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Foreword 

Dear reader,  

Containing the unfolding climate crisis is a formidable challenge. At the same time, however, it 

presents us with an opportunity to shape our economy in an ecological and sustainable way. 

Hydrogen will play a central role in this process. In particular, hydrogen and fuel cell 

technologies can contribute to making the energy supply, mobility and industrial production of 

the future more climate-friendly. Of course, this can only be achieved with “green” hydrogen 

generated using electricity from renewable sources. 

There is huge economic potential in hydrogen, especially for Baden-Württemberg as a business 

location, as hydrogen plants and technologies can be developed and produced here. We estimate 

that this could create up to 16,000 new jobs and nine billion euros in sales in Baden-

Württemberg in 2030. With our hydrogen roadmap, we are presenting a structured plan for the 

development and expansion of the hydrogen economy within the state. 

Baden-Württemberg is home to many highly specialised and internationally renowned 

mechanical and plant engineering companies as well as leading research institutions in the field 

of hydrogen and fuel cell technology. This structure offers the ideal conditions to actively shape 

the expected market ramp-up of these technologies and in doing so, to create and secure jobs 

here in our state.  

We have the ambition to make the state a leading centre for hydrogen and fuel cell technology. 

Baden-Württemberg is set to become a national and international pioneer in this field. To 

achieve this, we will expand the infrastructure, facilitate research, and support companies. With 

our roadmap, we have laid the groundwork towards our goal of becoming the number one centre 

of technology. Now we have to follow this roadmap. We can only achieve this together – with 

experienced players from business, science and industry associations, but also with the emerging 

start-ups that enrich the market with bold and innovative ideas. 

 

Franz Untersteller MdL  

Minister of the Environment, Climate Protection and Energy Sector  

of the State of Baden-Württemberg 
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1  Introduction 

Limiting climate change by cutting global CO2 emissions is one of the key challenges we face 

in the 21st century. This demands a profound transformation of our energy systems and a wide-

reaching shift to innovative and emission-free technologies in all sectors.   

Hydrogen and fuel cell technologies can play a significant role in achieving climate protection 

goals in the medium to long term. Hydrogen as an energy carrier can be used in the power 

generation, industry, transport and heating sectors – either directly or as synthetic fuels based 

on hydrogen. It can also be stored. Hydrogen is therefore ideal for sector coupling, which will 

become very important in the implementation of the energy transition over the medium to long 

term. For this to happen, the technological and regulatory foundations must be in place, with the 

aim of further expanding the use of hydrogen technologies step by step. 

Hydrogen and the associated technologies offer great potential for industry and technology 

locations such as Baden-Württemberg. Across the world, conventional technologies are to be 

replaced by new, “green” technologies, which represents major structural change. Baden-

Württemberg is also facing this structural change. While it poses a challenge, it also offers great 

opportunities for the state to sustain its current economic performance and international 

competitiveness and to further enhance these through our existing research and technological 

expertise as well as our capacity for innovation. Hydrogen and the technologies required to 

produce, store and use it are therefore one of the key future-oriented areas identified by the 

Baden-Württemberg Innovation Strategy. 

The retention and expansion of jobs in Baden-Württemberg is to be supported through the 

industrialisation of mobile and stationary hydrogen and fuel cell applications. By networking 

and clustering the various stakeholders, competitive advantages can be gained in the field of 

hydrogen and fuel cell technology with regard to the development of systems for the production, 

storage and use of hydrogen. To this end, it is important to advance research and development 

projects for the industrialisation and market activation of these technologies and to stimulate 

and support the transfer of knowledge through studies, cooperation, education, and training and 

events. Incentives for the development and rapid expansion of production, storage and utilisation 

capacities can be provided through the extension of existing and the implementation of 

additional flagship projects, as well as the continuation and initiation of targeted funding 

programmes. These measures are intended to support companies based in Baden-Württemberg 

to assert their leading technological position in the face of international competition. 
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Digitalisation can also play a role in advancing and enabling the ramp-up of hydrogen and fuel 

cell technologies. 

Baden-Württemberg recognised the opportunities of the hydrogen economy early on and 

achieved important results in research and development as well as in areas of application. The 

state is home to an exceptionally large variety of highly qualified research institutions, colleges 

and universities as well as highly innovative companies along the entire supply chain (SMEs as 

well as global players) that work together in tried and tested networks. Important projects have 

been carried out or launched here. This is the successful basis that Baden-Württemberg can build 

on today. 

The German government published its National Hydrogen Strategy in June 2020. For Baden-

Württemberg, it is important to implement and capitalise on the opportunities for hydrogen and 

fuel cell technologies formulated in this strategy at state level in order to become one of the 

world’s leading business locations in this area. The necessary framework conditions are already 

in place, especially in view of Baden-Württemberg’s existing industrial structure in the plant 

and mechanical engineering sector. The Baden-Württemberg Hydrogen Roadmap builds on the 

national hydrogen strategy as well as the EU strategy as the essential basis for its planned 

measures. With the Baden-Württemberg Hydrogen Roadmap, the state government is playing 

its part and defining the measures that are appropriate for Baden-Württemberg as well as the 

companies and research institutions that operate there. In addition, a separate roadmap for 

reFuels has been drawn up that addresses, among other things, the special requirements, market 

conditions, infrastructures and value-added potential of synthetic fuels.  

The Baden-Württemberg Hydrogen Roadmap identifies the main areas of action to be taken by 

the state, defines the goals and outlines the measures required to achieve them. During the 

development of the roadmap, an accompanying participation process was carried out that took 

into account the perspectives of stakeholders and experts. This constructive exchange with 

companies, research institutions, associations and other stakeholders in the state will continue 

as part of the implementation of the goals set. The state government will develop further 

approaches for the successful transition to a hydrogen economy and actively support the shift in 

industry.   
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According to the study “Hydrogen and Fuel Cell Technology Potential in Baden-Württemberg” 

published in 2020, the sales potential of these technologies for Baden-Württemberg is about 9 

billion euros in the year 2030. The focus of Baden-Württemberg’s hydrogen and fuel cell 

industry is on the production of components and subsystems with an estimated sales potential 

of around 8.6 billion euros. We need to harness this enormous economic potential. To do this, 

we need demonstration projects, successful technology transfer and support for innovation. 
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2  Spheres of activity in Baden-Württemberg  

Baden-Württemberg is located at the heart of Europe and along major transport axes. The state’s 

energy supply is shaped by a high level of exchange with neighbouring regions. Therefore, it is 

very important to take into account the situation in other federal states as well as in the 

neighbouring countries of France, Switzerland and Austria. Baden-Württemberg’s economic 

strengths lie in the mobility industry and in mechanical and plant engineering. It can also already 

offer extensive expertise in the field of hydrogen and fuel cell technology. In addition to major, 

internationally active corporations, the state’s economy is characterised by a strong SME 

industry with numerous “hidden champions” in the region. The existing strong focus on exports 

will continue to be important for the Baden-Württemberg economy, not least due to the 

emergence of new technologies. Herein lies the strength of our state. Furthermore, our research 

landscape is excellently positioned both nationally and globally. 

The renewable energies wind, solar, water and biomass will not be able to cover all of Baden-

Württemberg’s energy needs in the future. In addition to the expansion of energy infrastructures, 

it is essential to accelerate the expansion of renewable energies, especially in terms of sector 

coupling and the development of local generation capacities for hydrogen; this will in turn 

support the development of local infrastructure providers and technology suppliers. 

Furthermore, it is crucial that Baden-Württemberg works closely with other states, the federal 

government and at the European level to establish national, European and global energy 

partnerships to safeguard its own security of supply. In addition to the consistent implementation 

of the principle “Efficiency first!” to reduce energy demand, in future it will also be essential to 

keep an eye on international developments in energy supply. Material energy sources will play 

a decisive role in the future energy supply, just as they do today. Yet, in the interests of a climate-

neutral energy economy, these will no longer be fossil fuels but, for example, sustainably 

produced hydrogen or energy carriers based on green hydrogen. 

Consequently, it is important for Baden-Württemberg as a business location that national and 

international framework conditions and standardised specifications with corresponding 

certificates for the global trade, distribution and use of hydrogen are established at an early stage, 

which will enable new business models to be developed. To this end, the state government will 

engage with federal and European policymakers as and when appropriate. 

A reliable hydrogen supply will primarily be provided via European hydrogen transport 

networks based on pipelines as well as gas and liquid transport via shipping, rail and road. It is 

essential to capitalise on the potential for state-production of hydrogen in order to create a 
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domestic market, to support projects for technology introduction and market testing in the short 

term, and as a showcase for the export market. In this context, we must also make use of 

synergies with the chemical industry on our state’s borders. 

The technology requirements of the regional, national and global markets are, on the one hand, 

very different and, on the other hand, difficult to assess in the short, medium and long term given 

the highly dynamic developments that are taking place in this area. It is therefore crucial for 

Baden-Württemberg to begin an open-ended assessment of national, European and global 

trends.  

Initially, large-scale model regions should be established as regional and primary technology 

hubs. These model regions will support the market launch and market testing of the new 

hydrogen technologies. They also serve as hubs for technology dissemination and market ramp-

up.  

Local authorities can play an important role in supporting the increased use of hydrogen. For 

example, the use of an electrolyser combined with a photovoltaic module can be used to supply 

electricity to a neighbourhood and the waste heat from the electrolysis can be used for local 

heating. This could demonstrate a successful coupling of the electricity, heating, cooling and 

mobility sectors. 

Due to the large contribution that the transport sector makes to greenhouse gas emissions in 

Baden-Württemberg, this area is a particular focus of climate policy. From the current 

perspective, a variety of technological approaches must be pursued to achieve the emission 

targets in order to accommodate the diverse developments and requirements of different forms 

of mobility and their applications (road, rail, water, air). Companies in the automotive industry 

can benefit from the fact that many system components that are currently used for internal 

combustion engine drives can also be used in a modified form in fuel cell drives. However, the 

efficient direct use of renewable electricity is still preferable in the transport sector – wherever 

this makes sense and is possible.  

Besides mobility, the industrial sector with refineries, the chemical industry and other branches 

of industry represents another sector with a demand for hydrogen in Baden-Württemberg. 

Looking ahead, the use of hydrogen to generate process heat has the potential to play a role in 

industrial sectors such as cement, glass and paper production. In other industries, hydrogen can 

become relevant as a reducing agent, for example in steel production. 

As a seasonal electricity storage and sector coupling technology, hydrogen has the potential to 

facilitate the integration of renewable electricity into the energy system. Nevertheless, 
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insufficient amounts of locally generated renewable electricity and limited periods of low 

electricity prices, as well as a lack of suitable geological storage facilities, are inhibiting factors 

that prevent economically viable operation in the electricity sector in Baden-Württemberg in the 

medium term.  

Looking ahead, interesting areas of application could develop in the power plant sector and 

cogeneration plants when energy sources are switched. Therefore, a hydrogen readiness strategy 

should be drawn up for the construction and renewal of such plants. 

The potential for using hydrogen to generate heat directly in buildings is currently considered 

as being rather limited, as there are numerous renewable alternatives in the form of heat pumps, 

solar thermal systems, geothermal energy and biomass. However, natural gas-powered fuel cells 

can already increase efficiency and reduce greenhouse gas emissions, and in the medium to long 

term they will also be able to run on hydrogen.  

With targeted support for hydrogen, fuel cell, electrolysis and synthesis technologies, and given 

the existing expertise of numerous companies, industry-related research institutes and 

universities that are active in this field in Baden-Württemberg, a significant contribution can be 

made to safeguarding and creating new jobs in the state. Furthermore, the production and use of 

synthetic energy sources and fuels with high energy density based on renewable energies can 

play an important role in this context. These will be significant for the intercontinental transport 

of energy as well as for international shipping and aviation. The use of hydrogen in combustion 

engines must also be considered in this regard. Further development of this technology will 

show whether this will be a viable option for the future.  
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Another cornerstone of the economy in Baden-Württemberg is based on the small and medium-

sized enterprises that constitute a large part of the mechanical engineering and plant construction 

sector, as well as the supplier industry. Here, it is important to support the transformation to the 

new hydrogen technologies and to further strengthen Baden-Württemberg’s current reputation 

as a global leader. This goal can be achieved in part by further expanding production research 

on scaling and technology transfer with regard to the new technologies, as well as by 

establishing independent test and competence centres for technology components. This will help 

to pool competences, professionalise education and training in relation to the new technologies 

in the sector, and also create synergy effects. It is precisely in the current situation, which is 

strongly characterised by technology development and market uncertainties, that competence 

centres offer the opportunity to consolidate investments and accelerate the development of 

expertise. 

Through a new platform H2BW, Baden-Württemberg aims to continue to pool the expertise and 

key players in hydrogen and fuel cell technology and to support them in coordination with 

existing networks.  

To support the transformation process in the economy, it is necessary to increase skills 

development activities, especially through education and training, but also through knowledge 

and technology transfer and, if necessary, through the recruitment of international experts. This 

includes, for example, higher education and vocational training, external training, e.g. by the 

chambers of commerce, as well as measures for in-company personnel development. An early 

expansion of research and teaching capacity for hydrogen technologies at colleges and 

universities would increase the workforce base available for the technology development that is 

still needed and also strengthens the position of Baden-Württemberg in its efforts to become a 

technology leader. 

To achieve a high level of acceptance for the fundamental change in the economy and 

technology, further stakeholder and citizen consultations will be conducted to support the 

transformation, also on a regional basis. Where appropriate and necessary, networks for 

technology and business stakeholders will also be established and further expanded alongside 

the existing ones (for example e-mobil BW, the Fuel Cell BW cluster and the Automotive 

Industry Strategy Dialogue). This will allow them to specialise more in this area. It is intended 

to develop an overview of the activities of individual organisations, to strengthen exchange 

along the value chains as well as innovative collaborations. This will simultaneously increase 

visibility and boost the development of skills and expertise for technological and societal 

change. 
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3  Hydrogen demand in Baden-Württemberg 

There is already a considerable demand for hydrogen from industry in Baden-Württemberg. 

This is expected to continue to rise sharply in the transformed energy system, not only in 

industry but in all sectors. In the short term, we can begin to phase out the fossil hydrogen used 

in industry and replace it with green hydrogen. In the mobility sector, hydrogen demand is also 

expected to rise continuously for long-distance and heavy-duty transport as well as for local 

public transport. Estimating how the demand for hydrogen in Baden-Württemberg may develop 

is therefore an important parameter for planning the roadmap and implementing measures in a 

targeted manner. 

3.1 HYDROGEN DEMAND IN INDUSTRY 

The use of hydrogen in processes carried out by energy-intensive branches of industry must be 

viewed in a fundamentally differentiated manner. On the one hand, hydrogen already plays an 

important role as a raw material in refineries and the chemical industry. On the other hand, its 

use to generate process heat in various industrial applications is a future option for a transition 

to CO2-neutral production. 

In Baden-Württemberg, hydrogen is primarily used as a raw material in refineries. At least one 

fifth of the hydrogen required in German refineries is produced by steam reforming of natural 

gas. The demand for green hydrogen in Baden-Württemberg is currently estimated at around 1.8 

TWh per year. It is based on the assumption that the liquid raw products, which by then will be 

“green”, will continue to be shipped to Baden-Württemberg and that the final processing into 

the end product will be carried out here. However, if the synthesis of the raw product from 

carbon dioxide and hydrogen were also to take place in Baden-Württemberg, the hydrogen 

demand would be significantly higher. The conversion of olefin production (for plastics 

production, for example) to a climate-neutral process could result in a significantly increased 

demand for synthetic methanol produced with the help of hydrogen. 

The generation of CO2-neutral process heat (for example in the cement, glass, paper and copper 

industries) can be achieved through the combustion of hydrogen in addition to the direct use of 

electricity. Provided that hydrogen technologies are further developed and widely applied in the 

field of process heat, a maximum demand for hydrogen of about 7 TWh can be anticipated for 

Baden-Württemberg in the long term. This is based on the current status of the local companies 

and production volumes and is an optimistic forecast.  
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3.2 HYDROGEN DEMAND IN TRANSPORT 

The aspirational CO2 reduction targets demand a variety of fuel and propulsion options for 

different mobility applications. The decisive factors for the selection of these options are the 

intensity of use, the performance and range requirements, but also the time period available for 

fleet renewal and the greatest possible efficiency of the drive technology used. Not all modes of 

transport can be powered purely by battery electricity. This applies in particular to inland and 

seagoing vessels as well as aircraft, for which synthetic fuels are currently the most viable 

option. The fuel cell is better suited to heavy duty road haulage and trains. For buses, passenger 

cars and light commercial vehicles, the use of fuel cells makes sense especially for large vehicle 

weights and high mileages.  

Assuming an ambitious market development for fuel cell cars, trucks, trains and buses, a 

hydrogen demand of 1.7 TWh in 2030 and 12.9 TWh in 2050 is projected for the mobility sector 

in Baden-Württemberg.  
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4  Hydrogen production, storage and distribution 

Baden-Württemberg’s domestic potential for the expansion of renewable energies wind, solar, 

water and biomass will not be able to meet the state’s electricity demand, which is likely to 

continue to rise in the future. Baden-Württemberg is already an electricity importing state and 

will remain dependent on imported electricity in the future. In this context, the state will also be 

primarily an importing state for green hydrogen. 

4.1 HYDROGEN PRODUCTION 

Green hydrogen produced using renewable electricity is the basis for a sustainable hydrogen 

economy. An ambitious and accelerated expansion of electricity generation plants based on 

renewable energies is therefore of major importance. As yet, no alternative processes for low-

CO2 hydrogen production have been developed that are ready for the market. These include 

processes such as natural gas pyrolysis with solid-state carbon capture (turquoise hydrogen) or 

natural gas reforming (grey hydrogen) with carbon dioxide sequestration (CCS – Carbon 

Capture and Storage) and/or utilisation (CCU – Carbon Capture and Utilisation) (blue 

hydrogen). However, the use of CCS, at least, remains controversial. Nevertheless, in view of a 

growing global and European hydrogen market, these processes are considered as potential 

transitional technologies in the National Hydrogen Strategy, especially to satisfy a short-term 

increase in demand. From the point of view of the German government however, only hydrogen 

produced using renewable energies is sustainable in the long term. Baden-Württemberg too has 

its focus on green hydrogen. The objective should be to orient the hydrogen economy completely 

towards green hydrogen by 2030, if possible, in line with climate protection goals. In addition 

to electrolysis, green hydrogen can be produced from biomass – but only in limited quantities.  

Owing to cost reasons, green hydrogen in globally tradable quantities will be produced where 

there is a plentiful supply of renewable energies from the sun and wind with maximum full-load 

hours. Furthermore, access to water, distribution and transport infrastructures must be available. 

In addition, geopolitical stability, adequate international trade agreements, compliance with 

sustainability standards, the creation of local value-added potential and compatibility with the 

country’s own energy and climate policies are important prerequisites for potential producing 

countries. As things stand today, the regions of the MENA area (Middle East and North Africa), 

Australia, Brazil and Chile offer particularly favourable climatic conditions for production. In 

Europe, the coasts of the southern countries offer good potential, but also the windy coasts of 

the North Sea and Eastern European countries such as Bulgaria, Romania or Ukraine. It will be 

crucial for Baden-Württemberg to establish energy partnerships for hydrogen supply at an early 
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stage in coordination with the federal government as well as with other federal states and at a 

European level. Beyond that, technological alternatives for local hydrogen production must 

continue to be explored and actively supported. 

In this respect, transport and distribution logistics for global supply chains must be established. 

In addition, it is important to examine to what extent own generation makes sense at 

decentralised hubs (for example along the Rhine Valley railway line and the Rhine-Neckar 

region) and at the premises of large-scale consumers (for example refineries, cement plants, 

train lines). For such plants, the possibility of installing seasonal energy storage must also be 

considered. Decentralised hydrogen production through electrolysis also offers the possibility 

of waste heat utilisation via local or district heating networks. 

4.2 STORAGE AND DISTRIBUTION 

At present, large quantities of hydrogen are not transported at all, but are mostly produced and 

consumed on site. Small-scale distribution of hydrogen is still carried out today by truck in the 

form of compressed gas. However, compressed gas trailers can only carry very limited amounts 

of hydrogen. For this reason, there are proposals to use liquid hydrogen (LH2) to supply large 

filling stations, for example. A liquid gas trailer can transport over four tonnes of hydrogen and 

filling station technology could be simplified and operating costs reduced. Furthermore, liquid 

hydrogen is advantageous for use in fuel cell trucks due to its higher storage density. Overall, 

however, it is important to fundamentally minimise transport by road.  

For large quantities of hydrogen that have to be transported over distances of several hundred 

kilometres (for example from the port of Rotterdam to Baden-Württemberg), pipelines could 

represent an economical solution for reasons relating to costs and logistics. In addition to 

constructing new hydrogen pipelines, there are also proposals to convert existing natural gas 

pipelines into hydrogen pipelines. With regard to Baden-Württemberg, this option would need 

to be examined in more detail due to the continuing high demand for natural gas. The admixture 

of hydrogen in natural gas networks is also being discussed. However, this approach seems 

doubtful because very pure hydrogen is needed for a large number of applications, and according 

to the current state of the art, separating hydrogen from natural gas is technologically complex 

and leads to high costs. Further developments for the separation of pure hydrogen from natural 

gas are being monitored with great interest and, if successful, may represent an important 

alternative for hydrogen transport over longer distances. In general, Baden-Württemberg must 

participate in European and national initiatives to build a European hydrogen network and 

transhipment points/technologies (hydrogen logistics) and in so doing tap into a cost-effective 

supply of globally traded hydrogen. This also requires the coordination of national and 



 

 

Baden-Württemberg’s Hydrogen Roadmap  page 17 of 35 

 

 

 

 

 

international regulations and standardisation. Similarly, consideration must be given to the 

establishment of regional hydrogen distribution networks, especially where there is high local 

demand. In addition, it will be necessary to transport hydrogen via ships and goods trains, as is 

the case with liquefied natural gas (LNG) or liquefied petroleum gas (LPG).  

From a technological point of view, there is currently ongoing discussion about the use of liquid 

and therefore logistically advantageous thermal oils (Liquid Organic Hydrogen Carrier, LOHC) 

in addition to the transport of pure hydrogen. These are comparatively harmless to the 

environment and safe to use. The disadvantages are the currently high costs for these thermal 

oils, the need for process engineering plants for hydrogenation and dehydrogenation with 

associated heating requirements at higher temperatures and pressures, and the possible harmful 

effect of decomposition on downstream systems, such as fuel cells, despite high cycle stability. 

Therefore, the focus is also on hydrogen-based energy sources such as synthetic fuels and 

ammonia for intercontinental transport. All these hydrogen-based energy carriers offer the 

advantage of straightforward transport logistics as the tanking and transfer technologies are 

already in place across the entire global and regional supply chain. The disadvantage, however, 

is that they are less efficient to produce and use (in internal combustion engines, for example, 

compared to fuel cells) than pure hydrogen. 
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4.3 RESEARCH AND DEVELOPMENT 

From today’s perspective, the need for further research, development and industrialisation will 

be in the further advancement of electrolysis technologies. Overall, Baden-Württemberg has an 

excellent basis for this with its research institutions. To accelerate the development cycles of 

electrolysis as well as electrolysis system components, close cooperation between industry and 

research is needed, for example through the establishment of independent test and competence 

centres. These would also serve to test, inspect and certify or approve fuel cell components, fuel 

cell system components, electrolysis components, electrolysis system components, tank systems 

and system components for filling stations. 

Globally, there is still little research, development and practical experience in the large-scale 

transport of hydrogen (e.g. via pipelines or cargo ships). Further research is also essential for 

tank systems, for the transport of medium quantities over long distances via shipping, rail or 

road, for storage and for use in vehicles (also liquid hydrogen for example). This is where Baden-

Württemberg, as a science location, has enormous potential to become active in these areas and 

take a leading position in science and research. It is necessary to consider under which boundary 

conditions which energy sources are technologically and economically suitable for 

intercontinental transport. Gas and liquid hydrogen as well as methanol and ammonia are 

currently being considered. In each case, research and development must investigate solutions 

for production, storage, transport and transfer, as well as conversion back to the locally used 

energy source, whilst also taking into account the costs and technological implications. 

National and regional distribution logistics will require improvements to pipeline, ship, train 

and truck transport. Depending on the form the energy carrier takes, there are issues to be 

resolved regarding material resistance, tank technology, sensor technology and safety, as well 

as filling and unloading processes. Since there are no suitable national or European testing 

infrastructures in place for this, Baden-Württemberg can take on a leading role with appropriate 

services and solutions. 
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Safety analyses must be carried out and solutions developed along the entire value chain of 

production, distribution and use. This includes the use of odorants, which should ideally meet 

globally agreed standards and be suitable for all types of use. 

Techno-economic studies and cost balances as well as the review of the life cycle assessment 

(LCA) of value chains, taking into account infrastructure, as well as the recycling of materials 

to close material cycles and the assessment of the criticality of raw materials, are all becoming 

increasingly important when it comes to evaluating the potential for the future. 

4.4 MARKET 

The establishment of a hydrogen economy is only possible with sustainable hydrogen 

production. Therefore, the importance of the technology will increase dynamically in the future. 

Unfortunately, the system providers that currently dominate the market do not come from 

Baden-Württemberg. Nevertheless, component suppliers based here are able to assert 

themselves in the global market. It is important that Baden-Württemberg establishes itself as a 

leading provider of hydrogen technology with a strong supplier industry. For this to happen, 

there needs to be increased upscaling and technology transfer. From the point of view of the 

state, this future market will be export-based. In implementing the recommended measures, we 

will build on existing projects and the existing competences. Baden-Württemberg must become 

a technology leader and achieve this transition in just a few years.  
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5  Centre of technology Baden-Württemberg 

Baden-Württemberg is an important global technology location with a very strong automotive 

industry and a significant mechanical and plant engineering sector. In addition, numerous 

companies are already enjoying success in the hydrogen and fuel cell industry, some of them on 

a global scale. The SME sector is very well developed with a number of “hidden champions” 

competing internationally. Combining highly competitive subcontracting industries in the 

transport sector with machinery and equipment manufacturing, the state has several companies 

at the forefront of industrialisation that have mastered the construction and operation of 

production lines to manufacture millions of identical parts of the highest quality The current 

market ramp-up of hydrogen and fuel cell technologies offers new opportunities. Today’s 

leading global companies face the challenge of translating their expertise into meaningful 

quantities. At the same time, they have to serve the export markets. This is where the well-

connected companies in Baden-Württemberg can draw on their global supply chains and 

customer relationships Baden-Württemberg will take on and successfully implement the 

transition from technology development to an export strategy. We will be supported in this by 

the newly established H2BW platform. This is where the further implementation steps will be 

conceived and driven forward. Above all, however, our success will also come from the joint 

strategy involving competence clusters, value-added chains and collaborative projects. We want 

to engage and involve all the key players in this process.  

Baden-Württemberg’s main goal is to transfer its existing strengths to the new hydrogen 

technologies. In this regard, the state has already achieved a great deal. There are numerous 

projects in which the competences of Baden-Württemberg companies have been implemented 

and presented with great success in hydrogen and fuel cell technology. We now need to further 

expand these competences and develop transition strategies to successfully shape the 

transformation. These developments will be adapted according to the plans of the national and 

European hydrogen strategy.  

The numerous independent research institutions as well as colleges and universities in Baden-

Württemberg excel in a wide range of research activities in the field of hydrogen technologies, 

from development to technology demonstration. This research is interdisciplinary in nature. 

Many scientific disciplines are actively involved, ranging from materials research (for example 

hydrogen embrittlement) to chemistry, physics, engineering and production sciences, and 

systems analysis in accompanying research. The applications concern electrolysis technology, 

fuel cells, the hydrogen combustion engine (also stationary in combined heat and power plants), 

measurement and calibration methods, power-to-X technology and fuel cell production.  
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Baden-Württemberg intends to unite and market the key competences and players in hydrogen 

and fuel cell technology in a high-profile umbrella brand “Hydrogen BW”. With this brand, the 

state will be able to demonstrate what it can already offer as well as what it will be able to 

achieve in the future. Baden-Württemberg has great technological potential that can be used to 

scale up the technology required. These are the core messages of our strategy. 

Baden-Württemberg is centrally located in Europe with national borders to France, Switzerland 

and Austria as well as state borders to Bavaria, Hesse and Rhineland-Palatinate. The Rhine 

marks one of the major routes for European freight traffic (“Rhine valley railway”). Due to its 

high concentration of industry and proximity to the Rhine valley railway as a potential future 

European distribution axis for hydrogen, Baden-Württemberg can be positioned as a prime 

location for hydrogen technology pilot projects at an early stage. 

The challenge for economic policy is to maintain an openness to new technologies in view of 

the questions that currently remain unanswered regarding the future significance of specific 

technologies and global markets, while still achieving technological leadership for key 

technologies such as electrolysis, efficient PtX processes and fuel cells. A guiding principle here 

must be the priority for climate-neutral and efficiency technologies, taking into account the 

global supply chains for energy. 

5.1 TECHNOLOGY 

One of the reasons why Baden-Württemberg’s mechanical and plant engineering sector is a 

global leader is because the mobility sector, in particular, faces the challenge of producing very 

high quantities in a consistently very high quality. These capabilities must be transferred to 

hydrogen technologies, for example: 

 electrolysers require components with surfaces on a square metre scale such as 

membranes, catalyst layers, porous transport layers, bipolar plates and seals. The 

components of the cell stack as well as the peripheral components such as valves, 

pumps, compressors, heat exchangers, and pipelines, etc. must have a high hydrogen 

compatibility and be able to permanently withstand pressure levels of up to about 50 

bar. The service life is required to be between two and three decades. Although the 

quantities are relatively small, the demands on the manufacturing quality are very high 

due to the high performance and safety requirements and the long service life expected. 

 Standard production series for passenger cars have expected unit numbers of over 

200,000 per year. For the production of fuel cell components, this translates into a 10 
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hertz cycle, i.e. a throughput of 10 individual cells per second. What is special about 

fuel cells in mobility is the enormously high number of carry-over parts. A stack of 300 

single cells requires the production of 600 monopolar plates, in other words 120 

million pieces for a car production output of 200,000 per year. Since defects in these 

individual parts (such as membrane, catalyst layer, gas diffusion layer, bipolar plate, 

seal) can lead to total failure of the entire cell stack, a “zero defect tolerance” is 

imposed (for example, only one in 10 million parts may be defective). New approaches 

are needed for the stacking process. Here it is important to examine to what extent 

technologies from other sectors can be transferred to stack assembly, for example from 

the newspaper, plaster or packaging industries. In some cases, system components such 

as valves, recirculation pumps, compressors, heat exchangers and air filters can be 

taken over from internal combustion engine drive components with the appropriate 

adaptations. 

 As a rule, components for combustion engines running on synthetic fuels can be taken 

over from the construction kits for fossil fuel combustion engines with minor 

adjustments. 

5.2 RESEARCH AND DEVELOPMENT 

The core components of electrolysis and fuel cells (e.g. membrane, catalyst layer, porous 

transport layers, bipolar plate) as well as system components will need to be further developed 

for series production. In particular, there is a need to develop cryogenic and cost-effective 

compressed gas storage systems for vehicles. In general, costs must be reduced and the longevity 

of the products further enhanced.  

Applied research in Baden-Württemberg cooperates closely with mechanical and plant 

engineering, which is often SME-oriented. Since SMEs generally have limited means for setting 

up laboratories dedicated to working with hydrogen, and their ability to invest in extensive 

testing facilities may also be limited, it makes sense to set up independent test centres. A focus 

on component testing would benefit both the mechanical and plant engineering industry (which 

develops equipment for component production) as well as the associated suppliers. 

Expanding research capacities is essential for Baden-Württemberg’s economic success in a 

future hydrogen economy Particularly the development of technology for the industrialisation 

of hydrogen technologies requires highly qualified personnel in the engineering sector as well 

as in the fields of chemistry, physics and materials science. They all acquire their expertise at 

the colleges and universities during their studies and with PhD projects, as well as with the 
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corresponding research infrastructure. Collaborative research with companies is dependent on 

modern testing and research infrastructures. 

It is also essential to invest in education and training. Industry needs qualified personnel, and 

the skilled trades require training in the use of hydrogen technologies. Baden-Württemberg has 

already taken a variety of measures to help research institutions and companies qualify and 

establish themselves in the field of hydrogen technologies. Baden-Württemberg is a very 

attractive technology location for prospective young scientists and specialists, possibly also 

from abroad, who want to pursue a career in the field of hydrogen and PtX technologies. 

5.3 MARKET 

In the medium term, the state government continues to see potential for the use of fuel cells in 

passenger cars and light commercial vehicles. The fuel cell offers advantages for applications 

that have a high energy demand, i.e. heavy vehicles with a long range or frequent refuelling 

requirements. Baden-Württemberg’s car manufacturers should not give up their technological 

edge in this area.  

European emissions legislation has triggered an urgent need for action in Europe and Baden-

Württemberg to develop emission-free drive systems for trucks and buses. In response, there are 

already very dynamic domestic markets emerging for the required components and systems. The 

export market, which is important in the long term, can be developed from a domestic market 

that can be established in the short term to include the complete value creation of hydrogen 

technologies and the subsequent demonstration of technology and market maturity.  

At the same time, a market for synthetic fuels could emerge, for example through admixture 

quotas (including aviation fuels). Finally, it will take much longer for emerging and developing 

countries to provide an infrastructure for purely electric or hydrogen powered vehicles. The state 

government's further planning on synthetic fuels is based on the reFuels programme. Additional 

details can be found in the reFuels roadmap. 

Further applications for fuel cell technologies include emergency generators (e.g. for public 

radio, mobile radio, banks, hospitals, data centres), mobile power supplies (e.g. for construction 

sites, markets, concerts, TV broadcasts, traffic signals, camping), industrial trucks and off-road 

vehicles (construction machinery, agriculture, ground handling on aircraft, etc.). These may 

represent promising entry markets, especially for the market ramp-up. Since all these fuel cell 

applications require a hydrogen supply, they also stimulate markets for hydrogen production, 
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logistics and fuelling systems. Appropriate funding of technology can open up attractive 

markets, especially for small and medium-sized enterprises in Baden-Württemberg.  

Regulatory framework conditions must be adapted in order to create functioning and sustainable 

business models for commercially viable operation with appropriate investment security. The 

adjustments can be made with regard to changes to emission limits, approval processes and 

investment subsidies, as well as subsidies for operation. In doing so, the focus should be on 

achieving climate targets, enabling solutions that are open to new technologies and pursuing a 

user-oriented distribution of costs.   
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6  Measures for Baden-Württemberg 

An essential aspect of the Baden-Württemberg hydrogen roadmap is to support the state 

economy, particularly the mobility and mechanical and plant engineering sectors, in their 

transformation process to move away from the use of fossil fuels and towards climate-neutral 

technologies. In doing so, we are focused on the well-being of people, the future viability of the 

economy and, of course, climate protection. Baden-Württemberg aims to achieve transformation 

along these lines by implementing the following measures within the scope of the available 

funds and taking into account the projects that are already underway and have been completed: 

6.1 CROSS-SECTOR AND CROSS-TECHNOLOGY  

 

MEASURES 

Measure 1: 

In coordination with other federal states, Baden-Württemberg is calling on the federal 

government, Europe and the international community to create a framework that will enable 

sound business models for new hydrogen technologies as quickly as possible. Furthermore, it is 

essential to press ahead with a fundamental reform of taxes, charges and levies in the energy 

sector that is in line with the energy transition, using CO2 pricing as the main instrument. 

Measure 2: 

To ensure medium to long term security of supply of hydrogen and its derivatives, Baden-

Württemberg is committed to establishing international cooperation with hydrogen-exporting 

countries (energy partnerships) on both a national and European level. This cooperation should 

be initiated on the basis of feasibility studies including techno-economic and life cycle analyses 

for the ecological assessment of the complete supply and use chains from production to end 

consumption or use. 

Measure 3: 

Baden-Württemberg supports model regions that serve as launch pads for market testing of the 

new technologies and business models and act as a catalyst for a nationwide market ramp-up. 

In other words, with their hydrogen applications, the model regions should serve as showcases.  
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Measure 4: 

Municipal use of hydrogen should be expanded. Local authorities can offer platforms for the 

increased use of hydrogen. For example, a targeted funding programme could support 

neighbourhood solutions that successfully demonstrate the coupling of the electricity, heating, 

cooling and mobility sectors. 

Measure 5: 

Furthermore, the state supports the use of hydrogen technologies in companies, especially in 

SMEs. This is particularly targeted at demonstration projects and preparing the market ramp-

up. 

Measure 6: 

In order to support the medium-sized companies operating in the industry in Baden-

Württemberg, there is a need for independent test and inspection centres for hydrogen 

technology components. These centres would also play a role in pooling resources and enabling 

a rapid expansion of expertise. Support will be provided for the establishment of such centres. 

The centres could be used by the companies developing and producing hydrogen technologies 

instead of having to set up and operate their own extensive test environments during the current 

development phase. In this context, aspects relating to certification and approval should also be 

taken into account. 

Measure 7: 

Efforts should be made to further reinforce the existing leading position of business-related 

research and fundamental research. Globally recognised research institutions, universities and 

colleges in Baden-Württemberg have established a strong competitive position over the past 

decades. This should be further strengthened to support Baden-Württemberg’s economy. One of 

the ways to achieve this is through business-oriented research projects for the benefit of Baden-

Württemberg’s key sectors. If the research reveals a renewed need for action and measures to 

be taken, these should also be supported and implemented.  

  



 

 

Baden-Württemberg’s Hydrogen Roadmap  page 27 of 35 

 

 

 

 

 

Measure 8: 

The use of off-grid local power supply systems (for example at construction sites or markets) 

with fuel cells can reduce local emissions. Funding opportunities are being explored in this area.  

Measure 9: 

Baden-Württemberg’s existing competence clusters should be systematically expanded in order 

to promote the networking of technology and market drivers. Appropriate networks have already 

been set up in the form of e-mobil BW, the Fuel Cell Cluster BW and the Automotive Industry 

Strategy Dialogue. To support this, an additional study on the landscape of stakeholders in 

Baden-Württemberg may be useful. These clusters of competence must be used to raise the 

profile of the key players within the state, as well as nationally and globally, and to initiate a 

public dialogue. The development of a high-profile umbrella brand “Hydrogen BW” together 

with appropriate marketing helps to increase the visibility of this technology. 

Measure 10: 

The development of the hydrogen economy in Baden-Württemberg is undertaken in close 

cooperation with the neighbouring federal states as well as with countries within and outside 

Europe and through joint projects. 

Measure 11: 

Baden-Württemberg supports universities and colleges in their efforts to expand teaching and 

research capacity for hydrogen technologies.  

Measure 12: 

Education and training are being expanded with, for example, the involvement of chambers of 

industry and commerce, chambers of trade and vocational schools. The aim is to support product 

development activities within the industry by providing a new generation of highly skilled 

workers. 
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Measure 13: 

A platform H2BW is to be established to advance the measures outlined in the Hydrogen 

Roadmap. The H2BW platform is intended to drive the current momentum of hydrogen and fuel 

cell technology for the business location of Baden-Württemberg in a tailored and future-oriented 

manner. The H2BW platform aims to provide a visible and cross-sectoral umbrella for hydrogen 

and fuel cell activities in the state, to bundle and network new and existing activities and 

stakeholders, and in so doing, to harness potential as effectively as possible. 

Measure 14: 

Support for the Baden-Württemberg economy and scientific community in European and/or 

nationwide projects, tenders and competitions involving hydrogen, in particular IPCEI.  

6.2 MEASURES FOR THE GENERATION, STORAGE AND 

DISTRIBUTION SECTOR 

Measure 15: 

Baden-Württemberg advocates the development of a European hydrogen gas grid, without 

which it would not be possible to provide a cost-effective hydrogen supply and the conversion 

of fossil power plants to hydrogen would not be feasible (cf. also measure 28). This development 

can also include the optional repurposing of existing gas pipelines. The national expansion 

measures required for this will be determined as part of the process for drawing up the Gas 

Network Development Plan. Changes will also have to be made to the regulatory framework. 

Baden-Württemberg will support these processes.  

Measure 16: 

Baden-Württemberg supports hydrogen logistics involving the transport network, shipping, 

trains and roads. When considering hydrogen supply, it is important to take into account the 

global supply chain all the way to local distribution.  
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Measure 17: 

The production of green hydrogen in Baden-Württemberg using water electrolysis is to be 

established on an appropriate scale to support the technology. This should demonstrate the 

technological potential for self-production and enable the supply of green hydrogen early in the 

market ramp-up.   

Measure 18: 

In order to demonstrate technology and market readiness, the aim is to launch hydrogen storage 

projects, for example for decentralised hydrogen production plants. These projects can also be 

integrated into model regions. 

Measure 19: 

The industrialisation of electrolysis requires new approaches to production. This presents an 

opportunity for the supplier industry and mechanical and plant engineering in Baden-

Württemberg. Therefore, the development and production of electrolysers on various scales 

should continue to be supported.  

Measure 20: 

The industrialisation of fuel cell stack production is to be further advanced. A market incentive 

programme can support component manufacturers in their transition from being suppliers of 

combustion engines to suppliers of fuel cell drives. In addition, industrialisation should be 

accelerated with preparations for a fuel cell stack factory. The need for further R&D is being 

addressed. 

Measure 21: 

The development and production of fuel cell systems is to be supported. This involves, for 

instance, the development and production of ancillary components for the fuel cell systems. 
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Measure 22: 

The hydrogen tank represents a significant cost factor in vehicles. In addition to suitable 

technical solutions, we must also find new approaches to reduce costs. Therefore, projects on 

tank and refuelling technologies are to be set up. These include both the further development of 

pressurised gas tanks as well as tanks for storing cryogenic hydrogen, for example. 

Consideration will also be given to production suitable for series manufacture as well as the 

development of refuelling protocols.  

6.3 MEASURES FOR THE INDUSTRIAL SECTOR 

Measure 23: 

Transitioning the hydrogen-using industry towards the production of green hydrogen is a 

particular challenge. In Baden-Württemberg, this primarily concerns mineral oil refinery and 

cement production, and in the long term the provision of process heat in various industrial 

applications. In cooperation with stakeholders from industry, hydrogen production and supply, 

and science, it is essential to develop new approaches towards green production. This can be 

done through a dedicated collaborative research project.  

Measure 24: 

The evaluation of different industrial processes for climate-neutral production is very complex, 

and in some cases, there are major uncertainties regarding the appropriate transformation 

strategies. Therefore, an R&D project on the techno-economic and ecological life cycle analysis 

of processes is to be launched. This will also include infrastructure and recycling via global 

supply chains. In the longer term, it is necessary to consider the provision of process heat. The 

aim is to provide a reliable framework for policymakers and industry to take action.  
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6.4 MEASURES FOR THE MOBILITY SECTOR 

Measure 25: 

Hydrogen mobility requires an adequate network of filling stations. Baden-Württemberg is 

committed to further expanding the filling station network for hydrogen-powered vehicles of all 

types (commercial vehicles, vans, buses, municipal vehicles, passenger cars, etc.), depending 

on demand. In particular, heavy goods transport by road offers great potential for hydrogen 

technology. European emissions legislation demands a very rapid change in technology. For 

heavy goods vehicles, a filling station network for refuelling hydrogen-powered trucks along 

the main transport routes is essential. The expansion of the refuelling station network should be 

carried out in coordination with neighbouring countries, as road freight transport must be viewed 

on a European level.  

Measure 26: 

Public transport, particularly in large cities, is also impacted by the tightening of European 

emissions legislation. Depending on the topography of the cities and the length of the routes, 

fuel cell technology offers significant opportunities. Having analysed the needs, costs and 

framework conditions, the state of Baden-Württemberg is committed to the development of a 

hydrogen-based local public transport system with infrastructure and fuel cell buses as far as the 

available funds allow. 

Measure 27: 

Industrialising production of fuel cell commercial vehicles and buses is crucial for strengthening 

the domestic automotive and supplier industry. The state is therefore planning measures to 

support technology, production and market development as well as demonstration in various 

applications (industry, municipalities, coaches, etc.). Initially, this will include conversions of 

various types and sizes of commercial vehicles, work machines and special-purpose vehicles. 
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6.5 MEASURE FOR THE BUILDINGS SECTOR 

Measure 28: 

In order to further reduce greenhouse gas emissions, the state of Baden-Württemberg is 

promoting climate-friendly building renovation and adopting an open approach to the use of 

efficiency technologies. Hydrogen and fuel cell technology can also play a role here. Alongside 

housing, particular attention should be paid to the public and industrial sectors. The potential to 

use stationary fuel cell or hydrogen applications is seen as a possible option here. These uses 

should be identified. In particular, highly efficient electricity generating combined heat and 

power systems should be tested in hospitals, data centres and similar facilities. If necessary, pilot 

installations should be supported. 

6.6 MEASURE FOR THE POWER GENERATION SECTOR 

Measure 29: 

The state of Baden-Württemberg supports the use of so called H2ready technologies in order to 

drive a fuel transition in power plants, i.e. the conversion from fossil energies to renewable gases 

or hydrogen. This will be carried out primarily in conjunction with maintenance and 

refurbishment work on the power plants concerned. The hydrogen operation of these power 

plants will probably only be possible with the availability of a hydrogen pipeline. 
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7  Glossary 

Blue hydrogen: 

 

Hydrogen produced from natural gas (or coal), whereby the 

carbon dioxide produced is separated and stored or used in other 

processes. 

  
CCS: 

 
Carbon Capture and Storage  

  
CCU: 

 
Carbon Capture and Utilisation 

 
CO2: Carbon dioxide 
  
R&D: 

 
Research and development 

 
Grey hydrogen: Hydrogen obtained from natural gas or coal using reforming, 

whereby carbon dioxide is released in the process. 
  
Green hydrogen: Hydrogen produced using renewable energies and electrolysis or 

produced using biomass 
  
H2: Hydrogen 
  
SME: Small and medium-sized enterprises 

  
LCA: Life Cycle Assessment 

  
LH2: Liquid hydrogen 

  
HGV: Heavy Goods Vehicle 

  
LOHC: Liquid Organic Hydrogen Carrier 

 
ÖPNV: Local public transport 

  
PKW: 

 
Private car 

 
PtX: 

 
Power-to-X – products such as hydrogen, methane, methanol, 

synthetic fuels, chemicals, etc. generated using electricity by 

means of electrolysis. 

 
  
  
Black hydrogen:  hydrogen produced by electrolysis using nuclear power.  
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TWh: 

 
Terawatt hour 

 
Turquoise hydrogen: hydrogen made using a process called natural gas pyrolysis, which 

produces hydrogen and solid carbon, and is therefore not harmful 

to the climate. 
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