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CHAIRMAN’S REPORT
2020: the year of COVID but also the year of the big bang for Hydrogen. We are living an
unprecedented hydrogen momentum. Many countries have announced their Hydrogen
Roadmaps and Strategies in 2020, near 300 billion euros are being mobilised towards project
deployment and strategic implementation of hydrogen-based solutions for decarbonization.
Hydrogen is a versatile energy carrier that will play a key role in decarbonizing the energy system
towards a net-zero horizon. This has started a global race to produce, consume and control this
future strategic commodity, but we must keep in mind that for reaching the ambitious goals set
for hydrogen deployment worldwide international cooperation is crucial. We have a lot to learn
from one another: best practices, lessons learned, international regulatory framework… Only by
cooperating will we be able, in the short term, to reduce costs, improve efficiency, share the risk
of first-comers when testing alternative routes or new applications…
The Hydrogen TCP fosters international collaboration on R&D&D for hydrogen
technologies, and this is needed now more than ever.
2020 has also been a year of transition and changes within the Hydrogen Technology
Collaboration Programme (Hydrogen TCP). One of them was the change in Technical Secretariat
from Mary Rose de Valladares to ARIEMA (an Spanish SME specialized in hydrogen
technologies). We want to thank Mary Rose de Valladares for sixteen years of wonderful work
coordinating the Hydrogen TCP and its activities, helping the Hydrogen TCP get to where it is
now, and we wish ARIEMA the best for the following years. We have also implemented ExCo
Task Forces for a deeper involvement of our members in day-to-day Hydrogen TCP activities and
we have welcomed a new member to our team: Portugal.
During this year one of our Tasks has reached the end of its period, Task 38: Power to Hydrogen
and Hydrogen to X. It is a very special Task for me as I had the honour to present the idea to the
ExCo and to be actively involved from the very first steps of defining the goals of this strategic
Task to the closing steps when the conclusions from five years of work are being compiled in a
Final Report and a Roadmap on Power-to-X Demonstration Projects full of valuable
recommendations.
The Hydrogen TCP will continue addressing critical issues, main challenges and important topics
on hydrogen, as well as exploring different production pathways, storage systems and
applications, both in our Open Tasks and in our Tasks in Definition (to be implemented soon).
Everything is changing very quickly, and the hydrogen sector is hungry for updated and
comprehensive data on projects worldwide. The Hydrogen TCP will tackle this strategic activity
in 2021, surveilling low-carbon and renewable hydrogen projects being implemented around
the globe in collaboration with IEA and with the other TCPs.
In these challenging times, we must protect the health of our people, not forgetting about the
health of our planet, while creating new jobs for our children. Let us continue working together
to boost hydrogen technologies around the world.
Stay safe.
Paul Lucchese
Hydrogen TCP Chair

SECRETARIAT REPORT
ARIEMA was officially appointed as the Hydrogen TCP
Technical Secretariat in July 2020. ARIEMA is a Spanish
company with more than 30 years of experience in the
hydrogen sector, including the management of sectoral
associations and platforms. At ARIEMA hydrogen is our passion, and we take the challenge of
coordinating the Hydrogen TCP, a reference international initiative on hydrogen technologies,
full of enthusiasm and ideas. Our main goal is to increase the awareness of hydrogen
technologies and their advantages as well as the main role of the Hydrogen TCP, bringing closer
this amazing initiative to countries, companies and entities around the world who could benefit
from participating in the activities of this rich international network of experts.
The Hydrogen TCP has experienced a modernization process during 2020 changing its image,
logo, and website, and a new social media strategy through Twitter and its new LinkedIn page.
As of year-end 2020, there were a total of
31 IEA Hydrogen TCP members: 23
countries, the European Commission,
UNIDO and 6 sponsors. Being Portugal the
new addition to the family in 2020.
The USA, a former member of the
Hydrogen TCP, is rejoining and it is
currently in the last steps in the accession
process. Ireland and India also showed
interest in joining and participated as
Observers in the last ExCo Meetings.
In 2020, three ExCo Meetings were held:
82nd 4-5 February, Paris, France; 83rd 5-7 October, Online; and 84th 9-11 December, Online. Due
to the COVID-19 pandemic, the Hydrogen TCP is holding all its meetings online.
A network of experts continues working in the Hydrogen TCP Open Tasks on Hydrogen Safety,
Marine Applications, Energy Storage and Conversion Based on Hydrogen and Data and
Modelling. While Task 38 on Power to Hydrogen and Hydrogen to X is in its closing steps,
publishing the final deliverables and will be presenting them and discussing the main conclusions
on events and workshops during 2021.
Additional topics will be covered in new Tasks that have initiated their Project Definition Phase
in 2020 such as Renewable Hydrogen, Underground Hydrogen Storage, Hydrogen Export Value
Chains or Hydrogen in the Mining, Mineral Processing, and Resource Sectors.
In 2020 the Hydrogen TCP has strengthened and expanded its existing collaborative
relationships both within the IEA Network (IEA and other TCPs) and outside of it (CEM, Hydrogen
Council, IRENA, IPHE, ITF, MI, IAEA, WEF…) and will continue to do so in 2021.
The work of the Technical Secretariat will be aligned with the needs of our members and the
hydrogen momentum we are going through, aiming to keep the Hydrogen TCP as the reference
global hydrogen R&D&D collaboration.
Marina Holgado
Technical Secretariat Coordinator
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Tasks Updates
Closing Tasks

TASK 38- POWER-TO-HYDROGEN AND HYDROGEN-TO-X:
SYSTEM ANALYSIS OF THE TECHNO-ECONOMIC, LEGAL
AND REGULATORY CONDITIONS
OPERATING AGENT : Christine Mansilla, Olfa Tlili, Paul Lucchese.

SYNOPSIS

Task 38: “Power-to-Hydrogen and Hydrogen-to-X: System Analysis of the techno-economic,
legal and regulatory conditions”, approved by the Executive Committee to examine hydrogen as
a key energy carrier for a sustainable energy system.
Over 60 experts from 15 countries were involved in Task 38 which was coordinated by the
French CEA/I-tésé, supported by the French ADEME. Participating IEA Hydrogen TCP ExCo
Members are Australia, Austria, Belgium, European Commission, France, Germany, HyChico,
Japan, The Netherlands, New Zealand, Norway, Southern Company, Spain, Sweden, United
Kingdom, and the United States.
PURPOSE , OBJECTIVES AND STRATEGY

The general objectives of the Task were to:
•
•
•

Provide a comprehensive understanding of various technical and economic pathways
for power-to-hydrogen applications in diverse settings,
Provide a comprehensive assessment of existing legal frameworks for hydrogen
systems,
Present business developers and policymakers with general guidelines and
recommendations which enhance hydrogen system deployment in energy markets.

Final objective: to develop hydrogen visibility as a key energy carrier for a sustainable and smart
energy system, within a 2 or 3 horizon time frame: e.g., 2020, 2030 and 2050.
FRAMEWORK

The task was organized into Subtasks (ST) and Task Forces (TF). Task Forces aimed at supplying
the Subtasks with data and methodology throughout the Task duration. Subtask workshops
were organized in order to advance the project as well as plenary meetings which were
organized on a semi-annual basis.
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SUBTASK

NAME

Management,
strategy and
communication

1

LEADER
Paul Lucchese,
Christine Mansilla and
Olfa Tlili, CEA, France
(support from
Samantha Hilliard,
Clean Horizon)

ACTIVITIES
-

-

Involving new experts
Coordination (meeting
organization, private website
update, ST/TF activity followup)
Interfacing (IEA, HyLaw,
Hydrogen Council, Task 36,
CEN/CENELEC)

2

Mapping and
review of existing
demonstrations

Joris Proost,
Université Catholique
de Louvain, Belgium

-

Review of existing databases
Proposal of a roadmap

Martin Robinius,
Forschungszentrum
Jülich, Germany

-

3A

Review and
analysis of the
existing technoeconomic studies
on PtH HtX

Literature review and
analysis
Determine database
requirements

Francesco Dolci, JRC,
European Commission

-

3B

Review of the
existing legal
context and policy
measures

Review of existing legal
frameworks and policy
measures for hydrogen
systems

Systemic
approach

Sheila Samsatli, U. of
Bath, United Kingdom

-

Analysis of energy system
models
Outlook for hydrogen from a
system perspective

4

-

Case studies

5

TASK FORCES

Gema Alcalde and
Carlos Fúnez Guerra,
Centro Nacional del
Hidrógeno, Spain

-

LEADER

ACTIVITIES

Rob Dickinson,
Hydricity Systems,
Australia
Laurence GrandClément, PersEE,
France

-

Electrolyzer data

Joris Proost,
Université Catholique
de Louvain, Belgium

-

-

Services to the grid

Rob Dickinson,
Hydricity Systems,
Australia
Pierluigi Mancarella,
U. of Melbourne,
Australia

Definitions

Data

Identification and analysis of
relevant case studies

-

Specifying the terming and
definitions related to PtH
and HtX systems
Developing tool for data
management and sharing
according to group
requirements
Analysis and communication
of recent technical and
economic electrolyzer data
Identify the possibilities for
PtH, in different regional
contexts
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RESULTS
STATUS , RESULTS AND PROGRESS

SUBTASK

RESULTS

1

-

Over 50 members in the Task
Connection with CEN/CENELEC, H2 council, ETSAP, IEA HQ
Publications (3 communications in international conferences)
Coordination of the Final Report
Launch of Demo Roadmap methodology
Organization of plenary session at the IAEE2021 conference
Communication if French PtG conference (ATEE)
Participation in Morocco workshop on hydrogen
Link to Task 41

2

-

Update 2019-2020 of demonstration projects for PtH and HtX.
Definition of Roadmap methodology
Launch of a survey for the Roadmap
Establishment, redaction and review of the Roadmap
Publication in IJHE
Abstract accepted for the EHEC and IAEE 2021

3A

-

Update and Redaction Final Report chapter

-

Review of existing legal frameworks and policy measures
Update of the database for mapping relevant national legislation
Connection with the FCH-JU project HyLaw
Publication in IJHE
Technology brief
Abstract accepted for the WHEC2020 conference
Redaction of the chapter for the Final Report
Collaboration with ST5 on green ammonia and methanol case studies
(ongoing)
Publication in Sustainable Energy & Fuels Abstract accepted for the
WHEC2020 conference
Finalization of 5 relevant business cases specifically Australia business case
Redaction of Final Report

3B

4

5

-

Collaboration with ST5 on green ammonia and methanol case studies
(ongoing)
Publication in Sustainable Energy & Fuels Abstract accepted for the
WHEC2020 conference
Finalization of 5 relevant business cases (Australia)
Redaction of Final Report

All Task Forces have finalized and contributed to the redaction of the Final Report. Data has also
contributed to the connection with the ST, TF, and IEA HQ to identify the needs, and Services to
the Grid has been in charge of the conclusion of Service to Grid analysis and document.
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KEY MESSAGES

•

•
•
•

•
•

The 2019-2020 period was key for Power-to-H and H-to-X projects: moving from demo
projects to implementation and early commercial projects. We updated the demo database
with 2019-2020 projects and completed the full analysis of demo projects by region,
technology, size etc.
Coordination of the Final Report among Subtask leaders. Final Report released in November
2020
Due to the COVID-19 crisis, the final plenary meeting and the final workshop had to be
postponed to 2021. The plenary session at the IAEE conference is postponed to June 2021.
Demo projects Roadmap:
o Methodology inspired on IEA methodology document; Sebastien De Rivaz at CEA was
in charge; he developed a survey to ask to expert priorities for the Roadmap.
o The first version of the Roadmap by the end of 2020, will be finalized in March/April
2021
Discussion with IEA secretariat to work on a new database based on ST2 DB
Main conclusions:
o From the review of PtX demonstrations around the world, cost issues are identified as
the key issues to reach the market (that could be solved by upscaling). Collaboration
between sectors may reduce the deployment time. Regulatory issues are crucial as well
(they may also impact the cost and business cases). There seems to be no technical
bottleneck.
o Specific regulations seem to be lacking for several pathways. The specificity of
hydrogen is a versatile energy carrier seems often disregarded: only a few countries are
implementing legal frameworks facilitating diverse hydrogen applications. In addition,
the potential benefits of hydrogen production via water electrolysis in contributing to
the electric system stability and greater integration of variable renewables seem
neglected as well.
o The review of the role of hydrogen in the global energy scenarios shows that energy
system models have traditionally not been good at representing the fine details, such
as temporal variability, hampering the representation of flexibility options like
hydrogen systems. Capturing these details, whilst also encompassing the big picture of
a long-term global energy transition is computationally and practically complex. We
believe that overcoming these challenges will be necessary to determine with
confidence the role that hydrogen should play in the future energy mix.

FORWARD -LOOKING
PLANS

→
→
→
→
→
→
→

Organization of the final plenary meeting
Release of the Roadmap
Communication on Final Report and Roadmap
Organization of a joint IEA/IEA TCP workshop
Organization and management of a plenary session at IAEE 2021 Paris
Presentation in other conferences (EHEC …)
Continuation: task 41, Database project with IEA Secretariat

CONTACT INFORMATION
o
o

Olfa TLILI, CEA, Institute for Techno Economics of Energy Systems (ITESE)
Paul LUCCHESE, CEA, paul.lucchese@cea.fr
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Ongoing Tasks

TASK 41-ANALYSIS AND MODELLING OF HYDROGEN
TECHNOLOGIES
OPERATING AGENT : Arne Lind - Institute for Energy Technology (IFE)
SYNOPSIS

Hydrogen is increasingly seen as having a major role in future energy systems. There was
concern in the hydrogen community that models used to produce long-term scenario
projections do not accurately represent the many opportunities that hydrogen offers and use
out-of-date data. Given the role of the IEA in providing impartial advice to governments around
the world, there was particular enthusiasm both within the IEA and in IEA Hydrogen TCP to
ensure that the IEA has access to the most up-to-date data and models.
Task 41 was established to collect, appraise, and create a database of up-to-date hydrogen
technology data, for use by the IEA and other stakeholders, and to examine how hydrogen is
represented in energy planning models and how that might be improved in the future. In
parallel, the IEA ETSAP TCP, which develops the widely used TIMES energy system optimization
model, funded a project to examine how hydrogen is represented in various national and global
TIMES models, and to identify best practice modelling approaches. IEA Hydrogen and IEA ETSAP
are working together in this initiative through Task 41.
PURPOSE , OBJECTIVES AND STRATEGY

The main objectives of this task are to provide an updated and updatable long-lasting database
on Hydrogen technologies allowing improved modelling, understanding and decision making.
Additionally, the Task aims to establish a closer collaboration between the Hydrogen TCP and
the ETSAP analysis community. The IEA is expected to be a major beneficiary of this task.
FRAMEWORK

SUBTASK/ TASKFORCE

NAME

LEADER

A

Data consolidation of parameters
describing hydrogen technologies

Laurence Grand-Clement
(Persee, FR)

B

Develop knowledge of how to model
Hydrogen in the value chain and
improve current methods

Rob Dickinson (Hydricity
Systems, AU)

C

Collaboration with analysts in IEA
HQ Analytics and the ETSAP
community

Paul Dodds (University
College London, UK)

D

Review reports from IEA

Arne Lind (Institute for
Energy Technology, NO)
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Subtask A is collecting data about hydrogen technologies from a wide range of sources and
creating a database to store, analyse and share this data.
Subtask B is exploring how various types of energy models currently represent hydrogen
systems, and their value in low-carbon energy systems, and how these models could be
improved in the future.
Subtask C links with the parallel project funded by IEA ETSAP to examine the representation of
hydrogen energy systems in a range of TIMES energy system models, and to identify bestpractice approaches for the future.
Subtask D is reviewing any reports from IEA where the topic is related to hydrogen.
RESULTS
STATUS , RESULTS AND PROGRESS

The products of work in this Task will be designed for use by relevant stakeholders, notably the
IEA, in order to contribute to improved modelling, understand and decision making related to
hydrogen technologies. Results of the joint activity will include:
Subtask a: The main outcome of subtask a) is an online database tool of parameters describing
hydrogen technologies.
Subtask b: The main outcome of subtask b) will be a report on guidelines and suggestions on
how to improve the modelling of hydrogen technologies in energy system models. The report
will try to answer which elements that should be part of an ideal modelling framework for
hydrogen. An ideal framework will include tight model integration of each of 1) power to
hydrogen (electrolysis); 2) hydrogen to power (e.g., gas turbines); 3) hydrogen to transport, and
4) energy export (shipping to remote energy systems). Most crucially, whereas the market value
of hydrogen for 3) and 4) is stable over time, the value of 1) and 2) varies with the continuously
fluctuating renewable energy production. In addition to this intermittency in market value,
electrolysis hardware capital costs can be reduced by participation in, for example, frequency
control ancillary services. This creates wins across many sectors c/o optimal hydrogen
production costs.
Subtask c: The main outcomes of subtask c) include the following:
•
•
•
•

A joint workshop between ETSAP and Hydrogen TCP
Improved Hydrogen reference energy system (RES)
Report with guidelines on improved modelling of hydrogen
Hydrogen session at ETSAP WS

An additional expected outcome is a joint journal article on best practices on modelling
hydrogen technology and infrastructure in energy system models.
•
•
•

As a part of subtask C, the following activities have been completed:
A workshop to compare and discuss model input assumptions, in June 2019 at the
International Energy Workshop in Paris.
An online workshop to compare model outputs, and to link outputs to input
assumptions where possible, in September 2020.
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•
•

A session at the December 2020 ETSAP semi-annual workshop to discuss the hydrogen
project findings, in December 2020.
A joint meeting between IEA Hydrogen and ETSAP, online in December 2020.

Subtask d: No specific outcomes are planned regarding this Subtask. If relevant, the participants
in the task will contribute with feedback on various reports from IEA.
SUBTASK/
TASKFORCE

STATUS

SELECT TASK RESULTS, PRODUCTS AND
OUTREACH

A

Ongoing

Deliverable A-1: Mapping of existing data
and structure supporting existing
approaches to modelling hydrogen in energy
systems

B

Ongoing

Deliverable B-1: Taxonomy – a review paper
1)Identify best practice for energy system
optimisation modelling.

C

Ongoing
2)Create a new hydrogen module for the
global ETSAP TIAM model.

KEY MESSAGES (FROM SUBTASK

•
•
•

•
•

C)

The level of modelling detail for hydrogen technologies varies widely between different
TIMES models.
Most models contain a basic set of technologies (electrolysis; hydrogen for transport), while
some more exotic technologies are considered in very few models.
Modelling delivery technologies is difficult, and there is much diversity between models
(while noting that the overall costs per unit of hydrogen in a large-scale system are generally
substantially lower than production costs). While most models consider delivery systems,
few models offer a range of different delivery systems. Surprisingly few models consider
hydrogen pipelines.
Many TIMES models enable hydrogen to be used across several sectors. However, for
transport, few models consider potential uses in rail, aviation, and shipping.
Some demand-side hydrogen technologies power-to-milk; direct reduced iron; power-toliquids were not considered in this model comparison.
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FORWARD -LOOKING
PLANS

The task will have at least two official task meetings in 2021. Additionally, each subtask will
arrange several meetings according to ongoing activities.
→
→
→
→

Sub-task A: Next meeting mid-March 2021
Sub-task B: Next meeting March 16th 2021
Sub-task C: Most activities completed, but some reporting remains
Sub-task D: N/A – the sub-task leader will organise meetings in response to IEA reports.

CONTACT INFORMATION
o
o

Arne Lind (Head of Department / Senior Research Scientist at IFE, Norway)
Arne.lind@ife.no , +47 92 28 16 35
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TASK 40-ENERGY STORAGE AND CONVERSION BASED ON
HYDROGEN
OPERATING AGENT : Michael Hirscher - Max Planck Institute for Intelligent Systems
SYNOPSIS

Task 40 addresses “Energy storage and conversion based on hydrogen” by developing reversible
or regenerative hydrogen storage materials. The goals and objectives of Task 40 are:
1.

Develop reversible or regenerative hydrogen storage materials (solid or liquid)
fulfilling the technical targets for mobile and stationary applications.

2.

Develop the fundamental and engineering understanding of hydrogen storage
materials and systems that have the capacity of fulfilling Target 1.

3.

Develop materials and systems for energy storage and conversion based on
hydrogen, including hydrogen storage for use in stationary, mobile and portable
applications, electrochemical storage, and solar thermal heat storage.

PURPOSE , OBJECTIVES AND STRATEGY

Task 40 addresses energy storage and conversion based on hydrogen by developing reversible
or regenerative hydrogen storage materials. In these materials, the quantitative targets for
hydrogen storage capacities and operation temperatures depend strongly on the different
application objectives, e.g., mobile systems, transport and distribution, or stationary storage
systems. The fundamental understanding of hydrogen storage mechanisms is the key to a
breakthrough in the development of materials with improved properties. For example, the
effect of catalysts is not yet understood in complex or liquid hydrides, even though catalysts are
important for the hydrogenation/dehydrogenation processes. For technical applications, a
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combined understanding of both fundamental and engineering aspects is important. The
development of new materials and systems for energy storage and conversion based on
hydrogen, including hydrogen, electrochemical and heat storage, will involve strong
international collaborations within Task 40. Experts are usually meeting twice a year and
discussing the newest developments and strategies; however, only online web meetings are
possible at the moment.
FRAMEWORK

Task 40 is almost exclusively working on fundamental or basic research of novel materials for
applications in hydrogen-based energy storage. At meetings, all experts work together and split
occasionally up into working groups to discuss special issues. Between the different working
groups, there is a strong overlap, and several experts are active in more than one group.

WORKING GROUP

NAME

LEADER

1

Porous materials

Michael Hirscher

2

Magnesium- and intermetallic
alloy-based hydrides

Luca Pasquini and Kouji Sakaki

3

Ammonia and liquid carriers

Ping Chen

4

Complex hydrides

Marcello Baricco

5

Catalysis

Claudia Weidenthaler

6

Electrochemical storage of energy

Michel Latroche

7

Hydride-based thermal energy
storage

Craig Buckley

8

R&D for hydrogen storage and
compression

Martin Dornheim

RESULTS
STATUS , RESULTS AND PROGRESS

At the beginning of 2020, a few Task 40 Experts met informally at the 14th International
Symposium Hydrogen & Energy, Sapporo, Japan, January 5th - 10th. Owing to the pandemic, all
in-person meetings had to be cancelled for 2020. Instead, we had 3 Task 40 general meeting
held online on 5th May, 14th July, and 13th October 2020. The different working groups organized
several online meetings in 2020: 9th June: Electrochemical application of hydrides, 10th June:
Complex hydrides, 11th June: Catalysis and liquid carriers/ammonia, 16th June: Porous materials,
17th June: Research and Development for hydrogen storage and compression, 1st July: Thermal
energy storage, 25th September: Intermetallic hydrides and magnesium, 17th November:
Electrochemical application of hydrides, 7th December: Catalysis and liquid carriers/ammonia.
The final Task 32 report “Materials for hydrogen-based energy storage e past, recent progress
and future outlook” was published in Journal of Alloys and Compounds 827 (2020) 153548 and
is available online since 31st December 2019.
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KEY MESSAGES

Energy storage and conversion are considered the most challenging aspects for achieving an
economy based on renewable energy sources. Hydrogen as an energy carrier will play a major
role and the development of novel storage materials for solid-state storage or liquid hydrogen
carriers will be the key. Furthermore, metal hydrides are considered for heat storage surpassing
the energy density of current heat storage technologies. Electrochemical applications of
hydrides led to the development of metal-hydride batteries combining high safety with a long
life now commercially available. Furthermore, fundamental studies on ion conductivity in
complex hydrides showed extremely high ionic mobilities in solids.
FORWARD -LOOKING
PLANS

Task 40 experts will continue to address both fundamental and applied research on hydrogen
storage materials including electrochemical storage of energy utilizing hydride electrodes and
ion conductors, concentrated solar thermal heat storage using hydrides, and the development
of small-scale demonstration projects.
→
→
→
→

During travel restrictions due to the pandemic, Task 40 meetings will be held online: 19th
January 2021 and 18th May 2021.
The working groups will organize additional meetings in between and report at the
general Task 40 meeting.
If possible, the first face-to-face Task 40 meeting will be held in La Cristalera near
Madrid, Spain, from 26th to 29th September 2021.
Task 40 midterm report will be published by a series of paper in Progress in Energy, IOP
appearing in early 2022.

OPPORTUNITIES AND CHALLENGES

New materials with improved properties are the key for any application in energy storage or
conversion based on hydrogen. In an economy shifting to renewable energy sources, the need
for efficient and safe storage systems will drastically increase in the near future. Furthermore,
large-scale transport and distribution of hydrogen as an energy carrier will play an important
role and here ammonia, as well as liquid organic hydrogen carriers, could provide an economical
solution.
CONTACT INFORMATION
o
o

Michael Hirscher
hirscher@is.mpg.de
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TASK 37- HYDROGEN SAFETY
OPERATING AGENT : Dr John Khalil - Associate Director, Intelligence, Surveillance, and

Reconesance (ISR) Space Systems, Collins Aerospace USA.
SYNOPSIS

The overarching goal of the Hydrogen Safety Task 37 is to support the acceleration of the safe
implementation of hydrogen infrastructures through coordinated international collaborations
and safety knowledge dissemination.
Figure (1) below provides an at-a-glance Task 37 organizational structure. Details of the activities
of each subtask are described in the next section of this report.

PURPOSE , OBJECTIVES AND STRATEGY

Objectives
The specific objectives of Task 37 are the following.
•
•
•
•
•

Identify and quantify potential risks associated with production, transport, storage,
deployment and use of hydrogen-based technologies and associated infrastructures (viz.,
refuelling stations, PEM fuel cell stacks, etc.).
Develop a better understanding of hydrogen-related physical phenomenologies such as
diffusion, stratification, deflagration, detonation, and deflagration-to-detonation transition
through the use of experimentation and computational methods and tools.
Construct, and quantify postulated hydrogen-based accident scenarios such as leakage in
confined spaces, ignition, and fire propagation without and with risk mitigation. The
postulated accident scenarios should include worst-case and most probable scenarios.
Perform consequence analysis of postulated hydrogen-related accident scenarios including
human fatality, property (infrastructure) damage, and adverse environmental impact.
Compile components field failure data, H2 leakage rates, human error probabilities, and
other data that can be used in risk quantification.
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•
•
•
•
•
•

Understand how H2 can be safely used as a fuel in applications like aircraft electrification
(viz., hybrid-electric and all-electric aircraft) and maritime.
Develop a better understanding of the safe transport of H2 in road tunnels (considered as
confined spaces).
Understand material compatibility issues (embrittlement, crack initiation and growth, etc.)
associated with hydrogen storage and handling.
Develop novel approaches for using hydrogen to remove CO2 in the International Space
Station (ISS) Sabatier Reactor.
Describe and quantify potential risks associated with blending hydrogen with natural gas
for domestic heating. Examples of potential risks include the adverse impact on end-users
appliances (such as boilers, burners, etc.), fire hazard due to hydrogen leakage, etc.
Support existing and new hydrogen safety codes and standards (such as ISO and NFPA).

FRAMEWORK

Details of activities involved in the subtasks shown in Fig.1:
➢ Subtask A: H2 safety for aircraft and maritime applications
The activities of this subtask include:
o Safe storage of hydrogen (in different forms) for use as an aircraft fuel or as a
feedstock to onboard PEM fuel cell stacks.
o Safe storage of hydrogen (in different forms) for maritime use as a direct fuel or as
a feedstock to onboard PEM fuel cell stacks.
➢ Subtask B: Power-to-gas (P2G) safety
The activities of this subtask include:
o Impact of mixing hydrogen with natural gas on the lower flammability limit (LFL)
and the upper flammability (UFL) of the latter gas.
o Safe percentage of hydrogen in the gaseous mixture and impact on end-users and
household appliances.
o Experimental and theoretical studies of hydrogen/natural gas blend.
➢ Subtask C: Critical safety Issues (materials compatibility, road tunnels, human
reliability analysis)
The activities of this subtask include:
o Material compatibility with hydrogen.
o Safety of hydrogen transport in road tunnels.
o Human reliability analysis (HRA) and the impact on risk quantification.
➢ Subtask D: Hydrogen supply chain risk management (SCRM)
The activities of this subtask include:
o Vulnerability assessment of hydrogen supply chain.
o Hydrogen supply chain risk assessment.
o Risk mitigation of potential risks associated with the hydrogen supply chain.
➢ Subtask E: Physical Effects /Phenomena
The activities of this subtask include:
o Experimental work of hydrogen-related phenomenology (diffusion, deflagration,
detonation, H2/CH4 stratification in confined places, etc.
o Theoretical studies of hydrogen-related phenomenology (diffusion, deflagration,
detonation, H2/CH4 stratification in confined places, etc.
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RESULTS
STATUS , RESULTS AND PROGRESS

Task 37 accomplishments in 2019-2020 include:
a) Task 37 meeting at Harris Manchester College of the University of Oxford, UK. The
meeting was well attended, and several presentations were provided by Task delegates.
b) Dr Khalil was an invited speaker at the Hydrogen Production Workshop hosted by
Électricité de France (EDF) in Chatou, France (November 4 – 7, 2019). Dr Khalil discussed
the future strategic directions of Task 37. His invited presentation was entitled
“Hydrogen safety considerations for the power-to-gas (P2G) conversion process.”
KEY MESSAGES

Task 37 continues to provide quantitative insights (both physics-based and probabilistic) to
support the development of new as well as revised hydrogen safety C&S (e.g., NFPA-2 and ISO
standards).
FORWARD -LOOKING
PLANS

Task 37 strategic plan is focused on:
→
→

Collaboration with other IEA Hydrogen Tasks.
Collaboration with other IEA TCPs.

OPPORTUNITIES AND CHALLENGES

➢ For the overall industry
There is a critical need for creating harmonious hydrogen safety codes and standard (C&S) to
accelerate the worldwide adoption of hydrogen-based technologies. Also, insufficient technical
data to support safety C&S remains a challenge.
In addition to supporting hydrogen refuelling infrastructure, the scope of hydrogen safety
should include other key technologies and focus areas such as the use of hydrogen to power the
hybrid-electric aircraft, maritime applications, safe hydrogen transport in road tunnels, etc.
➢ For the Hydrogen TCP work
Further research is need for quantifying the potential risk associated with hydrogen-related
accident scenarios in road tunnels and other confined and semi-confined spaces (viz., garages).
Of interest also is the use of hydrogen in maritime applications and in next-generation
commercial aircraft (hybrid-electric and all-electric).
Because hydrogen safety cuts across all hydrogen supply chain (production, distribution,
storage, transport, PEM fuel cells vehicles, refuelling stations, use of H2 in aviation and maritime,
etc.), Task 37 core strategy will focus on: a) Collaboration with other Tasks and b) Collaboration
with members of the Hydrogen TCP and other IEA TCPs (e.g., Bioenergy TCP, Industrial TCP, etc.).
CONTACT INFORMATION
o
o

Dr Y. (John) F. Khalil
Yehia.khalil@yale.edu, ykhalil@ieahydrogen.org
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Member Updates
AUSTRALIA
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

In March 2020, a Project Team was established to implement the Australian National Hydrogen
Strategy released in December 2019. In 2020 the team focused on international collaboration,
national coordination, supporting priority industry projects and legislative reviews. Key
developments included:
•
•
•
•

January 2020–Australia and Japan signed the joint statement on cooperation on
hydrogen and fuel cells
March 2020–Australia and Singapore agreed to pursue a Memorandum of
Understanding (MoU) on low emissions technologies by the end of 2020.
April 2020–Australia became a member of the US Center for Hydrogen Safety.
September 2020–Australia and Germany signed a Joint Declaration of Intent on a Supply
Chain Feasibility Study of Hydrogen

Regional hydrogen clusters are being established by National Energy Resources Australia (NERA)
and, early in 2021, NERA announced that 13 clusters were each to receive $100k seed funding.
The Commonwealth Scientific and Industrial Research Organisation (CSIRO) has established
HyResource, a new single source of information on key hydrogen-related organisations, policies,
and projects in Australia with supporting information on New Zealand. HyResource is to act as
a reliable source of information that can be accessed by all stakeholders involved in the
development of Australia’s hydrogen industry.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

The Australian Department of Industry, Science, Energy and Resources is developing a national
Technology Investment Roadmap with the aim to drive a shift to secure, more affordable energy
and lower emissions. On 22 September, the Department issued a Low Emissions Technology
Statement was issued. It outlines five priority areas and stretches goals:
•
•
•
•
•

Hydrogen production under $2 per kg
Long duration energy storage (6-8 hours) dispatched at less than $100 per MWh
Low carbon materials – e.g., low emissions steel under $900 per tonne, aluminium under
$2,700 per tonne
CCS – CO2 compression, hub transport and storage under $20 per tonne of CO2
Soil carbon measurement under $3 per hectare per year – a 90% reduction from today’s
measurements

The government is commencing eleven key actions including a technology investment
framework to prioritise investment in new technologies and an investment package with a
budget of $1.9 billion. The government is requiring key agencies (ARENA, CEFC and CER) to focus
on accelerating the priority technologies.
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HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

The Future Fuels Cooperative Research Centre (FFCRC) has over $90 million in funding from
industry and government to support many hydrogen R&D projects. Similarly, the Future Energy
Exports CRC (Fenex) announced in 2020 also features a program dedicated to hydrogen export
(see below).
In July 2020 ARENA announced that seven companies had been shortlisted to apply for funding
under the $70 million Renewable Hydrogen Deployment Funding Round. It is expected that two
grants will be made by late 2021 to support projects that deploy >10MW electrolysers powered
by renewable energy.
Several other projects including the Hydrogen Park of South Australia (SA), Neoen’s Crystal
Brook Energy Park (SA), the Hydrogen Energy Supply Chain Pilot Project in Victoria, and Yara
Pilbara Fertilizers pilot-scale trial to produce renewable ammonia for export based on hydrogen
from solar electrolysis at Burrup in Western Australia are in progress.
Australia has adopted 8 international hydrogen standards and is now participating on IEC
standards committees to help provide and shape and direction to its industry.
2021ARENA
hydrogen
funding round
2020

$70 million
Demonstration of 10MW electrolyser powered by renewable energy
www.arena.gov.au

2020-2030
Future Energy
Exports (FENEx) $40 million government + $38.7 million industry
Commonwealth Four programs of which Program 2 is Hydrogen Export and Value Chains.
Research
Professor Craig Buckley is Program 2 lead.
Centre (CRC)
www.fenex.org.au

MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
NSW Government has approved its first hydrogen gas injection facility. Infinite Blue Energy Pty
Ltd. announced a project of electric vehicles fast-charging stations and hydrogen refuelling
stations (17 HRS) across the country.
WA Government is to invest $22 million in hydrogen supply designed to boost hydrogen export,
use in remotely located industries, lending in natural gas networks and use in FCEVs.
Fortescue Metals Group (FMG) has announced a $32 M renewable hydrogen mobility project
for 10 full-sized hydrogen fuel cell coaches built by HYZON Motors, and the installation of an
HRS at Christmas Creek, WA.
Mining giants BHP, FMG, Anglo American and Hatch have formed the Green Hydrogen
consortium.
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The CSIRO and Boeing have produced a report on how clean hydrogen-based technologies can
make a significant contribution to emissions reduction in the aviation sector.
An H2OzBus project for the deployment of hydrogen fuel cell bus fleets for public transport
across Australia is in progress. Companies involved in the consortium are Transit Systems,
SeaLink Travel Group, Ballard Power Systems, BOC Limited, Palisade Investment Partners and
ITM Power.

OPEN/ ON ROAD

HRS

FCEVS
PASSENGER

REGISTERED
FCEVS

1 public + 2 private

65

38

3 public + 2 private

>60

>60

25

-

-

PLANNED
(by 2030)
PROJECTED

OTHER APPLICATIONS

The Australian Smart Energy Council and the German Energy Agency are to work together to
develop a ‘guarantee of origin’ scheme to certify renewable hydrogen and carbon-neutral power
fuels.
REFERENCES
•
•
•
•
•

http://hydrogenaustralia.org
https://www.smartenergy.org.au/hydrogen-australia
https://www.pwc.com.au/infrastructure/embracing-clean-hydrogen-for-australia-270320.pdf
https://research.csiro.au/hyresource/australias-single-source-of-information-on-hydrogenprojects/
https://consult.industry.gov.au/climate-change/technology-investmentroadmap/supporting_documents/technologyinvestmentroadmapdiscussionpaper.pdf

CONTACT INFORMATION
o
o

Dr Andrew L Dicks
a.dicks@griffith.edu.au
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AUSTRIA
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

The Austrian government program from 2020 stipulates that the electricity demand in Austria
is to be covered exclusively by renewable sources by 2030. In addition, the Austrian economy is
to be 100 % climate-neutral. In other words, Austria is to become a pioneer in climate policy.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

Work is currently underway on the Renewable Energy Expansion Act. The law is expected to
come into force in the next few months. Corresponding adjustments are being made in
accordance with necessary EU directives.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

Since 2017, there have been 3 energy flagship regions in Austria. The showcase region WIVA
P&G covers many activities in the field of hydrogen and climate-neutral gases. There are
currently 11 innovation projects funded by the Climate and Energy Fund. Both the innovation
chain and the corresponding business cases are being investigated. In addition, the hydrogen
strategy is to come into force in the first half of 2021.
SPECIFICS

2017- 2026
Up to 50 million euros
In this way, the entire value chain is presented and researched in the
showcase region.
WIVA P&G

Renewable hydrogen is the central component in the WIVA P&G
association in the necessary transformation to a largely CO2-neutral
structure, whereby the possibilities for its production and storage, the
chemical conversion to methane and other hydrocarbons, the respective
combustion and reconversion into electricity are analysed, realised,
further developed and demonstrated in a variety of different application
fields and processes.
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MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
GENERAL

When it comes to the use of renewable gases, Austria focuses mainly on their use in the
industrial sector and in heavy-duty mobility. However, there are also activities for the use of
hydrogen in the low-temperature sector and in individual mobility. Attempts are also being
made to build up a network of filling stations, whereby the majority of these are intended to
supply fleets. Therefore, an estimate of the necessary infrastructure in the mobility sector is
very speculative.
OTHER APPLICATIONS

As already shown, Austria is focusing on the use of renewable gases and hydrogen in the
industrial sector. Projects in the steel, petrochemical and cement sectors are currently being
researched more intensively. Great efforts are also being made in the development of mobile
fuel cells with an output of over 100 kW.
REFERENCES
o

www.wiva.at
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BELGIUM
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

Belgium is a federation consisting of the regions of Wallonia, Flanders, and Brussels. Different
aspects of energy policymaking are divided among the different governments. Roughly
speaking, the regions are responsible for distribution grids for electricity and gas, for renewable
energy (except offshore wind), for the regulation of retail markets for gas and electricity, for the
promotion of energy efficiency and for energy R&D programmes. The federal government is
responsible for the security of supply, monitoring reports on national investment plants for
electricity and gas, the production and transmission of energy (conventional onshore), offshore
wind energy and nuclear energy policies and regulations amongst others. When Belgium
established its National Energy and Climate Plan (NECP), much coordination has taken place
between the federal and the various regional governments, as energy infrastructures are very
much intertwined. On the Belgian federal level, a vision on the future of gas is currently being
prepared. This vision will encompass the future use of all gases for horizon 2030-2050.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

When the IEA published the Country Review 2016 for Belgium, hydrogen was mostly mentioned
in the realm of R&D programmes focusing on hydrogen applications in the transport sector.
Since then, quite a bit has changed. First of all, a number of the projects that are being withheld
in the framework of the Belgian RRF (EU Recovery and Resilience Facility) integrate and
strengthen the role of hydrogen in the future Belgian energy system (e.g. build a hydrogen
cluster, build an energy island, minimise the carbon footprint of the required thermal gas-fired
power plants to facilitate the nuclear phase-out, etc). A firm engagement has been pronounced
in this respect by the (new) Federal Government in its National Energy Policy Declaration before
the Belgian Parliament in November 2020, and a number of studies are currently undertaken by
the Belgian Federal Planning Bureau to shape up this policy.
On the regional level, the 2020 Hydrogen Vision for Flanders specifically targets heavy-duty
applications in the transport sector, while hydrogen is expected to contribute as well to the
decarbonization of the industrial sector, with a central role for the Port of Antwerp. In addition,
the Flanders vision sees an opportunity in blending hydrogen in natural gas networks. For the
Walloon region, its government-approved hydrogen roadmap has set a specific target for 2030
both for the (public) transport and its heavy industry sector (glass, steel and cement). In the
Brussels region, DSO Sibelga has identified an opportunity in feeding hydrogen into the gas grids,
while also stressing that it can contribute to the integration of surplus electricity in the energy
system. In Wallonia and Flanders, DSOs explore similar opportunities. On the federal level, gas
TSO Fluxys participates in the European IPCEI initiative Green Octopus (backed up by a EUR 95
million federal budget) to establish a European H2 backbone and to investigate where new
infrastructure is needed.
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Source: Fluxys
SPECIFICS

Flanders has made available EUR 125 M for hydrogen research and innovation from its (covid)
recovery plan. It also seeks to take part in a hydrogen IPCEI and has made available
EUR 100 million for it. The Ports of Antwerp and Ghent, in addition to Zeeland ports and
Rotterdam, have supported the application for European funding of Porthos. In the Walloon
region, since the publication of its hydrogen roadmap in 2019, a EUR 50 million regional
investment plan is currently being put into practice, with the first Power-to-H projects focusing
on decentralised green hydrogen production being tendered for use in the public transport
sector in the Charleroi and Liège region. These initiatives will further be extended in the
framework of the EU Recovery and Resilience Plan, for which Wallonia already allocated EUR
160,2 million for strengthening the Walloon hydrogen pillar with a specific focus on research,
green hydrogen production and specific sectorial applications. In addition, Wallonia is also host
to one of the world's biggest CCU projects, introduced through a Joint Development Agreement
by Carmeuse, ENGIE and John Cockerill at the EU Innovation Fund and IPCEI. An overview of
current and projected Power-to-X projects in Belgium is given below (with key acronyms
H2import, HyOffwind, Hyport, North C methanol, Antwerp@C).
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Source: Flux50

MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN MOBILITY

BUSES

REGISTERED
FCEVS

2+1

5

25

5

H2Benelux

>10, H2Benelux

2

>10

-

HRS

OPEN/ ON ROAD
(2020)
PLANNED
(2021)
PROJECTED
(2022)

Source: WaterstofNet
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CANADA
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

In 2016 Canada released the Pan-Canadian Framework (PCF) Clean Growth and Climate Change
- Canada’s Climate plan developed with the provinces and territories and in consultation with
Indigenous peoples to reduce greenhouse gas emissions, grow the economy, and build resilience
to a changing climate. The plan includes a pan-Canadian approach to pricing carbon pollution
and measures to achieve reductions across all sectors of the economy. It aims to drive
innovation and growth by increasing technology development and adoption to ensure Canadian
businesses are competitive in the global low-carbon economy. It also includes actions to
advance climate change adaptation and build resilience to climate impacts across the country.
The PCF has been guiding Canada’s actions to achieve its climate commitment targets since its
release.
In late 2020, the Government of Canada enacted the Canadian Net-Zero Emissions
Accountability Act to deliver on its commitment to legislate Canada’s target of net-zero
greenhouse gas emissions by 2050. The Act will establish a legally binding process to set fiveyear national emissions-reduction targets for 2030, 2035, 2040, and 2045, as well as develop
credible, science-based emissions-reduction plans to achieve each target. It also passed the
Clean Fuel Standard (CFS), an important part of Canada’s climate plan to reduce emissions,
accelerate the use of clean technologies and fuels, and create good jobs in a diversified
economy. Under this regulation, the fossil fuels produced and imported into Canada will become
progressively cleaner over time and affordable alternatives for consumers will become
increasingly available.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

The advancement of clean technologies and the transition to a clean growth economy are key
priorities of the Government of Canada. In keeping with its mission to help Canadian clean
technology developers and adopters identify supports for their businesses and projects, the
Government of Canada established the Clean Growth Hub as a single point of contact for clean
technology users and producers. The Clean Growth Hub is a whole-of-government (about 16
departments and agencies) focal point for clean technology focused on supporting companies
and projects, coordinating programs, and tracking results. The Hub's team of experts from
across the government helps clean technology developers and adopters identify the federal
programs and services most relevant to their needs. Hub representatives can also help answer
questions regarding policy, regulations, accessing federal laboratories, procurement and
skills/training related to clean technology.
Highlights of Canada’s key energy R, D&D programs include but are not limited to the following:
Program of Energy Research and Development: The Program of Energy Research and
Development (PERD) is a federal, interdepartmental program operated by Natural Resources
Canada (NRCan). PERD only provides funding to federal departments and agencies for internal
R&D or collaborative Grants and Contributions with outside organizations working with the
federal department or agency. It is not a general funding or grant program for companies,
associations or individuals.
Energy Innovation Program: The Energy Innovation Program (EIP) recognizes that innovations in
clean energy technologies must be affordable, reliable, and sustainable to support Canada’s
transition towards a low-carbon economy. EIP drives clean energy innovation by funding
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academic, private-sector and government-led RD&D projects to reduce GHG emissions, while
increasing competitiveness in Canada’s energy sector research, development, and
demonstration of clean energy technologies, with the aim of meeting 2050 clean growth targets.
Clean Growth Program: The Clean Growth Program (CGP) is a $155 million investment in clean
technology research and development (R&D) and demonstration projects in three Canadian
sectors: energy, mining and forestry.
Breakthrough Energy Solutions Canada: Launched at 10th Clean Energy Ministerial/ 4th Mission
Innovation meeting in Vancouver, Canada on May 27, 2019, this program aims to support
Canadian entrepreneurs and firms to advance clean energy technologies, which could
significantly reduce global GHG emissions in the manufacturing, Electricity, Transportation, and
Buildings.
Impact Canada: The Impact Canada Initiative is led by a Centre of Expertise housed within the
Impact and Innovation Unit of the Privy Council Office, which also manages this platform in
partnership with Government of Canada departments. It is a Government of Canada-wide effort
that will help departments accelerate the adoption of innovative funding approaches to deliver
meaningful results to Canadians.
Sustainable Development Technology Canada (SDTC): SDTC was launched in 2001 and as of 2020
has invested $1.28B to support 447 cleantech projects through the SD Tech Fund and the Next
Generation Biofuels Fund. Many, but not all of these investments are related to energy research
and development. SDTC announced an increase in funding for all SDTC supported companies in
response to COVID-19.
Strategic Innovation Fund: As part of Canada’s Innovation and Skills Plan, the Strategic
Innovation Fund (SIF) supports large-scale, transformative and collaborative projects that help
position Canada to prosper in the global knowledge-based economy. It plays a key role in the
continuum of innovation funding, providing support for projects through simplified application
processes, accelerated processing, and assistance that is more responsive and focused on
results. The SIF covers all sectors of the economy and is available to for-profit and not-for-profit
organizations with the goal of supporting the Canadian innovation ecosystem. Under one of the
program’s key components, the Business Innovation and Growth stream encourages R&D that
accelerate technology transfer and commercialization of innovative products, processes and
services, facilitates the growth and expansion of firms in Canada, and attracts and retain largescale investments to Canada.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
In December 2020, the Government of Canada launched the Hydrogen Strategy for Canada, an
ambitious framework that seeks to position Canada as a global hydrogen leader, cementing this
low-carbon and zero-emission fuel technology as a key part of our path to net-zero carbon
emissions by 2050. This Strategy seeks to modernize Canada’s energy systems by leveraging
Canadian expertise – including increased participation from marginalized and underrepresented
groups – through building new hydrogen supply and distribution infrastructure and fostering
uptake in various end-uses that will underpin a low-carbon energy ecosystem in the near- and
long-term. It will set the foundation to do this over the next five years by: encouraging early
deployment HUBs in mature applications (Blue Hydrogen), and Canadian demonstrations in
emerging applications; employing regulations, including the forth-coming Clean Fuel Standard
to drive near-term investments; and framing new policy and regulatory measures needed to
reach net-zero by 2050.
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MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN MOBILITY
REGISTERED
BUSES
TRANSPORT

TRUCKS

FCEVS

ON ROAD

-

-

105(1)

PLANNED

20 (2)

6 (3)

150

PROJECTED

20

-

255

Canadian Provinces (1) Quebec, British Columbia, Alberta (2) Ontario, Alberta, Manitoba (3) British Columbia, Alberta

INFRASTRUCTURE

HRS

EARLY MARKET
STATION OPEN TO
PUBLIC OF FLEET

PRIVATE
RESEARCH LAB
AND/OR
COMPANY SITE

HRS SUBTOTALS
BY HRS STATUS
AND TYPE

5(1)
2(2)
18(3)
25

1(4)
5(5)
6

6
23
31

OPEN
IN CONSTRUCTION
PLANNED
PROJECTED

(1) British Columbia, Quebec (2) British Columbia (3) British Columbia, Quebec (4) Ontario (5) Alberta, Ontario, British
Columbia, Prince Edward Island

ELECTROLYZERS

EARLY MARKET
STATION OPEN TO
PUBLIC OF FLEET

OPEN
PLANNED
PROJECTED

3 (1)
3

PRIVATE
RESEARCH LAB
AND/OR
COMPANY SITE
6 (2)
4 (3)
10

HRS SUBTOTALS
BY HRS STATUS
AND TYPE
9
4
13

(1) Quebec, British Columbia (2) Quebec, British Columbia, Ontario (3) Quebec, British Columbia, Manitoba, Ontario

REFERENCES
•

The figures above were supplied by the Canadian Hydrogen and Fuel Cell Association

CONTACT INFORMATION
o
o
o

Jocelyn Millette
Director-General, CanmetENERGY | Energy Technology Sector | NRCan
Canada’s Delegate to the Executive Committee, IEA Hydrogen TCP
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PEOPLE’S REPUBLIC OF CHINA
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

1. Energy-saving country and society.
2. Based on domestic resource advantages and existing foundation.
3. Promote the efficient and clean utilization of coal and increase the proportion of clean
energy.
4. Balancing the development of energy exploitation and the protection of the ecological
environment.
5. Scientific and technological innovation-driven.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

1.
2.
3.
4.
5.
6.

Clean and efficient utilization of coal.
Carbon dioxide capture, utilization, and storage
Advanced nuclear technology
Efficient utilization of solar energy
Clean Energy Utilization
Energy storage technology

HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

Research and development are focused on:
1. Large-scale hydrogen production, distributed hydrogen production, hydrogen storage and
transportation, as well as the hydrogen-refuelling station.;
2. Proton exchange membrane fuel cell (PEMFC), solid oxide fuel cell (SOFC), metal-air fuel cell
(MeAFC), and integrated design and system integration of distributed hydrogen production
and fuel cell.
SPECIFICS

National
Hydrogen
EnergyHydrogen
Storage and
Utilization

1. Membrane electrode, Recirculation pump, and Air compressor for
FCEV
2. 70MPa Hydrogen tank, Liquid hydrogen, solid materials, as well as their
facilities for onboard and stationary hydrogen storage
3. Hydrogen purification
4. Facilities of production, storage, fulling for liquified hydrogen
5. High-pressure large-scale delivery by trailer
9 subprojects, and ca. 40 million USD in total
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MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS

HRS

BUSES

REGISTERED
FCEVS

OPEN/ ON ROAD

35

1497

>6000

PLANNED

53

4000

>10000

PROJECTED

100

4000

>10000

REFERENCES
•

https://new.qq.com/rain/a/20210108a06fhf00
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DENMARK
MEMBER’S ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

The legally binding national climate act obligates Denmark to reduce CO2 emissions by 70 % in
2030 (compared to 1990 values). Denmark aims to reach net-zero CO2 emissions by 2050.
Denmark’s “Energy Technology Development and Demonstration” and “Green Labs DK”
programs got extended with support funds for Power-to-X (P2X) and Carbon-Capture and
Storage/Usage (CCS/CCU) to in total eight funds that support critical areas of the necessary
green energy transition.
In addition, Denmark joined the EU’s hydrogen alliance to promote technologies and alliances
for the production and usage of green hydrogen in all sectors.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

Implementation of national climate act energy islands: To pave the way towards a net-zero
country, the Danish parliament decided to build two energy islands, placed in the North Sea and
the Baltic Sea. Their capacity is set to be at least 4 GW so that they are capable of powering four
million danish homes or 7 million electric vehicles.
Phase-out of oil and gas of domestic heating: beginning in mid-2020 initiatives and taxation
schemes target this out-phasing. The Danish parliament decided in December 2020, that
exploration of oil and gas in the Danish part of the North Sea will end by 2050.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

P2X demonstration projects: At Danish Shell’s refinery in Fredericia a 20 MW electrolyser is
planned in cooperation with Everfuel. The hydrogen will be produced on renewable energy and
can be stored in a 10 MWh storage, that could be extended to 1 GWh.
Furthermore, a group of leading Danish energy, transportation, and infrastructure companies as
Ørsted, Maersk and Copenhagen Airports plan to construct a big scale P2X production plant for
hydrogen used for transportation purposes close to Copenhagen.
Green Lab Skive: Construction of a 12 MW large-scale P2X facility to produce among others
green methanol.
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SPECIFICS

25 Mio. DKK annually
Support for efficient green solutions

Elforsk

1483 mio. DKK in total. Energy: 80 mio. DKK and Green Development
79 mio. DKK.
Innovationsfonden
Value creation for Denmark by investing in entrepreneurs, researchers
and businesses
500 Mio. DKK
EUDP

Support of private companies and universities to develop and
demonstrate new energy technologies.
In total 16,5 Mio. DKK

EUDP P2X specialsupport fund

Technologies to convert H2 to other green fuels

See more projects here.
MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
The Danish company Everfuel is developing together with partners in the Nordics projects to
accelerate the development and expansion of hydrogen as a fuel.
Green Lab Skive is among the biggest demonstration sites in Denmark for P2X projects and
power storages in form of hydrogen.
Norwegian NEL Hydrogen and Danish Green Hydrogen Systems produce hydrogen electrolysers
and fuel stations in Denmark.

HRS

BUSES

REGISTERED
FCEVS

OPEN/ ON ROAD

6

0

117

PLANNED

1

200

-
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OTHER APPLICATIONS

Testing the injection of hydrogen into the natural gas grid: The Danish Gas TSO and DSO have
successfully tested the injection of up to 15 % hydrogen into a closed-loop high-pressure gas
grid. The purpose of the test was the investigation of the effects of hydrogen on the gas
transmission and distribution infrastructure and components, as well as its leakage. The storage
and distribution of hydrogen, generated by fluctuating renewable energy sources, is a promising
future market for gas transport companies. The test provided also valuable knowledge on the
effects on electrolysis systems from long-term standby periods.
Testing gas appliances on mixtures of hydrogen and NG (THyGA).
REFERENCES
•
•
•
•

EUDP
Available hydrogen cars and fuel stations in Denmark (in Danish)
Energinet (TSO) Green Transition
Hydrogen Denmark

CONTACT INFORMATION
o
o
o
o

Asger Myken (amy@dgc.dk)
Danish Gas Technology Center, Dr. Neergaards Vej 5B DK-2970 Hørsholm
Tlf. +45 2016 9600
E-mail: dgc@dgc.dk
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EUROPEAN COMMISSION
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

The European Commission presented the European Green Deal on 11 December 2019, outlining
the main policy initiatives for reaching net-zero global warming emissions by 2050. A climateneutral Europe is the overarching objective of the European Green Deal. On 4 March 2020, the
EC proposed a European Climate Law to turn this political commitment into a legal obligation.
With the 2030 Climate Target Plan, the Commission proposes to raise the EU's ambition on
reducing greenhouse gas emissions to at least 55% below 1990 levels by 2030. All transport
sectors - road, rail, aviation and waterborne transport - will have to contribute to the 55%
reduction effort.
Hydrogen plays a central role in achieving the main objective of the European Green Deal and is
one of the key sectors contributing to the EU economic recovery plan. European Commission
initiatives relevant to hydrogen in 2020 are:
•

The European Industrial Strategy, a plan for a future-ready economy, adopted on 10 March
2020. It contains the proposal for a European Clean Hydrogen Alliance and the following
launch of potential Important Projects of Common European Interest (IPCEI) on hydrogen.

•

The EU Energy System Integration Strategy adopted on 8 July 2020. Hydrogen is prominent
in Energy System Integration – the coordinated planning and operation of the energy system
“as a whole,” across multiple energy carriers, infrastructures, and consumption sectors –
and will play a pivotal role in the pathway to an effective, affordable and deep
decarbonisation of the European economy.

•

The Hydrogen Strategy for a Climate Neutral Europe adopted on 8 July 2020. This strategy
encompasses all dimensions of hydrogen, in particular, energy, climate, industry, and
environmental policies as well as the associated investment challenges and the international
dimension. It also includes a specific section on promoting R&I in hydrogen technologies.

•

The launch of the European Clean Hydrogen Alliance, which will support the development
of a clean and globally competitive hydrogen industry in Europe. It aims at an ambitious
deployment of hydrogen technologies by 2030, bringing together renewable and lowcarbon hydrogen production, demand in industry, mobility and other sectors, and hydrogen
transmission and distribution. With the alliance, the EU wants to build its global leadership
in this domain, to support the EU’s commitment to reach carbon neutrality by 2050.

•

The EU Recovery Plan and long-term budget for 2021 – 2027 support the recovery from the
COVID pandemic and investment in green and digital transitions. The Next Generation EU
fund, part of the next EU budget and worth a total € 750 billion, is focused on the European
Green Deal, and highlights “the rolling out renewable energy projects, especially wind, solar
and kick-starting a clean hydrogen economy in Europe”. The new Strategic Investment
Facility will invest in technologies that are key for the clean energy transition, such as
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renewable and energy storage technologies, clean hydrogen, batteries, carbon capture and
storage and sustainable energy infrastructure.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

Horizon 2020 is the EU funding programme for research and innovation. It is running from 2014
to 2020 with an €80 billion budget. Relevant Horizon 2020 themes were “Secure, Clean and
Efficient Energy” with over €3 billion budget in the period, of which €1.3 billion in 2018-2020;
“Smart, green and integrated transport” with over €2.3 billion, of which €950 million in 20182020; “Next-generation batteries” with €90 million in 2020 and “Smart Cities and Communities”
with about €83 million in 2019.
In addition, a specific Horizon 2020 European Green Deal Call, with a €1 billion budget, was
launched in September 2020. Among 20 topics the most relevant were “Innovative land-based
and offshore RE technologies”, “Develop and demonstrate a 100 MW electrolyser”, “Energy and
resource-efficient buildings”, “Green airports & ports as multimodal hubs for sustainable &
smart mobility” and “European research infrastructures”.
The new EU research and innovation programme, Horizon Europe, will have a budget of around
€95.5 billion for 2021-2027. This includes €5.4 billion from NextGenerationEU to boost Europe
recovery and make the EU more resilient for the future, as well as an additional reinforcement
of €4.5 billion. The EU institutions reached a political agreement on Horizon Europe on 11
December 2020. After formal approval by the European Parliament and the Council of the EU,
the launch of Horizon Europe is expected in the first quarter of 2021.
HYDROGEN R, D&D PROGRAMS, PROJECTS AND INITIATIVES
CONTEXT

The Fuel Cells and Hydrogen Joint Undertaking (FCH JU) is a unique public-private partnership
supporting research, technological development and demonstration activities in fuel cell and
hydrogen energy technologies in Europe. Under Horizon 2020, for the period 2014-2020, the
FCH 2 JU has a total budget of €1.33 billion provided on a matched basis between the European
Commission, fuel cell and hydrogen industries represented by Hydrogen Europe and the
research community represented by Hydrogen Europe Research.
SPECIFICS

The FCH 2 JU 2020 call for projects counted with a budget of €93 million for 24 topics; 71
proposals were submitted in response to this call. The proposals finally funded depends on the
available budget and the formal approval of grant agreements by the FCH 2 JU. Detailed
information about the funded projects can be found here.
The Horizon 2020 Green Deal call Develop and demonstrate a 100 MW electrolyser specifically
addressed hydrogen. Two projects could be financed on a 50% share with an EU fund of €25-30
million per project. The objective is to demonstrate energy system integration through
hydrogen: producing it from RES and using it in a commercial/industrial application.
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MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
GENERAL

FCH JU funds demonstration of FCEV light-duty vehicles, busses and heavy-duty vehicles and the
related hydrogen refuelling infrastructure.

HRS

OPEN/ ON ROAD

11 for buses + 53 for
FCEV

PLANNED

12 for buses + 15 for
FCEV + 3 for HDV

HDV

REGISTERED
FCEVS

114 buses

959

244 buses
15 refuse trucks, 15
trucks

674

INFRASTRUCTURE

The EU HRS availability system, an initiative funded
by FCH JU, offers a portal providing information
regarding the live status of each HRS in Europe.
Currently, 144 stations are connected and sending
live data to https://h2-map.eu/.
OTHER APPLICATIONS

Combined heat and power: 4003 µCHPs contracted via FCH JU, out of which 2372 already
deployed (mainly via PACE and EneField projects – around 95% of total FCH JU μCHPs).
REFERENCES
•
•
•
•

https://ec.europa.eu/energy/topics/energy-system-integration/hydrogen_en
https://ec.europa.eu/growth/industry/policy/european-clean-hydrogen-alliance_en
https://ec.europa.eu/info/research-and-innovation/research-area/energy-research-andinnovation_en
https://www.fch.europa.eu/

CONTACT INFORMATION
o
o

Beatriz ACOSTA IBORRA
beatriz-acosta-iborra@ec.europa.eu
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FINLAND
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

Finland has several assets, like a strong electric grid and potential reserves to build new
renewable wind power, both offshore and onshore. There is a full value chain of hydrogen
production and use already in place, as well as a long legacy and strong experience in using
hydrogen as an industrial chemical.
Total dedicated hydrogen production in Finland is estimated to be 140–150 kt/a (4.7–5.0 TWh)
where 99% of the dedicated hydrogen is produced via either steam reforming or partial
oxidation and <1% is produced via water electrolysis. In addition, 22–24 kt/a (730–800 GWh) of
by-product hydrogen is generated during NaCl electrolysis (chlorate production). Whereas
significant amounts of by-hydrogen are generated during oil refining, but this hydrogen is
consumed in other oil refining steps.

Locations of H2 production in Finland. Source: VTT

As much as 88% of the dedicated hydrogen is used in oil refining and biofuel production (hydrocracking, hydro-treating) and the rest is used in the chemical industry for the production of H2O2
(7 %) and in the mining and ore refining sectors (5 %) for production of H2S, Co and Ni reduction,
Cu refining.
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There are no suitable geological formations for inexpensive hydrogen storage and eventually,
the only use of lined rock caverns (LRC) is possible in Finland. The cost of large-scale hydrogen
storage in Finnish conditions is difficult to make at the moment.
There is no hydrogen pipeline infrastructure, except smaller pipelines in industrial sites between
two companies. Part of the natural gas transmission pipelines could be repurposed for hydrogen
transport if found feasible. Hydrogen transport by tube trailers is very cost-efficient in Finland
compared to most of the other European countries (the weight limits allow around 2000 kg as
payload).
There are significant opportunities for producing P2X fuels in Finland if the production cost level
in Finland would be found competitive.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

The Smart Energy Finland Program (2017–2021) brings together the services for technical
development and exports. A hundred million euros are being granted to smart energy solution
innovations by the Program, complemented with the support for the international expansion of
growth-oriented companies that possess growth potential and feature renewable energy and
smart energy solutions in their product portfolio.
The objectives of the Program are to:
•
•
•
•

support the international growth of companies and to attract international investments to
Finland
contribute to the creation of a solid foundation for expertise with the development of smart
energy ecosystems and test platforms
challenge the energy sector into utilizing digitalization, IoT, artificial intelligence and the
Internet of Energy
introduce new business concepts in the fields of energy efficiency, renewable energy,
energy storage systems, smart networks and integration of steering as well as consumeroriented business

HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

No specific H2 program in 2020.
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MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
GENERAL

There is no present use of hydrogen in road transport, and no hydrogen refuelling infrastructure,
despite the fact that there is a Finnish company that offers such technology to the global market.
The current use of hydrogen in the chemical and refinery industry is expected to remain or even
increase. A potentially new field of industrial hydrogen utilization can be P2X-chemical
production in the locations with currently unused by-product hydrogen, and sites where free
concentrated and clean CO2 streams are available. SSAB’s HYBRIT process (based on direct
reduction of iron (DRI) using fossil-free energy and hydrogen which is produced by electrolysis)
is planned to be built in Finland and this would require a significant amount of clean hydrogen
production.
The Outotec Open Cycle (by Metso-Outotec Group and Aalto University Foundation) which has
been developed within the previous EU FCH JU projects remains an attractive option for
hydrogen by-production at sulfuric acid plants (https://sol2hy2.eucoord.com/702/body.pe) as
it requires 2-3 times less electrical energy than water electrolysis (without affecting acid
production).
There are other activities at an earlier stage that utilize hydrogen technology and they might be
highlighted in the next years depending on the development progress.
REFERENCES
•

WWW . BUSINESSFINLAND . FI
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FRANCE
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

September 2020: Announcement of a 2030 national strategy for low carbon hydrogen:
-

-

Objectives 2030: 6,5 GW electrolysis installed avoiding 6 M Tons CO2, 50 to 150 000 new
jobs created;
Objective 2030: production 700 000t Low carbon H2 on 1 345 000t total production (in
2020: 45 000 t low carbon hydrogen produced on 880 000 t H2 produced in total)
Total public subsidies, grant and loan: 7 B €
Three priorities
o Low carbon hydrogen for heavy industries (refinery, chemicals) and heavy
mobility
• Public support: the guarantee of origin mechanism, financial incentive
like CfD mechanism to fill the gap between low carbon cost and
hydrogen market price (3-4 B€)
o Creation of a Hydrogen French industry for electrolysers, tanks, fuel cells
• Public support: IPCEI (1,5B€), French public bank (BPI) investment in
companies etc…
o Technology development, R&D, education, innovation, and demonstration
• Public support to the territorial ecosystem with multiple applications,
creation of local hydrogen hubs (275 M€)
• Public support to R&D (65 M€)
• Public support for innovation and key technologies (350 M€)
• Public support for education and training
National governance with creation of National Hydrogen Council with three ministries,
CEA of main companies, French association etc…

RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

Hydrogen is part of the national energy code and different energy bills (2015, 2018). Hydrogen
is also included in the multiannual planning for energy investment (PPE) (2018-2028). Hydrogen
and fuel cells are part of the National Energy Research Strategy (SNRE).
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

There are many projects in France addressing mobility, industry, Power-to-Gas, CO2 utilization,
and others. The same project can address multiple applications. 99 projects are identified
according to Afhypac, about 150 other projects are in service or projected. They are addressing
mobility on-road, 37 of them are projects on maritime and fluvial applications, 23 on trains, 16
on-air applications and 23 for non-interconnected areas or islands. 35 are Power-to-Gas
projects, and 31 are addressing industrial applications.
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The following projects are “at scale”:
-

-

-

Masshylia project near Marseille, led by Engie and Total: production from PV and usage
to the refinery; a 40 MW electrolyser around 2000t Hydrogen per year foreseen at 20232025 timeframe.
Hygreen Provence project near Manosque, led by Engie and Air Liquide: a 1 GW farm
with 400MW electrolyser capacity with salt cavern storage; production is foreseen at
2028-2030: 43 500 tons/year.
H2V (Air Liquide and H2V) in North of France (Dunkerque) a 314 MW electrolyser
producing 28 000t/year.
H2V Normandy (near Rouen): a 314 MW electrolyser producing 28 000T /year at 20242025 timeframe.
MosaHyc in Lorraine, Pierre Benite near Lyon, few projects targeting a production
between 1500 and 3000 t/year.

Companies like Helion, McPhy/Technip, Symbio, Sylfen, HDF are hydrogen technology, pure
player.
Haffner Energy is developing a biomass gasification-based technology to produce hydrogen from
waste or biomass.
Air Liquide, EDF, Engie, Michelin, GRT Gaz as well as Technip, Faurecia, Plastic Omnium, VINVI,
Schlumberger and others are the main big companies involved in hydrogen projects in France.
It is noticeable that a new company was created at the end of 2020, GENVIA (created by
Schlumberger, CEA, Vinci, AREC and Vicat) to improve and produce a high temperature and
reversible electrolysis technology from a CEA technology.
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MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS

HRS

HEAVYDUTY
VEHICLES

REGISTERED
FCEVS

21 buses

400 FCEV

TRAINS

SHIPS

OPEN/ ON
ROAD

40

+ 180
forklifts

+145 twowheels

-

2

PLANNED

7

-

-

-

-

44

1,000 buses
+ 5,000
heavy
vehicles

300,000 FCEV

250

1,000

PROJECTED
(2030)

Hydrogen refueling stations in France (in
service and projected)
REFERENCES
•

WWW . AFHYPAC . ORG

CONTACT INFORMATION
o
o

Storengy, an Engie company is participating in
many projects of production, storage and
transport in France and propose a new project
HY-FEN (with GRT Gaz) to develop a first
infrastructure backbone from Marseille to
Germany and to Spain as proposed on the
map.

Paul Lucchese: paul.lucchese@cea.fr
France Hydrogène, Stephanie Paysant: spaysant@afhypac.org
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GERMANY
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

In June 2020, the National Hydrogen Strategy (NWS) of the German Federal government was
released [1]. It considers H2 technology as a core element of the energy transition and aims at
policy creation for market ramp-up, R&D to increase efficiency, the export of innovative
technology and international partnership to shape and secure national H2 supply. It focuses on
“green” hydrogen from renewable resources. Until 2030 Germany plans to establish up to 5 GW
of generation capacity including the offshore and onshore energy generation facilities needed
for this.
Phase 1 of the NWS addresses an initial market ramp-up and the creation of a basis for a
domestic market until 2023. To achieve this, the strategy contains an action plan with 38 tasks
addressing a variety of topics like Hydrogen production, mobility, industrial use, heat,
infrastructure, R&D, European cooperation and international supply. In the following phase 2
from 2024 to 2030 the newly domestic market shall be stabilized, and the European and
international dimension be shaped. On top of existing funds, the German government plans to
allocate 7 bn. € for speeding up the market rollout and 2 bn. € for fostering international
partnerships.
These activities strengthen the role of successful programs like the R&D funding of the 7th Energy
Research Program and the National Innovation Program for Hydrogen and Fuel Cell Technology
(NIP) and lead to additional upcoming programs.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

R&D&D is funded on a national level by the 7th Energy Research Program in the area of basic and
applied research. Additional funding is provided by the governments of the Federal States [2].
The NIP program supports R&D and market activation with a focus on transport applications [3].
It was established in 2007 and is in its second phase (2016-2026).
SPECIFICS

97 m€/a (new projects approved in 2019)
7th Energy
Research
Program

Sector coupling, PtX, fuel cells
In 2020 a first in a series of living lab projects for green hydrogen
production and usage was started [4], which shall bridge the gap between
demonstration and market and provide regulatory learnings.
239 m€ R&D (2016-2020)

NIP II

Transport applications, regional innovation
HyLand program for regional Hydrogen concepts
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OTHER APPLICATIONS

Among the first results of the NWS is the creation of an Energy Research Network for Hydrogen
and a call for proposals for large R&D&D flagship projects for production, usage and system
integration of green hydrogen. Negotiations for funding three leading projects with 700 Mio. €.
have been started [5].
Another important element of the NWS is the strengthening of international collaboration. Two
projects which demonstrate and apply green hydrogen technology have been agreed with Chile
[6] and Saudi Arabia [7].
MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
GENERAL

The NIP II program continues to support the supply with hydrogen vehicles and infrastructure.
Since 2016 the total funding for market activation amounts to 205 m€. New funding
opportunities for FCEVs and synthetic fuels are under preparation.
TRANSPORT SECTOR
Funded by NIP II (since 2016)

FCEV Passenger Cars

876

Light-duty Commercial Vehicles

503

Buses

79

Trains

43

Industrial Trucks

168

Garbage Trucks

35

Power Sweeper

8

INFRASTRUCTURE

INFRASTRUCTURE
Funded by NIP II (since 2016)

HRS (public)

43

HRS (company site)

12

Electrolysers

13

Power Supply (critical infrastructure)

1058
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An overview of existing power-to-gas sites including electrolysers is given in [8].

REFERENCES
•
•
•
•
•
•

•
•

[1] https://www.bmwi.de/Redaktion/EN/Publikationen/Energie/the-national-hydrogenstrategy.html
[2] https://www.bmwi.de/Redaktion/EN/Publikationen/Energie/federal-government-reporton-energy-research-2020.html
[3] https://www.now-gmbh.de/wp-content/uploads/2021/02/Tag1-03-Mutwil-BMVI.pdf
[4] https://www.westkueste100.de/
[5] https://www.bmbf.de/de/karliczek-neue-leitprojekte-sind-innovationsbeschleuniger-fuerwasserstofftechnologien-in-13548.html
[6] https://www.bmwi.de/Redaktion/EN/Pressemitteilungen/2020/12/20201202-haru-oni-ptxproject-minister-altmaier-hands-over-first-approval-notice-for-international-green-hydrogenproject.html
[7] https://www.bmwi.de/Redaktion/DE/Pressemitteilungen/2020/12/20201216-altmaieruebergibt-foerderbescheid-fuer-internationales-projekt-fuer-gruenen-wasserstoff.html
[8] https://www.powertogas.info/projektkarte/

CONTACT INFORMATION
o
o

Erik Busche
e.busche@fz-juelich.de
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ITALY
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

In January 2020 the Italian Government published the “National Energy and Climate Plan”
(PNIEC). The plan targets to cover the energy demand with Renewable Energy Sources (RES) by
>55% in the electricity field, >33% in the thermal sector and >21% in the transport sector, for an
overall target of >30% of the gross energy consumption.
HYDROGEN R, D&D PROGRAMS, PROJECTS AND INITIATIVES
CONTEXT

The above mentioned “National Energy and Climate Plan” (PNIEC) recognizes the strategic role
of hydrogen in reducing CO2 emissions and improving the energy system flexibility. In the
mobility sector, H2 is expected to contribute around 1% of the 2030 RES-transport target,
through its direct use or through its injection in the gas grid for transport use. Additionally, the
development of power-to-gas long-term storage systems is expected to enable the large-scale
integration of the electricity produced from RES (PV, wind) into the energy system.
In November 2020, the Italian Ministry for Economic Development (MISE) published the
“Guidelines for the National Strategy on Hydrogen” and opened a consultation to identify
industrial sectors that will most benefit from H2 technologies. The strategy will contribute to
reaching the PNIEC objectives and the transition to a “green economy”. In February 2021 Italy
approved the text of the Recovery Plan, which foresees funding for H2 projects in the mobility
sector, for the decarbonization of the steel industry for the development of hydrogen valleys.
SPECIFICS

Italy is one of the leading EU countries in terms of number and funding of H2 & FC R&D projects,
with over 140 projects and 120 beneficiaries financed by the FCH 2 JU in the period 2008-2020
mobilizing over 98 M€ funding. National programs are currently funding 5 projects worth 8.5
M€. There are also several R&D initiatives taking place in universities.
Italy is also preparing the establishment of “H2 valleys”. With the agreement signed (December
2020), Italy and EU member states aim at cooperating to scale up H2 technologies and develop
infrastructures in the framework of the IPCEI (Important Project of Common European interest)
on Hydrogen.
2019-2021
Fund for
Research on
the electrical
system (20192021)

Italian Ministry for the Economic Development (MISE)
Hydrogen R&D activities on Power-to-Gas technology
Mainly focused on P2G technologies to store excess RES power.
More information
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2018-2021
FCH 2 JU
R&D&D, Demonstration project. Techno-economic feasibility of FC-based
renewable H2 energy storage solutions with two demo plants in Italy

REMOTE

The first plant is built in Ginostra, a small village located in the south-west
of the Stromboli island in southern Italy: PV, 50 kW P2G & 50 kW G2P; in
off-grid configuration (island); RES based on PV generators; residential
loads available on-site. End-user: ENEL Green Power, utility.
The second demo plant is built in Ambornetti, a high mountain village
located at the south-west of Turin: PV+biomass, 25 kW P2G & 50 kW G2P;
off-grid configuration; RES based on a hybrid system with PV-biomass
CHP generators; residential loads available on-site; complete substitution
of fossil fuels. End-user: IRIS SRL (IRIS), stakeholder of the hamlet.
More information
2019-2021
Co-funded by the Italian Ministry for the Economic Development (MISE) as
part of the National Operational Plan

ZEUS (20202021)

Zero Emission Ultimate Ship
A first of its kind ship (25 meters in length, weighing around 170 ton)
equipped with 130 kW FC powered by about 50 kg of hydrogen contained
in 8 metal hydride cylinders, allow 8 hours “zero-emission” shipping.
More information

MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
Currently, 4 HRS are built in Italy. One public HRS in Bolzano for cars and busses were, at the
end of 2020, 12 H2 buses are operating plus tens of FC cars (Hyundai ix35 and Nexo) added to
the park in 2020; 3 private HRS for buses (Milano, Sanremo, Capo d’Orlando) and one private
HRS (JRC Center in Varese). Some HRS have been built but are not operational yet (Milano, San
Donato, and Mestre), 5 HRS will be provided thought the LIFE Alps Project along A22 highway in
North Italy, one HRS in the Industrial area of Terni (using surplus H2 from Chlor-alkali process).
The establishment of trains and heavy trucks is planned too.
Several expressions of interest have been submitted by industrial players for First Industrial
Deployment projects in the H2 value chain, including electrolyzers Gigafactories, blending with
natural gas and the introduction of hydrogen lines in steel factories for the production of “green
steel”. Italian gas Transmission System Operator, SNAM, is continuing its activities on the
injection of 5 to 10% hydrogen in the natural gas grid.
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HRS

BUSES

REGISTERED
FCEVS

OPEN/ ON ROAD

1 for cars + 2 for
buses

11

22

PLANNED

7 public + 1 private

290,00*

3,600

141 for cars + 56 for
buses

-

-

PROJECTED
(by 2025)

* Legislative decree 257 16 Dec 2016 (AFID Regulation)

CONTACT INFORMATION
o
o
o
o
o

Dr Alberto Giaconia, PhD
ENEA - Casaccia Research Center, Rome, Italy
Department of Energy Technologies and Renewable Sources (TERIN)
Via Anguillarese 301 - 00123 Rome (Italy)
Email: alberto.giaconia@enea.it

o
o
o
o
o

Dr Massimiliano Della Pietra, PhD
ENEA - Casaccia Research Center, Rome, Italy
Department of Energy Technologies and Renewable Sources (TERIN)
Via Anguillarese 301 - 00123 Rome (Italy)
Email: massimiliano.dellapietra@enea.it
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JAPAN
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

Japan released the Basic Hydrogen Strategy in December 2017. The Strategy shows future
visions that Japan should achieve with an eye on 2050 and also serves as an action plan to
accomplish the visions by 2030. The strategy sets a goal that Japan should reduce hydrogen costs
to the same level of conventional energy（e.g., gasoline and LNG）and to achieve the goal,
provides integrated policies across ministries ranging from hydrogen production to utilization
under the common goals.
In order to ensure the achievement of the goals set forth in the Basic Hydrogen Strategy toward
the realization of a hydrogen-based society, the Ministry Economy, Trade and Industry (MET)I
renewed the existing Strategic Roadmap for Hydrogen and Fuel Cells in March 2019. The
renewed roadmap defines new targets on the specification of basic technologies and the
breakdown of costs and necessary measures for achieving these goals.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

In October 2020, Prime Minister Suga declared the goal of realizing a carbon-neutral by 2050. In
light of this, METI formulated a “Green Growth Strategy towards 2050 Carbon Neutrality” in
collaboration with related ministries and agencies on December 25. Upholding high goals for
each of the 14 priority fields including hydrogen, this Green Growth Strategy makes explicit
current challenges and future actions by priority field and formulates action plans covering
comprehensive policies in areas such as budgets, taxes, regulation reforms and standardization,
and international collaboration.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

METI supports R&D activity through the New Energy and Industrial Technology Develop
Organization (NEDO). In order to contribute to the resolution of social issues, NEDO formulates
technology strategies and project plans and, as part of its project management, establishes
project implementation frameworks by combining the capabilities of industry, academia, and
government. NEDO also promotes technology development by carrying out, evaluating, and
allocating funding to promising projects to accelerate the practical application of project results.
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SPECIFICS

NEDO Fuel Cell
and Hydrogen
R&D program

April 2018 – March 2023 (NEDO’s Fourth Five-Year Plan)
US$ 220 million (in JFY 2020)
•
•
•
•
•
•

Fuel Cells (PEFC, SOFC)
HRS (streamlining regulation, low-cost equipment)
Hydrogen Gas Turbine, Engine
Hydrogen Supply Chain (Liquified Hydrogen, OCH)
Hydrogen Production (Electrolysis, Thermal decomposition)
Power to Gas

MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
METI is providing a subsidy for the spread of the application. The introduction is steadily
progressing toward the achievement of the goal of the basic hydrogen strategy.

BUSES

REGISTERED
FCEVS

140

100

4,100

900

1,200

800,000

HRS

OPEN/ ON ROAD
PLANNED
(by 2030)

OTHER APPLICATIONS

The number of Residential Fuel Cell System, which went on sale in 2009, has reached Approx.
380,000.
REFERENCES
•
•
•

Basic Hydrogen Strategy: https://www.meti.go.jp/english/press/2017/1226_003.html
Strategic Roadmap for Hydrogen and Fuel Cells:
https://www.meti.go.jp/english/press/2019/0312_002.html
Green Growth Strategy towards 2050 Carbon Neutrality:
https://www.meti.go.jp/english/press/2020/1225_001.html
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THE NETHERLANDS
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

After presenting its hydrogen ambitions in de Dutch Climate Agreement in June 2019, The
Netherlands has presented in March 2020 its hydrogen strategy to the Dutch Parliament. Here
is the systemic role of clean hydrogen recognized in a zero-carbon energy supply and the unique
starting position for The Netherlands is highlighted.
This strategy targets 3-4 GW electrolysis capacity in 2030 and provides details on support
measurements while identifying key challenges that need to be addressed for clean hydrogen
covering a wide range of sectors and applications. Furthermore, the strategy provides a policy
agenda that is aligned with the targets established in the National Climate Agreement and serves
as the basis for the development and implementation of the National Hydrogen Programme to
be executed as of 2022 as a joint public-private partnership. A policy agenda is presented based
on four pillars:
1. Legislation & Regulation: utilization of existing gas grid for hydrogen transport, market
regulation and temporary task for network operators, guarantees of origin and
certification and safety.
2. Cost Reduction & Scaling up Hydrogen: linking hydrogen to offshore wind energy
(possible combined tenders), investigation for a blending obligation, setting up support
schemes for research, scaling up and rolling out with the announcement of a new and
temporary exploitation subsidy of EUR 35 million per year in addition to the existing 40
million euros DEI+ innovation scheme.
3. Sustainability of Final Consumption: ports and industry clusters, transport including
synthetic fuels, built environment, electricity sector and agricultural sector.
4. Supporting and Flanking Policy: international strategy, regional policy and research &
innovation.
Since the publication of the hydrogen strategy, the government is working on the
implementation of the policy agenda and the execution of several investigations and
collaborations as explained here below. As well, the Ministry of Infrastructure and Water
Management is currently working on an implementation strategy for hydrogen in mobility.
RELEVANT DEVELOPMENTS

•

Joint Political Declaration of the Pentalateral Energy Forum on the Role of Hydrogen to
Decarbonize the Energy System in Europe: by Ministers on Hydrogen from Austria, Belgium,
France, Germany, Luxembourg, the Netherlands and Switzerland, which was published in
June 2020.

•

HyWay27: study run by The Dutch Ministry of Economic Affairs and Climate Policy, TenneT
and Gasunie on the development of a national hydrogen infrastructure.

•

Memorandum of Understanding between The Netherlands and Portugal in the field of
hydrogen: to affirm the intention to connect Portugal's and the Netherlands's 2030
hydrogen plans and develop a strategic export-import value chain to ensure production and
transport of green hydrogen from Portugal to the Netherlands and its hinterland via the
ports of Sines and Rotterdam.
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•

Collaboration Between the United States and the Netherlands Focuses on Hydrogen
Technology: Statement of intent to collaborate on collecting, analyzing, and sharing
information on hydrogen production and infrastructure technologies between the U.S.
Department of Energy’s (DOE’s) Office of Energy Efficiency and Renewable Energy (EERE)
and the Dutch Ministry of Economic Affairs and Climate Policy’s Directorate-General for
Climate and Energy

•

HY3 Project: The Dutch, German and Nordrhein Westfalen governments have asked TNO
and FZ Jülich to study the pre-feasibility of a transnational hydrogen economy at the border
of the Netherlands and Nordrhein Westfalen.

•

IPCEI Open Call organized by RVO and 83 projects signed up.

•

10 million euro subsidy for two hydrogen pilots in the residential area were granted within
the second round of the Natural Gas-Free Neighbourhoods Program (PAW).

•

The Netherlands initiated the process for the establishment of a new research task within
the IEA TCP for underground hydrogen storage and have assigned the coordinating role to
the Netherlands Organisation for Applied Scientific Research (TNO)

•

Reports sent to the Parliament related to hydrogen:
o

The Dutch hydrogen balance, and the current and future representation of
hydrogen in the energy statistics, TNO 2020.

o

Hydrogen exchange for the Climate: a preliminary study, Bert den Ouden, 2020

o

Hydrogen in inland shipping and short sea: an inventarisation of innovative projects,
2020, EICB 2020

o

North Sea energy Outlook, DNVGL 2020

o

Combined tenders for offshore wind energy and hydrogen production, Guidehouse
2020

HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

There are numerous amounts of projects undertaken by the Dutch industry, small and medium
enterprises, research institutes, consultants, NGOs and regional governments aiming at realizing
the potential role of hydrogen as established in the National Hydrogen Strategy. TKI New Gas
has published an update of the overview in the summer of 2020 with over 80 active Dutch pilots
and demonstration projects on hydrogen. This overview can be found here.
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SPECIFICS

2019-tbd
Received 25,7 million euro in 2019
Connecting strong knowledge positions in the Netherlands in the fields of
chemistry, energy and high-tech manufacturing development of water
electrolysis

The
Electrochemical
Conversion & 4 initiatives related to sustainable energy storage and conversion:
Materials
1. Dutch Research Center (NWO) tenure track call (TRL 1-3).
(ECCM)
2. National research agenda (NWA) call storage and conversion (TRL 1-3)
Programme
3. TNO Faraday Lab and VoltaChem Programme (TRL 3-7): new
electrochemistry laboratory in Petten for PEM hydrogen production.
VoltaChem program is for industrial electrification and carbon capture
and storage.
4. ISPT-HydroHub MW Test Centre (TRL 4-7): to support technological
2021
MissionOrientated
95 million euro
Research,
Development New scheme since 2020 for projects with TRL 4-6 with four categories:
and Innovation Offshore wind, renewable energy on land, built environment and industry.
(MOOI) scheme
Website (in Dutch): MOOI
2021
Demonstration
Energy and
Climate
Innovation
grant scheme
(DEI+)

Total 77 million euro per year for different topics (f.i. hydrogen) and 9
million euro Natural gas-free buildings

Demonstration
Climate
technologies
and
innovations for
transport
(DKTI)

2021

This is a key mechanism to support the deployment of hydrogen pilot
projects oriented to projects with TRL 6-8
Projects selected for DEI+ funding receive grants covering up to 45% of
project costs with a maximum of EUR 15 million per project. Website (in
Dutch): DEI+

Total of 36 million euro
Focus on electric and hydrogen in transport Demonstrations and learning
by doing projects with TRL 6-9
Website (in Dutch): DKTI
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MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
Relevant to mention then Hydrogen Investment Plan published on 30th October 2020 by
businesses and government bodies in the Northern Netherlands. The plan includes investments
up to 9 billion euros and could secure some 66,000 existing jobs in areas like gas infrastructure
and mobility and help create between 25,000 (in 2030) and 41,000 (in 2050) new jobs in areas
like maintenance and operations.

HRS

REGISTERED
FCEVS

BUSES

314 cars
OPEN/ ON ROAD

5

7

20 by 2020

100 by 2020

(target in Climate
Agreement)

50 by 2025

300 by 2025

PROJECTED

18 by 2021

PLANNED

5 vans and 3 garbage
trucks
2.000 by 2020
15.000 by 2025
300.000 by 2030

To be published in the hydrogen mobility
implementation strategy in 2021

REFERENCES
•

https://nationaalwaterstofprogramma.nl/

•
•
•

https://opwegmetwaterstof.nl/
https://www.waterstofnet.eu/nl
https://www.topsectorenergie.nl/tki-nieuw-gas/innovatieprogramma/waterstof-een-robuustelement-de-energietransitie
https://ispt.eu/themes/hydrogen/
https://www.tno.nl/en/focus-areas/energy-transition/roadmaps/towards-co2-neutralindustry/hydrogen-for-a-sustainable-energy-supply/

•
•

CONTACT INFORMATION
o
o

Carla Robledo
C.b.robledo@minezk.nl
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NEW ZEALAND
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

New Zealand Parliament enacted the Climate Change Response (Zero-Carbon) Amendment Act
in November 2019. This included the establishment of an independent Climate Change
Commission to develop emissions budgets for NZ.
In 2020, the Government announced that the timeline for achieving 100% renewable electricity
was to be brought forward to 2030.
Green hydrogen is part of the energy strategy being developed as part of reaching the Zero
Carbon Bill targets (net-zero emissions by 2050). This strategy includes:
→ Hydrogen vision released in 2019
→ Hydrogen supply and demand spreadsheet model released in August 2020
→ Hydrogen roadmap under development (late 2021 expected release)
The vision is “To harness the hydrogen opportunity for a sustainable and resilient energy future
for New Zealand”.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

A new Energy Centre “Ara Ake – Future Energy Development” has been established in New
Plymouth, capital of the Taranaki region, to facilitate and support New Zealand’s transition to
low emissions technologies. The location was chosen to leverage deep expertise from the
existing oil and gas industry as those industries enter the transition phase to new technologies
and industries. Announced funding for the centre and first three years of projects is $48m.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

Victoria University (Robinson Research Institute)
• Hydrogen reduction of NZ iron sand ($6.5m)
• Analysis of Levelized cost of green hydrogen production for very heavy vehicles in NZ
Institute of Geological & Nuclear Sciences Limited (GNS)
▪ Next-generation electrocatalytic systems for energy production and storage ($8.5m)
University of Otago
▪ Electro- and photocatalytic water splitting ($1m)
▪ NZ lead for potential partnership with German BMBF funded project for establishing
links in green hydrogen
McDiarmid Institute (multi-institution collaboration hub)
▪ Range of projects including low-temperature ammonia synthesis, porous organic
frameworks.
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MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
GENERAL

Hiringa Energy
▪ $50m project in partnership with Ballance Agri-Nutrients to provide
baseload power and green hydrogen from wind farm to urea plant. Financial close to
occurring in Q1 2021.
Ports of Auckland
▪ Zero-emissions port by 2040. Trial of hydrogen container cranes when available
Auckland transport
▪ Will shortly take delivery of 2 hydrogen buses, expected to be on road in early 2021.
▪ One manufactured in NZ by Global Bus Ventures, one ex UK
Halcyon Power (JV between Obiyashi Corporation and Tuaropaki Trust)
▪ 1.5 MW demonstration electrolysis plant using geothermal power being developed.
Commissioning delayed by COVID restrictions on technical staff, expected in 2021.
Hyundai New Zealand
▪ Two NEXO FCEV are based in Auckland, with a test drive and demonstration
opportunities around the country planned for 2021.
Meridian / Contact Energy (large generation/retail companies)
▪ A $2m project has been announced to examine how green hydrogen could be produced
from electricity from Lake Manapouri after the scheduled closure of the Tiwai Point
aluminium smelter at the end of 2024. The smelter uses about 14% of NZ’s electricity.
INFRASTRUCTURE

Hiringa Energy
•
•
•

Roll out of hydrogen refuelling network expected from 2021, targeting heavy-duty
freight
8 stations can service >90% of NZ heavy vehicle transport (tonne-kilometres)
Have sourced RH drive trucks from US-based Hyzon motors

First Gas Hydrogen Pipeline Trial Feasibility Study
•
•

First Gas are the distribution network owner in the North Island (no reticulation in South
Island)
Investigating whether hydrogen gas can be transported within New Zealand using the
existing natural gas pipeline, and what upgrades will be required to the infrastructure.

Ports of Auckland
•

Refuelling station for other users (bus and light vehicles) expected to be operational in
2021.
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HRS

BUSES

REGISTERED
FCEVS

OPEN/ ON ROAD

1 (Hyundai)

1

2

PLANNED

3

1

-

PROJECTED

6

-

-

REFERENCES
•

New Zealand Hydrogen Council: https://www.nzhydrogen.org/

CONTACT INFORMATION
o
o

Jim Hinkley
Jim.hinkley@vuw.ac.nz
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NORWAY
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

National hydrogen strategy launched on 3 June 2020 by the Ministry of Petroleum & Energy and
the Ministry of Environment; national hydrogen roadmaps are to be established in 2021
(Regjeringen 1).
The benefits for battery electric vehicles (BEVS) and fuel cell electric vehicles (FCEVs) proposed
continued until 2025, including tax reductions and toll road exemptions for FCEVs.
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

The Norwegian Government launched on 21 September 2020 a national project (“Longship”) for
carbon capture and storage in Norway (Regjeringen 2), which is essential for the success of new
projects on hydrogen production with carbon capture.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

Below is a list of hydrogen and hydrogen-related (e.g., ammonia) research projects awarded
funding from the Research Council of Norway (RCN) in 2020. There will be a significant increase
in funding for hydrogen research (RCN) and demonstration (ENOVA) projects in 2021.
SPECIFICS

Project Name (Project no.)

Project Owner

Pressurised large-scale hydrogen production by alkaline water
Electrolysis (313974)

NEL HYDROGEN
ELECTROLYSER AS

Combined Hydrogen and Electrical Infrastructure for Offshore Energy
Transport (313585)

NEXANS NORWAY
AS

Just Hydrogen: Energy-efficient and flexible CO2 capture and
separation from hydrogen production with ultra-low emissions
(314635)

AKER SOLUTIONS AS

Advances in Subsurface Hydrogen Generation chemistry and
conformance control (317873)

HYDROGEN SOURCE
AS

HYSTACK – Low cost, high-efficiency PEM electrolyser stack (321466)

HYSTAR AS

Hydrogen Large Scale Ship Transport (321591)

Moss Maritime AS

Green Nitrates, development of new integrated production process
for cost-competitive and GHG-emission free production of fertilizers
(321482)

YARA

Green Nitrates, development of a new nitric acid process for costcompetitive and GHG-emission free production of fertilizers (321464)

YARA

Zero-emissions carbon fibre catamaran with hydrogen propulsion
1117)

FLAKK GRUPPEN AS

MS Green Ammonia –First green ammonia tankship (321103)
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GreenBulk – Coastal bulk transport without GHG-emissions (321482)

FELLESKJØPET AGRI
AS

HYDROGEN: Climate and environmental impacts of hydrogen
emissions (320240)

CICERO

LH2 Pioneer - Ultra-insulated seaborne containment system for global
LH2 ship transport (320233)

SINTEF ENERGI AS

Clean offshore energy by hydrogen storage in petroleum reservoirs
(315804)*

SINTEF Industri

Note: The total funding from RCN for these projects was ca. 165 MNOK (1 NOK = 10.25 EUR). All projects
listed in the table were funded by ENERGIX-program, except for the last projects which were funded by
the PETROMAKS 2 program.

MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS
GENERAL

Strong interests for use of hydrogen in maritime applications, with many new hydrogen
maritime system concepts under development. World’s first hydrogen car and passenger ferry
under construction. Funding (via PILOT-E program) to develop new hydrogen supply chains,
both for liquid hydrogen (LH2 ) for maritime applications and gaseous hydrogen (GH2 ) for landbased transport applications.

High-Speed Ferry (Concept)

Car and Passenger Ferry (Under Construction)

Coastal cruise ship (Concept)
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There is very low interest for light-duty FCEVs, mainly due to the high interest and relatively well
developed marked for light-duty BEVs, but an increasing interest for heavy-duty FCEVs,
particularly trucks. Today there currently only exists one hydrogen fuel cell truck demonstration
project in Trondheim (four 26 tones food distribution trucks), but there is strong interest to
develop a large new hydrogen fuel cell truck project in and around Oslo and Viken, the capital
region of Norway.

HDV

REGISTERED FCEVS

TRUCKS

OPEN/ ON ROAD

5

130

4

PLANNED

-

-

-

Note: The demonstration project with the first fleet of five (5) buses operating in and around Oslo ended
in 2020. There are currently no specific new FCEB-projects planned, but national hydrogen roadmaps are
currently being established, including roadmaps on heavy-duty transport applications.
INFRASTRUCTURE

Hydrogen refuelling infrastructure in Norway is currently very limited, with only one HRS serving
ca. 50 passenger FCEVs in and around Oslo and another serving 4 fuel cell-driven trucks and 10
forklift trucks at a location near Trondheim. However, there is interest to develop hydrogen
infrastructure for high-speed passenger ferries, fleets of buses and trucks.
REFERENCES
•
•
•
•

Regjeringen 1: www.regjeringen.no/en/aktuelt/the-norwegian-hydrogen-strategy/id2704774
Regjeringen 2: www.regjeringen.no/en/aktuelt/the-government-launches-longship-for-carboncapture-and-storage-in-norway/id2765288
RCN: www.forskningsradet.no/en
ENOVA: www.enova.no/pilot-e

CONTACT INFORMATION
o
o

Øystein Ulleberg, Institute for Energy Technology
oystein.ulleberg@ife.no

o
o

Åse Slagtern, Research Council of Norway
asl@forskningsradet.no
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PORTUGAL
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

By addressing the challenge of implementing a sustainable integration of green H2 in the
Portuguese Economy, by involving sectors, vectors and infrastructures, by costs reduction along
selected value chains, by intensifying the R&I paths, and by an effective integration in the NECP
implementation process until 2030, the National Hydrogen Strategy (EN-H2 ) was published on
2020 August 14th (RCM 63/2020) providing a framework and setting targets until 2050.
The main goals by 2030 are the following: a) 2% of green hydrogen in final energy consumption
and 5% in road transport and in industry; b) 15% of green hydrogen injected into the natural gas
networks; c) 50 to 100 hydrogen filling stations; d) between 2 to 2.5 GW of production capacity
by water electrolysis.
The pursuit of these objectives will result, among others, in the following impacts: (i) 7,000 to
9,000 M€ of investment; (ii) 380 to 740 M€ reduction in imports of Natural Gas; (iii) 180 M€
reduction in imports of ammonia and replacement by green ammonia produced in Portugal.
The enabling environment is developing, including:
i)

The legal framework: DL 76/2019 (Jun 3) - Setting up and functioning of the National
Electrical System (SEN), regulating (Artº1) the legal scheme applicable to the power
production, transport, distribution and trade activities and to the organization of the
electricity markets, and introducing (Artº4) permitting requirements on energy storage
either integrated into a power production activity or within an autonomous setup; DL
162/2019 (Oct 25)- Self-consumption of renewable energy, and renewable energy
communities; RCM 63/2020 (Aug 14) - Approves the National Hydrogen Strategy; DL
60/2020 (Aug 17) – Issuing mechanism of GOs for gases w low C content and renewable
gases; DL 62/2020 (Aug 28) – Setting up and functioning of the National Gas System and
respective legal framework;

ii)

Calls for projects: on July 2020, a 1st public call for EoI was launched: 74 proposals
submitted by partnerships including industry, research centres and others (PT + other
EU countries); 37 were selected to the next stage (incl. the chemicals, energy, and
transport sectors), involving an expected investment of 7000-9000 M€ approx. from the
business sector until 2030;

iii)

Other calls for projects (on an annual basis until 2030): POSEUR launched in December
2020 a 40 M€ call for proposals targeting the production of renewable gases for selfconsumption or injection in the gas grid.

iv)

Auctions are being designed – focusing specifically on H2 and storage, to support
temporarily CAPEX and OPEX, to promote H2 production and consumption; Public
investment will represent 900 M€ until 2030;

v)

Promotion of the R&I environment: A Collaborative Laboratory addressing hydrogen
production and use technologies is being built having significant participation from
companies, universities and research centres;

vi)

The EN-H2 monitoring: a task force was launched to assist and monitor the overall
process, incl. stakeholders’ management at a regional level.
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RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

•
•

NECP2030 - National Energy and Climate Plans 2030, version December 2019
RNC 2050 - Roadmap to Carbon Neutrality 2050, version June 2019

HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

Following the publication of the Portuguese Hydrogen Strategy, a number of projects emerged
announcing intentions of short-term implementation. Next, a list of hydrogen-related projects
in implementation, or planned to start in the short term and publicly announced, in Portugal.
SPECIFICS

2021-2022
1 M€
Renewable hydrogen blending in the gas grid.

Green Pipeline
Project

By Galp Gás Natural Distribuição (GGND) + Gestene, PRF, AP2H2, ISQ. Two
years demonstration project, aiming at the injection of green hydrogen
into the gas network serving a cluster of only 80 customers, including 70
residential and 10 companies, including one industrial consumer. An
electrolyser will produce 10 cubic meters per hour, using electricity from
photovoltaic panels. Foresees for the construction of a 1.4 kilometres
pipeline to transport the hydrogen to the point of the mixture to then be
distributed over 6 kilometres of existing piping up to 80 consumption
points. Starting with 2% to 3% hydrogen in the early stages, in two years,
it will reach 20% of mixing.
2020-2025
Renewable hydrogen blending in the gas grid in Évora

Green Gas

By Fusion Fuel + Galp. Solar to hydrogen power plant using concentrated
photovoltaic and proprietary electrolyser technology. It will ultimately
produce nearly 60 ton of Green Hydrogen per year, 60% to be mixed into
the natural gas network in Évora and 40% to be stored and on-site
converted to electricity to inject into the electrical grid. Fusion Fuel’s
proprietary electrolyser projects a solar to a hydrogen efficiency rate of
26.8% at the DC-PEHG level on an industrial scale.
2021-2030
488 M€ (25 M€ in 2021)
Renewable hydrogen production

Fusion Fuel
Sines hydrogen
production

Fusion Fuel’s proprietary electrolyser industrial-scale facility in Sines, with
the capacity to produce 2 500 tons of hydrogen by the end of Phase 1 (end
of next year, 2022). When completed by the end of the decade, aims to be
producing 60 000 tons of hydrogen per year. Each Fusion Fuel unit of
HEVO-SOLAR, in a location with a solar irradiation level of 2 100
KWh/m2/year (such as in Southern Portugal), each HEVO-SOLAR can
produce 1 ton of Green Hydrogen per year using only solar power.
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2021-2025
Fusion Fuel
Sines
electrolyser
plant

35 M€ (18 M€ in 2021)
Transfer of electrolyser plant to Sines and increase production capacity
By Fusion Fuel. Production plant development to start during the summer
of 2021. The expected CAPEX on building up production capacity is 35 M€.
The business plan has Fusion Fuel delivering the equivalent of around 500
MW of electrolyser capacity per year in 2025.
2021-2030
136 M€

Fusion Fuel
Sines Ammonia
production

Green ammonia production
Fusion Fuel has created a partnership with companies along the entire
value chain, from solar energy to off-taker, to create a green ammonia
plant in Sines using Green Hydrogen from Fusion Fuel’s technology. The
project has been submitted to the European Commission Program for
Hydrogen and the companies are further progressing the project feasibility
study. The proposed project has a total CAPEX of around 136 M€, will aim
to produce 55 000 tons of green ammonia using 10 250 tons of Green
Hydrogen annually.
2021-2030
1 500 M€
Renewable hydrogen production

H2Sines

By a consortium (EDP, Galp, REN, Martifer, Vestas, Engie). H2Sines flagship
project is the mega-industrial unit to produce green hydrogen in Sines by
electrolysis (using photovoltaic solar energy), which is still in the preinvestment evaluation phase by a pan-European consortium composed of
national and international companies. In the first phase, 10MW of
electrolysis will be installed, and by 2030 will evolve up to 1GW.

2021-2030

H2Enable – The
Hydrogen Way
for Our
Chemical
Future

2 400 M€ until 2040 (800 M€ until 2030)
Green ammonia production
By Bondalti Chemicals. H2Enable stands out for its wide scope in the
hydrogen value chain, including the production of photovoltaic energy, the
production of green hydrogen for direct sale in the market and for the
production of green ammonia, as well as the incorporation of these raw
materials in the aniline production chain. In the case of green ammonia,
this project also aims to replace imports with domestic production,
positioning Portugal as a net exporter in this product.
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2020-2024
12,6 M€

FLEXnCONFU

Industrial-scale demonstration pilot power- to-power in combined-cycle
power plants
By a Consortium (EDP Production, EDP NEW R&D Centre). Pilot hydrogen
production project with storage at the Ribatejo Combined Cycle Plant.
1MW electrolyser with a storage capacity of 12 MWh, aims to develop new
power-to-power (P2P) integrated solutions in combined-cycle thermal
power plants and in dedicated hydrogen and ammonia-fired turbines.
2019-…
9.2 M€
Production of fuel cell electric buses (FCEB)

H2. City Gold

By CaetanoBus SA. The Caetano H2. City Gold is the new Caetano electric
bus powered by hydrogen. The H2.City Gold uses the same fuel cell stack
as the Toyota Mirai and it stands out due to its modular design, longer
range, capacity, comfort, safety and easy use. The stack is located on the
bus’s roof and is coupled to 5 hydrogen tanks with a total capacity of 37.5
kg, giving the bus a range of up to 400km. It can be refuelled with hydrogen
pressurised at 350 bar in under 9 minutes. Caetano Bus also announced
plans to produce hydrogen and build its own HRS in 2021.
2021

Hydrogen
Refilling
Station

1,5 M€
Construction of an HRS (Hydrogen Refilling Station)
The authorization process was initiated in the city hall of Vila Nova de Gaia
in 2020, and it will be 50% funded by Fundo Ambiental.
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SPAIN
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

-

Climate Change and Energy Transition Bill presented in May 2020. Includes the promotion
of renewable hydrogen through specific plans and roadmaps.

-

Integrated National Energy and Climate Plan (PNIEC 2021-2030). A revised draft was sent
in May 2020 to the European Commission for its approval.
It includes ambitious goals:
By 2030: 23% reduction in CO2 emissions, 42% RES over total energy consumption,
74% RES in electricity production, 39,5% increase in energy efficiency.
By 2050: 90% reduction in CO2 emissions, 100% renewable electrical system.

-

Renewable Hydrogen Roadmap. Approved by the Ministry for Ecological Transition and
Demographic Challenge (MITECO) in October 2020.
Goals for 2030: 4 GW of electrolysers installed, minimal renewable hydrogen use in
industry of 25%, 150-200 FCEB, 5000 -7500 FCEV, 100-150 HRS, 2 commercial train lines,
8900M€ investments.

-

Energy Storage Strategy. Draft published in October 2020 by MITECO. It addresses the great
potential of hydrogen for sector coupling and large energy storage for long periods. It
includes Measures to promote renewable hydrogen, Power-to-X projects…

-

Hydrogen Sectorial Agenda. To be published in 2021. The Ministry of Industry Trade and
Tourism (MINCOTUR) entrusted the Spanish Hydrogen Association with the elaboration of
a Hydrogen Sectorial Agenda to promote the national industry in this promising sector.

-

“Important Projects of Common European Interest” - Call for interest. Launched by
MINCOTUR in June 2020 to identify projects eligible as IPCEIs and accelerate the
development of the hydrogen industry in the whole value chain. 28 proposals were received.

-

MOVES II Program. Approved in June 2020, incentive program for efficient and sustainable
mobility. It includes direct grants (up to 6000€) for purchasing FCEVs.

RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

-

2030 Agenda- Rebuilding the Common (Progress Report in Sustainable Development
Goals)
Spanish Strategy for Science, Technology and Innovation 2021-2027 (EECTI). Approved
on September 8th is conceived as the multiannual framework of reference.
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HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
The Centre for the Development of Industrial Technology (CDTI) includes several R&D&D
programs from which hydrogen projects can benefit, some of them are:
•
•
•

Proyectos CIEN: strategic R&D projects that foster cooperation between companies.
Proyectos Transferencia Cervera: for R&D projects where companies and research centres
cooperate in one of the established priority topics (including hydrogen).
Misiones ciencia e innovación. Financing important, strategic, initiatives to solve the
challenges faced in the critical productive sector for the Spanish economy. Two of the five
priority lines are aligned with hydrogen technologies “Clean, efficient and safe energy for
the XXI century” and “Smart and sustainable mobility”. Three hydrogen-focused projects
were granted financing from this call.

The Institute for the Energy Diversification and Saving (IDAE) coordinates FEDER funds to
promote investment in renewable energies plants.
OPEN PROJECTS

These are just some of the more than 30 projects in which Spain has participated throughout
the year 2020. For more information contact the Spanish representative (see below).
2019-2023 / EU FCH2 JU

H2 PORTS

Implementing fuel cells and Hydrogen technologies in PORTS, a
demonstrator in Valencia Port. Hydrogen-powered reach stacker
vehicle prototype tested at a port container terminal. Yard tractor
prototype equipped with a set of fuel cells for testing in the
loading/unloading operations of a ro-ro terminal. It includes a Mobile
hydrogen supply station prototype.
More information
2021-2025 / 50 M€ / EU FCH2 JU

Power to Green
H2
Mallorca/Green
Island

Development of a Green hydrogen ecosystem in Mallorca and Balearic
Islands. Flagship. Production, distribution and use of hydrogen in
automotive and cogeneration heat and electricity. 16.4 W of renewable
energy and 10 MW electrolysis power.
2016-2021 / FEDER_POCTEFA Program

H2PiyR “Hydrogen
Corridor for the
Pyrenean Region”

The use of two HRS (Hydrogen Refuelling Stations) located in Spain
(Huesca) and France (Pamiers). This network of stations will be joined
by those already operational in France (Rodez and Albi). The project is
completed with 2 hydrogen fuel cell electric vehicles (FCEV) and 10
hydrogen fuel cell electric bicycles that will be used by the partners in
their supply facilities and for demonstration purposes.
http://h2piyr.eu/
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2019- 2022 / EU FCH JU

HYDROSOLbeyond

Thermochemical HYDROgen production in a SOLar structured reactor:
facing the challenges and beyond. Utilization of concentrated solar
thermal power to produce green hydrogen from the dissociation of
water via the redox-pair-based thermochemical cycles at the 750kWth
HYDROSOL Solar Platform (PSA, Spain).
More information
2019-2020 / 827.250 €

SUN2HY

TrigeneraciÓn con
GEoTermia,
Hidrógeno y
Energías
Renovables
(TOGETHER)

Sun to Hydrogen. Hydrogen production through electrocatalysis. Fullscale demonstrator in pre-commercial phase (TRL-6) for the direct
transformation of solar energy into hydrogen using PEC
photoelectrochemical cells.
2018-2021 / Ministerio de Ciencia e Innovación (Gobierno de España).
Agencia Estatal de Investigación (AEI). Retos Colaboración 2017
Optimization of energy efficiency in cogeneration and electricity
production by a modular system using renewable generation,
geothermal, hydrogen and absorption chillers.

https://www.cnh2.es/cnh2/together/
2018-2021 / 2.028.927 €

SHAKY

Use of residual cold from LNG for refrigeration of goods and for the
generation of water, ice and hydrogen in a regasification plant in
Huelva.
More information
2020-2022 / Private customer Spanish Ministry of Defense and Navantia

Air Independent
Propulsion (AIP)
System for S80
submarines

Design, manufacture and validation of the Bioethanol Processor
System, Power Conditioning System and AIP Control System, as well as
the integration of the Fuel Cell Power Module and CO2 Disposal System
to guarantee the required performance, functionality, and operability.
The system will allow extending the mission duration up to three weeks.
Video 1, Video 2
2018-2021 / 1.497.240 €

HUV2

Turn-key hydrogen fuel-cell solution for long endurance electrical FixedWing drones. Portable Hydrogen generator and fuel cell kits for drones
with a possibility to produce hydrogen fuel on-site.
More information
2020-2023 / 8,2 M€. CDTI Misiones

SHINEFLEET

Technologic solutions to substitute fossil fuels with green hydrogen in
freight fleets.
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2016 – 2021 / LIFE Programme (LIFE15/CCA/ES/000058)
SUSTAINHUTS
(Sustainable
Mountain Huts in
Europe)

The LIFE SUSTAINHUTS project aims to modernize and optimize from
the energy point of view 12 mountain huts from 4 European countries
(Spain, Italy, Slovenia and France), with the target of reducing their
pollutant emissions. It includes a complete system of production,
storage and use of renewable hydrogen in one of the Aragonese huts,
Bachimaña.
http://sustainhuts.eu/es/
2020 – 2024 / LIFE Programme (LIFE19 CCM/ES/001327)

ZEROENERGYMOD
(Zero Energy
Habitable Mobile
Modules in
Europe)

The development and demonstration of a robust, transportable, easyto-install, easy-to-transport habitable building. The prototype will be
tested in Zaragoza, as an example of an arid and dry climate for six
months. From there it will be transferred to the Riga base in Latvia, a
cold climate, and finally to the Gabriel de Castilla base in Antarctica, an
extreme climate.
http://lifezeroenergymod.eu/

MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS

BUSES

REGISTERED
FCEVS

TRAINS

4

-

3

-

4

150-200

5.000-7.000

2

-

8

12

1

HRS

OPEN/ ON
ROAD
PLANNED
(by 2030)
PROJECTED

CONTACT INFORMATION
o
o

Maria P. Argumosa
argumosa@inta.es
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SWEDEN
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

National climate goals:
By 2045, Sweden is to have zero net emissions of greenhouse gases into the atmosphere and
should thereafter achieve negative emissions.
By 2030, emissions from domestic transport, excluding domestic aviation, will be reduced by at
least 70 per cent compared with 2010.
National strategy for hydrogen planned for 31 June 2021
RELEVANT ( NON -HYDROGEN ) ENERGY R , D& D PROGRAMS AND PROJECTS

The following Swedish funding agencies: Swedish Energy Agency, Vinnova (Swedish Innovation
Agency), Formas (Swedish Research Council for Sustainable Development), Swedish
Environmental Protection Agency and the Swedish Research Council all have relevant programs
in the energy and R, D&D.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

Specific hydrogen program is the Swedish IPCEI for Hydrogen.
Industriklivet, a program funded by the Swedish Energy Agency had the program expanded to
include “strategically important projects” where hydrogen is one of the many examples.
SPECIFICS

2019-2024
Hybrit pilot
project hydrogen
storage with LRC
technology

47 500 000 SEK out of total project 190 300 000 SEK
Hydrogen Storage
HYBRIT: SEK 200 million invested in a pilot plant for storage of fossil-free
hydrogen in Luleå (lkab.com)

2020-2021
Hybrit feasibility
study:
Demonstrationpl
ant for hydrogenbased DRI

22 300 000 SEK out of total project 44 700 000 SEK
Hydrogen based steel production
HYBRIT’s next step receives support from the Swedish Energy Agency
(lkab.com)
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MARKET /COMMERCIAL ACTIVITIES IN HYDROGEN AND FUEL CELLS

HRS

BUSES

REGISTERED
FCEVS

OPEN/ ON ROAD

5

-

51

PLANNED

2

2 (2021)

53 (2021)

REFERENCES
•

Swedish Energy Agency (energimyndigheten.se)

CONTACT INFORMATION
o
o

Mikael Lindqvist
mikael.lindqvist@energimyndigheten.se

o
o

Hanna Sundqvist
Hanna.sundqvist@energimyndigheten.se
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UNIDO
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

While industry is among the largest sources of GHG emissions, it is also a leading provider of
climate technology solutions and inclusive and green jobs. UNIDO is at the forefront of efforts
to build a more resilient, greener and circular economy for sustainable growth and prosperity.
It does this by assisting Governments, institutions and industry to adopt innovative industrial
technologies and sustainable energy solutions that reduce the environmental impact of
industrialization while creating economic and social benefits.
In line with its mandate to promote Inclusive and Sustainable Industrial Development (ISID) and
its ongoing work on SDG 9, as wells the global trend towards achieving net-zero emissions in line
with the objective of the Paris Agreement, UNIDO seeks to enhance its actions towards
decarbonizing the economy while creating shared prosperity. In this context, hydrogen is,
among others, seen as a key driver for the pathway, especially in the hard-to-abate industrial
sectors. UNIDO is working on enhancing its actions towards promoting hydrogen production,
application and utilization within developing and transitioning economies.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

UNIDO has vast experience in working with industries and promoting renewable energy for
productive use at a global level. The organization has also worked on several projects and
initiatives for the promotion and industrial application of hydrogen.
UNIDO cooperated with the Turkish Ministry of Energy and Natural Resources to establish and
host the International Centre for Hydrogen Energy Technologies (ICHET) based in Istanbul. The
objective of ICHET was to promote tangible applications of hydrogen energy technologies in
developing countries.
UNIDO holds membership in the Hydrogen Technology Collaboration Programme (TCP) of the
International Energy Association (IEA). UNIDO provides a perspective on the use of hydrogen
energy applications in developing countries, thus mitigating CO2 emissions in their industries.
Furthermore, UNIDO is involved in tasks regarding hydrogen safety, power-to-hydrogen and
hydrogen-to-x, hydrogen in marine applications, energy storage as well as conversion based on
hydrogen.
Furthermore, UNIDO is entrusted with the promotion of global cooperation and dialogue on
hydrogen in industry and with the shaping of UNIDO’s engagement in the global hydrogen
debate. To support this work, a UNIDO Interdivisional Hydrogen Working Group was established
that provides technical guidance on hydrogen application in industry.
Currently, the UNIDO is formulating a new project titled Global Partnership & Technical
Cooperation Programme for Hydrogen in Industry. Phase 1 of the project aims to establish a
global partnership and Technical Cooperation (TC) programme to promote the application of
hydrogen and its technologies in industries of developing and emerging economies.
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UNIDO will design the global partnership in close cooperation with different stakeholders at the
global level to accelerate the decarbonization of industry. A series of information and
awareness-raising events will be organized at national and regional levels.
The TC Programme consists of developing technical guidelines, standards and country-level
interventions that include topic-specific projects such as the development of a green hydrogen
industrial roadmap and industry clusters based on the “H2 valleys” concept (Eco-industrial
parks). The programme will be designed through a series of expert group meetings (EGMs) and
expert panel discussions which address the potential of green hydrogen and thematic areas of
decarbonization in industry and transport.
The project will complement the ongoing cooperation between UNIDO and China in the
International Hydrogen Energy Centre (IHEC).
Supporting the establishment and development of the International Hydrogen Energy Centre
UNIDO, together with the Government of China, has recognised the crucial role green hydrogen
(GH2) can play in the energy system and understands the urgent need to promote this
technology to make it more scalable, inclusive and affordable, especially in developing
countries. The Government of China is supporting the establishment of an International
Hydrogen Energy Centre (IHEC) to be part of the "Energy Valley" in Beijing, an area integrating
energy technology and industrial resources to build industrial capacity and serve as an
international science and technology platform. The IHEC will offer a platform to Governments
and industries to work together to scale up H2 technologies in a coordinated, sustainable and
inclusive manner. UNIDO will support China in establishing and developing the IHEC to promote
H2 technologies, facilitate the development of H2 markets and enhance international H2 energy
cooperation in pursuit of SDGs 7, 9, and 13.
The IHEC will be based in the Beijing Yitong Hydrogen and Fuel Cell Technology Innovation
Institute that was established in China at the end of 2017. UNIDO, with the help of strategic
knowledge partners such as Tsinghua University, will work toward facilitating a robust and
sustainable institutional and organizational framework to operationalize the IHEC and its
international outlook. Lessons learned from the ICHET project will be taken into account during
this preliminary phase to inform the IHEC building process. The establishment of the IHEC can
play a strategic role in helping the development of a hydrogen energy industry in China by
attracting international R&D funds and promoting south-south, triangular and regional
cooperation with key regions, including developing countries, i.e. Asia Pacific, Africa and Latin
America, where UNIDO has a wide network of regional offices, centers and projects. The IHEC
will build capacity, disseminate knowledge and advance research in the area of H2, as well as
strengthen cooperation with international organizations.

UNIDO - Member Update – Annual Report 2020

69

SPECIFICS

2020 - 2025
Supporting the
establishment
and development
of the
International
Hydrogen Energy
Centre

Funded by the Government of China - China International Center for
Economic and Technical Exchanges (CICETE), Ministry of Commerce
(MOFCOM)
Counterparts:
Beijing Municipal Bureau of Economy and Information Technology (BEIT)
Beijing Tsinghua Industrial Development Research Institute (TIDRI)
Beijing Yitong Hydrogen Energy and Fuel Cell Technology Innovation
Research Institute
More information

REFERENCES
•

www.unido.org

CONTACT INFORMATION
o
o

Naoki Torii
n.torii@unido.org
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UNITED KINGDOM
ENERGY FRAMEWORK
RELEVANT POLICIES AND IN - COUNTRY DEVELOPMENT

There is broad agreement between the UK Government and the UK’s Climate Change
Committee that hydrogen has a number of important roles in a net-zero energy system. The UK
Government has created a Hydrogen Advisory Council to enable the government and industry
to work together to identify and promote concrete actions that are required to enable the
supply of low-carbon hydrogen at scale for use across the energy system. The Council is
supported by several working groups; for example, one working group will assist in the
development of a green hydrogen standard and will identify regulatory changes that are
required to underpin hydrogen investments. The UK Government has committed to a major
investment in hydrogen energy systems for the first time. As part of the Prime Minister’s Ten
Point Plan for a green industrial revolution, the Government will work with industry to produce
5 GW of low-carbon hydrogen production capacity by 2030, to be used by industry, transport,
power and homes.
There is growing interest in decarbonising industry using hydrogen. The UK Government is
developing business models that will enable a range of industries to use hydrogen while
preserving their national and international competitiveness.
Heating in homes continues to have a high profile. Injecting 20%v/v hydrogen into natural gas
at Keele University has been tested successfully, and there are plans for a further test in two
villages. Plans have also been made to convert a neighbourhood of 300 homes in Scotland to
use 100% hydrogen instead of natural gas in the next few years. As a first stage, two homes in
North-East England are being converted by the Hy4Heat Innovation programme to use hydrogen
appliances for heating and cooking. The Government aims to scale-up demonstrations by
converting the first village to be heated entirely by hydrogen by 2025, and then a town by the
end of the decade.
Heavy-duty vehicles and peak electricity generation are also considered potential uses of
hydrogen. Decarbonising light-duty vehicles with fuel cells is a low priority.
HYDROGEN R, D&D PROGRAMS, PROJECTS AND INITIATIVES
CONTEXT

A key goal of the UK Government is to develop technologies to produce low-cost, low-carbon
hydrogen. It has funded five demonstration projects using either electrolysis or methane
reforming:
•
•
•
•
•

Dolphyn (£3m): Renewable hydrogen from offshore wind.
Gigastack (£7.5m): PEMFC electrolysers at scale.
HyNet (£7.5m): Autothermal reformer.
Acorn (£2.7m): Autothermal reformer.
HyPER (£7.4m): Sorption-enhanced steam reforming.
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A number of demonstration projects have been funded in the last year to explore industrial
sector decarbonisation:
•
•
•
•

HyNet (£5.2m): Using hydrogen across several industries in the North-West industrial
cluster.
Cement (£3.2m): Comparing several low-carbon fuels for cement manufacturing.
Glass (£7m): Comparing several low-carbon fuels for glass-making.
Calcium lime (£2.8m): Replacing natural gas with hydrogen in calcium lime production.

These projects complement the £25m Hy4Heat programme, which is examining the use of
hydrogen for heating and is approaching its conclusion in 2021.
A number of demonstration projects are underway in the transport sector. Hydrogen buses are
being tested in several cities. A ferry at Orkney has been converted to use hydrogen alongside
diesel, and there is interest in replacing diesel trains with hydrogen trains.
There are around 11 publicly-available hydrogen refuelling stations in the UK, as well as a
number of private stations servicing bus fleets.
REFERENCES
•
•
•
•
•

UK Government: Ten Point Plan
Hy4Heat Innovation programme
UK Government: Conversion of homes to use hydrogen appliances
UK Government: Hydrogen Supply Competition Phase 2 successful projects
UK Government: Industrial Fuel Switching competition phase 3: successful projects

CONTACT INFORMATION
o
o
o

Paul Dodds
p.dodds@ucl.ac.uk
University College London
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Sponsor Updates
HYCHICO
COMPANY’ S FRAMEWORK
TYPE OF ORGANIZATION AND ITS MISSION

Hychico is a private company established in 2006. We are firmly convinced that green hydrogen
will play a significant role in the future as an energy carrier. Following this vision, our actions
have been focused on the production of hydrogen from wind energy in Patagonia.
ORGANIZATION ’ S CORE BUSINESS

The main activities of Hychico are power generation from renewable sources and the production
of hydrogen and oxygen by means of water electrolysis.
HISTORY

The Hydrogen Pilot Plant has been in operation since January 2009 and Diadema Wind Park I
was the first in Argentina to supply energy to the Wholesale Electric Market as of December
2011. The area where the projects were developed was selected considering the experience of
Hychico's Holding Group in the field of energy resource exploration and exploitation and the fact
that it already has operations in Patagonia.
Being one of the first companies in the region installing and operating electrolysers, we have
also experienced the injection of hydrogen into depleted gas reservoirs, co-fired hydrogen in gas
engines and sold to third parties high purity oxygen as a co-product of the electrolysis.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

With more than 10 years of experience producing hydrogen and oxygen by means of water
electricity, Hychico has performed several projects with very high-performance levels such as
more than 85.000 operational hours of a Genset fueled by mixtures of natural gas-hydrogen,
underground H2 storage in depleted gas reservoirs and bio-methanation processes among
others.
The Hydrogen Plant operates two electrolysers with a total flow rate of 120 Nm3/h of Hydrogen
and 60 Nm3/h of Oxygen. The High Purity Hydrogen (99.998 %) is mixed with natural gas from
the oil field and used as fuel in a 1.4 MW Genset, with an internal combustion engine specially
adapted to operate with rich or poor Gas - Hydrogen mixtures.
It is worth mentioning that mixtures with high hydrogen content (42 %), were reached
successfully, achieving good Genset performances and greenhouse emission gases reduction.
Through strategic agreements, Hychico is gaining experience to extend the output range of
electrolysers and their capacity to control power depending on wind availability. An ongoing
project is currently running, and its scope includes a Wind Turbine - Electrolyser connection.
Storing large quantities of hydrogen is one of the critical aspects of integrating hydrogen into
the energy matrix and developing a hydrogen economy. Given the proximity of the hydrogen
plant to some depleted oil and gas reservoirs, the possibility of underground hydrogen storage
in one of them is currently under consideration as a pilot project. Moreover, we started a pilot
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project to produce methane from hydrogen and carbon dioxide by underground controlled
methanogenesis. The efforts include the site’s biological characterization, identification, and
optimization of both operational (injection rate, H2, CO2 mix composition, residence times, etc.)
and reservoir parameters (temperature, physical and chemical properties of the formation
water, etc.).
In the context of the transition to an energy system with net-zero CO2, the Patagonia region in
Chile and Argentina has large wind resources without any large demand centers and, in a similar
situation, the north of both countries closed to the Andes Mountains has one of the highest
solar radiation in the world. For this reason, nowadays we expanded our vision to “green”
hydrogen production in South America with the objective to leverage the outstanding solar
radiation and wind resources of Chile and Argentina.
REFERENCES
•
•

www.hychico.com.ar
www.capex.com.ar

CONTACT INFORMATION
o
o

Sergio Raballo - CEO
Sergio.Raballo@grupocapsa.com.ar

o
o

Ariel Pérez – Renewable Energies Manager
rperez@grupocapsa.com.ar

Hychico - Sponsor Update – Annual Report 2020

74

HYDROGEN COUNCIL
COMPANY’ S FRAMEWORK
TYPE OF ORGANIZATION AND ITS MISSION

The Hydrogen Council is a global CEO-led initiative that brings together leading companies with
a united vision and long-term ambition for hydrogen to foster the clean energy transition. Using
its global reach to promote collaboration between governments, industry and investors, it
provides guidance on accelerating the deployment of hydrogen solutions around the world. The
Council believes that hydrogen has a key role to play in the global energy transition by helping
to diversify energy sources worldwide, foster business and technological innovation as drivers
for long-term economic growth and decarbonize hard-to-abate sectors.
ORGANIZATION ’ S CORE BUSINESS

The Hydrogen Council acts as a business marketplace and a global voice for the hydrogen
industry, bringing together a diverse group of 100+ companies based in 20+ countries and across
the entire hydrogen value chain, including large multinationals, innovative SMEs, and investors.
The Hydrogen Council serves as a resource for safety standards and an interlocutor for the
investment community while identifying opportunities for regulatory advocacy in key
geographies. By providing, insights, tools and data on crucial topics such as market deployment,
cost, and investment, the Hydrogen Council serves as a knowledge partner for the global energy
transition.
HISTORY

The Hydrogen Council was launched by thirteen founding members at the World Economic
Forum in Davos in January 2017. Since its launch, the coalition has built relationships with key
governments, established partnerships with international organizations, and grown its
membership – in size as well as in geographical and sectoral diversity. Backed by the expertise
of its now 100+ members, the Council has published a range of studies, covering different
aspects of the use, development and deployment of hydrogen across sectors and industries to
further stakeholders’ understanding of how to make the global hydrogen economy a reality. To
increase awareness of the benefits of hydrogen among the broader public, the Council has in
2020 launched the world’s first consumer-facing hydrogen campaign, CLIMATE CH2AMPION.
REFERENCES
•

www.hydrogencouncil.com

CONTACT INFORMATION
o
o

Daryl Wilson, Hydrogen Council Executive Director
secretariat@hydrogencouncil.com
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NOW GMBH
COMPANY’ S FRAMEWORK
TYPE OF ORGANIZATION AND ITS MISSION

National Organisation Hydrogen and Fuel Cell Technology (NOW GmbH), is a public programme
management organisation of the German Federal Government focused on fostering sustainable
mobility and energy solutions. It is responsible for the coordination and management of
different government programmes, including the National Innovation Programme Hydrogen
and Fuel Cell Technology (NIP). NOW GmbH supports research, development, and
demonstration activities along with procurement initiatives for the purpose of market
activation. NOW is tasked with initiating and evaluating projects and, where possible, interlink
them to create synergies.
NOW aims to raise overall awareness of hydrogen, fuel cells and e-mobility through public
communication activities and through supporting the knowledge transfer at the interface of
policy, industry and research. Part of NOW’s mission is also to enhance international
collaboration, for example through working towards common standards and regulations.
ORGANIZATION ’ S CORE BUSINESS

NOW GmbH is responsible for the coordination and management of the National Innovation
Programme Hydrogen and Fuel Cell Technology (NIP), the Local Electric Mobility funding
programme and the National Centre for Charging Infrastructure of the Federal Ministry of
Transport and Digital Infrastructure (BMVI). On behalf of the BMVI, NOW also supports the
development of the Federal Government’s Mobility and Fuel Strategy and coordinates funding
projects within it. NOW is also responsible for hydrogen-related activities under the Export
Initiative Environmental Technologies of the Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety (BMU).
HISTORY

NOW GmbH was founded in 2008 for the implementation of the National Innovation
Programme Hydrogen and Fuel Cell Technology (NIP). Further federal funding programs for
alternative drive trains and fuels, as mentioned above, have become part of NOW’s portfolio
over the years.
HYDROGEN R, D&D PROGRAMS , PROJECTS AND INITIATIVES
CONTEXT

In 2016, the second phase of the National Innovation Programme Hydrogen and Fuel Cell
Technology (NIP II) was launched. While the first phase (NIP I) from 2008 to 2016 was focused
on reaching market readiness for hydrogen and fuel cell technologies, the second phase (NIP II)
focuses on market activation. The NIP is coordinated and implemented by NOW.
A highlight of 2020 was the launch of the National Hydrogen Strategy in Germany. It includes an
action plan of 38 measures across hydrogen production, applications (transport, industry,
heating), infrastructure, research, and international hydrogen markets. The strategy is equipped
with 7 billion EUR for national measures plus 2 billion EUR for international activities, such as
global hydrogen supply chains. As part of the National Hydrogen Strategy, 1.6 billion EUR of
funding are planned to support transport applications through, inter alia, refuelling
infrastructure, vehicles and electricity-based fuel production.
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REFERENCES
•
•
•
•
•
•

www.now-gmbh.de
German National Hydrogen Strategy
www.bmvi.de
www.H2.live
www.cleanenergypartnership.de
www.cleanpowernet.de

CONTACT INFORMATION
o
o
o
o

NOW GmbH
National Organisation Hydrogen and Fuel Cell Technology
Member email kontakt@now-gmbh.de
Member website www.now-gmbh.de
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