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EXECUTIVE SUMMARY 

Analysis of government action for hydrogen in 16 countries and the EU 

Hydrogen can play an significant role in a future energy system based on renewables as an 

important link between intermittent wind and solar electricity production and energy 

consuming sectors traditionally relying on a chemical energy carrier that can be stored in 

bulk quantities and converted to electricity or heat at the point of use. However, 

implementing hydrogen at relevant scale including its production, transport, distribution, 

and use requires a certain governmental support as well as a beneficial policy and 

regulatory environment allowing for a positive economic outlook for industrial deployment. 

As a result, major economies around the globe are currently assessing their position and 

are discussing, preparing, and agreeing on dedicated hydrogen strategies. This study 

analyses government action for hydrogen in 16 countries (UK, Japan, South Korea, 

Australia, the Netherlands, France, Italy, Spain, China, Ukraine, Germany, Switzerland, 

Morocco, California1, Russia, and Norway) and in the European Union, focusing on the 

respective national goals, targeted sectors and infrastructures, current support measures, 

requirements on the hydrogen used, and achievements so far, aiming to provide an 

informed factual input to policy discussions and corporate decision-making. 

Quickly emerging hydrogen strategies indicate dynamically growing market 

In a high-level review of countries representing over 90% of global GDP we found that 20 

countries representing 44% of global GDP already have passed a national hydrogen 

strategy or are on the verge of doing so. Additionally, another 31 countries (another 44% 

of global GDP) are supporting national projects and discussing policy action. Main drivers 

are GHG emission reduction goals, the integration of renewables, as well as the opportunity 

for economic growth. While national strategies obviously differ in detail, reflecting 

particular country interests and industrial strengths, this demonstrates that there is a clear, 

strong, and lasting global momentum behind the universal recognition that hydrogen is an 

essential and indispensable element of a decarbonised energy system. 

The analysis clearly shows that we should expect a dynamically growing market for 

hydrogen. Scaling upper hydrogen demand expected for 2050 in national strategies to 

global level indicates a potential of up to 9000 TWh or around 270 million tons of hydrogen 

per annum, this is an amount as large as the annual primary energy currently provided 

globally by renewables. 

 

 
1  US federal states follow their own strategies with regard to clean transport and energy supply; the study team 

has chosen to include California in the analysis as it is the most advanced US state in that respect.  
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Target sectors notably include transport and industry, the latter particularly in countries 

with a strong industrial sector and a high priority on greenhouse gas reduction. In the long 

run with a view towards a largely decarbonised world by 2050, the majority of national 

strategies and discussions focus on using green hydrogen sourced from renewable energy 

only. However, in the interim other types of low carbon hydrogen are seen as an effective 

and pragmatic way to ramp up volumes and to get the associated hydrogen economies 

started. 

Emerging opportunities and areas to watch for industry 

The expected market development signals emerging opportunities and areas to watch for 

industry including the following: 

Á A large cumulative h\mf`o ja jq`m /+ =z ajm bm``i ct_mjb`i kmj_p^odji `lpdkh`io 

will develop within the EU until 2030. 

Á Large industrial partnerships will be formed for production and export/import and 

industry players should start to engage now. 

Á Refineries and the chemical industry are expected to become the first important 

large-scale hydrogen markets in the mid-term. 

Á The road transport market (vehicles and trucks) is currently stronger in Asia than in 

Europe, signalling a difference in strategy between OEMs in the two continents, 

which is worth watching closely in the coming years. 

Á Green synthetic liquid e-fuels (PtL) can grow into an interesting opportunity with 

large potential quantities particularly in the aviation and/or maritime sector. 

New policies needed to achieve strategic aims 

Most strategies focus on targets for green hydrogen production and technology deployment 

rather than on measures supporting these. Current measures are insufficient to catalyse the 

envisaged strong growth and new policies are required.  

These policy elements have been found particularly helpful in fostering commercialisation: 

Á Sectoral quota can stimulate large scale demand and create markets. 

Á Targeted support for establishing comprehensive value chains provides nuclei for 

sustainable business activity. 

Á Moving from CAPEX to OPEX support will be important to establish sustainable 

business cases for operators. 

Á Globally high CO2 prices would help to further reduce the cost gap. 

Á Instruments need to provide a long-term perspective and security of investment. 
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Á A broadly agreed green or low carbon hydrogen certification mechanism is crucial 

for market development. 

Á Any activities should be complemented by measures supporting public acceptance. 

The time for policy discussions is now and policymakers will likely be open to sensible 

approaches and good arguments. 
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1 INTRODUCTION: NATIONAL GOVERNMENTAL SUPPORT FOR HYDROGEN 

By 2025, hydrogen strategies can be expected to cover countries representing  

over 80% of global GDP. 

A total of 16 countries plus the European Union have been selected for a more detailed 

analysis: 

- Europe : European Union (EU), Germany (DE), the Netherlands (NL), France (FR), 

United Kingdom (UK), Italy (IT), Spain (ES), Switzerland (CH), Norway (NO, 

Ukraine (UA), and Russia (RU) 

- Rest of the world: Japan (JP), South Korea (KR), China (CN), Australia (AU), 

California (CA), and Morocco (MO) 

 

1.1 Background of the study 

Internationally, the discussions around hydrogen as a future energy carrier and renewable 

feedstock for industry processes are increasingly gaining momentum. One of the main 

drivers for this development is the increasing awareness of the fact that large amounts of 

green hydrogen are required for fully decarbonising large-scale applications in industry, 

transport, heat, and power. Additionally, since several of the larger industrial nations in 

Europe and Asia anticipate a limited capability of producing sufficient amounts of green or 

low carbon hydrogen domestically, countries with beneficial conditions for producing 

renewable power at low cost are seeing substantial opportunities for economic growth by 

hydrogen export. As a result, hydrogen has become an item on government agendas across 

the globe and an increasing number of national administrations have established or are 

working on a hydrogen strategy, already support hydrogen demonstrations activities, or at 

least are in the status of initial policy discussion regarding the future role of hydrogen. 

Focusing on national strategies and associated documents, this study analyses government 

action for hydrogen in 16 selected countries (UK, Japan, South Korea, Australia, the 

Netherlands, France, Italy, Spain, China, Ukraine, Germany, Switzerland, Morocco, 

California2, Russia, and Norway) and in the European Union. It focuses on the respective 

national goals, targeted sectors and infrastructures, current support measures, 

 

 
2  US federal states follow their own strategies with regard to clean transport and energy supply; while not a 

¨^jpiomt©( oc` nop_t o`\h c\n ^cjn`i oj di^gp_` >\gdajmid\ in the analysis as it is the most advanced US state 

in that respect. 
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requirements on the hydrogen used, and achievements so far, aiming to provide an 

informed factual input to policy discussions and corporate decision-making. 

By the analysis of the respective country approaches, we aim to serve the following 

objectives: 

Á Provide an understanding of international trends and developments towards 

supporting hydrogen as a low emission energy carrier 

Á Show a taxonomy of international hydrogen strategies 

Á Compare national activities and put them into context 

Á Generate a solid background for upcoming policy and strategy discussions 

Á Identify major topics for the political discussion 

1.2 Country selection for a detailed analysis 

A preliminary screening of hydrogen strategies in 56 countries around the world, 

representing over 90% of global GDP, reveals that nine countries already have an existing 

comprehensive national hydrogen strategy and further eleven are in the process of 

developing one (see Figure 1). Together, these 20 countries stand for 44% of global GDP. 

Another 14 countries (38% of global GDP) are already supporting hydrogen pilot and 

demonstrations projects (without dedicated hydrogen strategy) and in 17 countries first 

government and/or stakeholder discussions regarding hydrogen are ongoing. Hydrogen 

activities are well spread around the globe with major interest being located in Europe, in 

the Asia and Pacific region, as well as in the Americas (Figure 2). 

 

Figure 1: Analysis of 56 countries for their hydrogen activities (August 

2020) 
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Figure 2: Status of international hydrogen activities of national 

governments (August 2020) 

Based on this pre-screening of international hydrogen strategies a total of 16 countries (ten 

in Europe and six in rest of the world) plus the European Union have been selected for a 

more detailed analysis: 

Á Europe3: European Union (EU), Germany (DE), the Netherlands (NL), France (FR), 

United Kingdom (UK), Italy (IT), Spain (ES), Switzerland (CH), Norway (NO, Ukraine 

(UA), and Russia (RU) 

Á Rest of the world: Japan (JP), South Korea (KR), China (CN), Australia (AU), 

California (CA), and Morocco (MO) 

The rationale behind the country selection was to have a balanced picture including the 

most active countries, a global representation, and a broader spectrum of opportunities and 

aims, also including countries with a potential for significant hydrogen exports. The report 

was enhanced with interviews carried out by the World Energy Council with selected 

experts from France, the Netherlands, Australia, Morocco, Germany, Japan, Italy, California, 

Switzerland, and China. 

 

 
3  Portugal was chosen to be covered only in a brief summary in Annex B, as the strategy was finalized late in 

the course of this study. 
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1.3 Structure of the report 

The report is structured into the following: 

Chapter 2 summarises the goals of national governments in supporting hydrogen 

technologies and applications along with the associated time horizons for reaching them. 

Sectors, applications and related infrastructure developments targeted in national 

strategies are addressed in chapter 3. Here, we also comment on plans for large-scale 

hydrogen import or export as well as on the role of synthetic fuels derived from hydrogen. 

Policies and regulatory measures supporting hydrogen adoption are discussed in chapter 4. 

Here, we also review plans for ramping up hydrogen production as well as requirements on 

the source of hydrogen (e.g. ªblue« vs. ªgreen« H2). 

Chapter 5 looks at what has been achieved by current policies and associated market 

development and discusses lessons learned, and conclusions are presented in chapter 6. 

Annex A provides an overview on relevant hydrogen transport vectors, which are currently 

discussed. More detail on the individual country strategies of the selected geographies is 

presented in Annex B. 
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2 WHAT ARE THE GOALS OF NATIONAL GOVERNMENTS? 

Greenhouse gas emission reduction is a main driver for hydrogen adoption in all countries 

analysed, along with the role of hydrogen in the integration of renewable wind and solar 

energy. 

Hydrogen is clearly recognised as an essential element of a decarbonised energy system. 

Other goals notably include secure energy supply and economic growth. 

Market ramp-up will happen in in three phases: market activation in the current decade, 

sustainable growth after 2030, and a large and well-established market by 2050. 

 

2.1 Classification of strategies in selected countries 

Most of the selected countries already have a dedicated national hydrogen strategy (AU, 

ES, NO, NL, EU, FR, JP, DE, and KR) or are currently preparing such strategy (RU, CH, MO). 

Five countries only provide support for pilot and demonstration projects without a specific 

strategy (CA, UK, IT) or have just initiated discussions in this respect (UA and CH). As 

depicted in Figure 3, most strategies have been developed and announced recently, i.e. in 

2020 or in late 2019, (AU, NL, NO, DE, EU, ES). Only three of the selected countries have a 

strategy older than one year (JP, FR, KR). 

 

Figure 3: Timeline of national hydrogen strategies publication  
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For a better view on certain hydrogen-related goals of the selected countries the national 

strategies are differentiated by the respective role of hydrogen imports or exports  

(Figure 4) as well as by the level of detail of the strategy (Figure 5). 

 

Figure 4: Selected countries classification in respect to availability of a 

dedicated strategy and hydrogen imports/exports 

Regarding hydrogen imports or exports, most countries (NL, EU, FR, CH, CA, UK, IT, and 

CH) do not specify a particular preference or role in their strategic documents. Only three 

more advanced strategies (JP, DE, and KR) explicitly consider hydrogen imports due to the 

limited domestic production capacities. The remaining six of the selected countries (AU, ES, 

NO, RU, MO, and the UK) envisage some kind of hydrogen-related energy exports at a very 

individual extent.  

Please note that the country selection is intentionally focused on hydrogen consumers 

rather than on exporters, which have been covered in a previous study4. As a result, the 

country balance between importing and exporting countries must not be seen as 

representing any market trend. 

 

 
4  J. Perner and D. Bothe, International aspects of a power-to-X roadmap, World Energy Council and Frontier 

Economics, 18 October 2019 
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Figure 5: Selected countries classification in respect to availability of 

national hydrogen strategy and level of detail 

In addition, the strategies reviewed also exhibit a very diversified level of detail. Some 

strategies and policy papers are very specific and provide concrete figures for hydrogen-

related targets in various areas (JP, KR, CN, CA, and CH). However, at this point it is 

important to mention that the individual scope covered by detailed specifications can vary 

significantly between the countries (e.g. JP provides details for a wide range of topics, 

whereas CH only addresses very few concrete topics in the transport sector). Most available 

strategies (DE, AU, NL, EU, ES, FR) are characterised by äverage© detailedness as they are 

expected to set general boundary conditions, which will be specified in more detail at a 

later stage in a concrete roadmap or policy framework. Other countries (NO, RU, MO, UK, 

IT, UA) provide less details on hydrogen related topics within their strategies or policies. 

2.2 Main national goals behind supporting hydrogen technologies 

The objectives behind the national support of hydrogen technologies and applications are 

manifold. Generally, however, they serve typical energy policy goals aiming at clean and 

secure energy supply and at economic growth: 

Á Clean energy: When produced from renewable sources or based on other low-

carbon technologies such as Carbon Capture and Storage (CCS), hydrogen can help 

to reduce GHG emissions especially in sectors which are hard to electrify (e.g. long-

distance heavy-duty transport, steel production) or where it substitutes fossil 

feedstock (e.g. in the chemical industry). Its direct use in some application also 

allows to avoid local air pollution. Moreover, hydrogen enables large-scale storage 

of renewable energy and large electrolysers can act as flexible load support helping 
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with the integration of intermittently generating renewable energy generation into 

the energy system. 

Á Secure energy supply: Hydrogen as a universal energy carrier can help to diversify 

the energy supply by reducing current fossil fuel dependency through domestic 

production or through imports. 

Á Economic growth: Domestic hydrogen production and technology development 

may foster economic growth by creating new jobs and strengthening the national 

economies. Moreover, exports of hydrogen energy and technologies can generate 

additional income. 

 

Figure 6: Main goals of current hydrogen strategies per country 
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Figure 7: Relevance of strategic goals across the selected countries  

As depicted in Figure 6, Figure 7, and Table 1, the broad spectrum of possibilities and 

opportunities associated with using hydrogen is generally recognised by all countries. 

However, the ambitions and thus the focus of individual countries typically reflect their 

national interests as well as strengths and weaknesses that need to be overcome in the 

future. In addition, different starting points in developing hydrogen supply and demand 

affect the goals behind the individual national hydrogen strategies. Countries like DE, JP, 

KR, or CA, having pursued the technologies and their implementation for some time 

already, will naturally have a different strategic approach compared to newcomers like AU, 

UA, or MO. Generally, the more sophisticated and/or recent the national H2 strategy, the 

more comprehensive the strategic goals. 

Table 1: Main goals of current hydrogen strategies per country 
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Greenhouse gas emission reduction is a main driver for hydrogen adoption in all countries 

analysed, along with the role of hydrogen in the integration of renewable wind and solar 

energy. Beyond the greenhouse gas related environmental aspects, air pollution reduction 

as an additional element of the strategy is mentioned only by few (e.g. AU, CA, KR, CN). 

Integration of renewables is important for both hydrogen importing countries in terms of 

balancing the domestic energy system and for exporting countries targeting to become a 

green energy supplier for other economies. Especially for today©n ajnndg `i`mbt `skjmodib 

countries such as e.g. Australia or Norway hydrogen export enables a switch to renewable 

or low-carbon energy export. 

The opportunities for the domestic economy arising from hydrogen are also well recognised 

by most strategies. For established and large economies (e.g. KR, DE, or JP) hydrogen 

technology is viewed as an important element to maintain strategic advantage in global 

competition mainly through technology leadership. For the smaller and/or growth 

economies (e.g. MO, UA, CN) hydrogen production and technology development allows to 

enter new markets and to improve the respective economic situation. Hence, in almost all 

countries the support of national technology development is closely related to economic 

growth through the opportunity to export technology, knowledge, and expertise to other 

countries. Hydrogen exports play a role mainly for countries with large renewable energy 

potential (AU, RU, MO, UA, ES). At this point it is worth mentioning that in the Norwegian 

strategy hydrogen is not targeted for direct export but indirectly through the export of 

natural gas in combination with offering local sequestration for captured carbon dioxide. 

Moreover, the Dutch strategy considers hydrogen transit to neighbouring countries (e.g. 

Germany). 

Finally, the diversification of energy supply through hydrogen is relevant mainly for energy 

importing countries (e.g. DE, JP, CN). In this context, hydrogen is related to the use of 

domestic renewables or new sources of energy imports, decreasing the dependency on 

fossil fuels. 

In summary, while national strategies obviously differ in detail, there is a universal 

recognition that hydrogen is an essential and indispensable element of a decarbonised 

energy system 

2.3 Associated time horizons 

The concrete time horizons for achieving the different goals by individual countries strongly 

depend on their specific starting position, boundary conditions, future ambitions, and 

available resources. In addition, as mentioned previously, some advanced strategies do not 

provide detailed timelines for individual strategy implementation steps as these are 

expected to be outlined in future roadmaps. The ultimate goals of a hydrogen strategy, 

typically represented by achieving an established hydrogen market by 2050, are expressed 

in different ways (see Figure 8). For example, the ultimate German goal is to achieve GHG 
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neutrality where hydrogen is one important element of the future energy system. Some 

Asian countries such as Japan or South Korea focus more on hydrogen and economy-related 

goals and formulate their long-term objectives as establishing a hydrogen society or 

economy. Other countries like Australia plan to become a global exporter by 2050. 

 

Figure 8: Development of hydrogen market in three major phases (based 

on examples from selected countries) 

Nevertheless, in most strategies one can distinguish between three major phases towards 

achieving the ultimate goals. The first phase until 2030 can be considered as market 

activation with technology development and hydrogen demand ramp-up. In the second 

phase until 2040 most countries expect constant market growth with a build-up of large-

scale hydrogen technologies (e.g. in DE up to 10 GW electrolysis capacity between 2035 

and 2040) and a commercialisation of hydrogen in a number of applications (e.g. 

commercial mass production in KR or first low-carbon industrial clusters in UK). Finally, in 

the thirst phase until 2050 hydrogen markets are expected to mature.  
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3 WHICH SECTORS, APPLICATIONS, AND INFRASTRUCTURE DEVELOPMENTS 
ARE TARGETED? 

Transport and industry are the most prominent application sectors overall. The industry 

sector has a particularly prominent role in countries with a strong industrial presence and 

a high priority on greenhouse gas reduction. 

While Asian countries (and California) also focus on using hydrogen in passenger cars, 

this subsector plays only a limited role in most European strategies. 

Japan and Korea also have a different strategic approach in the building sector with their 

focus on fuel cell CHP, which only play a limited or no role in European strategies. 

Scaling demand expectations for 2050 indicates a global hydrogen potential of up to 

9000 TWh. 

In several countries with high energy needs, a substantial share of this demand will be 

served by imports, initially on the basis of bilateral agreements. 

Synthetic liquid e-fuels (PtL) can grow into an interesting opportunity with large 

quantities based on quota in aviation and/or maritime sector. 

Infrastructure development requires public financing and central coordination for 

planning and harmonisation.  

Existing infrastructure for gas transport and distribution can be converted to transport 

pure hydrogen. 

 

3.1 Target sectors for governmental H2 support 

Hydrogen as a universal energy carrier can be used in a wide range of applications across 

various end-user sectors. Typically, the following target sectors can be distinguished: 

Á Industry: Hydrogen is a feedstock for a number of industrial processes in the 

chemical and petrochemical industry (production of ammonia, methanol, and so-

called high value chemicals) and in refining of fossil-based fuels; these are sectors 

already using fossil-derived hydrogen today in large quantities today, usually 

producing it on-site. Additionally, the steel industry is expected to be a significant 

future user of green hydrogen as the direct reduction of iron ore by hydrogen is seen 

as the only viable way to reduce greenhouse gas emissions and replace the current 

coal-based blast furnace process. Moreover, hydrogen can be utilised for generating 

process heat. 

Á Transport: Hydrogen is a fuel for fuel cell electric vehicles (FCEVs) including 

passenger cars, buses, trucks, trains, and industrial machinery including forklifts. 

Moreover, synthetic fuels derived from hydrogen are being discussed as a low 
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carbon fuel in incumbent combustion engines (e.g. in aviation and in the maritime 

sector). 

Á Buildings: Hydrogen can provide energy for heating and warm water generation 

in private and commercial buildings, either directly or through producing synthetic 

methane. In addition, co-generation of heat and power in combined heat and power 

(CHP) plants is possible.  

Á Power: Hydrogen can be re-electrified by dedicated gas turbines5 or stationary fuel 

cell in the power sector. Typically, it is combined with large-scale energy storage 

for renewable power. 

Á Export: Some countries consider hydrogen as a suitable carrier for (renewable or 

low carbon) energy exports. 

Figure 9, Figure 10, and Table 2 provides an overview over main target sectors of current 

hydrogen strategies per country. 

Table 2: Main target sectors of current hydrogen strategies per country 

 

 

 
5  The European gas turbine industry has committed to provide gas turbines that can operate with 100% 

hydrogen by 2030;   

see https://www.euturbines.eu/publications/spotlight-on/spotlight-on-turbines-and-renewable-gases.html  

https://www.euturbines.eu/publications/spotlight-on/spotlight-on-turbines-and-renewable-gases.html
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Figure 9: Main target sectors of current hydrogen strategies per country 



International Hydrogen Strategies 

Which sectors, applications, and infrastructure developments 
are targeted? 

  15 

 

Figure 10: Relevance of target sectors across selected countries 

The analysis of the hydrogen strategies in the selected countries shows that the range of 

applications addressed by a strategy often depends on the time when it was conceived as 

well as on the ambitions for GHG emission reduction. Typically, newer strategies are 

characterised by higher and more prominent GHG emission reduction targets. Moreover, 

increasing GHG emission targets lead to a higher relevance of the industry, building, and 

power sectors as significant hydrogen consumers; likewise, the absence of these sectors in 

a strategy is often related to outdated or less ambitious GHG reduction targets. Hence, the 

newer the strategy, the more ambitious and sophisticated it is on the one hand and the 

more comprehensive are the discussed applications on the other hand.  

However, transport and industry are the most prominent application sectors overall, the 

latter particularly in countries with a strong industrial sector and a high priority on 

greenhouse gas reduction.  

The possibility of using hydrogen in the industry sector is mentioned by several of the 

selected countries, although often without concrete steps, actions, or targets. The focus is 

typically on existing chemical processes such as ammonia or methanol production. In 

addition, in Europe (EU, DE, UK, FR) hydrogen use in refineries plays an important role due 

to specific regulations included in the Renewable Energy Directive (RED II)6. Steelmaking is 

recognised by few strategies including EU, DE, UK, FR, and AU, mainly in the long-term as 

the transition of the sector to an entirely new technology will take time. Detailed results on 

the envisaged use of hydrogen in industry are summarised in Table 3. 

 

 
6  Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the 

promotion of the use of energy from renewable sources. 
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Table 3: Main target subsectors in industry per country 

 

The transport sector is targeted by all countries mainly for applications which are hard to 

electrify such as long-distance trucks, buses, rail, ships, or aviation. While Asian countries 

such as Japan, South Korea, and China as well as California also focus on using hydrogen 

in passenger cars, this subsector plays only a limited role in most European strategies. For 

more details on applications within the transport sector see Table 4. 

Table 4: Transport subsectors differentiation 

 

Where the building sector is targeted, two major applications are discussed: stationary 

(natural gas based) fuel cells and hydrogen injection into gas pipelines. Stationary fuel cells 

are mainly addressed by countries with a relevant technology base like KR, JP, or, to a 

limited extent, DE. Hydrogen blending is considered usually at distribution grid level, while 

there is a tendency towards dedicated hydrogen pipelines for transport grid. Gas transport 
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operators have signalled that substantial parts of the current pipeline infrastructure can be 

adapted to carry hydrogen [Gas for Climate 2020].  

It is interesting to note the particular Asian (JP, KE) focus on fuel cell CHP for residential 

applications, indicating a different strategic approach, whereas the general approach in 

Europe is to increase the share of low carbon gas, improve building insulation, and keep 

traditional heating appliances or move to electric heat pumps. 

Hydrogen re-electrification is viewed mainly in the long-term to balance out renewable 

power generation e.g. in AU, UK, or DE. In some countries (e.g. AU) back-up and remote 

power plays also an important role for hydrogen in the power sector. 

As mentioned in the previous chapter hydrogen exports are mainly targeted by countries 

with large renewable energy potential such as ES, AU, MO, or UA. Often the development 

of domestic hydrogen demand is considered as a starting point for establishing adequate 

value chains required for hydrogen exports in the future. 

Figure 11 shows expected hydrogen demand as reported by eight individual national 

hydrogen strategies (UK, KR, DE, FR, NL, MO, CA, NO, AU); other strategies do not mention 

explicit figures. The overall hydrogen demand accounts for 330-380 TWhH2/a by 2030 and 

870-1,600 TWhH2/a by 2050. The comparatively large ranges are based on different 

scenarios (low and high) for Germany, the UK, Australia, and the Netherlands which are 

responsible for 55% (low scenario) to 70% (high scenario) of the aforementioned demand 

by 2050. Scaling upper hydrogen demand expected for 2050 in national strategies to global 

level indicates a potential of up to 9,000 TWh or around 270 million tons of hydrogen per 

annum, this is an amount as large as the annual primary energy currently provided globally 

by renewables. 
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Figure 11: Expected annual hydrogen consumption inTWhH2 per year 

The expected deployment of the fuel cell road vehicles covered in eight national hydrogen 

strategies is depicted in Figure 12. Most strategies provide only short- to mid-term figures 

until 2030 with a total of ca. 6.5 million FCEVs. Most of these vehicles are expected outside 

of Europe, i.e. in South Korea, Japan, China, and California. Only three strategies include 

numbers for the time beyond 2030, namely South Korea (for 2040), China, and California 

(both for 2050) with 6.6, 10, and 17.5 million vehicles, respectively. 
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Figure 12: Expected deployment of fuel cell electric vehicles (FCEVs) 

3.2 Hydrogen imports and plans for national H2 infrastructures 

Hydrogen import will be relevant especially for highly populated industrialised countries, to 

complement insufficient domestic hydrogen supply due to limited available renewable 

resources or expected issues with public acceptance of new energy infrastructures. Large-

scale long-distance transport of hydrogen enables to tap into foreign (renewable) energy 

resources in countries offering attractive conditions for low-cost hydrogen production like 

high solar irradiation, attractive wind potentials and load factors, and available land area. 

Countries offering fossil resources combined with geological reservoirs for CCS also eye 

export opportunities into countries where local policies are open to blue hydrogen. 

Connecting world regions with large and attractive hydrogen production potentials to those 

with hydrogen production deficits will be a key challenge in the next decades.  

There are various hydrogen carriers and transport technologies available to address the 

import/export and infrastructure challenges7. Obviously, compressed gaseous hydrogen 

(CGH2) is required as energy input for a number of applications such as FCEVs or industrial 

processes and therefore plays important role in all selected countries. In this context, some 

strategies with a significant domestic demand foresee dedicated pipelines for hydrogen 

 

 
7  see Annex A for an overview of the technologies and hydrogen carriers involved in large-scale long-distance 

transport of hydrogen 
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transport within the country (e.g. DE, NL, JP, UK) or for direct hydrogen exports/imports 

(e.g. MENA-EU). Some countries such as the Netherlands consider creating a backbone of 

hydrogen pipelines including for transit to neighbouring countries within the next decade, 

taking advantage of existing hydrogen infrastructure. In addition, blending hydrogen into 

the natural gas network mainly at distribution level is considered by few strategies (DE, UK, 

AU, NL) as an additional option to integrate hydrogen into the existing gas infrastructure. 

In contrast, hydrogen blending into the gas network at high pressure transport level is 

explicitly excluded or postponed by the British and Australian strategy due to expected 

safety/technical issues.  

Other options for hydrogen exports/imports being currently discussed include transporting 

liquid hydrogen (LH2), using liquid organic hydrogen carriers (LOHC), and converting 

hydrogen to ammonia. Generally, all these can be transported by ship as well as by truck. 

Although the future of the hydrogen transport technology mix is still open, CGH2 for shorter 

distances, LH2 for longer distances, and pipelines for large volumes seem to be favoured so 

far. The role of Power-to-Liquids (PtL) both for hydrogen exports/imports and as a fuel for 

domestic application will be discussed in more detail in the following section. 

Establishing supply chains for long-distance transport of hydrogen allowing for import and 

export requires large investments in production capacity in the exporting countries as well 

as in the associated logistics infrastructure along the supply chain on both sides. This is 

currently addressed in bilateral agreements between potential exporting and importing 

countries, and such bilateral relationships can be expected to prevail in the coming years. 

Figure 13 provides a non-exhaustive snapshot of established and envisaged relationships 

of Germany, Japan, and Korea, the main countries preparing for hydrogen, with potential 

exporting nations. The map shows that Germany is envisioning to tap sources nearby, 

whereas Japan and Korea need to explore longer distance relationships. 

>pmm`iogt( oc` hjno kmjhdi`io \^odqdot dn ^`mo\digt oc` ªCt_mjb`i @i`mbt Npkkgt >c\di Kdgjo« 

project between Australia and Japan. In this project, hydrogen from brown coal gasification 

will be liquefied to cryogenic LH2 in Hastings, Australia, and sent to Kobe, Japan, by ship 

VCtnom\ -+-+X) Ajm ocdn kmje`^o( oc` rjmg_©n admno j^`\i-going liquid hydrogen carrier, the 

ªCt_mjb`i Amjiod`m«( mjgg`_ _jri the slipway in December 2019 [Financial Times 2020]. 

Small-scale pilot operation is planned to start in 2020/2021, large-scale commercialisation 

of the supply chain is planned for around 2030. 

In another project, small amounts of hydrogen were already shipped in a container from 

Australia to Japan by using the liquid organic hydrogen carrier (LOHC) methylcyclohexane 

(MCH), in 2019 [AuManufacturing 2020]. In July 2020, a large project that will use ammonia 

to export renewable hydrogen from Saudi-Arabia was announced [Air Products 2020]. This 

project is expected to come onstream already in 2025. Further international export/import 

relations are discussed e.g. between MENA countries and Japan, Korea, and Europe and 

from South America to future international hydrogen markets. 
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Figure 13: Selected international hydrogen import cooperations of JP, KR, 

and DE (Status June 2020, not exhaustive) 
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Expected growth of the hydrogen refuelling station (HRS) infrastructure in different 

strategies is depicted in Figure 14. Typically, HRS deployment is addressed in countries with 

a strong vehicle industry (e.g. KR, JP, DE) and depends mainly on further development of 

hydrogen demand in the transport sector. Hence, the level of detail in this respect can vary 

significantly between the strategies (e.g. no concrete figures for Australia vs. detailed plans 

for Japan and South Korea). Based on the numbers included in the national strategies or 

announced in other relevant documents, most countries (CN, FR, CA, JP, KR) expect to reach 

around 1,000 HRS until 2030 ahead of the actual FCEVs deployment (see also Figure 12). 

This can be seen as an attempt to solve the chicken-and-egg problem between the 

infrastructure and FCEV fleet development. Surprisingly, in Germany as a country with the 

most HRS in Europe (ca. 100 HRS in 2020) and a dedicated infrastructure company, 

H2 MOBILITY, future plans are vague, predicting additional 300 HRS after 2020 depending 

on the evolution of new FCEVs figures [H2 MOBILITY 2020]. Other countries (NL, ES) expect 

even lower number of HRS until 2025-2030. 

 

Figure 14: Expected hydrogen refuelling station (HRS) growth 

3.3 Role of e-fuels 

In the context of this study e-fuels are defined as synthetic fuels produced from (renewable) 

hydrogen. In a broader sense such production process can cover liquid fuels such as 

synthetic diesel, gasoline, or kerosene (the conversion processes are also known as Power-

to-Liquids - PtL), synthetic methane (also known as Power-to-Methane - PtCH4), as well as 

ammonia and methanol. Apart from ammonia, all other e-fuels require the addition of 
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carbon, usually in the form of carbon dioxide, which is generally taken from the 

atmosphere8. 

 

Figure 15: Role of Power-to-Liquids (left) and Power-to-Methane (right) in 

national hydrogen strategies 

 

Figure 16: Role of ammonia (left) and methanol (right) as energy carrier in 

national hydrogen strategies 

In general, e-fuels provide an additional option for hard to decarbonise applications e.g. in 

the transport sectors and can be used as a high-density energy carrier for long-distance 

energy transport without significant changes in the engines or supply infrastructure. Hence, 

PtL is mainly viewed by some national strategies (NL, DE, ES, EU, AU, NO) as an important 

 

 
8  While local sources of concentrated non-fossil carbon exist, available volumes are not sufficient to meet large 

scale production needs. 
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fuel in the aviation and maritime sectors (Figure 15 left). For example, the Dutch strategy 

plans a PtL-blending obligation of 14% for aviation in 2030 and expects full substitution of 

fossil fuels in this sector until 2050. Also, the German strategy calls for a discussion of a PtL 

share of 2% in the aviation fuel mix until 20309. In contrast, PtCH4 is less prominent within 

the national strategies of the selected countries, being mentioned only as an alternative 

within the gas infrastructure (IT, DE) or considered as a potentially relevant option to import 

energy (JP). As shown in Figure 16 ammonia and methanol are mainly viewed as potential 

ship fuels (e.g. EU, AU, NO, UK) or as a carrier for energy exports and imports (DE, MO, JP, 

KR, AU). 

At present, national strategies mainly focus on hydrogen and less on other fuels derived 

from it. As a result, e-fuels only play a limited role in the national strategies and are 

mentioned mainly in the more recent and more advanced ones. As a result, the potential 

role of e-fuels merits a more detailed discussion within the further development of the 

national strategies. 

3.4 Hydrogen carriers 

While hydrogen has the highest gravimetric energy density (kWh/kg) of all chemicals, the 

volumetric energy density (kWh/litre) of hydrogen at ambient temperature and pressure 

(15°C, 0.1 MPa) is very low. As a result, it needs to be conditioned or converted into a 

higher volumetric density form in order to facilitate long range transport of larger volumes. 

The most relevant options are pressurising the gas (compressed gaseous hydrogen CGH2), 

liquefaction (liquefied hydrogen LH2), liquid organic hydrogen carriers (LOHCs), and 

conversion into a higher density chemical: 

Á CGH2: Like for any gas, compression reduces volume and increases the volumetric 

energy density. This is used for pipeline transport and storage e.g. in vehicle tanks. 

Á LH2: Hydrogen becomes (cryogenic) liquid at a temperature of -253°C. During 

liquefaction, the energy density increases by almost 3 orders of magnitude. 

Á LOHC: LOHCs are liquid organic substances that can absorb hydrogen by chemical 

bonding and release it again by supplying high temperature thermal energy. 

Prominent examples for LOHCs are dibenzyltoluene and methylcyclohexane. 

Á Chemicals: Candidates for potentially suitable chemicals in principle include 

ammonia as well as methanol and other more complex hydrocarbons. Generally, 

 

 
9  Based on the 2018 kerosene consumption in Germany, the 2% green kerosene quota would require an 

electrolyser with a power rating of around 0.5 GW to produce the necessary green hydrogen. 
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more complex hydrocarbons have a higher volumetric energy density, but will also 

require more effort for extracting the hydrogen. 

Figure 17 (taken from Annex A) shows an overview of selected hydrogen carriers along with 

their volumetric and gravimetric energy densities. The choice of hydrogen transport vector, 

meaning the hydrogen carrier including the conversion and storage technologies, for long-

distance transport of hydrogen will eventually be made based on the resulting economy of 

the entire supply chain for a given transport relation, CAPEX and OPEX of each step along 

the supply chain being the relevant parameters. Processes to consider include conditioning 

or conversion, storage, transport, and conditioning or extraction. 

 

 

Figure 17: Comparison of energy densities of different energy carriers 

For economic reasons, converting hydrogen into a more complex higher density chemical is 

mainly discussed for projects, where the respective chemical is used as such and no 

reconversion to hydrogen is necessary. 

Annex A provides a more comprehensive overview on hydrogen carriers, supply chain 

considerations, available technologies, cost structure, and advantages and disadvantages 

of selected hydrogen transport vectors. 
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4 WHICH SUPPORT STRATEGIES OR MEASURES ARE DISCUSSED? 

R&D activities, regulatory measures, as well as financial aid are in place or planned in 

almost all analysed countries to support the development, demonstration, and 

deployment of hydrogen and hydrogen technologies. 

Sectoral quota for green feedstock and fuels in industry and transport can stimulate large 

scale demand. 

Moving from CAPEX to OPEX support will help to establish sustainable business cases 

for operators. 

Public acceptance is understood as crucial to successful technology deployment. 

European envisaged public funding is large, ranging from 22-42 =z; however, some of 

that applies to a broader range of technologies where hydrogen is one of several options. 

Looking at 2050, over half of the countries analysed focus on using green hydrogen 

sourced from renewable energy only. Other types low carbon hydrogen are seen as an 

effective and pragmatic way to ramp up volumes in the interim. 

 

4.1 Government activities supporting H2 technologies and applications 

A broad range of existing and planned regulatory measures to support hydrogen are 

implemented and discussed within the analysed countries. They can be grouped into five 

major categories: 

Á Research and development (R&D) with the main objective to improve hydrogen 

technology 

Á Regulatory measures to set specific boundary conditions for the development of 

hydrogen related value chains and markets 

Á Financial support providing different kinds of funding budgets for the build-up 

and operation of hydrogen technologies at all value chain steps 

Á Acceptance and training aiming at spreading hydrogen-related knowledge and 

gaining acceptance for all stakeholders 

Á Governance and other measures monitoring and steering the implementation of 

national hydrogen strategies based on a set of different governance and control 

instruments 

The development, demonstration, and deployment of hydrogen and hydrogen technology 

is backed in almost all analysed countries by supporting R&D activities, regulatory 

measures, as well as financial support (see Figure 18 and Table 5). The remaining categories 

for measures shown in Figure 18 are only addressed by advanced strategies with a more 
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comprehensive scope (e.g. DE, AU, JP). In this context, the range of support instruments 

and mechanism is broad with a different focus based in each country based on national 

interests and preferences.  

However, strategies generally focus more on targets for green hydrogen production and 

technology deployment than on measures supporting these targets. Many policies in place 

are still focused on R&D-oriented action, which remains relevant but less important than 

fostering commercialisation. In most cases, policy development is lagging behind the 

strategic ambitions and current measures are insufficient to catalyse the envisaged strong 

growth. New policies required to achieve these targets are still being discussed and are only 

starting to emerge. 

In most countries, R&D support aims at practical R&D activities such as demonstration 

projects on all elements of the hydrogen value chain as a strategy to activate the market. 

Hence, the major objectives are technology cost reductions, efficiency improvements, and 

gaining experience with key hydrogen technologies as an element of market preparation. 

For example, in the Netherlands, applied research and innovative actions are supported in 

different MOOI (Mission-oriented Research, Development and Innovation) tenders and 

programs such as the DEI+ (Energy Innovation Demonstration Scheme). In Japan, R&D 

budgets of 25 and 20 Hz r`m` h\_` \q\dg\]g` di -+,3 ajm ap`g ^`ggn \i_ ct_mjb`i 

refuelling, respectively. In the same year, 83 Hz r`m` \q\dg\]g` ajm ct_mjb`i npkkgt chain, 

Power-to-Gas and hydrogen to power technologies. There is also a tendency towards 

moving from showcasing individual technology pilots towards demonstrating entire 

hydrogen value chains, successful programmes having e.g. been launched by the European 

Fuel Celln \i_ Ct_mjb`i Ejdio Pi_`mo\fdib A>C EP $ªct_mjb`i q\gg`tn«% \n r`gg \n di oc` 

Netherlands and in Germany. 

Table 5: Existing and planned hydrogen support measures by country 

 



 International Hydrogen Strategies 

 Which support strategies or measures are discussed? 

28 

 

Figure 18: Existing and planned hydrogen support measures by country 

Regulatory measures such as legislative actions can be viewed as a very strong and direct 

instrument to support hydrogen technology. Quota for renewable or hydrogen technologies 

in certain markets are a prominent example of such measures, have been applied 

successfully. Examples, not all exclusively aimed at hydrogen, include the mandate for zero 

emission vehicles in CA, the renewable energy quota of the European Renewable Energy 

Directive, and the possibility of mandating a PtL share in the aviation sector as mentioned 

in the NL and DE strategies. In South Korea, the Renewable Portfolio Standard Policy 

(established in 2012) requires large power producers to meet a minimum portion of their 

power generation from new and renewable technologies, including fuel cells. Alternatively, 

they can purchase Renewable Energy Certificates to meet their obligation with a mandatory 

share rising from 7% in 2019 to 10% by 2022. The certificates are issued per MWh 

multiplied by a weighting factor for specific generation technologies. Generation from fuel 

cells is weighted with 2, onshore wind has a weighing factor of 1. 

Another strong regulatory instrument, quite complementary to quota, is the banning of 

specific technologies, notably in the transport sector, the Dutch ban of diesel buses and the 

plan to put into service only zero emission buses for public transportation from 2025 being 

an example.  

On a general note, it is of course important to allow for hydrogen and hydrogen-derived 

fuels to count towards the respective policy targets. A prominent example is the change in 

EU Renewable Energy Directive recast (RED II) compared to the incumbent directive, now 
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allowing green hydrogen in refineries to count towards the RED II renewable energy share 

in transport, whereas in the current Fuel Quality Directive (2009/30/EC), the renewable 

quality of hydrogen used within a refinery is not accounted for. 

Finally, the harmonisation of legislation on the one hand and standards, codes and approval 

mechanisms, and review of regulation (e.g. for gas infrastructure) on the other hand are 

expected to play a relevant role. For instance, on the one hand, the Japanese government 

supports the revision of a variety of codes and standards for fuel cells and hydrogen 

infrastructure. This will lead to an adaptation of the currently rather strict regulation on 

hydrogen refuelling stations, reducing the related refuelling costs. On the other hand, 

countries such as Australia or several European countries as well as the EU are going to 

review current legislations to support hydrogen technologies. For example, the EU will 

revise the Energy Taxation Directive to avoid double taxation of hydrogen. Generally, in 

Europe the EU Directives play an important role for activities and measures in individual 

Member States (e.g. AFID10, RED II11, CVD12). Hence, the regulations in the Member States 

are often similar and national governments (e.g. NL, DE) plan to use the implementation of 

European Directives into national law to stimulate hydrogen activities. 

The actual financial support for hydrogen technologies in individual countries depends on 

the corresponding economic strength and advancement of the hydrogen strategy. As a good 

practice, coordinated, strong, continuous, and focused financial support enables the 

creation of nuclei for hydrogen technologies (e.g. fuel + station + vehicle). In this context, 

rather than providing funds for initial investments, most of newer financial support 

instruments aim at supporting the operating cost differential to incumbent technologies 

and solutions, e.g. through reduced road toll/fees as in Switzerland or through so-called 

carbon contracts for difference (CCfD) as suggested in the German and European strategy. 

As shown in Table 6 the envisaged public funding budget in Europe is very large ranging 

from 22-42 =z) However, it is important to note that some of the budget figures included 

here are not solely dedicated to hydrogen technologies but to a broader range of 

technologies where hydrogen is one of several options (e.g. for battery electric and fuel cell 

electric vehicles).  

 

 
10  Alternative Fuel Infrastructure Directive: Directive 2014/94/EU of the European Parliament and of the Council 

of 22 October 2014 on the deployment of alternative fuels infrastructure 

11  Renewable Energy Directive: Directive (EU) 2018/2001 of the European Parliament and of the Council of 

11 December 2018 on the promotion of the use of energy from renewable sources. 

12  Clean Vehicles Directive: Directive (EU) 2019/1161 of the European Parliament and of the Council of 

20 June 2019 amending Directive 2009/33/EC on the promotion of clean and energy-efficient road transport 

vehicles 
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Table 6: Public funding budgets in Europe 

 

 

The largest budgets considered in the national strategies come from Germany (13-21 =z%, 

France (7 =z ajm ct_rogen as part of the 100 =z m`^jq`mt kg\i13, and 150 Hz k)\) amjh oc` 

2018 hydrogen deployment plan) and the European Union (1-11 =z%( di_d^\odib \ nomjib 

commitment within their respective strategies. In Europe, additional funds can be provided 

 

 
13  Announced by French economy minister Bruno Le Maire on 7 Sep 2020; a national strategy for the 

development of decarbonised hydrogen was subsequently announced on 8 Sep 2020. 
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by individual Member States within the so-called Important Projects of Common European 

Interest (IPCEI) which allow for direct state aid for selected hydrogen-related projects. 

Table 7 provides an overview of public funding budgets for hydrogen announced in the rest 

of the world. According to the data, strong commitment can be expected in Japan, South 

Korea, California, and Australia with a budget of between 200-400 Hz di `\^c ^jpiomt jm 

more than 1 =z di ojo\g) Di Mpnnd\, only a portion of the research program of 1 =z _`_d^\o`_ 

to nuclear power would be used for hydrogen technologies. In China, the presented figures 

indicated past FCEV subsidies, on the one hand, and the estimated market size for hydrogen 

technologies, on the other hand, as information on concrete funding budgets is hardly 

available. 

Table 7: Public funding budgets in rest of the world 

 

Acceptance and training related issues are addressed only by few countries typically with 

more advanced strategies. The corresponding measures include a wide range of knowledge 

management as well as campaigns and activities to introduce the opportunities of hydrogen 

to a broad public. A good example is found in the Australian strategy advocating explicit 

participation of local communities in economic benefits from the development of the 

hydrogen technology and value chains. Some strategies also foresee professional training 

for technical and rescue forces which are expected to cope with the hydrogen technology 

in the future.  

Governance structures are also typically considered by more sophisticated strategies. 

Dedicated advisory groups usually consisting of industry, academia, and government are 
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often a core element in the formulation and/or implementation of further hydrogen-related 

activities in various countries (e.g. JP, KR, DE, AU, IT). For example, the German strategy 

provides a detailed description of future governance structures including a committee of 

undersecretaries froh n`g`^o`_ hdidnomd`n \n r`gg \n \ ªI\odji\g Ct_mjb`i >jpi^dg« \i_ a 

central office to support the decision making. In South Korea, a ªCt_mjb`i @^jijht 

Kmjhjodji >jhhdoo``« r\n `no\]gdnc`_ di -+-+ oj kpo oc` ct_mjb`i mj\_h\k dioj \^odji 

and to serve as a pan-governmental control tower. In addition to the classical governance 

structures, international cooperation is recognised as a key strategic element in most 

countries. Its practical implementation is usually expected to be addressed directly at the 

governmental level. Moreover, due to the request for renewable hydrogen, many strategies 

underline the need and importance of global hydrogen certification mechanisms. 

4.2 Hydrogen sources 

Hydrogen can be produced from various feedstocks and using different technologies. The 

most relevant differentiator between the source options is the level of the associated GHG 

emissions. These include emissions from the hydrogen production process itself but also 

from the feedstock or electricity supply. 

Renewable hydrogen is usually defined as hydrogen from water electrolysis using 

renewable electricity (e.g. from wind and solar energy). It is usually considered to be carbon 

neutral. Sometimes, hydrogen from biomass dn \gnj g\]`gg`_ \n ¨m`i`r\]g` ct_mjb`i©( ]po 

will generally have a larger carbon footprint. Fossil-based hydrogen with carbon capture 

and storage (CCS) technology as well as hydrogen from methane pyrolysis, where the 

carbon is disposed of, are also associated with a low carbon footprint. In these cases, 

remaining GHG emissions result e.g. from upstream emissions like incomplete CO2 

extraction from the flue gas and/or emissions related to methane leakages during natural 

gas production and transport. Fossil feedstock e.g. for natural gas reforming or coal 

gasification (without CCS) is dominating today©n ct_mjb`i kmj_p^odji. Today, there is no 

internationally agreed terminology or carbon-intensity threshold for the categorisation of 

hydrogen production options. However, the European Union is supporting the creation of a 

classification as part of a scheme for guarantees of origin for low carbon hydrogen within 

the CertifHy project. 

All analysed countries are quite aware of the relevance and importance of low-carbon and 

renewable hydrogen to be able to achieve mid- and long-term GHG emission targets; 

however, they take differing approaches on their respective paths towards a zero emission 

future (Figure 19). 
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Figure 19: Considered medium- and long-term hydrogen production 

options by country 

In the medium-term (around 2030), renewable and fossil-based hydrogen (with and without 

CCS) are generally considered viable options by most countries; some mainly make 

renewable (and existing fossil-based) hydrogen subject of the discussion. However, this is 

usually related to the limited scope of the discussion (e.g. only addressing additional 

hydrogen production for the transport sector) or the good availability of renewable energy. 

In the 2030 timeframe, renewable hydrogen plays a lesser role in the hydrogen strategies 

of South Korea and Japan. The Japanese strategy is very much focused on cost efficient 

production and import of hydrogen, addressing the switch to renewable hydrogen in the 

years after 2030. The Korean strategy is driven by economic growth and technology 

leadership in the end-use sector. In addition, Korea has rather low GHG reduction targets. 

As a result, Korea only plans to move to renewable and low-carbon hydrogen sources at a 

relatively late stage compared to other countries. In fact, fossil-based hydrogen (without 

CCS) is planned to still play a major role in 2040. Hydrogen production from methane 

pyrolysis is only addressed as a medium-term bridging technology in the official hydrogen 

strategies of Germany and the European Union, while Russia also sees a potential role in 

the longer term. However, broader discussions about methane pyrolysis only popped-up a 

few years ago along with a few more prominent international research projects in the field, 

this possibly being the reason for limited appearance in official strategy papers and 

discussions. 

Towards 2050, renewable hydrogen is considered to be significant by all countries. In fact, 

a range of countries consider renewable hydrogen as the only long-term option (NL, ES, UA, 

DE, CH, MO, EU). Other countries also accept fossil-based hydrogen with CCS, so-called 

blue hydrogen, as a long-term option in their plans (UK, JP, KR, AU, FR, CN, NO, RU). 

As shown in Figure 20, some countries set ambitious targets for renewable hydrogen 

production, e.g. up to 950 TWhH2/a in 2050 in Australia, up to 300 TWhH2/a in EU in 2030 

or ca. 100 TWhH2/a in 2050 in Ukraine. Figures for the corresponding required large 

electrolysis capacities, however, are provided by only few strategies (see Figure 21): 40 GW 

in EU until 2030, 10 GW between 2035 and 2040 in Germany, and 3-4 GW in the 
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Netherlands, 4 GW in Spain, and 6.5 GW in France until 2030. The EU target alone signals 

a cumulative market ja jq`m /+ =z ajm bm``i ct_mjb`i kmj_p^odji `lpdkh`io until 2030. 

 

Figure 20: Targeted renewable hydrogen production 

 

Figure 21: Targeted electrolysis capacity 
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Oj_\t©n Kjr`m-to-X (PtX) demonstration plants are in the single digit Megawatt range at 

best. The above large-scale production plans signal a transition to plants which are at least 

two orders of magnitudes larger and a stark move to an industrialisation of the sector. This 

striking development can be seen in Table 8, showing the number and capacity of current 

and announced PtX plants in the selected countries. 

Table 8: PtX plants ramping up fast in the selected countries   

(data source: LBST) 
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5 WHAT HAS BEEN ACHIEVED AND WHAT CAN BE LEARNED SO FAR? 

The countries selected for analysis in this study represent widely varying background 

regarding their respective history and ambition in the hydrogen sector. The level and nature 

of the progress regarding the deployment of hydrogen technologies, applications, and 

infrastructure obviously depend in particular on when activities have started. The European 

Union has already been supporting R&D projects for two decades and countries like 

Germany and Japan are already looking at a similarly long history of deployment and 

experience, while activities in other countries only started gaining momentum in recent 

years (e.g. AU, K, CH, UA, MO). Nevertheless, successful deployment can be found across 

the board and they can be traced back to a few triggers, notable examples of which are 

provided below. 

Table 9: Overview of policy achievements, triggers, and associated 

learnings 

 

 

5.1 Achievements and triggers 

The current move from R&D support, which has been the dominant public support 

mechanism in the past, to supporting commercialisation and the demonstration of entire 

value chains has helped to create large and successful partnerships, mobilising sizeable 
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private investment. Examples include the German HyLand funding programme, which 

initiated strong and comprehensive regional planning and demonstration activities, some 

of them even continuing without funding, and the European hydrogen valley initiative that 

has led to HEAVENN projects in the North Netherlands, which is expected to also become 

the home to even larger and more comprehensive projects14. 

Regional clusters of players have emerged around the world, initially triggered by dedicated 

individuals or small groups of people in regional governments and administrations. 

Examples include the above activity in the North Netherlands, the Italian cluster in Northern 

Italy around Bolzano and the public-private partnerships in the Heide region in Northern 

Germany, as well as the long-standing hydrogen focus in the US state of California. Other 

early mover examples include the fuel cell trains developed by Alstom, which have 

benefitted from the opportunity to quickly enter into regular service in North Germany, and 

the early development by Hyundai of FCEV in South Korea, which are now an important 

cornerstone in the national hydrogen strategy. Identifying these early movers and providing 

adequate support as well as forging and fostering public-private partnerships are important 

for such activities to bear fruit.  

It takes a lot of time to develop industrial and residential markets and to mature the 

required technologies and solutions. Therefore, it is important to provide a reliable and 

long-term framework for industrial investment and tailor support programmes such that 

stakeholders remain on board for the long period until commercialisation. The Japanese 

ªEne-Farm« programme for installing residential micro-CHP fuel cells has started in 2009, 

preceded by field-testing and large-scale monitoring, clearly shows that endurance pays off. 

It is by now the largest and most successful volume deployment of this technology and has 

enabled Japanese technology companies to globally lead in this sector. 

Large-scale electrolysers are being planned in Europe in and around refineries, based on 

the EU Renewable Energy Directive recast (RED II) that now allows green hydrogen in 

refineries to count towards the renewable energy share in transport required in RED II. This 

is a good example showing that tailored regulatory incentives work well if they include the 

right levers enabling early business cases. It is interesting to note that the underlying policy 

mechanism is a renewable quota for transport fuels, in this case leveraging significant 

private investment. Regulatory incentives have also helped initiate fuel cell electric vehicle 

(FCEV) deployment in California (with the zero emission vehicle ZEV mandate requiring 

vehicle  manufacturers to offer for sale specific numbers of the very cleanest cars available) 

and in China (providing substantial government support to ̈ i`r `i`mbt q`cd^g`n©%) Another 

 

 
14  In February 2020, a consortium of Gasunie, Groningen Seaports and Shell Nederland has announced the 

intention to launch the NortH2 project, producing green hydrogen using renewable electricity generated by a 

dedicated mega offshore wind farm with 3 to 4 gigawatts in 2030 [Gasunie 2020]. 
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regulatory example is the Norwegian requirement for zero emission tourist ships and ferries 

in the World Heritage fjords, which has kicked off significant clean shipping development 

programmes, introducing battery and fuel cell electric propulsion systems in maritime 

vessels. 

The cooperation between Japan and Australia is a showcase of successful international 

cooperation. The Japanese interest for importing hydrogen and the subsequent 

understanding by Australian public and private stakeholders that this is an opportunity for 

substantial economic growth has kicked off a flurry of activities in Australia, by now also 

including a perspective on significant domestic hydrogen use, and has led to the emergence 

of a dynamic hydrogen ecosystem development driven by government and industry. 

5.2 Best practices from the analysis of the hydrogen strategies 

When looking at the hydrogen strategies of the selected countries, a few common themes 

and best practices emerge, also reflecting the above triggers. 

It is important to involve the relevant stakeholders in every step of the process and to 

provide a common and reliable framework: 

Á Stakeholders are typically involved in devising a strategy, and, once the strategy 

has been published, remain on board for the subsequent formulation of a roadmap 

involving both government and stakeholders. 

Á A suitably selected advisory group including participants from industry, academia, 

(local) government and possibly also the civil society is often a core element in the 

implementation process. 

Á The European Union and its legislation provide a common and reliable framework 

for all EU member states, serving as a trigger for activities in all EU countries. 

Á It is realised that the hydrogen market (including competition) will become global. 

As a result, international exchange and cooperation is increasingly addressed in the 

strategies. 

Comprehensive greenhouse gas reduction is driving adoption and hydrogen applications 

are not restricted to a single sector: 

Á Hydrogen strategies need to address all energy consuming sectors including the 

industries using it as a feedstock. As a result, advanced strategies typically involve 

various national ministries. 

Á Green hydrogen use is a central element in all countries, blue hydrogen is envisaged 

to play a role in many strategies mainly in a transition period and only in a few 

countries also in a longer term. Defining hydrogen qualities with regard to its GHG 

footprint and agreeing on corresponding certification procedures will be crucial 
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going forward. Several future hydrogen-importing and exporting countries have 

addressed this need in their national hydrogen strategies (EU, AU, DE, NL). 

Measures for implementation are usually left to subsequent roadmapping and legislative 

activities. However, it is clearly recognised that measures need to include a number of 

relevant dimensions. 

Á R&D activities will need to continue, focusing on technology use and demonstration 

to learn and further improve the technologies involved. 

Á It is important to harmonise regulations, codes, and standards (RCS) at all steps 

along the value chain allowing for a reliable operating environment and a level-

playing field. While this is largely in place already for FCEV operation, green 

hydrogen certification is an important issue still being addressed. Establishing a 

green hydrogen certification mechanism allowing producers to verifiably prove the 

green quality of their product will be crucial for market development.  

Á With the move towards commercialisation, financial support mechanisms 

improving the competitiveness of hydrogen vs. conventional technologies will gain 

importance, requiring a move from CAPEX to OPEX support. 

Á Carbon pricing is a well-established instrument in many world regions. While 

current carbon prices in most countries and regions are too low to enable 

sustainable green hydrogen business cases, aiming for globally high CO2 prices will 

help to further reduce the cost gap and create a level playing field. 

Á As with any introduction of new technology, supporting public acceptance and 

participation of local stakeholders is crucial. 

Á Coordinated and concentrated financial support to integrated hydrogen concepts 

enables the creation of strong nuclei for hydrogen uptake. Several strategies 

identify strong and continuous financial support to selected regions, cities or 

industry clusters as an important lever for creating hydrogen eco-systems and for 

enabling the development of innovative hydrogen value chains (KR, DE, EU, FR). 
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6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Quickly emerging hydrogen strategies point towards a dynamically 
growing market 

 By 2025, hydrogen strategies can be expected to cover countries representing 
over 80% of global GDP. 

In a high-level review of countries representing over 90% of global GDP we found that 20 

countries representing 44% of global GDP already have a national hydrogen strategy or are 

on the verge of doing so within the coming months. Additionally, another 31 countries 

(another 44% of global GDP) are supporting national projects and discussing policy action.  

The comprehensive nature of existing and emerging hydrogen strategies, covering relevant 

application sectors, serving environmental as well as economic goals, and building on a 

long international experience, is a clear manifestation of the important role the technology 

is expected to play. 

 Hydrogen is clearly recognised as an essential element of a decarbonised energy 
system 

Hydrogen plays an important role in a future energy system based on renewables as an 

essential link between intermittent wind and solar electricity production and energy 

consuming sectors traditionally relying on a chemical energy carrier that can be stored in 

bulk quantities and converted to electricity or heat at the point of use.  

The analysis of government action for hydrogen in the 16 selected countries and in the 

European Union shows that the main drivers for these authorities are the GHG emission 

reduction goals, the integration of renewables, as well as the opportunity for economic 

growth. While national strategies obviously differ in detail, reflecting particular country 

interests and industrial strengths, there is a clear, strong, and lasting international 

momentum behind the universal recognition that hydrogen is an essential and 

indispensable element of a decarbonised energy system. 

 Scaling demand expectations for 2050 indicates a global hydrogen potential of 
up to 9000 TWh 

Not all countries quantify the expected national hydrogen demand in their strategies, but 

the ones that do are all in a similar ballpark with respect to the respective size of the 

economy. Scaling upper hydrogen demand expected for 2050 in national strategies to 

global level based on GDP indicates a potential of up to 9000 TWh or around 270 million 

tons of hydrogen per annum. This is an amount as large as the annual primary energy 

currently provided globally by renewables. 
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 In several countries with high energy needs, a substantial share of this demand 
will be served by imports, initially on the basis of bilateral agreements 

While hydrogen production from renewable energy offers an opportunity for a higher 

degree of energy independence, densely populated countries with high energy needs are 

realising the limits of domestic production capacities. Notably, Japan, Korea, and Germany 

expect to develop significant import capacities. As these require large investments in 

production capacity in the exporting countries as well as in the associated logistics 

infrastructure along the supply chain on both sides, initial developments will likely build on 

bilateral agreements, de-risking the capital employed. 

 Initial applications focus on the transport and industry sectors 

Target sectors of national strategies notably include transport and industry, the latter 

particularly in countries with a strong industrial sector and a high priority on greenhouse 

gas reduction. For transport applications, most strategies do not differentiate strongly 

between using hydrogen directly and converting it into other synthetic fuels. Where 

synthetic fuels are mentioned, they are seen as an option for aviation and maritime 

shipping. 

 Green hydrogen is central to all strategies 

In the long run with a view towards a largely decarbonised world by 2050, over half of the 

countries analysed focus on using green hydrogen sourced from renewable energy only; the 

emphasis on green hydrogen is particularly pronounced in the EU. However, in the interim 

other types of low carbon hydrogen are seen as an effective and pragmatic way to ramp up 

volumes and to get the associated hydrogen economies started. 

 Market ramp-up will happen in in three phases 

The expected development of the green hydrogen market can be differentiated in three 

phases. In the current decade, market activation will help to transform current 

demonstration into an early market (phase 1), which is expected to subsequently experience 

sustainable growth  (phase 2), eventually leading to a large and well-established market by 

2050 (phase 3). 

6.2 Emerging opportunities and areas to watch for industry 

 Large cumulative market of over 1- ?| for green hydrogen production 
equipment will develop within the EU until 2030 

Several countries are stating clear and massive targets for ramping up green hydrogen 

production. The move from the currently installed base of electrolysers in the lower 

Megawatt range to Gigawatt-size capacities within less than a decade points towards a 

massive growth path in the coming years and the targeted large hydrogen production 

capacities translate into a sizeable market. The EU target alone indicates a cumulative 
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h\mf`o ndu` ajm `g`^omjgtn`mn \i_ ]\g\i^` ja kg\io ja hjm` oc\i /+ =z rdocdi oc` @P until 

2030.  

 Large industrial partnerships will be formed for production and export/import 

As pointed out earlier, initial export/import relationships are expected to build on bilateral 

agreements. Corresponding supply chains will benefit from a tight integration, resulting in 

partnerships between relevant major stakeholders covering production, infrastructure, and 

logistics. Such partnerships are already being formed15 and industry players should start to 

engage now. 

 Refineries and chemical industry to become the first important large-scale 
hydrogen markets in the mid-term 

Green hydrogen is seen as one of the main levers to decarbonize the industry sector. 

Refineries and the chemical industry are large hydrogen users already today, and gradually 

replacing the fossil-]\n`_ ¨bm`t© ct_mjb`i ]t bm``i jm gjr ^\m]ji ct_mjb`i dn \i `g`h`io 

in several strategies. In addition, the EU Renewable Energy Directive recast (RED II) allows 

green hydrogen used in refineries to count towards the mandatory transport sector target 

of a 14% renewable energy share, creating a strong regulatory incentive. As a result, 

already now large-scale electrolysers are being planned in and around European refineries. 

 Road transport (vehicles and trucks) and fuel cell market currently stronger in 
Asia than in Europe 

While the transport sector is a relevant application segment in all countries, when 

comparing countries with relevant automotive OEMs, the expected use of hydrogen in fuel 

cell passenger vehicles and trucks is stronger in Asia than in Europe. While Japanese, 

Korean, and Chinese plans foresee a relevant role of fuel cell electric vehicles in all road 

transport sectors, European strategies mainly focus on heavy goods vehicles. An interesting 

observation and a reflection of an obvious difference in strategy between OEMs in the two 

continents. Similarly, fuel cells in the building and power sector have a pronounced role in 

Asia while playing only a limited or no role in Europe. 

 Green synthetic liquid e-fuels (PtL) can grow into an interesting opportunity with 
large potential quantities particularly in the aviation and/or maritime sector 

In a few strategies, green synthetic fuels are mentioned as an option for aviation and 

maritime shipping. Being able to be used in the existing engines without major 

modification, they provide a perspective for decarbonisation in the short term, whereas a 

 

 
15  A prominent example is the recently announced Gigawatt size green hydrogen production plant Air Products, 

Saudi Arabia's ACWA Power, and Neom [Air Products 2020] 
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direct hydrogen use is seen as a potential longer term solution, requiring a more profound 

technology development and longer lead time. A possible introduction of quota in the 

aviation sector is discussed in the German and Dutch strategies, which would lead to an 

opportunity for significant volume demand. Likewise, existing emission reduction targets in 

the maritime sector and international pressure to accelerate the path towards them can 

help to further enlarge the market. 

6.3 New policies needed to achieve strategic aims 

 Current measures are insufficient to catalyse envisaged strong growth 

Most strategies focus on targets for green hydrogen production and technology deployment 

rather than on measures supporting these targets. Many policies in place are still focused 

on R&D-oriented action, which remains relevant but less important than fostering 

commercialisation. In most cases, policy development is lagging behind the strategic 

ambitions. Current measures are insufficient to catalyse the envisaged strong growth. New 

policies required to achieve these targets are still in the making and are only starting to 

emerge. 

The time for policy discussions is now and policymakers will likely be open to sensible 

approaches and good arguments. 

 Building on earlier successes, policies should focus on commercialisation: 

Many countries have already been supporting hydrogen and its applications for quite some 

time and successful deployment examples can be traced back to a few triggers, which help 

in discussing policy options. The following measures appear particularly suitable. 

Á Mandatory quota or emission limits have been employed successfully in the past to 

help creating a market for low carbon or more efficient technology. Well-designed 

sectoral quota for green feedstock and fuels in industry and transport can 

stimulate large scale demand. 

Á Moving from R&D support, which has been the dominant public support mechanism 

in the past, to supporting commercialisation and the demonstration of entire value 

chains di `)b) B`mh\it $¨M`\gg\]jm`©% \i_ @pmjk` $¨ct_mjb`i q\gg`tn©% c\n fd^f`_-

off large projects and a flurry of activity even in regions not receiving funding. 

Targeted support for establishing comprehensive value chains will provide 

nuclei for sustainable business. 

Á While public funding towards project investments lowers the entry hurdle for 

participants, it usually does not create a green hydrogen business case due to the 

high cost of green electricity. Moving from CAPEX to OPEX support will help 

to establish sustainable business cases for operators. Measures may range 

from reducing green electricity costs to the carbon contracts for difference (CCfD) 
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instrument, which is currently discussed in the European and German strategies as 

a possible future instrument. 

Á Greenhouse gas reduction is one of the primary goals behind all hydrogen strategies 

and carbon pricing is a well-established instrument in many world regions. While 

current carbon prices in most countries and regions are too low to enable 

sustainable green hydrogen business cases, aiming for globally high CO2 prices 

will help to further reduce the cost gap and create a level playing field. 

Á When it comes to commercial deployment, any policy instrument needs to provide 

a long-term perspective and security of investment in line with typical 

investment lifetimes. 

 A green hydrogen certification needs to be put in place 

A green hydrogen producer needs to be able to verifiably prove the green quality of its 

product. A broadly agreed green or low carbon hydrogen certification mechanism is crucial 

for a successful market development. 

 Infrastructure development requires central coordination and financial support 

A reliable and accessible infrastructure is a necessary prerequisite for retail and SME 

applications and has to precede market development. This holds similarly for hydrogen 

pipelines, where existing infrastructure for gas transport and distribution can be converted 

to transport pure hydrogen, and for refuelling stations. Comprehensive infrastructure 

development requires public financing, central coordination for planning and 

harmonisation, and the appropriate regulatory environment. 

 Public acceptance is key 

Public acceptance is crucial to any new technology deployment and suitable measures 

supporting public acceptance need to complement any policy development. 

Examples include education campaigns, training programmes, and community 

engagement. 
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ANNEX A: HYDROGEN TRANSPORT VECTORS 

Energy density of hydrogen requires hydrogen carriers for shipping  

Conventional liquid energy carriers such as e.g. diesel, crude oil or gasoline are attractive 

for international energy trade and transport due to their high volumetric (kWh/l) and 

gravimetric (kWh/kg) energy density. Diesel has a volumetric and gravimetric energy density 

of about 10 kWh/l and 11.9 kWh/kg, respectively (see Figure 22). At normal conditions 

(15°C, 0.1 MPa) hydrogen is gaseous and has a significantly lower volumetric energy 

density of 0.003 kWh/l, making it less favourable to use for energy transport. To reduce this 

drawback, hydrogen can be conditioned in various ways to increase its volumetric energy 

density. 

For pipeline transport, hydrogen can be compressed to about 10 MPa. This changes the 

energy density to 0.26 kWhLHV/l. Further pressure increase (e.g. for road distribution) rises 

the density e.g. to 1.06 kWhLHV/l at 50 MPa. Due to the unfavourable compressibility factor 

of hydrogen, a pressure increase has a somewhat smaller effect on the volumetric energy 

density as compared to e.g. methane. A significant change in energy density can be 

achieved through liquefaction. Hydrogen becomes liquid at a temperature of -253°C. During 

liquefaction, the energy density increases by a factor of about 786 to 2.36 kWhLHV/l at liquid 

state. This energy density is one of the most relevant properties why LH2 is considered a 

promising option for future large-scale hydrogen transport. 

 

 

Figure 22: Comparison of energy densities of different energy carriers 

To avoid the need for cryogenic temperatures, further technologies are discussed to increase 

the volumetric energy density for transport purposes. One being the use of LOHCs such as 
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e.g. Dibenzyltoluene16 (DBT). LOHCs can absorb and release hydrogen and remain liquid at 

ambient conditions. With DBT, the volumetric density of the transported hydrogen can be 

increased to about 1.7 kWh/l17. At the same time however, the gravimetric density of the 

hydrogenated carrier is significantly lower than for pure hydrogen. In its liquid form, 

ammonia has a volumetric and gravimetric hydrogen energy density of about 3.7 kWh/l and 

5.9 kWh/kg, respectively. Another option to transport hydrogen-based energy, is the 

production of synthetic liquids fuels (e.g. synthetic diesel, synthetic kerosene, methanol). 

Those power-based fuels (Power-to-Liquids, PtL) have the same advantage regarding 

volumetric and gravimetric energy density and thus transport capability as their fossil-based 

counterparts. However, PtL fuels are not directly comparable to the above-mentioned 

hydrogen carriers as the effort for reconverting PtL fuels to pure hydrogen is higher and, for 

that reason, wherever considered they are usually intended to be used as green 

hydrocarbons and not as hydrogen carriers for pure hydrogen end-use. 

Main elements of hydrogen import supply chains 

Energy density is an import parameter for (cost) efficient storage, transport and distribution. 

It directly determines the amount of hydrogen being transported or stored with a certain 

vessel size (e.g. ship, trailer). However, the conditioning of gaseous hydrogen into and/or 

from its transportable form requires a substantial amount of energy and process equipment. 

Figure 23 depicts the main elements of hydrogen supply chains based on liquid hydrogen, 

pipeline transport, LOHC (DBT), and ammonia. The supply of PtL is also shown for 

comparison. 

 

 
16  DBT is currently developed as hydrogen carrier e.g. in Germany. Another LOHC that is discussed for hydrogen 

transport is e.g. Methylcyclohexane (MCH). Different LOHCs have different properties during transport, 

storage and/or hydrogenation and dehydrogenation. DBT is used as an example in this report. 

17  Referring to the amount of hydrogen after the dehydrogenation of the DBT. 
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Figure 23: Main elements of large-scale hydrogen export/import supply 

chains (1) LH2 via ship, (2) CGH2 via pipeline, (3) LOHC via ship, 

(4) NH3 via ship, and the supply of PtL for comparison (5) 

 Liquid hydrogen (LH2) 

For LH2 export, the hydrogen needs to be liquefied by reducing the temperature to -253°C. 

This is an energy intensive process, consuming about 13 to 6 kWh/kg18 of electricity. After 

liquefaction, LH2 is stored in a super insulated tank (requiring vacuum insulation) until and 

during shipment. The transport capacity of a maritime LH2 carrier ship is expected to be in 

the order of about 11,000 tH2. After shipping to the importing country, LH2 is transferred to 

a stationary storage until further distribution or use. Depending on the quality of insulation 

and the storage duration, small quantities of the liquid return to their gas phase due to 

unavoidable heat influx into stationary and mobile storage tanks. This so-called boil-off gas 

(BOG) can be used e.g. as fuel during shipment or for stationary applications. BOG can be 

kept below 0.5% of the vessel capacity per day. 

 

 
18  ~ 13 kWh/kg: some existing plants; ~ 6 kWh/kg: anticipated for future plants 



 International Hydrogen Strategies 

 ANNEX A: Hydrogen transport vectors 

62 

Depending on the available infrastructure, the distribution concept, and the final hydrogen 

use, LH2 is vaporised before or after further distribution. Distribution in cryogenic liquid 

state is usually performed by trailers with a capacity of about 3.5 tLH2. 

 Gaseous hydrogen via pipeline (GH2) 

Dio`mi\odji\g ct_mjb`i om\inkjmo qd\ kdk`gdi` rdgg ]` ndhdg\m oj oj_\t©n h`oc\i` om\inkjmo) 

Gaseous hydrogen is compressed and fed into high capacity pipelines. To achieve long 

distance and high-capacity transport, the gas needs to be recompressed in multiple 

compressor stations along the export/import route. Large-scale and long-term (seasonal) 

storage of hydrogen can be implemented by connecting appropriate storages (e.g. salt 

caverns, depleted gas fields) to the pipeline. At the import location, appropriate distribution 

infrastructure and/or consumers need to be in place to handle and/or consume the 

continuous flows and high hydrogen import quantities usually associated with pipeline gas 

import. 

 Liquid Organic Hydrogen Carriers (LOHC) 

For the export of hydrogen via LOHC (e.g. Dibenzyltoluene), the first step after hydrogen 

production is hydrogenation of the carrier liquid. In this process, hydrogen is embedded into 

the organic liquid carrier substance. This is a strongly exothermal reaction. The theoretic 

uptake capacity of DBT is 57 kgH2 per 1,000 LDBT or 6,2 g/kgLOHC (6.2 wt%19). However, the 

net useable capacity is about 10% less due to incomplete hydrogenation and 

dehydrogenation processes. 

The hydrogenated (and also the dehydrogenated) liquid can be handled (stored, transferred) 

like any oil product. The LOHC is stored in stationary tanks until shipping. A regular oil 

tanker takes the liquid to the import destination. A tanker filled with 75,000 t of DBT has a 

usable hydrogen transport capacity of about 4,000 tH2. On arrival, the liquid is transferred 

into an onshore storage. The LOHC needs to be dehydrogenated before the hydrogen can 

be used again in its gaseous state. This may happen before or after further distribution. 

With LOHC, the hydrogen transport capacity of a road trailer is about 1.5 t. 

Dehydrogenation is an endothermal process with a required heat input of about 9 kWh/kg 

at 250 to 320°C and some additional electricity demand for pumps, controls etc. The 

released gas has a pressure of below 0.3 MPa. The dehydrogenated carrier liquid needs to 

be transported back to the hydrogen source for reuse. 

 

 
19  wt% = abbreviation for weight %  
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 Ammonia (NH3) 

Ammonia (NH3) is produced from hydrogen and nitrogen in the Haber-Bosch process. In 

addition to the electrolyser producing hydrogen, an air separation unit is required to provide 

nitrogen. Before storage and export, NH3 is transformed to its liquid state to improve 

density. NH3 becomes and stays liquid either at a moderate pressure of about 1 MPa or at 

a temperature of -33°C. For large-scale storage and transport, it is usually economically 

favourable to refrigerate NH3, while for smaller quantities liquefaction through compression 

has economic advantages. The continuously refrigerated medium is transported by a bulk 

NH3 ship to the import destination. A very large gas carrier (VLGC) with a storage volume 

of 82,000 m³ has a hydrogen transport capacity of about 10,000 tH2. The imported ammonia 

can either be cracked to produce pure hydrogen for direct use or further hydrogen 

distribution or it can be used directly as ammonia e.g. for fertiliser production, power 

generation, or as a fuel e.g. for ships. Ammonia cracking requires substantial amounts of 

heat and electricity resulting in an energy consumption of about 30% of the contained 

hydrogen. 

Due to the toxicity of ammonia20, a widespread distribution of NH3, especially in populated 

areas, is unlikely to be implemented within future energy import chains. 

 Power-to-Liquids (PtL) 

Power-to-Liquid fuels are produced from hydrogen and CO or CO2 via the Fischer-Tropsch 

or methanol route. In the Fischer-Tropsch process, a H2/CO syngas is converted to a range 

of different hydrocarbons that are further processed and separated in a refining process to 

different fuel products such as synthetic diesel, kerosene, or petrol. Alternatively, methanol 

can be produced by synthesis of hydrogen and CO2. The methanol can be used for energy 

storage and transport itself or it can be further converted into synthetic fuels such as diesel 

or kerosene. After PtL production, the synthetic liquids can be stored, transported, and used 

in the same way as their fossil counterparts. 

To produce CO2-neutral fuels, hydrogen production and CO/CO2 supply need to be CO2 

neutral. This can be achieved e.g. by using CO2 from biogenic resources or by capturing CO2 

directly from the air. The first option is usually limited in scale due to available regional 

biomass potential; the latter option requires a relevant amount of energy and equipment 

for air separation or direct air capture. 

PtL fuels are mainly considered as drop-in fuels to (partially) substitute their fossil-based 

counterparts in existing applications, such as e.g. aviation, that cannot easily be switched 

to battery or hydrogen. The main aim is to reduce the carbon footprint. PtL fuels are not 

 

 
20  Ammonia is considered a toxic inhalation hazard. 
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used as hydrogen carriers to supply pure hydrogen to processes or applications and are thus 

not directly comparable to e.g. hydrogen transport via pipeline, LOHC or in liquid form. 

Technology availability 

Each above-mentioned transport technology has its advantages and disadvantages as well 

as different technology readiness levels for the main technologies within the export/import 

supply chain. The maturity of the main technologies is shown in Figure 24. 

 
 

 

Figure 24: Principle technology availability of main export/import 

technologies 

Further technology development or up-scaling is required in all considered hydrogen 

export/import vectors and also for PtL production and import. However, pipeline transport 

can be considered as the most developed technology for hydrogen import. Major key 

technology development, upscaling or gaining of long-term operating experience are 
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