! “.- .* THE LEADER IN ON SITE GAS GENERATION, !
.Proton OnSite, 10 Technology Dr, 06492 Wallingford CT,
'USA, Phone +1- (0)203-678-2000, info@protononsite.com, |
'www.protononsite.com !

ENERGY STORAGE

GKN Powder Metallurgy, GKN Sinter Metals, PO Box 55,
Ipsley House, Redditch B98 0TL, Worcestershire,
United Kingdom, www.gkn.com/sintermetals

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

0 hydrogeniovs

TECHNOLOGIES

Hydrogenlous Technologies GmbH, Weidenweg 13, 91058 |
Erlangen, Germany, Phone +49-(0)9131-12640-220, Fax 29,.

Vi ESMANN

EMicrobEnergy GmbH, Specialist in Methanisation,
'Bayernwerk 8, 92421 Schwandorf, Germany,
‘Phone +49-(0)9431-751-400, Fax -5400,
linfo@microbenergy.com, www.viessmann.co.uk

:Group Exhibit Hydrogen + Fuel Cells + Batteries
‘Hannover Messe 2018, April 23 — 27

'Hydrogen + Fuel Cells NORTH AMERICA
'Solarpower 2018, September 24 - 27 :
'Tobias Renz FAIR, tobias@h2fc-fair.com, www.h2fc-fair.com !

EFCF" EUROPEAN FUEL CELL FORUM
aVa PEFC- Electrolyser July 2017
SOFC:SOE July 2018  §
SN Conference - Exhibition - Switzerland |
'European Fuel Cell Forum, Obgardihalde 2, 6043 Lu-

zern—Adhgenswﬂ Switzerland, Phone +41-(0)4-45865644,
'Fax 35080622, forum@efcf.com, www.efcf.com !

September 18-19, 2018

f-cell together-live

iPeter Sauber Agentur Messen und Kongresse GmbH, f-cell, :
EWankelstr. 1, 70563 Stuttgart, Germany, Phone +49-(0)711-
1656960-55, Fax -9055, www.f-cell.de
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BUSINESS DIRECTORY

FITTINGS, REGULATORS, VALVES

______________________________________________________________

b u r k e r t Biirkert Werke GmbH,

Mass Flow Controllers,
iFLUID conTroL sysTems  Christian-Biirkert-Str. 13-17,
'74653 Ingelfingen, Germany, Phone +49-(0)7940-10-0,
'Fax -91204, www.burkert.com :

| OMB SALERI s

'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 connec-
tions, filters, valves, regulators,
TPRD, Linde 11, 51399 Burscheid,
Germany, Phone +49-2174-748-

www.ptec eu

1722, mail@ptec.eu, www.ptec.eu

______________________________________________________________

Ser:energy’ i

ETht Power of Simplicity

: :SerEnergy A/S, Reformed Methanol fuel cell systems for
.statlonary and e-mobility, Lyngvej 8, 9000 Aalborg,
'Denmark, Phone +45-8880-7040, www. serenergy.com

______________________________________________________________

3 gkﬁenirﬁcwomme/

WWW. 'roplcul gar

Tropical S.A., 17 Krokeon Str,

10442, Athens, Greece, '
Phone +30-(0)210-5785455, Fax: -7;
info@tropical gr, www.tropical.gr !

[SJBECKER

.Gebr Becker GmbH, Holker Feld 29-31, 42279 Wuppertal,
'Germany, Phone +49-(0)202-697-255, Fax -38255, info@
'becker-international.com, www.becker-international.com

______________________________________________________________

' Busch Clean Air S.A., Chemin des
BuscH Grandes-Vies 54, 2900 Porrentruy;
: EAN ' Switzerland, Phone +41-(0)32- |
: 46589-60, Fax -79, ;
'info@buschcleanair.com, www.buschcleanair.com '

______________________________________________________________

i MeliCon GmbH, Metallic Light-

H T?I]EEQ oy Weight Construction, Porschestr. 6
41836 Hiickelhoven, Germany, !
Phone +49-(0)2433-44674-0, Fax -22, www.melicon.de

(C® SGLGROUP i

THE CARBOMN COMPANY

1SGL Carbon GmbH, Werner-von-Siemens-Str. 18, '
186405 Meitingen, Germany, Phone +48-(0)8271-83-3360,
1 Fax -103360, fuelcellcomponents@sglgroup.com, :
L www.sglgroup.com
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HYDROGEN DISTRIBUTION

Q hydrogeniovs s
TECHNOLOGIES :
1Hydrogenious Technologies GmbH, Weidenweg 13, 91058 1
'Erlangen, Germany, Phone +49-(0)9131-12640-220, Fax 29,.

‘www.hydrogenious.net !

Wystrach GmbH, Industriestrafle

60, Germany — 47652 Weeze,
Wystrachll- Phone +49-(0)2837.9135-0, |
- e Fax -30, www.wystrach-gmbh.de

~ FUMATECH BWT GmbH,

5 Carl-Benz-Str. 4, 74321 Bi-

| fumatech etigheim-Bissingen, Germany, !

 functional membranes far SRl R phone 149-(0)7142-3737-900, |
MBWT GROUF !

Plansee SE, Bipolar Plates,
Interconnects and Metal

PLAN SEE Supported Cells, 6600 Reutte,

! Austria, Phone +43-(0)5672-600-2422, www.plansee.com |

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

| Deutscher Wasserstoff-und ~ (DWYV), Moltkestr. 42,
E Brennstoffzellen-Verband 12203 Berlin, Germany,
'Phone +49-(0)30-398209946-0, Fax -9, www.dwv-info.de

o Nationale Organisstion Wasserstofi-
und Brenmstoffrellantechnalonie

'Natlonal Organisation Hydrogen and Fuel Cell Techno-
logy (NOW GmbH) Fasanenstr. 5, 10623 Berlin, Germany,
iPhone +49-(0)30-3116116-15, Fax -99, www.now-gmbh.de
hySOLUTIONS GmbH, Steinstrasse 25, 20095 Hamburg,
Germany, Phone +49-(0)40-3288353-2, Fax -8,
hysolutions-hamburg.de

REFORMERS

WS Reformer GmbH, Dornierstraf8e 14, 71272 Renningen,
Germany, Phone +49-(0)7159-163242, Fax -2738,
www.wsreformer.com

RESEARCH & DEVELOPMENT

Fraunhofer ICT-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

ZZ Fraunhofer
= ISE E

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

BUSINESS DIRECTORY

SUPPLIERS

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

i Borit NV, Bipolar plates and interconnects, Lammerdries |
| 18e 2440 Geel, Belgium,

! Phone +32- (0)14-25090-0, Fax -9, contact@borit.be, '
L www.borit.be

______________________________________________________________

“ ElectroChem, inc.

| ElectroChem Inc., 400 W Cummings Park, Woburn, MA
101801, USA, Phone +1-781-9385300, www.fuelcell.com '

'
'
' '
) HIAT ;
! HTDROGEN AND INFORMATICS !
! BSTITUTE OF AFFLEED TECHNOLOGIES H

'HIAT gGmbH Schwerin, Germany, CCMs/ MEAS / GDEs

______________________________________________________________

1 /'/ :

:( 2 _~ KERAFOL :

| CEETEY IR Kerafol Keramische Folien GmbH,

'Koppe -Platz 1, 92676 Eschenbach, Germany, Phone +49-
1(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

fl T’ ¥ WEKA AG, Schuerlistr. 8, 8344 !
‘ WERNR ' Baeretswil, Switzerland, Phone

'CRYOGENICS j|—41—(0)43—833434—3, Fax -9, .
| Member o the GIRCH) Group info@weka-ag.ch, www.weka-ag.ch:

SYSTEM INTEGRATION
Areva GmbH, Paul-Gossen-Str. 100, !
A 91052 Erlangen, Germany, Contact: !
Mrs. Gemmer-Berkbilek, Phone +49- :
(0)9131-90095221, www.areva.de

______________________________________________________________

Deutsches Zentrum

! DLR fidr Luft- und Raumfahrt
| German Aerospace Center
' It of Erginee ng Thermodmamics

' Deutsche Zentrum fiir Luft- und Raumfahrt (DLR) /
' German Aerospace Center Institute of Engineering
Thermodynamlcs Energy System Integration, |
Pfaffenwaldrlng 38-40, 70569 Stuttgart, Germany,

' Phone +49- (0)711-6862-672, Fax -747, www.dlr.de/tt !

SMART Testsolutions GmbH, Rétestrasse 17, :
70197 Stuttgart, Germeny, Phone +49-(0)711~
SMART 25521-10, Fax -12, sales@smart-ts.de, '
TESTSOLUTIONS  Www.smart-testsolutions.de

______________________________________________________________

TESTW

ENGINEERIN

i TesTneT Engineering GmbH, Schleissheimer Str. 95, '
185748 Garching / Munich, Germany, Phone +49-(0)89-
1237109-39, info @h2-test.net, www.h2-test.net '

LISTING REQUEST FOR H2-INTERNATIONAL BUSINESS DIRECTORY

BASIC (COMPANY INFORMATION])
- Listed in all twelve print and digital issues
- Online entry at www.h2-international.com/companies
- 150 characters max; select any available category
- Free 1-year subscription to H2-international
- Free subscription to H2-international newsletter
- Link to your website
- USD 210 per year (EUR 196, excluding VAT)

Phone Numver/Emait Please email or fax to Hydrogeit Verlag | Germany | Fax: +49 (0)33055 213-20 | info@h2-international.com

PREMIUM (COMPANY INFORMATION + LOGO)
- Listed in all twelve print and digital issues
- Online entry at www.h2-international.com/companies
- Includes features of Basic plan
- Logo and hyperlink embedded in H2-international
newsletter (9,000 subscribers)
- USD 385 per year (EUR 359, excluding VAT)
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EUROPE

EXPO ..
CONFERENCE

March 13 -15, 2018

Diisseldorf, Germany
www.ESEexpo.com
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