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Summary

The State of Baden-Wiirttemberg has established the Platform H2BW to put the theory of hydrogen and fuel
cell technology into practice. Hydrogen technologies as well as green hydrogen production must be tuned up
from laboratory science to a profitable and scalable technology. In this economic process, all areas of the
hydrogen value chain will be developed. Within various demonstrator projects, Baden-Wiirttemberg shows
production technologies and service operations in everyday life and thereby represents a role model for other
regions. In addition, industry and mechanical engineering companies are supported in the transformation

process to achieve a hydrogen economy in Baden-Wiirttemberg.
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1 Introduction: Baden-Wiirttemberg on the way to a hydrogen economy

Hydrogen and fuel cell technologies are one of the key enablers for reaching the climate goals. With its wide
range of applications, hydrogen also plays an important role from an economic point of view. For Baden-
Wiirttemberg, this potential has been analyzed in the study “Potentials of the hydrogen and fuel cell industry in
Baden-Wiirttemberg” [1] by Roland Berger in cooperation with the Ministry for the Environment, Climate and
Energy Sector Baden-Wiirttemberg. There is a lot of potential in hydrogen and fuel cell technology in Baden-
Wiirttemberg. For example, 16,000 new jobs could be created in the hydrogen sector and the sales potential
would be €9 billion in 2030, with a large proportion of these also at suppliers.

To promote these opportunities in the best possible way and to advance the development of hydrogen and fuel
cell technologies, Germany published a “National Hydrogen Strategy” [2] in June 2020. Due to specific economic
conditions in the south-west of Germany, Baden-Wiirttemberg has developed its own roadmap as part of a
stakeholder process involving more than 300 institutions. The focus of the “Hydrogen Roadmap Baden-
Wiirttemberg” [3] is set on mobility and mechanical and plant engineering in a first step, due to the local economic
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conditions. In Baden-Wiirttemberg, the automotive industry is very strong and many small and medium-sized
companies act as suppliers to the OEMs. Therefore, it is very important to involve these areas at an early stage
so that a transformation can take place and these areas can continue to exist. Later on, also the industry sector, as
well as the energy and heat sector will be considered to reach sector coupling in the end. The roadmap includes
29 concrete goals that can lead to the positioning of Baden-Wiirttemberg as a leading supplier of hydrogen and
fuel cell technologies. These ambitions and goals can be divided into six different areas:

*  Cross-sector and cross-technology objectives

»  Objectives for the generation, storage, distribution sector
*  Objectives for the industry sector

*  Objectives for the mobility sector

*  Objectives for the building sector

*  Objectives for the power generation sector

The roadmap thus covers the entire value chain of the hydrogen economy. The measures are to be implemented
step by step and are subject to prioritization, since not all goals can be tackled simultaneously and supported with
funding from the state of Baden-Wiirttemberg. In the hydrogen economy it is important to be aware of three 3
perspectives, which are illustrated in Fig. 1:

Supplier
)..:.‘( Hydrogen is produced in Germany or internationally and delivered to a point of consumption. Supply includes
1 .l power generators, electrolysis drivers, hydrogen transport, gas suppliers & -network operators, energy

suppliers and filling station operators.

Consumer
Hydrogen is delivered to the site of use and used there, for example, in the steel mill, the building heating
system or the fuel cell in vehicles.

|
¥

Machinery and plant Engineering
O The opportunities for manufacturers and research institutions from Baden-Wirttemberg lie precisely in the
O diverse environment of mechanical engineering. Behind this lies a large growth market with e.g. electrolysers,
fuel cells, tank storage or line and refuelling systems, etc.

Figure 1: Three Perspectives of Hydrogen economy

2 Platform H2BW — From theory to application

In order to achieve a hydrogen economy in Baden-Wiirttemberg and to use the potentials of the state, which were
identified in the study [1], it is necessary to give the activities in the state a common roof and to bundle a cross-
industry basis for all hydrogen and fuel cell activities. Based on several years of research in the field of hydrogen
applications and fuel cell technology, a wide variety of highly qualified research institutions, and universities as
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well as innovative companies and a large range of different industries in the state offer immense potential in
economic terms for Baden-Wiirttemberg.

For this purpose, and to bring the theoretical ambitions into practical application, the innovative Platform H2BW
was established. According to the aims of the roadmap, the Platform H2BW is a new way to coordinate the
collaboration between public authorities, companies, research institutions and users in Baden-Wiirttemberg. It is
also a central contact point and offers actors from different sectors a common and cross-sectoral umbrella.
Overcoming various challenges, such as high production and engineering costs, in order to achieve marketability
of hydrogen technology in the long term, has been another reason for the emergence of the Platform H2BW. Here,
the Platform H2BW should make a decisive contribution and pave the way for new innovations.

2.1 Variety of undertakings

Due to the already existing network of the Cluster Fuel Cell BW [4], with nearly 200 partners from research,
industry and associations, and the experience in transformation and innovation processes, the newly founded
Platform H2BW is located at the state agency e-mobil BW.

The Platform H2BW focuses on networking the various players from business and science. The Platform
addresses both technology-experienced and interested companies from Baden-Wiirttemberg and creates a basis
for joint exchange. The Platform aims at a coupling of sectors with hydrogen as versatile energy carrier. Therefore,
the application in the mobility and industrial sectors but also in production, supply and distribution as well as in
the fields of power generation and the building sector are addressed. The implementation of individual measures
from research and development to industrialization is initiated and driven forward by the Platform H2BW by
providing information on funding opportunities and strengthening networks.

In addition, local players are networked internationally so that other companies can benefit from the
demonstration projects and developments in Baden-Wiirttemberg. Fig. 2 shows the five core activities of the
Platform H2BW at a glance.
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Figure 2: Platform H2BW [5]
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2.2 Cross-sectoral and multilevel perspectives

In addition to the perspectives of the hydrogen economy already described - suppliers, consumers, and
mechanical and plant engineering - it is highly relevant to consider sector coupling. Every single stage of the
hydrogen value chain is of great relevance. Addressed in the Platform H2BW are the sectors of hydrogen
production and application plus energy generation and storage. For example, hydrogen applications in mobility
and industry go hand in hand with heat generation and energy production. Only by an optimal and well-thought-
out linking of the multilevel perspectives it is possible to use the potential of hydrogen in the best possible way.
Fig. 3 schematically shows the cross-sectoral and multilevel perspectives
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Figure 3: sector coupling [5]

2.3 Ongoing activities and achievements

The task of the Platform H2BW is to implement and accompany the goals of the Hydrogen Roadmap of Baden-
Wiirttemberg. To this end, several activities have already been launched in the first year of the Platform and more
are planned.

In the area of knowledge transfer, for example, a major study was commissioned to provide an overview of the
future demand for hydrogen in Baden-Wiirttemberg. It will also look at the extent to which this can be covered
by domestic production. With this information, a transformation to a hydrogen economy can be approached
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consciously. In addition, a series of publications was launched to take a compact look at current topics. Short
studies are commissioned and published for this purpose.

In the area of networking, the Platform builds on the existing Fuel Cell Cluster BW. In order to further expand
the network and to bundle all activities in the field of hydrogen and fuel cell technology in Baden-Wiirttemberg,
the stakeholder map (Fig. 4) was created. Stakeholders can register in this map and thus create visibility. The
establishment of contacts and possible cooperation is facilitated. The stakeholder map is intended to show the
entire value chain and offers the possibility to filter specifically according to the different sectors and regions.
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Figure 4: Stakeholder map [5]

One step towards establishing a sustainable hydrogen economy is support from the state with targeted funding
programs and tenders. This can provide strategic impetus and lay the foundations for the establishment of an
economic system. In addition, specific programs enable the research and testing of novel technologies. Therefore,
number of activities can already be mentioned in the funding module. On the one hand, two calls have already
been published in 2021. The funded projects can be found in chapter 3. Another funding program has been
published in spring 2022.The new funding program is intended to accelerate the development of a hydrogen
economy and, in particular, to support companies from Baden-Wiirttemberg in their transformation to a climate-
friendly economy. Among other things, the “Climate protection and value creation through hydrogen” program,
called KWH?2, is intended to promote pilot and demonstration projects that link the hydrogen production, storage
and transport value chain in an overall context, as well as the use of green hydrogen in so-called stand-alone
solutions. However, the pure substitution of, for example, grey hydrogen in industrial applications is excluded.
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This is intended to provide a reliable framework for action for policymakers and industry. A special aspect of
KWH2 is that, in addition to research and development projects, investment funding is also possible.

All these activities and promotional opportunities should contribute to strengthen Baden-Wiirttemberg's
companies and research institutions and promote them in their innovative strength and support them in
maintaining their leading technological position in international competition.

3 Projects are implemented along the whole value chain

One of the strategic goals of Baden-Wiirttemberg is the strengthening of the automotive industry in south-west
Germany, building up a competitive supplier industry for components, production facilities and the development
and testing of quality systems in different industry sectors [3]. A large number of companies is already active in
the hydrogen and fuel cell sector in Baden-Wiirttemberg [6].

In addition to further technology development, industrial investments in new technologies and a qualified
workforce are needed. In order to make this possible and to spread it into the broad field and to increase
acceptance in society, projects must be established at an early stage as demonstrators and for the creation of
knowledge. As such projects entail high development and investment costs, it is essential to have them promoted
and supported by the public sector. An important aspect is also the transfer of the acquired knowledge to other
regions and countries, which are also active in the field of hydrogen and fuel cell technology.

These projects in Baden-Wiirttemberg cover all areas of the hydrogen value chain. At the beginning of the value
chain is a project for the industrialisation of fuel cells, called HyFab and represents an important step towards
serial production of fuel cell components and stacks. This project is based in Ulm. The strategic goals of the
project focus on the strengthening of the automotive industry in Germany, especially Baden-Wiirttemberg.
Therefore, a competitive supplier industry for components and production facilities should be built up.

Another important aspect for the transformation of the mechanical industry is represented in the project
Elektrolyse made in BW. This project is about industrial production of electrolysers and is intended to support
the mechanical and plant manufacturers in the transformation process. It includes a certified demonstrator for
water electrolysis and is intended to function as an "electrolysis showcase" for electrolysis production in Baden-
Wiirttemberg.

On the other end of the value chain, a number of large demonstration projects is already being implemented. The
two major projects H2Rivers and H2Rhein-Neckar, along the rivers Rhein and Neckar, function together as the
biggest model region for green hydrogen in South-West Germany. H2Rivers is a cross-regional lighthouse
project for hydrogen and fuel cell technology and will bring a huge number of fuel cell vehicles into operation,
including car fleets, but also buses and the corresponding infrastructure will be built up. The H2Rivers project is
making a significant contribution to the development of a hydrogen economy in the Rhine-Neckar region. It
covers the entire value chain, from regenerative hydrogen production to distribution with high-pressure trailers
at three new filling stations to be built and a wide range of vehicle applications. In this way, H2Rivers is helping
fuel cell technology to achieve market maturity and is setting important accents in the development of a hydrogen
economy. The project, which was named HyPerformer in the HyLand tender, is funded by the German Federal
Ministry of Digital Affairs and Transport. In addition to H2Rivers, H2ZRhein-Neckar aims to change local public
transport in the cities of Mannheim and Heidelberg with buses to zero-emission vehicles. The investments in
fuel-cell-powered buses and the corresponding infrastructure are being supplemented by accompanying research
to ensure a smooth conversion of the fleets. The findings are also expected to contribute to a successful
transformation process in mobility beyond the Rhine-Neckar region. The project is funded by the Ministry for
the Environment, Climate and Energy Sector Baden-Wiirttemberg. In total, the project volume of 97 million
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euros illustrates the enormous size of the two projects and the model region. Of this, 36.5 million euros will be
funded by the federal government and the State of Baden-Wiirttemberg. Fig. 5 gives an overview of the project
consortium and the project locations. It becomes apparent that many sectors are involved and that not only one
sector can be considered individually.
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Figure 5: H2Rivers and H2Rhein-Neckar [7]

The two projects are associated with an average demand for hydrogen of 380 tons of hydrogen per year. This can
be covered by hydrogen production at the H2ub in Mannheim. Here, 400 tons of hydrogen are to be produced
annually and distributed with the help of 12 innovative 700 bar H2 trailers. These will supply both industrial
partners and five filling stations built as part of the two projects. The distribution of the vehicles procured by the
model region can be seen in Fig. 6. Here, the diversity is to be emphasized. Within the framework of the two
projects, a wide variety of applications of hydrogen in mobility are being tested. This can benefit other regions
and create knowledge that can be used for interregional knowledge transfer.
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Figure 6 Important Facts H2Rivers & H2Rhein-Neckar [7]

Another demonstration project dealing with sector coupling in practice is HZORIZON settled at DLR. It focusses
on coupling of renewable energies, hydrogen and storage applications, space travel, heat generation and mobility.
Up to 100 tons of green hydrogen are produced within the project. Fig. 7 the demonstrates the principle of sector
coupling.
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Figure 7: H20RIZON [7]
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As mentioned in chapter 2 different funding opportunities are part of the Platform H2BW. The Green Hydrogen
Model Region funding program is accompanied by the Platform H2BW and addresses the establishment of
model regions in Baden-Wiirttemberg, where the use of green hydrogen is tested across sectors and along the
entire hydrogen value chain. In addition to the production of climate-friendly hydrogen, also transport, storage
and the application will be tested. Another goal is to use the Green Hydrogen Model Region to make an active
contribution to raising social awareness and increasing the general acceptance of hydrogen as an energy carrier.
All projects will be accompanied scientifically in order to make the generated results and findings usable. In
August 2021, the Ministry for the Environment, Climate and Energy Management Baden-Wiirttemberg invited
two projects to submit a full application for funding. A total of 47 million euros from the European Regional
Development Fund (ERDF) and state funds are available for the years 2021-2027. The first selected model region,
HyFiVE, includes the Alb-Donau region with the counties of Reutlingen, Alb-Donau and the city of Ulm, as well
as the neighboring counties of Ostalb, Tiibingen, Heidenheim and the city of Schwibisch Gmiind, thus combining
activities in urban and rural areas. The HyFiVE model region contains four lighthouse projects that address
various aspects of the hydrogen economy in the different districts. For example, different technologies of
electrolysers and the use of hydrogen in industry, transport and neighborhood solutions are being tested. The
HyFiVE model region, with its four associated lighthouse projects, has around 33 million euros in funding at its
disposal. An overview of the model region HyFiVE can be seen in Fig. 8.
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Figure 8: Model region HyFiVE [9]

The second model region selected is H2 GeNeSiS. In the Stuttgart region, an integrated hydrogen system is to
be mapped along the river Neckar and serve as a basis for scaling up the hydrogen economy in the industrially
dominated region. During the model region, three electrolysers will be built, which will be fed by regional
renewable energy. The model region relies on a wide distribution network, the H2 marketplace. In addition, a
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hydrogen pipeline will be the centerpiece of the model region. H2 GeNeSiS is being funded with around 14
million euros. An overview of the model region H2 GeNeSiS can be seen in Fig. 9.
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The second funding call takes up measures from the state's hydrogen roadmap, which the Platform H2BW
accompanies, is the “Future Hydrogen Program BW”, called ZPH2. This funding call aims to support companies
and research institutions in establishing a sustainable hydrogen economy in Baden-Wurttemberg. The program
focuses on industrial research. Companies are supported in developing innovations in the field of hydrogen and
fuel cell technology quickly as well as bringing them to market in a next step. In this way, important market
shares are to be gained and secured in order to maintain the leading technological position of Baden-Wurttemberg
companies in international competition. Among others, the program focuses on manufacturers, equipment
suppliers and users in the state who want to strengthen Baden-Wurttemberg's innovative strength and competitive
position with their contribution, i.e., a technology, a process, or a system, in cooperation with research. As
announced in December 2021, 20 projects in Baden-Wirttemberg will receive funding from the Ministry. In
total, the state of Baden-Wirttemberg is providing around 26 million euros for this purpose.

4 Conclusion — Transfer to other regions

All in all, Baden-Wiirttemberg is an economically strong region with a wide range of expertise in the hydrogen
sector. From SME to global players as well as strong and renowned research institutions, all are united in Baden-
Wiirttemberg. On the one hand, the aim is to establish hydrogen and fuel cell technology as a new industry in
Baden-Wiirttemberg. On the other hand, Baden-Wiirttemberg is willing to bring the technology and components
to the world with the aim to decarbonize the traffic and industry sector. With the application of hydrogen and fuel
cell technology, emissions can be reduced and the demonstrator projects in Baden-Wiirttemberg can serve as a
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global showcase for real-life applications of hydrogen. Beside battery electric vehicles also fuel cell electric
vehicles can make their contribution to zero emission mobility and a climate neutral system.

Other regions can benefit from the experience gained from the various projects in Baden-Wiirttemberg. To this
end, it is important to promote and maintain an international exchange. Especially regarding regulation, costs
and standards, it is of enormous importance to act internationally. The most important insight from the experience
of Baden-Wiirttemberg is the cross-sectoral approach.

In order to advise the state government and to implement and further develop the hydrogen roadmap of the state
of Baden-Wiirttemberg, an advisory board was established in January 2022. Among others, the advisory board
consists of 25 experts from industry, research and communal representatives. The recommendations and
statements of the advisory board serve as guiding recommendations. Therefore, this instrument should also be
considered for the implementation of regional strategies in other regions.

It becomes apparent that the various perspectives of hydrogen and fuel cell technology must be thought of
together. Likewise, the involvement of the various research institutions and companies is an important factor in
the success of the transformation. If they are not involved in the process at an early stage, this can prove
problematic. Baden-Wirttemberg has had good experience with the stakeholder process for developing the
hydrogen roadmap and can recommend this as a procedure to other regions.

5 Outlook — Baden-Wiirttemberg is becoming a hydrogen state

The Platform H2BW is an important instrument to bundle all hydrogen activities in Baden-Wiirttemberg and is
intended to help exploiting the region's full potential target. Currently, the projects are being funded by various
funding bodies, which makes sense at this early stage of hydrogen economy. But the aim should be, for example,
to bring vehicles on the road without funding and make it economically viable.

In addition, the development of infrastructure plays a decisive role in building up a hydrogen economy. In view
of rapid developments in technology and current circumstances, the roadmap must be adapted as necessary so as
not to lose relevance. In total, the state of Baden-Wiirttemberg is providing funding of 20 million euros for the
years 2022 to 2025. This will enable further projects to be created and thus the step from research and
development towards market maturity to be tackled. However, the open-mindedness of companies in Baden-
Wiirttemberg is also needed to tackle the transformation toward a hydrogen economy. Likewise, the question of
where hydrogen will come from in the future must be clarified at an early stage. This requires energy partnerships,
among other things. Baden-Wurttemberg is on a very good path and will thus become a hydrogen state.
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