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EXECUTIVE SUMMARY 

This report summarises 19 hydrogen strategies and industry roadmaps (�L�Q�F�O�X�G�L�Q�J���W�K�H���(�8�¶�V broader 

decarbonisation strategy) 
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7. Access to low cost, low GHG intensity electricity is likely to be critical to the potential for a 

hydrogen export trade into the medium term, and for the potential of hydrogen to make a 

meaningful contribution to domestic GHG reductions. Availability of suitable geological 

features for CCS is also likely to be an important cost driver. 
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strategies. Some countries 
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Figure E.1: Identified Production Technologies for Hydrogen by Regional Strategies 

 

Note: 
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�x in homes and buildings as an energy source for space heating, water heating and cooking; 

and 

�x in energy production as an effective way to store surplus renewable energy. 

The variations in end uses for hydrogen identified in the strategies are summarised in Table E.1, with 

more detailed descriptions of the potential end uses following the table. 

Figure E.2: Key End-uses for Hydrogen Identified in Strategies 
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offers one method of reducing carbon emissions produced by industry. Other potential industrial uses 

for hydrogen include 
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gas abatement could reduce the demand for low carbon technologies, in which case investment in 

hydrogen could be abandoned. Either way, we consider that all national strategies should be 
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D. Europe an Union ( A clean planet  for all : A European long -term strategic vision for a 
prosperous, modern , competitive and climate neutral economy )  

This broader strategy is focussed on the set of scenarios that would allow the EU to achieve 

sufficient decarbonisation by 2050 to be consistent with a less than 2°C (and less than 1.5°C) 

increase in temperature from pre-industrial averages. The modelled decreases in emissions are 

80%, 90% and 100% below 1990 levels. Although the strategy is one of overall emissions 

reductions, �K�\�G�U�R�J�H�Q���D�Q�G���µ�H-�J�D�V�¶�����H���J�����J�D�V���S�U�R�G�X�F�H�G���X�V�L�Q�J���]�H�U�R-carbon energy such as 

synthetic methane) play an important role in many of the scenarios developed given their 

potential to substitute for greenhouse gas emissions in many sectors where it is considered 

liy9(wi)4(t)-10co TJ-7(or gr)99( )-10(thno
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H. International Energy Agency  

This roadmap and its 2019 update provides an exhaustive discussion of the nature, function 

and cost of key hydrogen technologies. It also identifies applications where hydrogen can offer 

maximum value-added. The roadmap takes a short term and long-term perspective on actions 

that are required to develop and deploy hydrogen technologies while taking into consideration 

global energy and climate goals. The roadmap also intends to promote stakeholder 
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L. Norway  
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and salt caverns to the distribution network; and appliance conversion for the domestic, 

commercial and industrial sectors. 

The combination of SMRs and carbon capture and storage (CCS) would provide a 73% 

reduction in carbon emissions. 

P. London, United Kingdom  

The three main objectives of the report were to: 

�x show how hydrogen and fuel cell technologies can help solve �/�R�Q�G�R�Q�¶�V���F�K�D�O�O�H�Q�J�H�V���L�Q��
terms of population growth and environment; 

�x provide evidence to support the case for continued investment in hydrogen fuel cell 

technology by public and private sector organisations in the transport, transportable 

and stationary sectors; and 

�x to spread awareness about these hydrogen technologies to persons and stakeholders 

who are not familiar with the sector. 

 

London considers itself a leader in deploying zero-emission hydrogen and fuel cell technologies 

in urban operation. London has achieved a presence in harnessing benefits using hydrogen 

technology as demonstrated by establishing 3 hydrogen stations; operation of multiple fuel cell 

vehicles (8 buses, 15 vehicles from global OEMs, and 10 hydrogen-diesel vans); 3 large-scale 

fuel cell combined heat & power plants (largest number in one European city with a combined 

total capacity of 1MW); and sale of hundreds of unsubsidised portable power units. 

Q. North of England, United Kingdom  

The H21 North of England (NoE) strategy is in many ways a large-scale extension of the Leeds 

specific strategy summarised above. The H21 NoE Project is 13 times larger in terms of energy 

and 14 times larger in terms of meter points than the H21 Leeds project. The H21 NoE focuses 

on the development of the engineering solutions necessary to enable conversion of the existing 

gas networks across the North of England to hydrogen between 2028 and 2034. In so doing, 

the project would decarbonise 14% of the UK heat and 17% of all domestic gas meter 

connections in the UK. The project 
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LEARNING FROM OTHER HYDROGEN STRATEGIES AND ROADMAPS  

1 INTRODUCTION 

The Council of Australian Governments (COAG) is in the process of developing a National Hydrogen 

Strategy. It is anticipated that this Strategy will highlight the opportunities that hydrogen represents for 

Australia in the development of a hydrogen export industry coupled with the role of hydrogen in 

mobility, in domestic gas networks, in providing heat to industry and in supporting electricity 

generation. The development of the regulatory and other arrangements necessary to allow the use of 

hydrogen gas within Australia may also become part of the proposed strategy. It is anticipated that the 

final Strategy will be formally approved in December 2019 following a process of engagement and 

consultation. This document has been prepared with a view to assisting those involved in the 

development of this strategy as well as supporting those engaged in broader energy policy 

development. 

Over recent years many countries, states and even cities have developed hydrogen strategies while 

various interest groups have developed industry 
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Furthermore, while efforts have been made to identify data relating to the cost-effectiveness of 

particular forms of hydrogen production and associated technologies, no attempt has been made to 

undertake a thorough assessment of the relative cost-effectiveness and energy efficiency of such 

technologies as this is beyond the scope of the research task. 

In identifying relevant strategies and roadmaps particular attention was paid to those strategies that 

have or are being developed in several European and Scandinavian countries, the United Kingdom, 

Japan, Korea and China. Prominent regional initiatives being developed by states like California and 

cities like Leeds and London are summarised. Although Brunei and Norway do not have existing or 

current national strategies per se, they were included due to notable hydrogen initiatives being 

recently implemented in these countries. 

The remainder of the report is organised as follows. Section two provides a synthesis of the key 

themes, insights and underlying fundamentals that emerged from the analysis of strategies and 

roadmaps considered in this report. Each of these individual strategies and roadmaps is in turn 

summarised in the appendices (in alphabetical order by country, with regional strategies appearing 
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2.1 Formulation of strategies 

In developing hydrogen strategies there are a number of broad themes that are typically observed in 

the more effective strategies: 

�x �Z�K�D�W���D�U�H���W�K�H���H�F�R�Q�R�P�\�¶�V comparative advantages with respect to hydrogen, and how can they 

be enhanced and maintained; 

�x identifying the key end-use cases for hydrogen; 

�x what infrastructure or policy changes are required to support the targeted role for hydrogen; 

and 

�x how will required hydrogen volumes will be sourced. 

 

In considering these questions issues such as existing and future sources of energy, areas of 

comparative advantage and the relative cost-efficiency of competing technologies and/or overseas 

competitors are taken into account. 

There are also several gaps that are apparent in the majority of the strategies, namely: 

�x Few of the strategies have clearly defined goals for the role of hydrogen in decarbonisation, 

perhaps reflecting technological and cost uncertainty; 

�x Strategies/roadmaps do not typically reflect the planned activities in other countries, missing 

opportunities for synergies and cooperation;  

�x The resources currently being committed (outside of R&D) are typically small relative to the 

ambitions of the strategies; and 

�x Few strategies have started to grapple with the logistics of the transition to hydrogen in the 

targeted sectors. 

 

Comparative  advantage an d demand  

At the heart of various strategies is a desire to gain a comparative advantage by focusing on the 

development of particular technologies or sectors, and scaling up production and demand in order to 

reduce the cost of hydrogen technologies relative to existing carbon-intensive technologies and 

competitors. 

Existing areas of comparative advantage, and a desire to preserve these advantages going forward, 

often inform strategies that are motivated by industrial development goals. Hence, for countries with 

large automotive manufacturing industries such as South Korea, Japan, China and France, 

development of local manufacturing capability in respect of FCVs, and ambitious roll-out scenarios for 

FCVs, can together be seen as measures to ensure that local sectors do not fall behind competitors in 

the event these technologies take off. For countries without such manufacturing capabilities (which 

now includes Australia in the case of passenger cars), such imperatives are naturally less compelling. 

Comparative advantage can also be seen more broadly, for example, �&�D�O�L�I�R�U�Q�L�D�¶�V population is 

currently heavily dependent on small passage vehicles, particularly some of its areas of highest 

comparative advantages such as IT where the key employers are often located in areas of low 

�S�R�S�X�O�D�W�L�R�Q���G�H�Q�V�L�W�\�����7�K�H�U�H�I�R�U�H���L�Q���&�D�O�L�I�R�U�Q�L�D�¶�V���F�D�V�H���P�D�L�Q�W�D�L�Q�L�Q�J���L�W�V���H�[�L�V�W�L�Q�J���F�R�P�S�D�U�D�W�L�Y�H���D�G�Y�D�Q�W�D�J�H�V���L�Q���D��
decarbonising economy relies on alternatives to internal combustion engines becoming cost-

competitive, leading to a focus on the infrastructure needed to support FCVs. 

Reducing reliance on foreign technology and imports is also a specific feature of some strategies. 

�&�K�L�Q�D�¶�V���S�O�D�Q���W�R���G�H�Y�H�O�R�S���D�Q���H�Q�W�L�U�H���I�X�H�O���F�H�O�O���Y�H�K�L�F�O�H���W�H�F�K�Q�R�O�R�J�\���D�Q�G���L�Q�G�X�V�W�U�\���F�K�D�L�Q���G�L�U�H�F�W�O�\���I�O�R�Z�V���I�U�R�P���L�W�V��
Made in China initiative to reduce reliance on foreign technology imports and climb up the global 

manufacturing value chain. Similarly, South Korea hopes to localise alkaline and polymer electrolysis 

parts, all parts of fuel cells for power generation, and hydrogen gas turbine technology. 
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As mentioned previously, reducing costs across the whole hydrogen industry chain is critical to 

enabling the adoption of hydrogen technologies. To the extent that multiple demands for hydrogen 

can be nurtured this will help to reduce unit costs through economies of scale effects. 

Holistic approach  

As hydrogen technologies are still in their infancy, strategies often take a holistic approach in terms of 

recognising that the whole hydrogen industry supply chain will need to be developed in order to 

facilitate end-use technologies. This includes not only how hydrogen will be produced, transported 

and stored, but also any other supportive infrastructure that will be needed to facilitate adoption (e.g. 

hydrogen refuelling infrastructure for FCVs, household appliances in respect of hydrogen substituting 

for natural gas in existing gas networks, refurbishment or replacement of transmission and distribution 

networks). 

Key uses  

Key uses for hydrogen generally focus on areas where hydrogen can be deployed to facilitate 

decarbonisation of energy systems, with a particular emphasis on those areas of decarbonisation 
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�x Coal, without CCUS, median A$ 3.7/kg H2 (sensitivity range A$ 2.1 to A$ 5.5) 

�x Coal, with CCUS, median A$ 3.4/kg H2 (sensitivity range A$ 2.3 to A$ 4.5) 

 

Specific cost projections and goals contained in the regional strategies include (but are not limited to): 

�x French Hydrogen Development Plan �± the cost of decarbonised hydrogen for transport 

distribution should reach a cost of A$11.1 per kg by 2030, a level comparable to energy for 

diesel vehicles. In terms of industrial production, the costs of water electrolysis are estimated 

to fall from a current level of A$6.4 to 9.5 per kg to A$3.2 to 4.8 by 2028, which is 

comparable to the current cost for large industrial customers that extract hydrogen from fossil 

fuels (A$2.4 to 4.0 per kg). 

�x Hydrogen Economy Roadmap of Korea �± the production ramp-up targets should enable the 

unit price of hydrogen to fall from a current level of A$9.9 per kg to A$7.4 per kg by 2022, 

and down to A$3.7 by 2040. 

�x Basic Hydrogen Strategy for Japan �± increased procurement should reduce the plant 

delivery cost from around 100 yen per Nm3 to around 30 yen per Nm3 by 2030 (from A$13.8 

to A$4.1 per kg). Further scaling up efforts beyond this date should reduce the cost to 20 yen 

per Nm3 in order to reach cost competitiveness with traditional energy sources. 

�x Outlines of a Hydrogen Map for the Netherlands �± the cost of production using electrolysis is 

expected to fall from a current range of A$7.9 to 10.3 per kg depending on the production 

method (alkaline or PEM), to A$4.8 to 5.6 per kg by 2030 for on-site production at the MW 

scale. 

 

It is not clear to what extent the differences in these regional projections from the IEA�¶�V���S�U�R�M�H�F�W�L�R�Q�V��
reflect differences in timing or expected regional input cost differences. 

Going beyond hydrogen strategies and roadmaps, the Asia Pacific Energy Research Centre (2018) 

recently estimated the future cost of carbon-free hydrogen production under alternative production 

approaches for APEC economies as part of a scenario analysis �± see Figure 2. Based on a range of 
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Figure 2: Production Cost Estimates of Carbon Free Hydrogen in the APEC Region in 2030

 

Note: ROK = Republic of Korea; CT = Chinese Taipei; NZ = New Zealand. Red denotes hydrogen derived from fossil sources, 

blue from renewable sources. Costs are in US currency. 

Source: Asia Pacific Energy Research Centre (2018), Perspectives on Hydrogen in the APEC Region. 

2.3 Sectoral developments 

Strategies and roadmaps generally identify four broad areas where hydrogen may be deployed to 

facilitate decarbonisation: 

�x industry as a feedstock and heat source; 

�x 

 

 

�x 
 

�x 
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Figure 3: Key End-uses for Hydrogen Identified in Strategies 
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economic growth. So, for example, hydrogen (and other gases created using zero-carbon electricity) 

are considered as distribution systems, ways of storing energy, and ways of satisfying energy (and 

feedstock) demands of key sectors, see Figure 4. 

Figure 4: Inter-relationship of energy flows in a decarbonised economy 

 

Source: European Union 2018, p. 66. 

Industry  

Hydrogen is currently used as a feedstock for a number of industrial processes, including but not 

limited to, the manufacture of ammonia, petroleum refining, and methanol production. There is also 

limited use of hydrogen in other industrial processes including other chemicals manufacturing, iron 

and steel making, and glassmaking. Almost all of the hydrogen used in these industrial processes is 

derived from fossil fuel sources such as steam methane reforming. Substituting low or zero-carbon 

hydrogen for existing fossil fuel derived hydrogen consequently offers one pathway for achieving 

carbon abatement in the industry sector. 

There are other potential novel uses for hydrogen in industrial processes �± e.g. direct reduced iron 

steelmaking �± however, these uses are still at the pilot stage and need feasibility testing. 

The other main potential application for hydrogen in industry is as an alternative to natural gas for 

high and low-temperature heat. Hydrogen may be used as a fuel source for boilers and furnaces, 

although replacement may be required, especially if high or hydrogen only fuel sources will be used.4 

Carbon dioxide, which is sometimes produced as a by-product of industrial processes (e.g. cement 

making), could be combined with hydrogen to produce synthetic methane, which can then substitute 

for natural gas used in existing industrial processes or elsewhere. 

The strategies recognise that technological uncertainty and the current cost advantages enjoyed by 

fossil fuels are currently major barriers to adopting hydrogen in industrial applications. The industrial 

sector is generally highly exposed to international competitive pressures and is therefore sensitive to 

any factors that raise input costs. Hydrogen Europe (2019) observes that hydrogen technologies will 

probably need to reach a price level that is in line with the price of natural gas including carbon 

externalities in order to facilitate adoption. Given these pressures and the uncertainties associated 

                                                      
4  Toyota has recently developed a general-purpose hydrogen burner for industrial use, which could 

potentially replace existing natural gas burners. 
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with implementing new hydrogen technologies, nations are generally taking a cautious approach to 

exploring potential industrial applications and ways of reducing costs. 

Nonetheless, the industrial sector �K�D�V���E�H�H�Q���V�H�O�H�F�W�H�G���D�V���W�K�H���L�Q�L�W�L�D�O���I�R�F�X�V���I�R�U���)�U�D�Q�F�H�¶�V���K�\�G�U�R�J�H�Q��
strategy as it is effectively the only source of existing hydrogen demand and therefore has the 

greatest potential for exploiting economies of scale in the short term. The French plan seeks to 

overcome existing cost barriers by subsidising the acquisition of electrolysers. It also plans to 

�H�V�W�D�E�O�L�V�K���D���µ�W�U�D�F�H�D�E�L�O�L�W�\���V�\�V�W�H�P�¶���V�R���W�K�D�W���W�K�H���F�D�U�E�R�Q���D�E�D�W�H�P�H�Q�W���D�F�K�L�H�Y�H�G���E�\���X�V�L�Q�J���K�\�G�U�R�J�H�Q���S�U�R�G�X�F�H�G��
from renewables energies can be recognised. Meanwhile, the UK has established an Industrial Fuel 

Switching program to explore the potential for industries to switch to low carbon fuels such as 

hydrogen, biomass and clean electricity. 

Heating
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to 250,000 vehicles charging stations by this date.6 For this reason, some strategies initially focus on 

developing commercial vehicles such as light vans and taxis which may be more suited to fuel cells 

(e.g. commercial vehicles comprise 60% of the 5,000 target for China in 2020). 

Ambitious roll-out scenarios for some countries �± South Korea, China, France and Japan �± are in 

large 
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(power-to-gas) has emerged as a potential long-term, large-scale storage option. Given the need to 

bring more renewable energy online, power-to-gas is a major area of interest for national hydrogen 

strategies and roadmaps. 

The observation that hydrogen and, also, synthetic gas produced using zero-carbon electricity have a 

role in smoothing demand in a decarbonised grid is well illustrated in �W�K�H���(�X�U�R�S�H�D�Q���8�Q�L�R�Q�¶�V���V�W�U�D�W�H�J�\��
for a climate-neutral economy (see Figure 5, European Union 2018).
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�D�O�O���R�I���W�K�H���Z�R�U�O�G�¶�V���U�H�V�L�G�H�Q�W�L�D�O���I�X�H�O���F�H�O�O�V���D�U�H���O�R�F�D�W�H�G���L�Q���-�D�S�D�Q�������1�R�Q�H�W�K�H�O�H�V�V�����-�D�S�D�Q���D�Q�G���6�R�X�W�K���.�R�U�H�D��
hope to bring down costs by scaling up the production and deployment of micro-CHP systems for 

residential and commercial buildings. South Korea expects that scaling up production will reduce 

installation and power generation costs by 65 and 50% respectively by 2040 (Government of Korea, 

2019). Meanwhile, Japan is looking to promote the introduction of fuel cells for industrial and 

commercial customers with low heat-to-power requirement and hopes to introduce pure hydrogen 

fuel-cell systems by 2030 (current systems run on natural gas). 

Large stationary fuel cells face similar cost barriers to becoming an economical means of direct power 

generation. A 2015 European study found that the levelized cost of electricity from large stationary 

fuel cell was approximately 40% higher compared to grid electricity (Element Energy Ltd., 2016). 

The adoption of hydrogen for direct power generation will depend heavily on how competing 

technologies evolve. For example, a recent study on the potential for hydrogen production in the 

�$�3�(�&���U�H�J�L�R�Q���D�V�V�X�P�H�G���W�K�H�U�H���Z�R�X�O�G���E�H���³�Q�R���P�R�W�L�Y�D�W�L�R�Q�´���I�R�U���X�V�L�Q�J���K�\�G�U�R�J�H�Q���I�R�U���E�D�V�H�O�R�D�G���S�R�Z�H�U��
generation within a country if CCS becomes available (Asia Pacific Energy Research Centre, 2018). 

The reasoning here is that CCS would allow existing fossil fuels to continue to be used for power 
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The strategies reviewed also suggest that linking regional strategies to national strategies and targets 

can partially �U�H�G�X�F�H���W�K�H���G�H�J�U�H�H���R�I���X�Q�F�H�U�W�D�L�Q�W�\���G�X�H���W�R���W�K�H���µ�U�L�F�K�H�U�¶���L�Q�I�R�U�P�D�W�L�R�Q���W�K�D�W���L�V���W�\�S�L�F�D�O�O�\���D�Y�D�L�O�D�E�O�H�� 

3.1 Implications and recommendations for industry 

The key take- take
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Residential 

Exports 

Comparative Advantages 

Brunei has a relatively large oil and gas sector which accounted for 58% total gross value added in 

the first quarter of 2018 (Department of Statistics 2018). Japan is a long-standing major customer of 

�%�U�X�Q�H�L�¶�V���R�L�O���D�Q�G���J�D�V���U�H�V�R�X�U�F�H�V�����7�K�L�V���H�[�L�V�W�L�Q�J���L�Q�W�H�J�U�D�W�L�R�Q���F�R�X�S�O�H�G���Z�L�W�K���W�K�H���F�R�X�Q�W�U�\�¶�V���F�O�R�V�H���S�U�R�[�L�P�L�W�\���W�R��
Japan makes it an ideal test bed for hydrogen derived from steam reforming natural gas. 

Role of Government 

The Global Hydrogen Supply Chain Demonstration Plant is subsidised by the National Research and 

Development Agency and the New Energy and Industrial Technology Development Organization 

(Mitsui & Co., Ltd. 2017). 

Funding / Costs 

Challenges 

Existing oil and gas fields are ageing, and there is a need for greater investment and exploration 

activity to boost oil and gas reserves. 

Recommendations (Roadmap) 

Public Awareness 

Timeframes 

The project should be completed by December 2019, enabling operation during the 2020 calendar 

year. 

Regulatory 

Update 

References 

Department of Statistics (2018), Gross Domestic Product, First Quarter 2018. 

Mitsui & Co., Ltd. (2017), �7�K�H���:�R�U�O�G�¶�V���)�L�U�V�W���*�O�R�E�D�O���+�\�G�U�R�J�H�Q���6�X�S�S�O�\���&�K�D�L�Q���'�H�P�R�Q�V�W�U�D�W�L�R�Q���3�U�R�M�H�F�W, July 

27. Available: https://www.mitsui.com/jp/en/release/2017/1224164_10832.html   
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Table B.�������&�K�L�Q�D�¶�V���G�H�Y�H�O�R�S�P�H�Q�W���J�R�D�O�V���I�R�U���K�\�G�U�R�J�H�Q���I�X�H�O���F�H�O�O���Y�H�K�L�F�O�H�V 

 

2015 2020 2025 2030 

Fuel cell vehicles 
    

 - Number 
 

5,000 50,000 >1 million 

 - Commercial�±passenger 
 

3,000; 2,000 10,000; 40,000 

 

Fuel cell vehicle cost (RMB) 
    

 - commercial 2m �”�������P �”�������P �”�������������� 

 - passenger >500,000 �”�������������� �”�������������� �”�������������� 

Hydrogen refuelling stations 
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Challenges 

China currently faces a number of current limitations in relation to fuel cell vehicle development. 

These limitations include improving fuel cell system operational lifespans; a lack of domestic 

capability in respect of critical materials and components (e.g. fuel cell electro-catalysts, proton 

exchange membranes, carbon paper, air compressors, hydrogen reticulation pumps etc.); and 

hydrogen tanks with higher storage densities / pressure (Strategy Advisory Committee, 2016). 

Recommendations (Roadmap) 

Public Awareness 

Timeframes 

The roadmap has milestone objectives for 2020, 2025 and 2030. 

Regulatory 

New hydrogen transportation and storage technologies (e.g. liquid hydrogen) will require regulatory 

approvals. 

Update 

References 

China (2016), China First NDC, Available: 

https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/China%20First/China%27s%20First%2

0NDC%20Submission.pdf 

International Partnership for Hydrogen and Fuel Cells in the Economy (IPHE) (2019), China, IPHE 
Country Update: December 2018. Available: https://www.iphe.net/china  

Li, J (2018) Hydrogen Energy Country Overview, presentation to the United States Department of 

Energy International Hydrogen Infrastructure Workshop 2018, Sept. 11-12. 

Strategy Advisory Committee of the Technology Roadmap for Energy Saving and New Energy 

Vehicles and Society of Automotive Engineers of China (2016), Hydrogen Fuel Cell Vehicle 
Technology Roadmap. Available at http://img.sae-

china.org/web/2017/11/FCV%20Tech%20Roadmap_20171027(1).pdf  

  



 

46 

APPENDIX C �± EUROPEAN UNION (HYDROGEN ROADMAP EUROPE) 

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 

Hydrogen Roadmap Europe �± A Sustainable Pathway for the European Energy Transition 

Document Type and Author 

Roadmap by stakeholder group, Hydrogen Europe, also known as the European Hydrogen and Fuel 

Cell Association. It represents industry companies across the value supply chain, research 

organisations and national associations. 

Abstract 

�7�K�H���U�R�D�G�P�D�S���R�X�W�O�L�Q�H�V���D�Q���³�D�P�E�L�W�L�R�X�V���V�F�H�Q�D�U�L�R���I�R�U���K�\�G�U�R�J�H�Q���G�H�Y�H�O�R�S�P�H�Q�W���L�Q���W�K�H���(�8�´���L�Q���R�U�G�H�U���W�R��
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Power Generation 

Using e�[�F�H�V�V���S�R�Z�H�U���J�H�Q�H�U�D�W�L�R�Q���I�U�R�P���U�H�Q�H�Z�D�E�O�H�V���W�R���S�U�R�G�X�F�H���K�\�G�U�R�J�H�Q���Z�L�O�O���H�Q�D�E�O�H���³�V�H�F�W�R�U���F�R�X�S�O�L�Q�J�´����
whereby hydrogen can be used as a fuel for transport, building heating and industry. It can help 

balance variabilities in the supply and demand of power over the short and long term, which is 

expected to become more pronounced over time with the trend toward electrification of energy use 

and increasing penetration of renewables. While batteries are an efficient short term option for energy 

storage, hydrogen is better suited for long periods, which means it can help balance large inter-

seasonal variations in demand and supply. And via transportation in pipelines, ships and trucks, it can 

connect regions with excess or high potential for renewable energy production (e.g. southern Europe, 

northern Africa) with areas of high demand. 

In the ambitious hydrogen adoption scenario, power companies are assumed to store approximately 

25 TWh of surplus renewable energy as hydrogen by 2030, while approximately 40TWh in power is 

produced from about 64 TWh of hydrogen.
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Gas Networks 

About 40% 
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Challenges 

The ambitious scenario requires a significant policy commitment. 

Recommendations (Roadmap) 
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APPENDIX D �± EUROPEAN UNION (A CLEAN PLANET FOR ALL) 

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 

A Clean Planet for all: A European long-term strategic vision for a prosperous, modern, competitive 

and climate neutral economy 

In-Depth Analysis in Support of the Commission Communication COM(2018) 773 

Document Type and Author 

Decarbonisation strategy prepared by the European Union 

Abstract 

This broader strategy is focussed on the set of scenarios that would allow the EU to achieve sufficient 

decarbonisation by 2050 to be consistent with a less than 2°C (and less than 1.5°C) increase in 

temperature from pre-industrial averages. The modelled decreases in emissions are 80%, 90% and 

100% below 1990 levels. Although the strategy is one of overall emissions reductions, hydrogen and 

�µ�H-�J�D�V�¶�����H���J�����J�D�V���S�U�R�G�X�F�H�G���X�V�L�Q�J���]�H�U�R-carbon energy such as synthetic methane) play an important 

role in many of the scenarios developed given their potential to substitute for greenhouse gas 

emissions in many sectors where it is considered likely that it will be difficult for electricity to do so 

cost-effectively. 

An important feature of the strategy if the effort to consider energy decarbonisation needs and 

approaches systemically from energy generation, through potential distribution and storage 

technologies, to users of the energy (and industrial feedstock). 
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including household heating, stationary energy, and acting as an industrial feedstock (in combination 

with sustainable sources of carbon where necessary). Hydrogen is also the primary fuel source for 

heavy vehicles and fuels a proportion of light vehicles. 

In the e-fuels scenario, 100% e-gas is distributed through the gas grid and it fills all of the roles grid 

natural gas currently provides including household heating, stationary energy, and acting as an 

industrial feedstock. E-fuels are also a key fuel source for all transport modes. 

Power Generation 

Electricity generation is assumed to be almost completely de-carbonised, primarily through 

renewables (with solar PV taking the most significant role), however nuclear is assumed to still have a 

role in the power generation system. 

�µ�)�X�W�X�U�H���I�X�H�O�V�¶���D�U�H���D�V�V�X�P�H�G���W�R���K�D�Y�H���D���G�L�V�W�L�Q�F�W�����D�O�E�H�L�W���O�L�P�L�W�H�G�����U�R�O�H���L�Q���W�K�H���S�R�Z�H�U���V�\�V�W�H�P���D�V���D���P�H�F�K�D�Q�L�V�P��
for long-term, large scale storage either through hydrogen, e-gas, or ammonia which can then be 

used to fuel power plants in intervals of prolonged low renewable generation. 

Transport / Mobility 

Different scenarios see different assumed roles for hydrogen and related technologies: 

�x In the electricity scenario hydrogen or e-fuel have almost no role in the transport system, 
being used only for maritime transport (and possibly aircraft); 

�x In the hydrogen scenario, hydrogen is the primary fuel source for heavy vehicles and maritime 
transport, with some use by passenger vehicles (although BEVs are expected to dominate 
that market segment); 

�x In the e-fuel scenario, e-fuels are the primary fuel source for heavy vehicles, maritime 
transport and air transport, as well as capturing a significant proportion of the passenger 
vehicle market (with the remainder being BEVs). 

 

Industrial Systems 

Those industrial processes where electricity cannot displace gas will be met through on-site of local 

production of hydrogen or e-gas using electricity. 

In the hydrogen scenario,100% hydrogen will be distributed using the gas distribution network, 

modified to prevent embrittlement or seal leaks. 

In the e-fuels scenario, synthetic natural gas will be distributed through the existing gas pipeline 

network. 

Gas networks (and distribution) 

In the electricity dominated scenario gas networks and gas distribution are assumed to be displaced 

entirely or almost entirely by electricity which will capture their current markets including domestic and 

industrial heat, and most industrial processes. 

In the hydrogen and the e-fuel scenarios, the existing gas distribution network is used to transmit the 

alternative zero net carbon gas (with necessary modifications in the case of hydrogen). 

Residential / Commercial 

Residential heating is an important consideration in northern and eastern Europe, with these needs 

currently being primarily met through gas, either directly in building based heating systems, or through 
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neighbourhood-based heat distribution systems, with the heat for the latter typically generated 

through combined heat and power plants. 

Exports 

Exports are not a specific objective of the strategy, although it envisions European firms being able to 

maintain existing market positions, so by implication the strategy is assuming that hydrogen or e-fuel 

vehicle and industrial plant exports will substitute for existing carbon consuming products in those 

markets. 

Comparative Advantages 
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Public Awareness  

Public awareness is considered important both in sustain support for the decarbonisation and in 

achieving behavioural changes to support decarbonisation. Civil society has been identified as the 

key influencer to maintain public awareness and achieve public acceptance of the necessary 

changes. 

Timeframes 

The strategy is based around decarbonisation goals for 2050, and the trajectories required to get 

there from current emissions patterns 

Regulatory 

Regulation is the key lever that the EU has to influence member states, and there are a number of 

regulations structured around achieving the necessary reduction in GHG emissions, ensuring the 

burden of reducing GHG emissions is shared equitably amongst member states and regions, and in 

managing potential transition costs, for example, there are regulations to ensure the security of 

natural gas supplies through the transition period. 

Competition policy is also seen as having a central role in ensuring that the transition measures 

adopted by member states and industries are low cost, in the interest of consumers, and do not lead 

to the exploitation of market power. 

Update 

References 

European Commission (2018) A Clean Planet for all: A European long-term strategic vision for a 

prosperous, modern, competitive and climate neutral economy. In-Depth Analysis in Support of the 

Commission Communication COM(2018) 773A Clean Planet for all: A European long-term strategic 

vision for a prosperous, modern, competitive and climate neutral economy. Available at 

https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_en.pdf  
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APPENDIX E �± FRANCE 

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 

Hydrogen Development Plan for Energy Transition, Ministry for the Ecological and Inclusive Transition 

of France (2018).7 

Document Type and Author 

National strategy by government authority. 

Abstract 

The French national hydrogen roadmap is organised around three axes: hydrogen production by 

electrolysis for industry, in mobility as a complement to battery vehicles, and to assist the stabilisation 

of energy networks. The initial focus is on subsidising the deployment of hydrogen in industrial uses 

which currently have greater potential economies of scale and therefore commercial viability. 

Deployment will then extend to transport and energ�\���Q�H�W�Z�R�U�N���D�S�S�O�L�F�D�W�L�R�Q�V�����$���W�R�W�D�O���R�I���¼���������P�L�O�O�L�R�Q��
(A$159 million) in funding has been allocated to support deployments throughout France across the 

three axes. 

Driving Factors 

As part of its broader greenhouse gas abatement efforts, France aims to increase the proportion of 

renewable energy in final energy consumption to 32%, and the share of renewables in electricity 

supply to 40%
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In terms of deployment, the initial focus will be on decarbonisation of existing industrial uses as only 

this market has sufficient curre
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It is anticipated that investment aid may be withdrawn once electrolyser costs approach market 

competitiveness. 

Challenges 

Recommendations (Roadmap) 

A total of 18 measures were identified that would help facilitate the development of the hydrogen 

sector. Beyond the provision of investment support, these measures include, among other things, 

recognising the environmental impact of hydrogen in greenhouse gas emissions depending on the 

mode of production; implement regulation and risk prevention measures to facilitate deployment; 

establish a hydrogen research program within the National Agency for Research; incorporate 

hydrogen into relevant training programs; and explore the potential for hydrogen in rail etc. 

Public Awareness 

Timeframes 

Regulatory 

There is a need to clarify regulations in respect of security, safety and risk prevention along the whole 

hydrogen value chain, including production, storage, transport and use. Regulatory measures will 

need to be implemented to enable injection of hydrogen into gas infrastructure. 

Update 

References 

Ministre de la Transition écologique et solidaire (2018), �3�O�D�Q���K�\�G�U�R�J�q�Q�H�������X�Q���R�X�W�L�O���G�¶�D�Y�H�Q�L�U���S�R�X�U��la 

transition énergétique. Available at https://www.ecologique-
solidaire.gouv.fr/sites/default/files/Plan_deploiement_hydrogene.pdf  
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APPENDIX F �± GERMANY 

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 

Power-to-gas system solution. Opportunities, challenges and parameters on the way to marketability. 
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In August 2015 there were 20 hydrogen plants in operation for research and demonstration purposes 

with capacities ranging from below 100 kW to 6 MW. This has since increased to 30 pilot projects with 

a total electrolysis capacity of about 25 MW. In addition to demonstrating technical feasibility, these 

pilot projects are designed to achieve cost efficiencies and test potential business models and 

applications. 

The efficiency of the electricity to hydrogen and back to electricity conversion process depends on 

various factors but is typically around 40%, which is comparable to conventional power plants. 

Improving efficiency is a key objective of current research, particularly if the pathway of using natural 

gas infrastructure for energy storage is to be realised. 

Power Generation 

Hydrogen is an attractive long-term electricity storage medium and can compensate for variations in 

electricity generation from wind and solar energy. The existing gas network and connected gas 

storage systems provide large storage capacity. The renewable gas could potentially be reconverted 

in gas power plants or cogeneration plants to provide additional power generation. 

Transport / Mobility 

Hydrogen and/or methane can be used in the transportation sector (e.g. hydrogen fuel cell vehicles). 

In terms of non-biogenic fuels, hydrogen or methane can be supplied in greater quantifies and have a 

smaller impact on land use compared to plant-based fuels. 

Industrial Systems 

Hydrogen produced with renewable energy can replace fossil fuel-based hydrogen used in various 

existing industrial uses, including fuel refining, chemicals manufacturing and steel production, while 

synthetic methane can also substitute for natural gas. 

Gas Networks 

Under current regulations, existing natural gas infrastructure can accept up to 10% of hydrogen by 

volume although lower restrictions apply in some areas (e.g. 2% due to compressed natural gas 

refuelling) (FuelCellsWorks, 2019). The 10% limit will apply across the whole network by 2030, while 

the long term goal is to increase the maximum limit to 20%. Greater usage of renewable power 

generation can in effect be achieved by converting hydrogen into methane through the methanation 

process. Combining methanation with a biogas plant is considered a particularly efficient pathway for 

maximising methane production. 

Residential / Commercial 

Approximately 75% of space heating in buildings was derived from gas in 2015 (German Energy 

Agency, 2019). Hydrogen and synthetic methane can be a substitute for fossil natural gas in the 

existing natural gas infrastructure for heating purposes and may be utilised in combined heat and 

power plants. 

Exports 

Comparative Advantages 

A significant policy commitment to reduce carbon emissions, increase renewables share in the energy 

system, and facilitate research and development into Power-to-gas. 
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APPENDIX G �± HYDROGEN COUNCIL 

Country / Region 

International 

Title / Key document(s) 
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Hydrogen Supply 

This report identifies the following methods of hydrogen production: 

�‡ electrolysis using renewable energy sources; 

�‡ steam methane reforming using bio-methane; and 

�‡ steam methane reforming with carbon capture, storage and utilisation.  

Power Generation 

Increased use of renewable energy sources in the future coupled with an increase in demand for 

energy can create imbalances in the power sector. The report recognises the main challenges in the 

future of energy generation as issues related to grid capacity, intermittency, low-carbon seasonal 

energy storage and backing up generation capacity. This report states that hydrogen can help 

address these challenges.  

Hydrogen produced from excess renewable energy through electrolysis can be used to service 

transport, industry and residential requirement for heat or for storage for future use. Thus, hydrogen 

has the potential to increase returns on investment in renewable energy, improve the security of 

power supply and act as carbon-free seasonal storage. For example, in European winters when 

renewable energy production is low and demand for energy is high, hydrogen can supply zero-carbon 

energy.  

However, the Council foresees the need for major transformation of the local and global infrastructure 

so that clean energy supply can be secured across borders. Hydrogen can be transported through 

ships, pipelines or trucks with almost 100% efficiency and distributed among cities and regions. For 

example, hydrogen can be transported from the Middle East, 
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APPENDIX H �± INTERNATIONAL ENER GY AGENCY 

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Country / Region 

France, Germany, Italy, UK, Japan, United States. 

Title / Key document(s) 

Technology Roadmap, Hydrogen and Fuel Cells, International Energy Agency (IEA), June 2015. 

Document Type and Author 

Roadmap prepared by an international agency. 

Abstract 

This roadmap and its 2019 update provides an exhaustive discussion of the nature, function and cost 

of key hydrogen technologies. It also identifies applications where hydrogen can offer maximum value 

added. The road map takes a short term and long term perspective on actions that are required to 

develop and deploy hydrogen technologies while taking into consideration global energy and climate 

goals. The roadmap also intends to promote stakeholder understanding of the business opportunities 

offered by hydrogen and the synergies they offer in existing energy systems. 

This roadmap covers hydrogen-based solutions for both energy supply and energy demand. Within 

energy demand sectors, the roadmap covers transport, fuel cell micro co-generation in the residential 

sector and selected applications in the refining, steel and chemical industries. Within the supply 

sector, the roadmap covers variable renewable energy (VRE) integration and energy storage, 

comprising power to power, power-to-gas and power to fuel. The roadmap also covers hydrogen 

infrastructure such as transmission and distribution, storage and retail technologies. In addition, the 

roadmap also takes into consideration the main hydrogen generation and conversion technologies 

such as electrolysers and fuel cells. Recommendations in the update stress the importance of making 

the most of existing industrial ports to turn them into hubs for lower-cost; lower-carbon hydrogen; use 

existing gas infrastructure to spur new clean hydrogen supplies; support transport fleets, freight and 

corridors to make fuel-cell vehicles more competitive; and establish the first shipping routes to kick-

start the international hydrogen trade.  

Driving factors 

The 2015 edition of the International Energy A
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Hydrogen Supply 

The roadmap states that the cost of producing hydrogen 
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producing hydrogen off-site then delivering it can vary. For example, gaseous tube trailers have a low 

fixed cost and high variable cost and are being deployed in the short term. However, economies of 

scale can be reaped from hydrogen pipelines but they involve high fixed costs and can only be 

deployed in the medium to long term. However, if technological and cost barriers can be removed 

then FCEVs will produce very low carbon emissions compared to conventional vehicles. 

Industrial Systems 

Hydrogen that is used in industrial systems is mostly generated and used on site. Hydrogen is used 

by the petroleum industry and is also generated by the steel industry as part of by-product gases 
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electrolysers. Enhance the focus on cross-cutting research areas, such as materials, 
that could play a transformative role in improving performance. Where possible, 
promote projects with international cooperation to maximise the efficiency of funding. 

o Improve understanding of regionally specific interactions between different energy 
sectors through integrated modelling approaches to quantify benefits of energy 
system integration. 

o Where regionally relevant, accelerate activities directed at developing the capture and 
storage of CO2 from fossil-derived hydrogen production into mature business 
activities.�´��(IEA, 2015a
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�x Utilise the already existing natural gas pipelines to drive demand for hydrogen. For example, 

if clean hydrogen were to replace only 5% of the volume of natural gas supplies for all 

countries taken together then this would increase the demand for hydrogen and to the extent 

necessary to drive down costs and achieve economies of scale. 

�x Even though fuel cell vehicles are currently being trialled in various countries they currently 

have significant disadvantages in terms of cost. However, targeting initial take-up of FCV in 

high mileage cars, trucks and buses to carry passengers and goods along popular routes can 

make fuel-cell vehicles more competitive. 

�x International trade in hydrogen is vital if hydrogen has to make its mark on the global energy 

system. As such, �L�W���L�V���H�V�V�H�Q�W�L�D�O���W�R���V�H�W���X�S���K�\�G�U�R�J�H�Q���W�U�D�G�H�¶�V���I�L�U�V�W���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���V�K�L�S�S�L�Q�J���U�R�X�W�H�V����
Learnings from the success of global LNG market can be utilised in this context. In particular, 

�W�K�H���U�H�S�R�U�W���P�H�Q�W�L�R�Q�V���W�K�D�W���³hydrogen and hydrogen-based fuels can transport energy from 
renewables over long distances �± from regions with abundant solar and wind resources, such 
as Australia or Latin America, to energy-hungry cities thousands of kilometres away.�  ́

The IEA also identified four key barriers that may result in hydrogen being unable to establish itself as 

a significant energy technology despite the current spike in interest: 

�‡ Producing hydrogen from low-carbon energy is current much more costly that using natural 

gas, or even using hydrogen derived from fossil fuels.  

�‡ The development of hydrogen infrastructure, such as refuelling stations and distribution and 

transmission networks, is slow, and can be expected to hold back widespread of hydrogen 

end-uses such as household heating and FCVs. The IEA believes that this may require 

coordination between governments (national and local) and industry to resolve.  

�‡ Currently, almost all hydrogen is sourced from fossil fuel feedstocks, and as such is 

responsible for substantial GHG emissions (equivalent to those of Indonesia and the United 

Kingdom combined). If hydrogen is to play its hoped-for role in decarbonisation, there will 

need to be widespread use of CCS in hydrogen production or production of hydrogen from 

electrolysis using zero GHG electricity.  

�‡ Current regulations are an impediment to the development of a clean hydrogen industry, for 

example, 
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to reduce the cost to 20 yen per Nm3 ($A0.2) in order to achieve cost competitiveness with traditional 

energy sources (after allowing for environmental externalities). 

Power Generation 

Power-
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Existing laws requiring hydrogen to be odorized in order to monitor gas leaks may need to be revised 

given potential for odorants to damage fuel cells. 

Residential / Commercial 

Ene-
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Central government committed to working with local government and businesses to promote 

understanding of the safety of hydrogen and its significance. 

Timeframes 

The strategy identifies short, medium and long term goals and actions. Most goals, including the 

development of global liquefied hydrogen supply chains, are expected to be realised by around 2030, 

but the strategy is developed with a view towards major achievements being realised by 2050. 

Regulatory 

Japan will look to lead international standardization through international frameworks. 

Aligning domestic regulations with international standards that facilitate market access. 

Update 

The strategy will be updated over time. 

References 
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APPENDIX J �± NETHERLANDS 

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 

Outlines of a Hydrogen Map, TKI NIEUW Gas, Topsector Energie, 2018. 

Document Type and Author 

Roadmap prepared by an energy company. 

Abstract 

A need to reduce carbon emissions as part of the Paris Agreement and the adoption of hydrogen 

initiatives at the regional and international levels has encouraged the Netherlands to develop a 

national hydrogen strategy. The Netherlands has the potential to use its large wind energy to produce 

hydrogen. Much work needs to be done in respect of the development of technology, regulations, the 

market for hydrogen and government policies to enable the Netherlands to transition to a hydrogen 

economy. 

Driving factors 

Netherlands�¶ interest in having a well-defined hydrogen strategy stemmed from the Paris Agreement 

and its goal to reduce carbon emissions and global warming. The Netherlands government aims to 

achieve a 49% reduction in greenhouse gas emissions by 2030 and an 80 to 95% reduction by 2050 

compared to 1990 levels. 

In addition, the adoption of hydrogen strategies at a regional and international level has prompted the 

Netherlands to develop a formal roadmap for hydrogen. For example, H2 Platform, the members of 

the National Hydrogen and Fuel Cell Association and WaterstofNet have been developing and 

launching hydrogen initiatives at the regional level in the north of the Netherlands, the Rotterdam 

region and in Goeree-Overflakkee. The national government was also influenced by overseas 

developments, such as the H2 Mobility project in Germany, the development of hydrogen cars in 

�-�D�S�D�Q���D�Q�G���6�R�X�W�K���.�R�U�H�D�����W�K�H���O�D�X�Q�F�K���R�I���W�K�H���µ�+�\�G�U�R�J�H�Q���&�R�X�Q�F�L�O�¶���D�Q�G���W�K�H���V�L�J�Q�L�Q�J���R�I���D���K�\�G�U�R�J�H�Q��
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Small scale or onsite production of hydrogen using SMR can be quite cost
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Industrial Systems 

Initiatives are in place that focus on producing hydrogen in bulk for use in 
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The development of hydrogen will require new skills and competencies in the labour market 

particularly in areas of mechanical engineering, electrical engineering, chemistry and physics. Hence 

the roadmap recommends including hydrogen in the curriculum of basic education programmes. 

Funding / Costs 

Various European and national schemes are available for the introduction of fuel cell electric buses 

and the roll-out of hydrogen refuelling points. Innovation subsidies for hydrogen are available through 

Topsector Energy and early phase research is funded by the Netherlands Organisation for Scientific 

Research. However, no structural support is available for hydrogen within the Netherlands. Support 

for demonstration projects is available at the European level through a range of large-scale 

programmes. 

Challenges 

The main technologies for end-use applications of hydrogen are fuel cells and burners. Netherlands 

faces innovation challenges in relation to development, implementation and testing of systems, in 

particular, fuel cell systems for practical applications such as in buses, lorries, mobile machinery and 

ships. In terms of the generation of hydrogen, Netherlands faces the challenge of how to decarbonise 

current production and how to replace current production with hydrogen produced from sustainable 

energy sources. Finally, the key innovation challenge faced by the Netherlands in terms of storage, 

transport and distribution relates to the use of existing natural gas infrastrl
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platform. However, unlike natural gas, in the case of hydrogen, the purity of the product must be 

predetermined and agreed upon between buyers and sellers. 

Update 

References 

Jörg Gigler and Marcel Weeda (2018) Outlines of a Hydrogen Map, TKI NIEUW Gas, Topsector 

Energie, 2018. Available at https://www.iphe.net/netherlands  
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Hydrogen Supply 

The Northern Netherlands intends to produce hydrogen from: 

�x biogas or natural gas from steam reforming; and 

�x renewable sources such as on shore and off shore wind farms through electrolysis. 
 

The existing electricity transmission infrastructure creates a potential barrier to the Northern 

Netherlands making full use of 
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Figure J.1: Indicative schema for Green hydrogen economy in the Northern Netherlands  

 

An additional 20,000 tons of hydrogen will be used for grid balancing and, finally, 100,000 tons of 

hydrogen can be fed into pipelines connecting Delfzijl and Rotterdam and Limburg and Germany. 

Power Generation 

The roadmap mentions that hydrogen as a fuel for power generation for energy-intensive industries 

needs research and development as part of the latter stage of market development. 

Transport / Mobility 

The development of hydrogen fuel cells for transportation is at an early stage in the Northern 

Netherlands. However, the roadmap foresees the need for a fuel cell hydrogen mobility infrastructure 

�D�Q�G���L�Q�W�H�Q�G�V���W�R���D�S�S�O�\���*�H�U�P�D�Q�\�¶�V���P�R�G�H�O���W�R���W�U�D�Q�V�L�W�L�R�Q���W�R���D���J�U�H�H�Q�H�U���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q���V�H�F�W�R�U���L�Q���W�K�H���1�R�U�W�K�H�U�Q��
Netherlands. 

Currently, there is sufficient interest from relevant companies to install hydrogen fuelling stations with 

the first one being under construction and announcements of a further eight stations to be constructed 

in the near future. The roadmap estimates that the Northern Netherlands will need at least 100 

hydrogen fuelling stations to ensure that there is a station either within 20 minutes driving distance or 

every 30 km (maximum). At present, the minimum hydrogen supply is about 200 kg per day (40 to 60 

cars), but it is forecast to grow to 1,000 kg per day (200 to 300 cars). 

Industrial Systems 

Presently, hydrogen is mostly produced from methane through Steam Methane Reforming (SMR) for 

industrial purposes. This hydrogen is extensively used in the chemical and petrochemical industries, 

but it is not green hydrogen. The roadmap states that one way to produce low-carbon hydrogen from 

methane is to capture and store the CO2 in offshore geological features, such as an empty oil or gas 

field. The roadmap notes that since the Northern Netherlands is trying to reduce natural gas 

production, underground onshore storage of CO2 is not viable in the Netherlands. 
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containership and has mandated that at least 50% of energy for an existing ferry service be derived 

from hydrogen upon future conversion to an electrically powered service (Lipsith, 
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A study of Kawa�V�D�N�L���+�H�D�Y�\���,�Q�G�X�V�W�U�L�H�V�¶���S�L�O�R�W���K�\�G�U�R�J�H�Q���S�U�R�M�H�F�W���L�V���H�[�S�H�F�W�H�G���W�R���E�H���U�H�O�H�D�V�H�G���L�Q������������ 
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APPENDIX M �± REPUBLIC OF KOREA  

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 

Hydrogen Economy, Roadmap of Korea, Ministry of Trade, Industry and Energy, 2019 

Hydrogen Economy Roadmap of Korea, Government of Korea, 2019. 

Remarks by President Moon Jae-�L�Q���D�W���3�U�H�V�H�Q�W�D�W�L�R�Q���I�R�U���+�\�G�U�R�J�H�Q���(�F�R�Q�R�P�\���5�R�D�G�P�D�S���D�Q�G���8�O�V�D�Q�¶�V��
Future Energy Strategy 

Document Type and Author 

National strategy announcement and national government documents. 

Abstract 

On 17th January 2019 South Korean President Moon Jae-in outlined a vision for developing a 

hydrogen-based economy. The core elements of the plan include: 

�x increasing production and adoption of hydrogen fuel cell vehicles; 

�x increasing production of fuel cells for power generation and home consumption (electricity 
and heat); and 

�x building a hydrogen production and distribution system. 
 

The strategy involves providing incentives and subsidies to increase economies of scale on both the 

supply and demand sides in order to lower production costs, accelerate the self-proliferation of 

hydrogen technologies, and increase exports. 

Driving Factors 

The hydrogen economy has been identified as a core component of South �.�R�U�H�D�¶�V���F�X�U�U�H�Q�W���L�Q�G�X�V�W�U�L�D�O��
strategy and a potential new growth engine. The potential for hydrogen to displace oil and coal as an 

energy source, and the development of hydrogen technologies and infrastructure in respect of 

production, storage and transportation may form new industries and sources of economic growth. As 

the hydrogen economy is still in its infancy and global competition is intensifying within this space, 

South Korea sees an early mover advantage in fostering the development of a local hydrogen 

economy. 

The strategy envisions that moving to a hydrogen economy will help South Korea improve its energy 

self-sufficiency. More than 97% of fossil fuels used by South Korea is met through imports, which in 

addition to presenting a security of supply risk, makes the country vulnerable to fluctuations in global 

resource prices (Government of Korea, 2019). 

Reducing air pollution is another motive for encouraging hydrogen adoption. Producing energy using 

carbon-based sources, particularly in automobiles, produces particulate emissions. The government 

estimates that the volume of particulate emissions could be reduced by 10% compared to current 

levels by 2030 if its targets for hydrogen-powered cars are met. 

Hydrogen is seen as one method of helping South Korea transition to a low carbon economy. The 

�F�R�X�Q�W�U�\�¶�V���F�X�U�U�H�Q�W���W�D�U�J�H�W���L�V���W�R���U�H�G�X�F�H���J�U�H�H�Q�K�R�X�V�H���J�D�V���H�P�L�V�V�L�R�Q�V���E�\������% from business-as-usual levels 

by 2030. 
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Hydrogen Supply 

The recently announced strategy aims to build a system for producing and supplying hydrogen. 

President Moon Jae-in (2019) noted that existing petrochemical plants have the capability to produce 
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Timeframes 

The current strategy establishes various time frames, but short to medium terms goals generally 

reference 2022, while longer terms goals reference 2040. 

Regulatory 

Existing laws will be modified to accommodate an industrial hydrogen ecosystem. For example, to 

facilitate the expansion of hydrogen fuel stations the government plans to relax regulations by building 

�D���³�U�H�J�X�O�D�W�R�U�\���V�D�Q�G�E�R�[�´���I�R�U���F�R�Q�V�W�U�X�F�W�L�Q�J���K�\�G�U�R�J�H�Q���I�X�H�O���V�W�D�W�L�R�Q�V���L�Q���P�H�W�U�R�S�R�O�L�W�D�Q���D�U�H�D�V�����6�D�I�H�W�\��
management regulations for hydrogen-related products and facilities will also need to be established. 

Update 

It is anticipated that a Hydrogen Economy Act will be enacted in the second half of 2019. The Act will 

�I�R�U�P�D�O�L�V�H���6�R�X�W�K���.�R�U�H�D�¶�V���V�W�U�D�W�H�J�\���I�R�U���F�X�O�W�L�Y�D�W�L�Q�J���D���K�\�G�U�R�J�H�Q-based economy. 

References 

Government of Korea, (2019), 
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APPENDIX N �± UNITED KINGDOM 

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 

The Clean Growth Strategy, Leading to way to a low carbon future, Her M�D�M�H�V�W�\�¶�V Government, 2017. 

Industrial Strategy, Building a Britain fit for the Future, Her M�D�M�H�V�W�\�¶�V���*�R�Y�H�U�Q�P�H�Q�W�������������� 

Document Type and Author 

Strategies by prepared by the national government. 

Abstract 

The United Kingdom industrial and clean growth strategies seek to maximise the economic and social 

benefits to the UK from transitioning to a clean energy economy and to achieve this transition at the 

�O�R�Z�H�V�W���S�R�V�V�L�E�O�H���Q�H�W���F�R�V�W���W�R���8�.���V�R�F�L�H�W�\�����³�/�R�Z���F�D�U�E�R�Q�´���K�\�G�U�R�J�H�Q���K�D�V���E�H�H�Q���L�G�H�Q�W�L�I�L�H�G���D�V a potential 

clean technology that can decarbonise the industry, heat and transport sectors. Research and 

demonstration projects are being funded under a range of programs covering these sectors in order to 

enable learning and development and overcome cost disadvantages relative to existing carbon-

intensive technologies. It is currently expected that the main form of hydrogen production will be 

steam methane reforming of natural gas with carbon capture, usage and storage. 

Driving Factors 

�0�D�[�L�P�L�V�L�Q�J���³�W�K�H���D�G�Y�D�Q�W�D�J�H�V���I�R�U���8�.���L�Q�G�X�V�W�U�\���I�U�R�P���W�K�H���J�O�R�E�D�O���V�K�L�I�W���W�R���F�O�H�D�Q���J�U�R�Z�W�K�´���K�D�V���E�H�H�Q���L�G�H�Q�W�L�I�L�H�G��
�D�V���R�Q�H���R�I���I�R�X�U���J�U�D�Q�G���F�K�D�O�O�H�Q�J�H�V���E�\���W�K�H���8�.�¶�V��Industrial Strategy (HM Government, 2017). This strategy 

envisions Britain taking a leading role in the development, manufacture and application of low carbon 

technologies and systems, with the long-term goal of making these technologies cost less than high 

carbon alternatives. The strategy briefly notes that Britain will continue to explore the potential 

applications of low carbon hydrogen. 

Under the Climate Change Act, the UK has committed to reducing greenhouse gas emissions by at 

least 80% by 2050 relative to 1990 levels. The Clean Growth Strategy identifies three illustrative 

pathways to meeting this long term abatement goal: an electricity pathway, hydrogen pathway and 

emissions removal pathway (i.e. biomass power using carbon capture, usage and storage (CCUS)). 

Under the hydrogen pathway, by 2050 hydrogen would provide a majority of heating for heating 

homes (62%
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Government and industry are currently undertaking research and developing demonstration projects 

in order to understand how hydrogen can be used in existing gas networks and associated domestic 

appliances. For instance, the Department of Business, Energy and Industrial Strategy has 

commissioned a £25 million Hydrogen for Heat programme that is exploring the feasibility of using 

hydrogen gas for heating homes and businesses. Key focus areas of the programme include the 
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various general schemes such as the Clean Growth Fund, Carbon Capture and Utilisation 

Demonstration Programme, Industrial Fuel Switching competition, Industrial Energy Efficiency 

Accelerator, Low Emission Freight and Logistics Trail etc. 

Challenges 

Reducing the cost of hydrogen solutions to reach parity with existing carbon-intensive technologies. 

Recommendations (Roadmap) 

Public Awareness 

Timeframes 

Hydrogen is seen as one of several potential solutions (along with electrification, bio-mass and 

CCUS) that could be deployed to achieve the 2050 80% carbon abatement reduction target. Current 

research and development projects are generally focused on enabling these technologies to be 

deployed on a large scale after 2030 to facilitate carbon abatement, with the exact mix depending on 

cost competitiveness and technical challenges. 

Regulatory 

�6�H�H���µ�U�R�O�H���R�I���J�R�Y�H�U�Q�P�H�Q�W�¶�� 

Update 

Various demonstration projects are or will be funded which will provide evidence on the feasibility and 

costs associated with switching to hydrogen solutions. For example, a report on the Low Emission 

Freight and Logistics Trial should be released in January 2020, while the deadline for applications for 

feasibility studies under the Industrial Fuel Switching Programme recently closed. 
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APPENDIX O �± LEEDS, UNITED KINGDOM 

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 
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Intraday and inter-
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The H21 project received £10 million (A$18.0 million) in funding from Ofgem - the government 

regulator for gas and electricity markets - to test the potential for city-wide transition (BusinessGreen 

2017). 
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APPENDIX P �± LONDON, UNITED KINGDOM 

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 

London: a capital for hydrogen and fuel cell technologies, report prepared Hydrogen London by 

Element Energy Ltd, Apr 2016. 

Document Type and Author 

Report prepared by Advisory Body, Hydrogen 
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within the next couple of years. Funding is also in place for two mobile hydrogen refuelling stations, 

which could further support the development of the hydrogen transport sector in London over the 

coming years. This is consistent with the vision of the hydrogen production mix at the national level 

developed in the UK H2Mobility project, which would lead to FCEV emissions below around 

50g CO2/km from 2020, compared to a fleet average for conventional cars in excess of 100g CO2/km 

at that point. 

Challenges 

�/�R�Q�G�R�Q�¶�V���J�U�R�Z�L�Q�J���S�R�S�X�O�D�W�L�R�Q���L�V���S�X�W�W�L�Q�J���S�U�H�V�V�X�U�H���R�Q���/�R�Q�G�R�Q�¶�V���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���L�Q���W�H�U�P�V���R�I���H�O�H�F�W�U�L�F�L�W�\��
supply, heating and transport. Currently, the �P�D�M�R�U�L�W�\���R�I���/�R�Q�G�R�Q�¶�V���H�Q�H�U�J�\���Q�H�H�G�V���D�U�H���P�H�W���E�\���J�D�V��
networks. Electrifying transport, heat and power in order to decarbonise places pressure on strained 

electricity networks. In addition, London will need to convert its fleet of 2.6 million cars to low carbon 

�I�X�H�O�V���W�R���D�F�K�L�H�Y�H���/�R�Q�G�R�Q�¶�V���F�O�L�P�D�W�H���J�R�D�O�V�����,�I���/�R�Q�G�R�Q is to meet its decarbonisation targets then it must 



 

109 

UK National Policy Paper (2018), HyLAW - Hydrogen Law and removal of legal barriers to the 
deployment of fuel cells and hydrogen applications. Available: 

https://www.hylaw.eu/sites/default/files/2019 

01/HyLaw%20UK%20Policy%20Paper_Final_December%202018.pdf 

  

https://www.hylaw.eu/sites/default/files/2019%2001/HyLaw%20UK%20Policy%20Paper_Final_December%202018.pdf
https://www.hylaw.eu/sites/default/files/2019%2001/HyLaw%20UK%20Policy%20Paper_Final_December%202018.pdf
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cost to UK gas customers at £30-50/MWh (A$53.6-89.3/MWh, estimated from graph). This cost 

estimate is 40% lower than those that rely upon coal with CCS and 60 to 70% lower than those that 

assume hydrogen production via electrolysis.  

The strategy considers the option of importing ammonia as a longer-term source of hydrogen to the 

market for heat in the UK. The analysis was conducted assuming a country like the US which has 

abundant cheap gas and access to Co2 storage sites. Again the natural gas pathway was the lowest 

cost alternative with the price of ammonia at £45-50/MWh (A$80.4-89.3/MWh) including transport to 

UK. In the long term, green ammonia can be produced from solar at £70-120/MWh (A$125-

214.3/MWh).  

The report also estimated the cost of hydrogen produced from ammonia obtained from alternative 

sources (natural gas, coal, solar). The estimated hydrogen prices included a transport cost of £5/MWh 

(A$9/MWh). The cost of hydrogen produced from natural gas-based ammonia was £55-60/MWh 

(A$98.2-
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million in terms of CAPEX and £955 million (A$1,705 million) OPEX per annum after 2035 once the 

conversion and commissioning of the hydrogen network is complete. The additional unit cost to UK 

gas customers for using the hydrogen regulated asset is estimated at £3.8/MWh (A$6.8/MWh). 

Further, based on an asset finance model, the H21 NoE project provides CCS at a price of £5.54 

(A$10) per tonne.  

Challenges 

Recommendations (Roadmap) 

Vision 

The report also provides a vision of how hydrogen will be rolled out for deep decarbonisation of the 

UK heat not just in North of England but rest of the UK by 2050 by the gradual conversion of the 

underground gas networks. The six phases of hydrogen conversion envisioned by this report are: 

�x
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APPENDIX R �± UNITED STATES OF AMERICA (HYDROGEN AND FUEL CELLS 
PROGRAM PLAN)  

Caveat �± Unofficial synthesis. Readers are advised to check against the source. 

Title / Key document(s) 

Department of Energy Hydrogen and Fuel Cells Program Plan: An integrated and strategic plan for 

the research, development and demonstration of hydrogen and fuel cell technologies, U.S. 

Department of Energy, Sept 2011. 

Document Type and Author 

Strategy prepared by a government authority.  

Officially a plan prepared by the U.S. Department of Energy. 

Abstract 

The U.S. hydrogen strategy is formulated on the basis of reducing greenhouse gas emissions through 

increased use of hydrogen and fuel cells. The U.S. has identified stationary power and transportation 

as the two most important sectors where the use of fuel cells and hydrogen can be applied. It has a 

long-running hydrogen and fuel cells program which seeks to improve the cost efficiency and 

effectiveness of fuel cell and hydrogen production technologies. 

Driving factors 

�$�W���W�K�H���W�L�P�H���R�I���W�K�H���U�R�D�G�P�D�S�¶�V���S�U�H�S�D�U�D�W�L�R�Q�����Whe U.S. had the intention of reducing greenhouse gas 

emissions by 80% by 2050 compared to its pre-2010 levels, and lower its dependence on imported 

fuels. This can be achieved through the utilization of diverse domestic energy sources and the use of 

advanced fuels and technologies in all sectors of the economy. The U.S. Department of Energy 

(DOE) believes that fuel cells (which can convert various fuels directly into electricity without 

combustion) and hydrogen (which can be produced from renewable sources without leaving a carbon 
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(A$82.2 to 109.6 per kW) is a valid estimation of the potential manufacturing cost for an 80-kWnet fuel 

cell system, based on 2008 technology, and assuming a manufacturing volume of 500,000 systems 

per year. 

The focus of the program is on the production of hydrogen from renewable or low-carbon resources 

through either distributed hydrogen production or centralised hydrogen production. Distributed 

hydrogen production involves developing small scale technologies to produce hydrogen from 

renewable liquids to achieve higher energy efficiency and a lower cost of production. Methods of 

central hydrogen production include electrolysis using power from wind and solar, conversion of 

biomass, and near-zero atmospheric emission coal plant producing hydrogen and power with carbon 

sequestration. 

In terms of the cost of producing hydrogen in 2006, the total cost of delivered and dispensed 

hydrogen was estimated to be approximately $2.75 to 3.50 per kg (A$3.8 to 4.8 per kg)�² using 2005 

technology and assuming an installation rate of 500 new forecourt units per year and a capacity of 

1,500 kg per day. 

In 2009, the levelized cost range for state-of-the-art forecourt electrolysis was estimated at $4.9 to 5.7 

per kg (A$6.7 to 7.8 per kg) of hydrogen for compression, storage, and dispersion of 1,500 kg per 

day. In comparison, the 2009 levelized cost for state-of-the-
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Comparative Advantages 

Role of Government 

The p�U�R�J�U�D�P�¶�V���V�W�U�D�W�H�J�L�F���Y�L�V�L�R�Q���L�V���W�R���D�F�K�L�H�Y�H���P�D�M�R�U���G�H�Y�H�O�R�S�P�H�Q�W�V���L�Q���S�U�H-competitive R&D which in turn 

will lead to development at an industrial level and thus commercialisation of hydrogen and fuel cells. 

To this end, the program incorporates an array of research, development and demonstration (RD&D) 

activities such as basic research efforts, applied research and technology development efforts and 

demonstration and validation of new technologies. 

The U.S. government invested approximately $1.5 billion (A$2.1 billion) for fuel cell technology RD&D 

activities between 2004 and 2009. The program argues that to achieve such growth and enable U.S. 

competitiveness, continued funding is required for RD&D to build and strengthen core competencies 
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equal to 15%. Also, demonstrate the production of hydrogen and power from coal with 
complete carbon capture at less than equal to A$2.7 per gge. 

�x Hydrogen Delivery: To reduce the cost of delivered hydrogen (production and delivery) to less 
than A$5.5 per gge and to reduce the cost of delivering hydrogen from centralised production 
to the point of use to less than A$2.7 per gge. 

�x Hydrogen storage: To develop and verify on-board storage systems achieving a capacity of 
5.5% by weight and an energy density of 1,300 Wh/L. To verify the performance of at least 
one materials-based hydrogen storage technology under real-world conditions by 2020. 

�x Manufacturing R&D: To develop as well as reduce the cost of various machinery used in the 

http://www.hydrogen.energy.gov/pdfs/epact1820_employment_study.pdf
https://www.greenbiz.com/research/report/2009/01/15/defining-estimating-and-forecasting-renewable-energy-and-energy-efficienc
https://www.greenbiz.com/research/report/2009/01/15/defining-estimating-and-forecasting-renewable-energy-and-energy-efficienc
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reformation (SMR) to convert natural gas or biogas to hydrogen. Although natural gas to hydrogen 

has the lowest levelized cost (A$3.0 per kg), it involves zero renewable energy usage. Bio gas to 

hydrogen uses landfill, wastewater or dairy biogas �± i.e. renewable energy sources �± as an input, and 

has a current levelized cost of production of A$4.0 per kg
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Funding 

The California Energy Commission committed US$20 million per year for 10 years to build the initial 

network of 100 hydrogen fuelling stations and recently committed about US$4 million in additional 

funding to support the development of renewable hydrogen production. In January 2018 Governor 

Brown inc�U�H�D�V�H�G���W�K�H���6�W�D�W�H�¶�V���F�R�P�P�L�W�P�H�Q�W���W�R����������hydrogen stations by 2025, although this pales in 
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