® 0 9000000000000000000
® 0000000000000000000000
® 0 & 000000000000800000

SECRETARIAAT-GENERAAL

SECRETARIAT GENERAL

CROSS-BORDER HYDROGEN VALUE CHAIN
IN THE BENELUX AND ITS NEIGHBOURING
REGIONS

IDENTIFYING AND CONNECTING RENEWABLE
HYDROGEN DEMAND AND SUPPLY VIA THE CROSS-
BORDER HYDROGEN BACKBONE

February 2023

executed by: WaterstofNet Vzw

o

WaterstofNet



This study is financially supported by

Ministry of Economic Affairs E e CO n O m I e

and Climate Policy
FPS Economy, S.M.E.s, Self-employed and Energy
® U
i Wall :
( 2\ ¥ a onle = N LE GOUVERNEMENT

”"%@ energie DU GRAND-DUCHE DE LUXEMBOURG

Ministére de I'Energie et de

SPW I’Aménagement du territoire

and coordinated by

. Benelux

SECRETARIAAT-GENERAAL
SECRETARIAT GENERAL

Colofon

Publisher

Frans Weekers, Secretary General Benelux Union

General Secretariat of the Benelux Union

Regentschapsstraat 39 — 1000 Brussel — T +32 (0)2 519 38 11 — info@benelux.int

Authors
Dr. Ir. Samira Farahani — Project manager WaterstofNet (samira.farahani@waterstofnet.eu)
Ir. Michel Honselaar — Project manager WaterstofNet

Coordination
Department Policy, Research and Communication
General Secretariat of the Benelux Union

Date: February 2023

This publication is protected by copyright.


mailto:info@benelux.int

TABLE OF CONTENTS

Management summary

1.

1.1
1.2
1.3
2.

2.1
2.2

v oW

6.2
6.3
6.4
6.5
6.6

4

Introduction and scope of the study

Introduction

Scope of the study

Methodology

Assessment of hydrogen value chain in the Benelux

Overview of the assessed hydrogen value chain

11
11
12
12
16
16

Assessment of hydrogen value chain in Benelux and Neighbouring regions 18

2.2.1 Steel

2.2.2  Chemicals

2.2.3 Other industries

2.2.4 Transport

2.2.5 Overview of hydrogen value chain in 2030 and 2050

2.2.6 Importance of the Benelux and its neighbouring regions in Europe

2.2.7 Integrated assessment and gaps analysis

Technology and regulatory barriers — stakeholders’ perspective

Role of the Benelux — stakeholders’ perspective

Roadmap & recommendations

Annex — hydrogen value chain in Benelux and Neighbouring regions

Steel industry

Refineries, ammonia, methanol

Cement, Olefins, Aromatics and Heat

Transport

Import, production & seaports

Infrastructure & storage

18
19
20
21
22
24
26

30
39
51
61
61
72
90

108
129
148

©



MANAGEMENT SUMMARY

EUROPE IS ACCELERATING ITS TRANSITION TOWARDS A GREEN HYDROGEN INCLUSIVE ECONOMY. The recent
geopolitical and energy market volatilities require us to drastically accelerate the clean energy
transition and increase Europe's energy independence from fossil fuels. REPowerEU is the European
Commission’s plan to make Europe independent from Russian fossil fuels by 2030, in light of Russia's
invasion of Ukraine. In this package, next to accelerating the production of renewable electricity, there
is emphasis on accelerating the production of green hydrogen, which is expected to be produced from
renewable electricity. Accordingly, amongst other measures, REPowerEU has announced an ambition
to reach an additional 15 million tons (Mt) of renewable hydrogen on top of the 5.6 Mt foreseen under
Fit for 55 plan, going beyond the targets of the EU’s hydrogen strategy®. The REPowerEU sets a target
of 10 million tons of domestic renewable hydrogen production and 10 million tons of renewable
hydrogen imports by 2030. Meeting these targets will require a rapid acceleration of the development
of hydrogen demand market, production, infrastructure, storage facilities and import. Moreover, the
supporting and facilitating policy and legislation need to be in place in no time otherwise meeting the
targets cannot be realized.

THIS STUDY IS FOCUSED ON THE BENELUX COUNTRIES AND ITS NEIGHBOURING REGIONS IN FRANCE AND
GERMANY (HAUTS-DE-FRANCE, GRAND EST, NORTH RHINE-WESTPHALIA, SAARLAND, RHINELAND-
PALATINATE, LOWER SAXONY). The Benelux and its neighbouring regions in France and Germany are the
major industrial demand centres of Europe. Some key facts about the Benelux and its neighbouring
regions are,

e The Benelux and its neighbouring regions are the centre of the European steel and
chemical industry.

e More than 20% of Europe’s production capacity for methanol, olefins, ammonia and
aromatics is in the Benelux.

e More than 30% of Europe’s production capacity of the aforementioned sectors and steel
is in the Benelux and its neighbouring regions.

o All sectors combined, 14% of the Europe’s capacities in the hard-to-abate sectors are in
the Benelux and 27% in the Benelux and neighbouring regions which is much higher than
one could expect on the basis of population (7% and 17% respectively), land area (1% and
5% respectively) and GDP (10% and 19% respectively).

e Major ports are located in the Benelux and its neighbouring regions which already serve as
an energy transmission hub for Europe

e The Benelux and its neighbouring regions have a very dense gas pipeline infrastructure
which have a high potential to be repurposed for hydrogen transportation

THE BENELUX COUNTRIES AND ITS NEIGHBOURING REGIONS IN FRANCE AND GERMANY WILL REMAIN EUROPE’S
BEATING HYDROGEN HEART AS A CROSS-BORDER HYDROGEN DEMAND CLUSTER. Figure 1 shows the hydrogen
value chain in the Benelux countries and their neighbouring regions and compares them with the rest
of Europe. As shown, around 15% of the hydrogen production capacity, 67% of the import capacity,

L https://energy.ec.europa. eu/repowereu-joint-european-action-more-affordable-secure-and-sustainable-energy_en
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26% of the storage capacity, 24% of the hydrogen pipeline length, and between 19% and 41% of the
hydrogen demand in Europe in 2030 is located in the Benelux and its neighbouring regions in
comparison to Europe. The Benelux and the neighbouring regions are therefore a key hydrogen
development centre for Europe.

Hydrogen value chain in 2030
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Figure 1: Quantification and shares of the hydrogen value chain in the Benelux and its neighbouring regions in 2030
(maximum scenario)

Other highlights deducted from these graphs are summarized as follows.

e The Netherlands, Belgium and Lower Saxony foresee significant amounts of hydrogen
imports that together with the hydrogen production capacity foreseen to be deployed (based
on their hydrogen strategies) go beyond satisfying the domestic demand for hydrogen.

o The Netherlands and Lower Saxony are planning to import 4 to 5 times more hydrogen than
demand requires and hence they will function as a hydrogen gateway for the neighbouring
countries and regions for which their own production is not sufficient to fulfil their demand.

e The total amount of hydrogen imported by the Netherlands and Lower Saxony is more than
sufficient to fulfil this demand in 2030.

o All countries and neighbouring regions foresee the development of an interconnected
hydrogen pipeline system in 2030, as can be seen in publicly available plans. For Luxembourg
such public data are not yet available; the results of this study however suggest that
Luxembourg has a non-negligible domestic demand potential and may offer an interesting
transit potential helping to connect demand and supply centres in its neighbouring countries.

e A great amount of undersupply of hydrogen storage capacity may exist in 2050. It would be
recommendable to develop a hydrogen storage strategy among the Benelux countries and
neighbouring regions.




THE HYDROGEN PIPELINE NETWORK IN THE BENELUX AND THE NEIGHBOURING REGIONS CONNECT FOR A LARGE
MAJORITY BIG PRODUCTION AND IMPORT FACILITIES WITH LARGE HYDROGEN DEMAND CLUSTERS. As part of this
study, a graphical representation of the development of the hydrogen value chain is developed for
2030 and 2050. The map for 2030 is shown in Figure 2. As can be seen,

e |ocal production of hydrogen is not all the time sufficient to cover the hydrogen demand in
2030, hence the need for hydrogen imports. Hydrogen imports should take the perceived
sense of hydrogen scarcity away;

o alarge share of hydrogen production locations and big hydrogen demand centres are located
near or at the hydrogen pipeline network;

e a small share of mainly small hydrogen production locations and hydrogen demand centres
are not located at the hydrogen pipeline network, some overlap indicating local projects
where hydrogen demand is met by onsite electrolysis;

o for some locations, hydrogen demand centres do not yet have local hydrogen production,
hence other means to supply hydrogen need to be investigated;

e for high temperature heat and transport, hydrogen demand may need to be supplied through
alternative means too;

e all the Benelux countries and neighbouring regions have a hydrogen pipeline network that is
connected to at least 1 neighbouring country or regions in 2030. This results in an
interconnected hydrogen pipeline system. An exception is Luxembourg, which did not yet
officially announce any target for establishment of a hydrogen pipeline system in 2030, even
though there is a reasonable demand for hydrogen. It would therefore be recommendable to
establish the interconnected hydrogen pipeline system already in 2030 to satisfy its swifter-
than-expected rising hydrogen demand in Luxembourg and to create an extra interconnection
with Saarland and Rhineland Palatinate.

e alarge part of the hydrogen pipeline network in the Benelux and the neighbouring regions is
already foreseen to be established by 2030, the only real expansion afterwards is a second
east-west corridor that connect the Belgian harbour with North Rhine-Westphalia and
Luxembourg.
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During this study, we organised several workshops with main actors in the hydrogen market
development from the entire value chain. During these workshops, next to verifying the collected and
estimated data and strategies, the main challenges from both technology and regulatory perspective
that the stakeholders are facing in the implementation of their projects and achieving their
decarbonisation targets have been discussed. Stakeholders consider the BENELUX UNION AS A KEY
PLAYER IN SUPPORTING THE DEVELOPMENT OF THE REGION INTO AN OBSTACLE-FREE, CROSS-BORDER HYDROGEN
HUB. A REGION THAT SERVES A KEY-PILOT LOCATION FOR EUROPE FOR CROSS-BORDER INNOVATION,
DEVELOPMENT AND HARMONISATION IN HYDROGEN MARKET.

Following the outcomes of the workshops and the discussions with stakeholders, the Benelux
Secretariat and the Benelux Hydrogen Working Group, we propose a set of recommendation for policy
makers in the Benelux Union for the near-term period (2023-2026) and mid-term period (2026-2030).
These recommendations and proposed actions are meant to further strengthen the position of the
Benelux and its neighbouring regions in Europe with regard to hydrogen development and to support
the region in becoming the leader in the implementation of hydrogen strategies and establishment of
an integrated hydrogen market in Europe.



RECOMMENDATIONS AND PROPOSED ACTIONS FOR SHORT-TERM (2023-2026) ARE AS FOLLOWS.

1. Strengthened, collective voice towards influencing EU legislation and promoting the region by
strengthening the leading position of the Benelux-countries and neighbouring regions by
leveraging their pioneering role as privileged interlocutors to shape EU legislation, with regards
to large chemical and steel industries, H, import via seaports, H, backbone, transport sector, H,
valleys; and by boosting more visibility for the Benelux and its neighbouring region in Europe and
attracting more resources and funding to the region.

2. Promoting collaboration along the hydrogen value chain by setting up a regular dialogue and
promoting institutional and regional collaboration between different public and private actors of
the H; value chain and relevant Benelux authorities; by promoting closer collaboration, share of
expertise and lessons learned and deepening the dialogue between stakeholders (TSOs of gas
and electricity, HRS developers, technology developers, etc.) of the Benelux-countries and its
neighbouring regions; and by ensuring the security of supply by coordinating the plannings for
the electricity and H, infrastructure development including electrolyser plants and the
repurposing of the existing gas network into dedicated hydrogen networks.

3. Streamlined and fast-track procedures by speeding up the permitting process to increase
renewable energy and electrolyser capacity for both new and existing projects to go hand in
hand with the deployment of new renewable electricity capacity; by exploring harmonisation
possibilities of permitting rules; and by facilitating fast-track procedure for IP & patenting
within the Benelux and its neighbouring regions.

4. Paving the transition path by accelerating deployment of a cross-border hydrogen backbone to
facilitate hydrogen supply for hard-to-abate industries and to satisfy rising hydrogen demand;
by allowing for an innovative and flexible regulatory framework for the nascent interconnected
hydrogen market to accommodate the transition towards green hydrogen; and by stimulating
the development of education and training programmes to have skilled labour force.

5. Kick-start the development of an integrated hydrogen market by harmonising system
requirements, safety protocols, standards and hydrogen quality for H2 transport and
consumption; by ensuring interoperability and exchanges between certification schemes and
registers and integrating and hosting a trading market for hydrogen production and import; by
developing a common hydrogen storage strategy; by working with combined forces at EU level
to push for the clear and tailored tax and funding schemes to avoid displacement of the
investment and industrial production from EU to Asia or the US; and by encouraging a joint call
of the Benelux-countries and neighbouring regions for development of the supporting schemes
such as European Hydrogen Bank and H2Global, and maximising the use of other EU supporting
mechanisms.

6. Uniform approach for establishing hydrogen refuelling infrastructure by harmonising payment
systems, HRS interoperability, homologation requirements, permitting rules as well as bunkering
specifications and rules for waterborne and airborne applications; and by aligning HRS
implementation plan and technical specifications (quality, interfaces, protocols).
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RECOMMENDATIONS AND PROPOSED ACTIONS FOR MID-TERM (2026-2030) ARE AS FOLLOWS.

1. Advance the development of an integrated hydrogen market by providing the means for
barrier-free flow of hydrogen from production point to the end-user location through the use
of the Benelux legal instruments, with extension to and alignment with the neighbouring
regions by harmonising regulations for hydrogen production, import and transport; and by
facilitating the market transition from a subsidy dominated system towards a competition
driven system.

2. Economic activities & education by promoting new economic activities related to hydrogen
development; and by implementing diplomas and certificates that are accepted and recognized
across the Benelux region.

By working upon these actions on the Benelux level in cross-border cooperation with the neighbouring
regions, the Benelux Union is able to keep its position as frontrunner in the deployment of hydrogen
across all sectors and provide Europe with guidance and support on how topics of cross-border nature
can affectively be tackled. In this way, the Benelux and its neighbouring regions are becoming the
cross-border hydrogen hub of Europe.



1. INTRODUCTION AND SCOPE OF THE STUDY

1.1 INTRODUCTION

The Benelux Union fosters cross-border collaboration between the Benelux countries. It has
recognised the key role that hydrogen has in reaching carbon neutrality for its region. It wishes to
develop a cross-border hydrogen backbone in the Benelux area and its neighbouring regions. The aim
of this project is therefore to facilitate cross-border cooperation, within the Benelux and with its
neighbouring regions (Hauts-de-France, Grand Est, North Rhine-Westphalia, Saarland, Rhineland-
Palatinate, Lower Saxony), for matters related to hydrogen and its derivatives.

Hydrogen is an important element in the current energy transition and Europe and especially the
Benelux can play a leading role in the global hydrogen market. In its hydrogen strategy, the European
Union mainly focuses on the application of hydrogen in industry, in ports and logistics (including freight
transport, maritime applications). Moreover, import of hydrogen from locations with cheap green
electricity to Europe is another important aspect of the hydrogen economy.

For the Benelux region, these three areas of application form the core of its activities:

e Several of the top 10 ports in Europe are located at a relatively short distance from each other
in the region;

e The largest industrial clusters (chemistry, steel) in Europe are located at a relatively short
distance from each other in the region;

e One of the busiest logistics routes (freight transport, inland shipping) runs from the ports in
the Benelux region to Germany and France.

Under the impulse of European policy, together with the ambitions of the Netherlands, Belgium (both
federal and regional governments) and Luxembourg to be among the leaders in hydrogen in Europe, a
large number of unique hydrogen projects have already been realized in the Benelux region in recent
years. It is remarkable that these projects are often also realized with the technology that has been
developed in the Benelux region. This means that the application of hydrogen not only contributes to
sustainability, but also to regional development and employment.

It is even more important that in recent years many, and especially relatively large, hydrogen initiatives
have been announced from the Benelux countries. Industry, ports, logistics, etc., have all announced
visions and concrete plans and demonstration projects. Together with the Member States, Europe has
started IPCEI hydrogen (Important Projects of Common European Interest) and more than 30 projects
from Belgium and the Netherlands have been also registered and qualified for that. Furthermore, new
and larger hydrogen initiatives are announced nearly every day in the media, which are sometimes
linked to other projects in a larger ecosystem.

In order to make the transition to hydrogen and its derivatives as efficient and as fast as possible, it is
important that the coherence and complementarity between the regional hydrogen initiatives is used
to the maximum and, above all, that all kinds of non-technological barriers in the Benelux region that
impede this uptake are removed as effectively as possible.

To provide further support for this, the Benelux Union recognised the need to support the hydrogen
developments in the region. The Benelux Union is an intergovernmental partnership based on a Treaty
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(1958 and renewed in 2008) between Belgium, the Netherlands and Luxembourg, and subordinate
regulations. Active on two core themes (1) internal market and economy and (2) security and society,
it aims to stimulate cross-border sustainable and digital cooperation between the countries and to play
a pioneering and driving role within the European Union.

In March 2021, the Benelux Directors General for energy instructed the Benelux Secretariat to come
forward with a study proposal to explore the ecosystem for a Benelux hydrogen backbone. The Benelux
‘Hydrogen’ working group elaborated a study description, and with this current project, they would
like to build on previous work and broaden and deepen the analysis to work towards a mature cross-
border hydrogen market and backbone by 2050, with intermediate steps in 2030 and 2040.

The Benelux countries can become a frontrunner in Europe in the field of hydrogen. By working
together and with their neighbouring regions, they can significantly increase their chances of success.
It should therefore be clear that the Benelux Union can and wants to play a role in this as a cross-
border connecting network. That is why the Benelux Union would like to find out where the gaps are
that hinder a further transition, and where it can play a role in helping to close those gaps and
facilitating cross-border cooperation between the Benelux countries and their neighbouring regions.

1.2 SCOPE OF THE STUDY

This study focuses on hydrogen development activities within the Benelux countries and its
neighbouring regions in Germany (Lower Saxony, North Rhine-Westphalia, Rhineland-Palatinate and
Saarland) and France (Hauts-de France and Grand Est). This study provides a comprehensive overview,
of the quantification and location of potential demand and supply (including both domestic production
and import) of hydrogen and its derivatives based on established energy policies. Next to that, it
presents an anticipation of the infrastructure needs for import, transport and storage.

The data presented in this study is based on existing (long-term) scenarios, national/regional hydrogen
strategies and independent literature studies as well as the accompanying discussions among experts
and stakeholders, which took place in the format of several workshops with focus on different parts of
the hydrogen value chain. The overview of hydrogen supply, transport and demand has been also
visually represented, using maps showing the location of the production projects and demand
locations. Based on these data analysis, conclusions are drawn about the efficiency and effectivity of
the planned projects and strategies as well as outlining the possible shortage or mismatches between
supply and demand in different areas.

Further, we have identified obstacles and opportunities on the path of hydrogen market development
in the Benelux and its neighbouring regions and formulated policy recommendations accordingly. The
outcome of this study together with the policy recommendations will be presented to relevant
Ministers and serve as a decision support tool for the Benelux Union. This study can also serve as a
base to further develop structured collaboration between the Benelux and its neighbouring regions in
Germany and France for development of an integrated, cross-border hydrogen market in these
regions.

1.3 METHODOLOGY

The methodology adopted to execute this study basically comprises two parts: data analysis and expert
solicitation to derive a quantification of hydrogen supply, transport and demand between 2030 and
2050 and the execution of 6 workshops for all parts of the value chain (import, production and ports
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(1); infrastructure and storage (2); steel (3); industry (4); transport (5) and policy and regulations (6) to
identify barriers for implementation and areas in which the Benelux Union can take a role to reduce
these barriers. Workshop participants included stakeholders from industry and governments from the
Benelux countries and the neighbouring regions. The progress and the (interim) results made were
presented to the Benelux Hydrogen Working Group on a monthly basis for feedback. A final workshop
was organised to present the results of the study to the Benelux Union, the Benelux countries and the
neighbouring regions and determine next steps on how the recommendations can be implemented.

In order to quantify hydrogen supply (production, import), transport (infrastructure and storage) and
demand (steel, chemicals, other industries and transportation), a four-step approach was adopted to
develop so called “information briefs” per part of the value chain. An information brief provides a
synopsis of the main information that is relevant to understand the hydrogen landscape per part of
the value chain. It includes for example an overview of the state of art of production capacities, main
stakeholders, the role of hydrogen in decarbonisation, decarbonisation strategies of the sector,
outcomes of the data analyses and scenario assessments to quantify the forecasted minimum and
maximum hydrogen uptake in that sector between 2030 and 2050 for the Benelux countries, its
neighbouring regions and Europe. To improve the readability of this report, all information briefs are
inserted in the Annex and only the main results are described in Chapter 2. Hence, the Annex can be
consulted for all details per sector.

The data analyses consist of 4 steps: an analysis of national and regional hydrogen strategies (1),
assessment of the role of hydrogen in national energy and climate plans (NECPs) (2), a literature
analysis to derive minimum and maximum hydrogen adoption and/or penetration scenarios until 2050
(3) and expert solicitation to confirm or modify the data derived (4).

National and regional hydrogen strategies were studied in order to determine trends, priorities and
quantifications for the uptake of hydrogen in the different sectors. An overview of the strategies
consulted is provided in Table 1. Often, hydrogen strategies lack the quantification of hydrogen
however they may have targets, e.g., for the number of hydrogen refuelling stations to be deployed.
It is however important to note that towards the end of this study new or updates of some national
and regional hydrogen strategies were published (e.g., the Wasserstoffstudie mit Road Map Rheinland-
Pfalz in November 2022 and the Dutch Routekaart Waterstof in November 2022, Roadmap for the
decarbonisation of Luxembourg manufacturing industry in December 2022), which due to time
limitations could not be considered anymore as part of this study. It is also expected that many of these
strategies are being updated, for example because of Europe’s increasing hydrogen ambitions through
the Fit-for-55 and RePowerEU packages. So, it remains important, also after this study, to keep
monitoring the status of these new sources of information.



Table 1: Overview of national and regional hydrogen strategies consulted

Country/region
Contouren van een Routekaart Waterstof (2018)

Netherlands Kabinetsvisie waterstof (2020)
Fit-for-55%-pakket waterstof en Nationaal Waterstof Programma (2022)

View and strategy Hydrogen (2021)
Belgium Vlaamse Waterstofvisie (2020)
Roadmap H2 pour la Wallonie (2018)

Luxembourg Stratégie hydrogéne du Luxembourg (2021)
Hauts-de France Vers le développement d’un hydrogéne décarboné en Hauts-de-France (2019)
Grand Est Une stratégie hydrogene 2020-2030 (2022)
Norddeutsche Wasserstoffstrategie (2019)
Lower Saxony Simulative Kurzstudie zum Einsatz von Wasserstofftechnologie in Niedersachsen
(2020)

Wasserstoff Roadmap Nordrhein-Westfalen (2020)
North Rhine-Westphalia  \Wissenschaftliche Begleitstudie der Wasserstoff Roadmap Nordrhein-Westfalen

(2021)
Rhineland-Palatinate H2R — Wasserstoff Rheinland (2020)
Saarland Eine Wasserstoffstrategie flir das Saarland (2021)

As a second source of information, the assessment by Trinomics of national energy and climate plans
(NECPs) is used to further derive quantifications of hydrogen up to 2030%. Other literatures have been
analysed to develop minimum and maximum hydrogen penetration scenarios and to derive general
growth/decline characteristics of that sector up to 2050. The results of these assessments are shown
in tables and on this basis minimum and maximum hydrogen penetration scenarios are derived. The
maximum hydrogen penetration scenarios can also be determined by upcoming EU legislation. It is
important to note that EU legislation will have a big impact on the uptake of hydrogen along parts of
the value chain. However, many of these EU legislations are still under development (e.g., update of
REDII), and this study applies these drafted targets until November 2022 to the maximum hydrogen
penetration scenario.

Further, the recently developed roadmap for decarbonisation of manufacturing industry in
Luxembourg in 2030 shows a hydrogen demand for steel, cement and heat sector that is very close to
the estimated demand for hydrogen in the maximum scenario in this study. It could be argued, similar
to the drafted hydrogen targets in EU legislation, to reflect this demand into the minimum scenario.
However, to stay consistent with the methodology applied in this study, it has been decided to leave
it as part of the maximum scenario. For example, as shown in Chapter 2, hydrogen demand in 2030 for
Luxembourg is estimated between 5 kton (minimum scenario) and 69 kton (maximum scenario) per

2 https://www.clean-hydrogen.europa.eu/media/publications/opportunities-hydrogen-energy-technologies-considering-
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year. However, based on the Luxembourg decarbonisation roadmap for 2030, the minimum demand
for hydrogen will be 41 kton instead of 5 kton per year.

The results of this data analysis were applied in the information briefs, which were presented in 6
workshops to experts for validation and identification of technical and regulatory barriers for
development of the hydrogen market. The quantifications of hydrogen uptake per sector are
presented in tables, and a graphical representation is provided for the location of hydrogen production
and demand centres. For very dispersed hydrogen demand, for example, heat or transport, hotspots
are being selected (e.g., logistic hubs, industry clusters) to associate the demand to, whereas in reality
that demand is much more dispersed. In Chapter 2, a synopsis is provided of the main findings and
conclusion of the analysis of the value chain. Chapter 3 and Chapter 4 present the barriers and the role
the Benelux Union can take remove these barriers. The final roadmap and recommendation are
provided in Chapter 5.



2. ASSESSMENT OF HYDROGEN VALUE CHAIN IN THE
BENELUX

In this chapter, the results of the data analysis for the quantification of hydrogen supply, transport and
demand in the Benelux countries and the neighbouring regions up to 2050 under different scenarios
are presented. All details concerning the assessment performed per part of the hydrogen value chain
are shown in the information briefs in the Annex.

2.1 OVERVIEW OF THE ASSESSED HYDROGEN VALUE CHAIN

The hydrogen value chain assessed in this study is shown in Figure 3. It comprises hydrogen supply in
terms of domestic hydrogen production and hydrogen (derivates) imports via ports, the transmission
and storage of hydrogen and the consumption of hydrogen in hard-to-abate sectors. The hard-to-abate
sectors assessed are steel, chemicals, other industries and transport. The sub-sectors assessed as part
of the chemical sector are ammonia, methanol, olefins and aromatics, whereas refineries, cement and
high temperature heat are included in the ‘other industries’ sector. The transport sector consists of
cars, buses, trucks, trains, waterborne and airborne applications as sub-sectors.

Benelux and neighbouring regions

Hydrogen Supply Hydrogen transport End Users

Steel

Domestic H, production Chemicals

Other

industries
Imports & ports

Transport

Policy and regulation

Figure 3: Hydrogen value chain (scope of study)

How are these industries and the transport sector represented in the Benelux and its neighbouring
regions in comparison to Europe?

The Benelux and its neighbouring regions are the centre of the European steel and chemical industry.
More than 20% of Europe’s production capacity for methanol, olefins, ammonia and aromatics is in
the Benelux and more than 30% of Europe’s production capacity of the aforementioned sectors and
steel in in the Benelux and its neighbouring regions. Also, nearly all sectors are percentage-wise higher
represented in the Benelux and its neighbouring regions in comparison to societal statistical
parameters like population, land area and GDP (cf. Figure 4). All sectors combined, 14% of the Europe’s
capacities in the hard-to-abate sectors are in the Benelux and 27% in the Benelux and neighbouring
regions. This is much higher than one could expect on the basis of population (7% and 17%
respectively), land area (1% and 5% respectively) and GDP (10% and 19% respectively). It shows that
the Benelux and the neighbouring regions are a major industrial demand centre of Europe.
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Existing industrial stock and transport energy demand in Benelux, its neighbouring regions and Europe
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Figure 4: Overview of shares of the existing industrial stock and transport energy demand in Benelux, its Neighbouring
regions and Europe

Does this mean that the Benelux and its neighbouring regions have the potential to become the
hydrogen demand centre of Europe in the near and long term? And will the Benelux and its
neighbouring regions then have a dominant position in the whole hydrogen value chain?

The Benelux countries and its neighbouring regions in France and Germany will remain Europe’s
beating hydrogen heart. This is due to the fact that:

e Next to feedstock, hydrogen is going to play an important role in decarbonization of hard-to-
abate industries, production of high-temperature heat and steam production, and
decarbonisation of the transport sector.

e The Benelux and its neighbouring regions are already hosting six hydrogen valleys?, among
which four of them in the Netherlands and Belgium and 2 in the neighbouring regions in
Germany. These valleys will become local hydrogen ecosystems connecting the hydrogen
producers to the end-users via the hydrogen pipelines.

e The region has the ambition to become a gateway for hydrogen import to Europe thanks to
the presence of many seaports and inland ports, among which are the largest European ports.

e Because of the direct access to a large area in the North Sea, there are many plans for
development of offshore wind parks, which will be partly dedicated to hydrogen production.

e Inthis region, mainly in the Netherlands and Germany, there are many salt caverns and other
forms of underground gas storage facilities (e.g., aquifers) that are suitable and will be used
for hydrogen storage.

e Thisregion has an existing, well-connected gas network, which is suitable for repurposing for
hydrogen transport. The gas Transmission System Operators (TSOs) in the Benelux and its

3 https://h2v.eu/hydrogen-valleys
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neighbouring regions have joined forces together with the other European TSOs to develop
the European hydrogen backbone. This backbone plays an important role is connecting the
production and import locations to the end-user locations.

e The Benelux countries and the neighbouring regions have announced their ambitious
strategies for hydrogen development in different parts of the value chain and are working on
supporting the projects and stakeholders with the facilitating policy and funding schemes.

In the next section, an assessment of hydrogen value chain within the Benelux and its neighbouring
regions is provided and the importance of the region in hydrogen development in comparison with the
rest of Europe is highlighted.

2.2 ASSESSMENT OF HYDROGEN VALUE CHAIN IN BENELUX AND
NEIGHBOURING REGIONS

In this section, the results of the data analysis are provided regarding the uptake of hydrogen along all
parts of the value chain. The results are shown for the timespan 2030, 2040 and 2050 for the Benelux
and its neighbouring regions. The hydrogen demand in the four sectors (steel, chemicals, other
industries and transport) are shown based on the applied minimum and maximum scenarios. These
scenarios and the detailed analysis per (sub) sector are presented in the Annex Chapter.

2.2.1 Steel

The steel sector is considered as a large consumer of hydrogen for both the primary steel production
route, which processes iron ore as a raw material into steel, and the secondary steel production route,
which re-uses processed recycled steel scrap. An overview of the current state of the art in terms of
plant capacities, the role of hydrogen in decarbonising the sector vis-a-vis the decarbonisation strategy
of the sector and its main stakeholders are shown in Annex 6.1. The national and regional hydrogen
strategies as well as the literature consulted for the development of the long-term scenarios recognise
the major role the steel sector has to play in the uptake of hydrogen. An overview of the data analysis,
literature consulted, and the scenarios derived as well as a geographical representation of locations of
hydrogen uptake across the Benelux and its neighbouring regions are also shown in Annex 6.1.

The final hydrogen demand in the steel sector between 2030 and 2050 for the Benelux and its
neighbouring regions under a minimum and maximum scenario is shown in Figure 5. The immediate
observations show that,

e in 2030, a (maximum) uptake of around 80 - 160 kton of hydrogen per year is expected in the
Netherlands, Belgium, Hauts-de-France, Lower Saxony, North Rhine-Westphalia and Saarland.

e This grows to approximately 260 — 450 kton of hydrogen per year in 2040 and 240 — 680 kton
of hydrogen per year in 2050.

e In areas without primary steel production, the amount of hydrogen is modest (but not small)
to anywhere between 10 kton (Grand Est) to 25 kton (Luxembourg) per year.

e The figure makes it very clear that a large share of the hydrogen demand in the steel sector is
located in Germany, but also in Hauts-de-France.

e The need to have access to low-cost hydrogen in large quantities before 2030 has been
stressed by stakeholders in the workshops organised during this project. The steel sector can
therefore be considered as a prime mover of the development of the cross-border hydrogen
backbone in the Benelux and its neighbouring regions.
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Figure 5: Overview of minimum and maximum hydrogen demand for steel in the Benelux and its neighbouring regions
between 2030 and 2050

2.2.2 Chemicals

The chemical sector is comprehensive, and the subsectors considered in this study as part of this sector
are ammonia, methanol, olefins and aromatics. An overview of the current state of the art in terms of
plant capacities, the role of hydrogen in decarbonising the sector vis-a-vis the decarbonisation strategy
of the sector and its main stakeholders are presented in Annex 6.2 and 6.3. Ammonia and methanol
production plants are already the main consumers of hydrogen today. The upcoming EU legislation
requires the replacement of this hydrogen by green hydrogen, hence these sub-sectors are considered
as a replacement market. The production of olefins and aromatics can be considered as new sub-
sectors for the uptake of hydrogen, since a new production route using green methanol shows
decarbonisation potentials for these industries. An overview of the data analysis, literature consulted,
and the scenarios derived as well as a geographical representation of locations for hydrogen uptake
across the Benelux and its neighbouring regions are also shown in Annex 6.2 and 6.3.

A paradox may appear for the domestic production of ammonia and methanol as these chemicals are
also being considered as a hydrogen carrier to be imported too. Recent announcements of hydrogen
imports are predominantly based on the import of green ammonia as a hydrogen carrier, which poses
the question whether this can be a threat to the domestic production of these chemicals in the Benelux
and its neighbouring regions. Like hydrogen, it is expected that a mix of domestic and foreign
production of these chemicals will exist, which is reflected in the scenarios applied. Considering the
dominance of the chemical sector in the Benelux and its neighbouring regions, it is also expected the
demand in these sectors are important for the initiation and expansion of the hydrogen backbone.

The final demand for hydrogen in the chemical sector between 2030 and 2050 for the Benelux and its
neighbouring regions under a minimum and maximum scenario is shown in Figure 6. The immediate

observations show that,
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e in 2030, a (maximum) uptake of around 150 - 450 kton of hydrogen per year is expected in the
Netherlands, Belgium, North Rhine-Westphalia and Rhineland-Palatinate.

e This grows to approximately 300 — 1100 kton of hydrogen per year in 2040 and 400 — 1650
kton of hydrogen per year in 2050.

e In Hauts-de-France, Grand Est and Lower Saxony, the amount of hydrogen is modest (but not
small) to anywhere between 0 - 100 kton per year.
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Figure 6: Overview of minimum and maximum hydrogen demand for chemicals (ammonia, methanol, olefins, aromatics) in
the Benelux and its neighbouring regions between 2030 and 2050

2.2.3 Other industries

The other industries considered in this study are refineries, cement and high temperature heat.
Refineries, like ammonia and methanol, are already an incumbent user of hydrogen (hydrocracking or
hydrotreating of oil); however, its replacement by green hydrogen is currently not foreseen to be
enforced by the upcoming EU legislation, and it is left to the Member States’ own decision. The role of
hydrogen in the cement sector can be considered two-fold, a direct demand for hydrogen coming from
the provision of heat, and an indirect demand for hydrogen to convert the intrinsic CO, process
emission to a synthetic fuel, e.g., synthetic methanol. The latter option is considered to be rather
unlikely by the cement sector itself. Other sectors that use solid/liquid fuels or natural gas for the
provision of high temperature heat are considered a prime market for hydrogen as alternative means
to provide high temperature heat (e.g., through electrification) may not be that obvious. An overview
of the current state of the art in terms of plant capacities, the role of hydrogen in decarbonising the
sector vis-a-vis the decarbonisation strategy of the sector and its main stakeholders, an overview of
the data analysis, literature consulted and the scenarios derived as well as a geographical
representation for locations of hydrogen uptake across the Benelux and its neighbouring regions are
shown in Annex 6.2 and 6.3. Industries that require high temperature heat are dispersedly distributed
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across countries and regions, and hence random locations have been assigned, whereas for refineries
and cement actual locations of plants were used.

The final demand for hydrogen in the other industries between 2030 and 2050 for the Benelux and its
neighbouring regions under a minimum and maximum scenario is shown in Figure 7. The immediate
observations show that,

e in 2030, a (maximum) uptake of around 50 - 150 kton of hydrogen per year is expected in the
Netherlands, Belgium and German regions.

e This grows to approximately 100 — 500 kton of hydrogen per year in 2040 and 200 — 900 kton
of hydrogen per year in 2050.

e In Luxembourg, Hauts-de-France, Grand Est, the amount of hydrogen demand is modest (but
not small) to anywhere between 0 - 100 kton per year.
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Figure 7: Overview of minimum and maximum hydrogen demand for other industries (refineries, cement, heat) in the
Benelux and its neighbouring regions between 2030 and 2050

2.2.4 Transport

The transportation sector considered in this study comprises cars, buses, trucks, train, waterborne and
airborne applications. Hydrogen plays an important, but not sole, role in decarbonising the sector,
either through the direct use as fuel or indirectly through the synthesis of sustainable maritime or
aviation fuels. The consumption of hydrogen in this sector is noticeable across all the Benelux countries
and neighbouring regions. An overview of the current state of the art, the role of hydrogen in
decarbonising the sector vis-a-vis the decarbonisation strategy of the sector and its main stakeholders,
an overview of the data analysis, literature consulted, and the scenarios derived as well as a
geographical representation for locations of hydrogen uptake across the Benelux and its neighbouring
regions are shown in Annex 6.4.

The final demand for hydrogen in the transport sector between 2030 and 2050 for the Benelux and its
neighbouring regions under a minimum and maximum scenario is shown in Figure 8. The immediate

observations show that,
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e in 2030, a (maximum) uptake of around 0 - 150 kton of hydrogen per year is expected for the
Benelux countries and the neighbouring regions.

e This grows exponentially to approximately 50 — 850 kton of hydrogen per year in 2040 and 100
— 1900 kton of hydrogen per year in 2050.
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Figure 8: Overview of minimum and maximum hydrogen demand for transport (cars, buses, trucks, trains, waterborne and
airborne applications) in the Benelux and its neighbouring regions between 2030 and 2050

2.2.5 Overview of hydrogen value chain in 2030 and 2050

The results of the quantification of all parts of the hydrogen value chain for the Benelux countries and
its neighbouring regions are shown for 2030 (Figure 9) and 2050 (Figure 10). These figures enable a
high-level comparison across the hydrogen value chain (supply, import, transport, storage and
demand) for each country/region. A comparison is made between production and import on the one
hand and the demand on the other and whether there is a transport infrastructure to connect these
parts of the value chain with each other. The storage needs are assessed based on Figure 51 in Annex
6.6. A more detailed assessment is performed in section 2.2.7. Note that since the amount of import
in both 2030 and 2050 is much higher than the other values, the actual amount is mentioned directly
on the related bars in the graphs.
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Figure 9: Quantification of hydrogen value chain in the Benelux and its six neighbouring regions in 2030

From these data, we conclude that,

the Netherlands, Belgium and Lower Saxony foresee significant amounts of hydrogen imports
that together with the hydrogen production capacity foreseen to be deployed (based on their
hydrogen strategies) fulfil the demand for hydrogen.

The Netherlands and Lower Saxony, however, are planning to import 4 to 5 times more
hydrogen than demand requires, and hence, they can and will function as a hydrogen import
gateway to their neighbouring countries and regions whose own production is not sufficient
to fulfil their demand. Such a deficit is foreseen for the French regions, Luxembourg, North
Rhine-Westphalia, Rhineland-Palatinate and Saarland.

Yet, the total amount of hydrogen imported by the Netherlands and Lower Saxony is more
than sufficient to fulfil their neighbour’s demand in 2030. The development of an
interconnected hydrogen pipeline network is then key to connect the import sites with the
demand centres across Europe.

An interconnected hydrogen pipeline system between almost all the Benelux countries and
neighbouring will exist in 2030. It is worth noting that the foreseen network will be quite
mature in 2030, and only Belgium and Luxembourg anticipate a significant expansion of the
hydrogen pipeline network afterwards.

For Luxembourg such public planning for H2 backbone is not yet available; however
Luxembourg has a non-negligible domestic demand potential and may offer an interesting
transit potential helping to connect demand and supply centres in its neighbouring countries.
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Figure 10: Quantification of hydrogen value chain in the Benelux and its six neighbouring regions in 2050

In 2050, the hydrogen landscape changes slightly, as

e Belgium and North Rhine-Westphalia are also foreseen to import significant amounts of
hydrogen, next to the Netherlands and Lower Saxony.

e Although the national and regional hydrogen strategies are typically short of setting their
targets/needs for domestic hydrogen production, it is expected that significant amounts of
hydrogen are still going to be imported.

e The total amount of hydrogen imports exceeds the maximum demand for hydrogen in 2050,
which means will be transported to the demand locations in other parts of Europe.

e In 2050, all countries and regions have a hydrogen pipeline network that is connected to at
least 1 neighbouring country/region.

e Hydrogen storage potentials in 2050 will not meet the storage need.

A special need for attention is for hydrogen storage. Our assessment shows that in 2050 there is a
great amount of undersupply of hydrogen storage capacity (cf. Figure 51 in Annex 6.6). Only few
countries are currently foreseen to have underground hydrogen storage facilities. These include the
Netherlands, Germany and France. Belgium is investigating whether its underground storage facility
can be utilised for hydrogen storage. Natural storage potentials may not be available at national or
regional levels, and hence, specific attention should be paid to the development and acquisition of
hydrogen storage facilities. Luxembourg, for example, does not have storage facilities itself, and so it
needs to strategically acquire storage capacities in the neighbouring countries/regions. It would be
recommendable to develop a joint hydrogen storage strategy among the Benelux countries and
neighbouring regions.

2.2.6 Importance of the Benelux and its neighbouring regions in Europe

The Benelux countries and their neighbouring regions in France and Germany already has a dominant
position in terms of current demand for hydrogen and it is foreseen to establish, keep and expand this
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dominant position along the hydrogen value chain. This is shown in Figure 11 and Figure 12. Note that
this assessment is based on the publicly announced strategies by the regional/national governments
and the European Commission until October 2022. Any updates after this date is not reflected in this
report.
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Figure 11: Share of hydrogen value chain within the Benelux and its neighbouring regions in comparison to the rest of
Europe in 2030

As shown in Figure 11, in 2030,

67% of the hydrogen import,

26% of the hydrogen storage potential,

24% of the hydrogen pipeline length,

35% of the hydrogen demand for steel production, and
41% of the hydrogen demand for chemicals

are located in the Benelux and its neighbouring regions in comparison to the rest of Europe. Also, the
domestic hydrogen production, total pipeline length and hydrogen demand for transport, are more
than 15% of the European total.

This dominant position of the Benelux and its neighbouring regions does not change in 2050. As the
domestic and European hydrogen production plans for 2050 and the total European targets for
hydrogen import are not yet announced officially, there is no value for them in the graph (Figure 12).
It is however not expected that the position in comparison to 2030 is changing since the demand keeps
growing by 2050.
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Figure 12: Share of hydrogen value chain within the Benelux and its neighbouring regions in comparison to the rest of
Europe in 2050

2.2.7 Integrated assessment and gaps analysis

As a final result of the data analysis, two infographics (Figure 13 for 2030 and Figure 14 for 2050) have
been designed, which shows the hydrogen production and import locations, the locations of the
hydrogen storage facilities, the hydrogen pipeline network and the locations of the hydrogen demand
for steel, chemicals and other industries (refineries and cement) for 2030 and 2050. The hydrogen
demand for high temperature heat and transport is placed at random locations on the map as this
demand is typically spread across the countries and regions, except for waterborne and airborne
applications which are placed on airport and harbour areas. In this way, the locations for hydrogen
supply and demand can be depicted in relation to the development of a hydrogen pipeline network in
2030 and 2050. Since in 2050 the hydrogen production locations and the amount of hydrogen
produced are not known, the map of 2050 contain the locations of the announced projects in 2030.
Info boxes are added to the map to provide a quantification of the parts of the hydrogen value chain.
The range for hydrogen production is based on the announced strategies by the regional and national
governments and the announced projects per region/country. In some places, there is quite a large
difference between these two. For more details about the announced projects, the interested reader
is referred to Annex 6.5. Moreover, the range for end-users is based on the minimum and maximum
scenarios.

The maps shows that the hydrogen pipeline system is developed in the view of connecting industrial
demand centres. The main observations that can be drawn from these maps are:

e Local production of hydrogen is not all the time sufficient to cover the hydrogen demand in 2030;
hence, the need for hydrogen imports. Hydrogen imports should take the perceived sense of

hydrogen scarcity away.
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e Alarge share of hydrogen production locations and big hydrogen demand centres are located near
or at the hydrogen pipeline network.

e A small share of (mainly small) hydrogen production locations and hydrogen demand centres are
not located at the hydrogen pipeline network, some overlap indicating local projects where
hydrogen demand is met by onsite electrolysis.

e For some locations, hydrogen demand centres do not yet have local hydrogen production, hence
other means to supply hydrogen, such as tube trailers, containers, etc., need to be investigated.

e For transport sector, hydrogen demand may need to be supplied through alternative means, such
as tube trailers or storage containers, as they will not yet be connected to the backbone or
hydrogen distribution grid.

e |n 2050, all the Benelux countries and neighbouring regions have a hydrogen pipeline network that
is connected to at least 1 neighbouring country or regions. This results in an interconnected
hydrogen pipeline system.

e A large part of the hydrogen pipeline network is already foreseen to be established by 2030, the
only real expansion afterwards is a second east-west corridor that connect the Belgian harbour
with North Rhine-Westphalia and Luxembourg.

There are alternative methods to supply hydrogen to demand centres that are not in the proximity
of the hydrogen pipeline system or do not yet have access to the hydrogen backbone. These methods
are: 1) through onsite electrolysis, 2) hydrogen supply by ships, and 3) last mile delivery by trucks or
hydrogen tube trailers. A good example here is Luxembourg, which has not yet officially announced
any plans for developing hydrogen backbone before 2030. Based on our analysis, the annual hydrogen
demand for Luxembourg in 2030 is estimated between 5 to 69 kton, which under the assumption of
constant demand, reflects a daily hydrogen demand of 14 to 190 ton. Note that the minimum value for
the demand is updated now to a higher value (about 22 kton) after a study has been conducted for
developing hydrogen strategy for Luxembourg. However, this study has been finished only very recently
and is not yet publicly available.

Hydrogen distribution by means of one tube trailer can transfer about 1 ton of hydrogen per delivery.
A 40ft hydrogen storage container that is envisaged as a standard hydrogen storage solution for the
maritime sector is also about 1 ton per container, and a 4 MW electrolyser connected to wind power
can also produces 1 ton of hydrogen per day. Hydrogen tube trailers or containerised hydrogen storage
solutions could be replenished at hydrogen filling points located at of nearby the hydrogen pipeline
network. Indicatively, a demand up to 4 ton per day can be supplied by a hydrogen tube trailer or
containerised hydrogen storage solution, whereas for larger amount an electrolyser could be
considered. Still this would mean between 14 to 190 movements of tube trailers or containerised
storage solutions, which requires a significant effort in logistics. Hence, such alternative solution, in
which there is a hydrogen storage depot with several containers, is not considered a reasonable
solution by this study. Only if demand centres are very closely located to such container depots, one
can use this option; however, currently this is not the case. When hydrogen production through onsite
electrolysers is foreseen, a total installed capacity of 50 to 760 MW needs to be installed to meet the
hydrogen demand in Luxembourg. Considering the portfolio of projects that are currently being
planned in the Benelux and its neighbouring regions, this is a significant capacity. Therefore, seeing the
envisaged developments for the hydrogen backbone in the Benelux and its neighbouring countries, it
is recommendable to develop the hydrogen pipeline network in Luxembourg earlier in time, so that
in 2030 an interconnected pipeline system exists in the region. In this case, the interconnected pipeline
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for Luxembourg shown in Figure 14, would appear before 2030. Another advantage of having the
backbone earlier in Luxembourg is that demand clusters in Saarland and Rhineland-Palatinate can be
serviced through this network as well.
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3. TECHNOLOGY AND REGULATORY BARRIERS -
STAKEHOLDERS’ PERSPECTIVE

In order to verify the data presented in Chapter 2, and to discuss the technological and regulatory
barriers with the stakeholders, six workshops were organised on the following themes:

1. Steel

2. Chemicals, refineries, cement, plastics and heat
3. Transport

4. Import, domestic production and seaports

5. Infrastructure and storage

6. Policy and regulations

In each workshop, several key stakeholders including governmental organizations, main industrial and
transport actors, seaport authorities, federations and European/regional/national associations from
the Benelux countries and the six neighbouring regions participated. The first five workshops
concerned the main elements of the value chain (demand, supply and infrastructure). The workshop
on policy and regulations was performed last as it builds upon all relevant barriers identified in the
workshops 1 to 5 for implementation of hydrogen projects in the Benelux and its neighbouring regions.
This workshops aimed, from a regulatory perspective, to define a favourable policy and regulatory
framework to address technical and regulatory challenges and to foster collaboration among different
stakeholders. Furthermore, in discussion with stakeholders, the role of the Benelux to support the
implementation of hydrogen projects in the region and in Europe was discussed and clarified, which is
presented in Chapter 4.

The main technological and regulatory challenges on the path of development of a hydrogen market
in the Benelux and its neighbouring regions identified by stakeholders are gathered in 6 main
categories.

Research & development needs for hydrogen technologies
Hydrogen supply challenges through the entire value chain
European policy & regulation

Permitting procedures

Hydrogen refuelling infrastructure

Insufficient or absence of transnational coordination

SO AWLWNR

The rest of this Chapter is the description of these technological and regulatory challenges in each
category.

(30
N



Research & development needs for hydrogen technologies

Europe so far has been the pioneer in many hydrogen technologies such as electrolysers, fuel cells,
hydrogen engines, hydrogen boilers, etc. However, in the last couple of years, China and other Asian
technology developers have become serious competitors to the European tech companies. In order to
keep this position in Europe and remain competitive during the energy transition in the worldwide
market, there is a need for more structured support on research and development (R&D) activities by
the European Commission and the Member States.

During the workshops with the stakeholders, several technological challenges were identified that
different sectors and industries are dealing with.

One topic that was shared by different end-users is to remain technology neutral, i.e., using different
clean hydrogen technologies (CC(U)S, pyrolysis, nuclear, etc.), especially between now and 2030, to
enable the kick start of the hydrogen market and its consumption by industry before focusing on
specific technologies. Many industries have different decarbonization pathways, in which hydrogen is
one of the options. Hence, it would be beneficiary to allow flexibility in the use of different clean
technologies to accelerate decarbonization of the industrial and transport sectors.

For the steel industry, there is a need for Research & Development (R&D) activities to upscale
hydrogen DRI (Direct Reduced Iron) technology and other innovative steel production methods. DRI
technologies are currently demonstrated and upscaled, but despite its level of maturity and the
perception that R&D needs do not hamper the further implementation of the technology, there is still
a need for R&D to develop better understanding of the effects of carbon-free metallurgic processing
and better ways for carbonising direct reduced iron, to develop fossil-free agglomeration of the iron
ore or the use of alternative iron oxides, carbon-free direct reduced iron melting and transport
behaviour and adjustment needs of natural gas-based direct reduction towards increased hydrogen
usage. Additional needs lay in the operations of the technology, such as defining the feasibility to link
hydrogen production with the metallurgical process (e.g., demand, fluctuations in operation and
hydrogen storage), developing economically feasible solutions for the use of oxygen as a by-product
of electrolysis and providing risk assessment regarding hydrogen handling*. Other lower TRL
technologies, like hydrogen plasma smelting reduction, alkaline iron electrolysis, molten oxide
electrolysis requires more dedicated research programmes to further improve the technology itself
and to demonstrate it in a controlled environment in order to further mature the technologies. In
addition, steel upgrading through the increased use of scrap material deserves increased attention
through R&D programmes.

For the transport sector, there are several challenges observed with regards to the deployment of
hydrogen applications at scale. The deployment of hydrogen applications in this sector, whether these
are trucks, cars, specialty vehicles, trains, waterborne or airborne applications, is limited and
characterized by long lead and development times. The scarcity of critical components is a concern
and calls for an increased awareness of the need to develop innovative components in the Benelux,
supported by a skilled labour force and production and automation capacities for scaled production.
This increases the possibilities to produce applications at scale. Transforming and tailoring existing
production capabilities towards hydrogen requires different/additional competences in terms of

4 https://www.estep.eu/assets/Uploads/210308-D1-2-Assessment-and-roadmapping-of-technologies-Publishable-
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organization of facilities, safety management, electrical drive line implementation, etc. As is currently
observed, production facilities are organized towards developing vehicles with an electric driveline
which would allow the production of and hence competition between battery electric and hydrogen
electric applications. The demand for a large number of hydrogen vehicles foreseen through the
uptake of hydrogen in the transport sector through RFNBOs requires the preparation of vehicle
production lines for the introduction of hydrogen applications at scale.

The application of hydrogen in especially waterborne and airborne applications require high
gravimetric and volumetric storage solutions. The application of high-pressure gaseous hydrogen
storage solutions provides operational ranges that are much less than current practices. This can
partially be overcome by changing refuelling habits (increase of frequency) and adopting an array of
storage options (gaseous hydrogen, cryo-compressed hydrogen, liquid hydrogen, synthetic fuels)
across the fleet that is tailored to the use cases. The current project portfolio of hydrogen applications
in waterborne and airborne applications is mainly based on gaseous hydrogen storage solutions, which
indicates that short ranged applications are currently targeted. To open up a significantly higher
portion of the fleet for the use of hydrogen, innovative hydrogen storage options must be developed.
The Strategic Research and Innovation Agenda® of the Clean Hydrogen Partnership shows great
dedication towards developing liquid hydrogen and innovative hydrogen storage solutions. Further
R&D advancements in liquid hydrogen storage concepts and solutions for waterborne and airborne
applications are required to open up the direct hydrogen uptake in these sectors. Finding a suitable
niche in these sectors for hydrogen is still open and sometimes undefined as these sectors are offered
a variety of options to realise decarbonization, including sustainable aviation fuels, ammonia and
methanol. The use of ammonia and methanol storage option will also require further R&D in system
integration but less on the development of the storage solution itself.

Hydrogen supply challenges — through the entire value chain

Europe has high targets for the deployment of hydrogen in different sectors to be able to reach the
climate goals and become carbon neutral by 2050. However, there are still many obstacles and
challenges along the way regarding hydrogen supply for different sectors.

For end-users, the main challenge is related to the availability of hydrogen in large amounts and at
an affordable price. The current energy crisis forces us to make the transition away from natural gas
and coal towards hydrogen even faster than planned. The most important aspect, hence, is to have
sufficient amounts of green hydrogen at cost-competitive prices available as soon as possible. This
sense of urgency needs to be translated into the gas and hydrogen decarbonization package. The
industrial sectors agree that a crucial point at this stage of the transition is the prioritization of hard-
to-abate industries as first consumers of green hydrogen. The (limited) amounts of hydrogen should
be allocated/sold based on tons of GHG (greenhouse gas) abated per ton of hydrogen used. Steel,
chemicals and other hard-to-abate sectors would thus become prioritized.

During the workshops with different industrial sectors, it was stated that the unavailability of green
hydrogen in large scale is of great concern to them. One option is to develop temporary local
production plants at the industrial terrains until the market for green hydrogen is mature enough.
However, until now, due to long permitting procedures, local green hydrogen production is not going
as fast as it should. Next to local production, industrial and transport sectors expect more flexibility in

5 https://www.clean-hydrogen.europa.eu/about-us/key-documents/strategic-research-and-innovation-agenda_en
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use of clean and low carbon hydrogen next to green hydrogen, especially between now and 2030,
until there is enough green hydrogen available for different end-users.

It is important to note that local green hydrogen production is considered next to use of hydrogen
from the hydrogen backbone, which brings the end-users to another challenge related to availability
of hydrogen infrastructure. According to the stakeholders, hydrogen infrastructure should follow this
principle: connect the large industrial hydrogen consumers first to the backbone. This will lead to a
kick-start of the hydrogen economy, which will then later be beneficial for all other hydrogen users as
well. Considering the announced plans by TSOs, the infrastructure development is still too much cost
driven and too slow in its development, while the industrial targets for decarbonisation should start
today to make sure it will be achieved. Moreover, industrial sites are not always directly on the
backbone route and concerns are geared towards the last miles connection with the site. The industrial
stakeholders believe that this issue should be enforced by the backbone developers accountable for
hydrogen supply, which can lead to creating responsibility for the gas transport companies to the
industrial sites. Furthermore, most of the industrial sites are located near ports; hence, direct hydrogen
shipments from ports to the sites could be an option, without a need to wait for the hydrogen
backbone. Of course, this can only be the case if hydrogen import happens sooner than the
development of the hydrogen backbone. Certification mechanisms such as guarantees of the origin as
well as a certification of the quality/purity of hydrogen, can make this possible, as hydrogen quality for
certain industries, such as steel, is of great importance.

Another challenge that is affecting different parts of the hydrogen value chain is the large scale
production of green hydrogen and access to large scale green electricity for that matter. So far, the
policy and regulations that are in place (e.g., Carbon Contracts for Differences, Hydrogen and Gas
Market Decarbonisation Package, etc.) are not sufficient for, or even preventing, the production of
green hydrogen in large scale. This issue is connected to availability of offshore and onshore wind and
solar farms dedicated for hydrogen production in Europe, and specifically in the Benelux and its
neighbouring regions. It is still unclear how much capacity can become available for green hydrogen
production and the process of building new green electricity production plants (wind and solar farms)
are not as fast as it is expected to be. On the other hand, the unclarity about import of hydrogen and
its derivatives adds to these challenges. Of course, many Member States and seaports, including the
ones in the Benelux and its neighbouring regions, have announced their plans for import of green
hydrogen from the countries with cheap green electricity; however, the unclarity about the possible
and available amount of import, the means of import (ships, pipeline, etc.), the form of import (gas or
liguid hydrogen, ammonia, methanol, LOHC, etc.) and the regulation (guarantees of origin, certificates,
etc.) that need to be in place makes it quite challenging to count on hydrogen import as a reliable
source in the short term.

Development of hydrogen transport infrastructure and storage is another point of concern not only
for end-users, as mentioned above, but also for hydrogen producers and seaports. In order to have a
reliable hydrogen supply network, a well-established and well-connected hydrogen network across
Europe, and in particular in the Benelux and its neighbouring regions, is needed. As shown in Chapter
2, many countries and regions rely on hydrogen import to meet their hydrogen demand between now
and 2050. This requires a solid infrastructure, similar to what exists now for natural gas transport, to
transport hydrogen from seaports and other production locations inland to the end-users within the
Benelux and/or its neighbouring regions in Germany and France. Also, for large scale hydrogen
production and import, storage infrastructure needs to be in place. As shown in Chapter 2 and in Annex
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6.6, at this time, there are not many storage options available in the Benelux and its neighbouring
regions, which raises a serious challenge, especially for long term, to have the required storage
capacity available. Next to inland infrastructure and storage, offshore hydrogen production is facing
similar challenges, as there is a need for establishing the hydrogen pipelines (or repurposing the
existing offshore gas pipelines) as well as providing offshore storage facilities. No need to mention that
beside all these, there is a great need for having enough capacity in the electricity grid for transport of
green electricity to the hydrogen production plants. The gas TSOs are developing the hydrogen
backbone onshore with proper coordination; however, the offshore electricity and hydrogen
production coordination is missing to align the production plans for both electrons and molecules.

Finally, several important points pop out while different stakeholders work on the establishment of a
connected hydrogen network in the Benelux and its neighbouring regions, such as

e System adaptation for hydrogen transport
e Choice of gas — hydrogen or hydrogen-based carriers
e Hydrogen quality standards

In stakeholders’ opinion, these issues need to be addressed both at technical and regulatory levels
not only in each country and region but also at cross-border levels. Every country has certain
mechanisms in place. Planning and permitting needs to be aligned at cross-border level, the same for
hydrogen quality (impurities) and hydrogen mix allowance.

European Commission policy & regulation

It is obvious that large scale hydrogen production and import have direct impact on its production cost
and its final price. For the end-users, it is of great importance to have access to cost-competitive
hydrogen and green products. Hence, if Europe cannot manage to provide the right regulatory tools
and supporting schemes for hydrogen supply, there is a chance that investments move outside of
Europe, for instance, to the USA or East Asia where such supporting schemes do exist. To this end,
having a stable regulatory framework and cross-border harmonisation in Europe, and in particular in
between the Benelux countries and its neighbouring regions is of great importance.

During the workshops, many concerns were raised by different stakeholders from the entire hydrogen
value chain regarding the current European and national policy and regulations. The main discussion
points are summarized in this Chapter.

The first challenge comes from the Renewable Energy Directive (RED) of the European Commission.
According to the new targets, 50% of industry requires a transition to green hydrogen by 2030 (and
70% by 2035). This will help ramp up the sector and make hydrogen a key component of Europe’s
green energy strategy. However, it makes it quite challenging for the industries to achieve this target,
especially for the Benelux, as the Renewable Energy Sources (RES) potential in this region is limited
and will not be sufficient for green hydrogen production. That is why industrial stakeholders request
more flexibility in the regulation, in the absence of sufficient amount of green hydrogen, to allow for
clean hydrogen consumption too. Moreover, stakeholders request for flexibility in the use of RES from
other EU countries for the local production of green hydrogen.

In the meantime, the RED lll voting of the European parliament in September 2022 has had a good
effect. In this voting, the additionality principle has become less stringent in the proposal, Power
Purchase Agreement (PPA) for electrolysers over quarter year based has been added to the articles,
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and there is no more requirement for the electrolyser plants to use electricity produced from a new
infrastructure without subsidies. These adjustments will certainly facilitate the production and supply
of green hydrogen. Although the new changes in RED Il is removing the limitations imposed by
additionality but it also creates more competition for hydrogen consumption, due to increasing the
targets for transport and other heavy CO, emitters in the industry, e.g. refineries and petrochemicals
(renewable fuels of non-biological origin (RFNBO) at least 5.7% of all fuels by 2030, including 1.2% in
the hard-to-abate maritime sector). That is why prioritization of the hard-to-abate industries as first
consumers of green hydrogen is of importance for these industries, in part to also stimulate the
development of the hydrogen backbone, otherwise they will face many difficulties to meet the
required targets.

As confirmed by many stakeholders in the workshops, additionality is very complicated and restrictive.
If companies/entities are going to invest in green hydrogen, they need clarity and central coordination.
In the USA, China, or India the regulation is more flexible and therefore, is a more attractive investment
option. The Inflation Reduction Act (IRA) issued by the USA provides clear instructions to subsidise
clean hydrogen, without focusing on its colour, but instead focusing on its carbon footprint. Similar
mechanisms to IRA is what stakeholders would like to see in Europe, and in the Benelux region, to
accelerate the deployment of hydrogen in the industry and transport sectors.

For hydrogen refuelling station developers and operators, challenges are voiced with the mandatory
implementation of hydrogen refuelling infrastructure in the road transport and shipping sector
through the upcoming regulation on the deployment of alternative fuels infrastructure (AFIR)®. The
draft AFIR passed the first reading stage of the European Parliament in October 2022. The main
challenges that are perceived are the current lack of guidance on the minimum requirements regarding
technical specifications for gaseous and liquid hydrogen refuelling stations that are used to guarantee
interoperability. A standardization mandate’ was issued to the European standardization organisations
to develop standards containing technical specifications with a unified solution for:

e hydrogen refuelling points dispensing compressed (gaseous) hydrogen for heavy-duty
vehicles by 31 December 2023

e hydrogen refuelling points dispensing liquefied hydrogen for heavy-duty vehicles by 31
December 2025

e compressed (gaseous) hydrogen refuelling points and bunkering for maritime and inland
waterway hydrogen fuelled vessels by 31 December 2026

e liquid hydrogen refuelling points and bunkering for maritime and inland waterway hydrogen
fuelled vessels by 31 December 2028

Besides a perceived lack of timely guidance for these specifications through the AFIR, there are also
technological uncertainties as the industry itself is still in the process of defining its own specifications
as to what and how high-capacity refuelling infrastructure should look like. There is currently a lack of
available station hardware (refuelling components) that enables fast flow, high-capacity refuelling, a
lack of harmonisation among truck developers about how the refuelling interfaces should look like,
and a lack of mature hydrogen refuelling protocols (only on project level e.g., PRHYDE). Besides, the
draft AFIR foresees the uptake of 700 bar gaseous and liquid hydrogen refuelling station at least,
whereas the majority of the applications currently being demonstrated refuel hydrogen at 350 bar.

6 https://www.europarl.europa.eu/doceo/document/TA-9-2022-0368 EN.pdf
7 https://ec.europa.eu/growth/tools-databases/mandates/index.cfm?fuseaction=search.detail&id=606
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Additional clarity on how hydrogen refuelling infrastructure can be implemented would be very
beneficial in rolling out a consistent network of refuelling stations.

Another challenge that is raised concerns the targets set in the EU regulation for CO, emission
performance standards for new heavy-duty vehicles®. In 2030, manufacturers will have to reduce their
fleet-wide average CO, emissions of their new lorries registered by 30% percent in 2030. This requires
zero-emission trucks to be introduced by that time. Operators of these trucks are concerned that they
will face much a higher total cost of ownership in comparison to the state of the art. The challenge is
to keep the transition towards zero emission trucks affordable with the right support mechanisms that
orients towards the operators.

Another regulatory challenge is related to the Carbon Contract for Differences (CCfD) policy. Carbon
Contracts are one way to minimize the future carbon price uncertainty. A Carbon Contract is a contract
by which a government or institution agrees with an agent on a fixed carbon price over a given time
period. During the contractually agreed period this agent can then sell any carbon emission reductions
(or allowances) at that given price. If formulated as a strike price over a carbon market price (a two-
sided option) then they become Carbon Contracts for Differences (CCfDs), as first proposed by
Richstein (2017). If the market price is lower than the strike price, the agent receives the difference. If
the market price is higher, the agent has to return the additional revenue to the government®.
Although this mechanism provides certainty, it also affects hydrogen supply as the carbon price in EU
is much higher than the USA or Asia.

Another challenging regulation is the Hydrogen & Gas Market Decarbonization Package'. Although
this package is meant to provide supportive legislation for hydrogen production and development,
there are still unclarities regarding the timelines, network planning, tariffs, blending allowance, etc.
Stakeholders, including TSOs, believe that until 2030, it is important to have no, or limited restrictions
put in place to kick start the hydrogen market. The market is going to be started under scarcity and the
gas package needs to install mechanisms that can steer the uptake of hydrogen in the short term. Next
to this, import of hydrogen derivatives (ammonia, methanol), as a means of transport may affect local
job markets drastically, as the local production of ammonia or methanol will not be cost-competitive
with the imported products. The relevant industries are concerned about these impacts and expect
that there will be supporting regulations in place for the local market.

Other supporting mechanisms such as H2Global'! are useful too, especially if they are supported at
EU level. The initiative for establishing the European Hydrogen Bank sounds promising, but the
concern is that it may not be in place soon enough to support the production of green hydrogen at
large scale.

Permitting procedure

One of the common challenges that stakeholders are facing through the entire value chain and in all
the Benelux countries as well as the neighbouring regions is the permitting procedure. Accelerating

8 https://climate.ec.europa.eu/eu-action/transport-emissions/road-transport-reducing-co2-emissions-
vehicles/reducing-co2-emissions-heavy-duty-vehicles en

9 https://climatestrategies.org/wp-content/uploads/2021/03/Carbon-Contracts CFMP-Policy-Brief-2020.pdf

10 https://energy.ec.europa.eu/topics/markets-and-consumers/market-legislation/hydrogen-and-decarbonised-gas-market-
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the development of cross-border infrastructure requires substantial simplification and shortening of
planning and permitting procedures. It was mentioned in all the workshops that the duration and
process of permitting for different activities creates serious delays for the implementation of projects;
These activities include, but not limited to, obtaining a permit for local electrolyser installations and
hydrogen production, the permitting procedure for developing dedicated hydrogen network (both at
regional and national level), and obtaining permits for developing wind and solar farms. Industrial
stakeholders consider it necessary to have more integrated permitting procedures among the
Benelux countries, and possibly in alignment with the neighbouring regions, as the existing
differences in the procedure from one region or country to the other creates obstacles and delays in
the implementation of cross-border projects.

Approval procedures for applications are mainly set at European level, however the challenge
perceived is that there are knowledge gaps to apply these procedures for hydrogen applications. For
instance, for hydrogen ships dedicated guidance documents provide at least minimum requirements
and considerations for the approval process; however, such guiding documents and information are
generally speaking hardly existing and best practices are only gained through experiences. In order to
speed up homologation processes and address knowledge gaps, educational and training materials as
well as exchange platforms for lessons learned are required to increase the competence level of
approval organisations.

Hydrogen Refuelling Infrastructure

The challenges currently perceived by the stakeholders with the deployment of hydrogen refuel
infrastructure for heavy applications (road transport, waterborne, airborne applications) is the lack of
maturity in the development of hardware components and industry consensus on how interoperability
criteria should be approached in a harmonised manner. The draft AFIR regulation foresees a roll out
of at least 700 bar gaseous hydrogen and liquid hydrogen high-capacity refuelling infrastructure,
whereas currently the applications that are being demonstrated are mainly 350 bar gaseous hydrogen
applications that refuel at low capacity, low to medium flow hydrogen refuelling stations mainly
designed for light vehicles. The development and standardisation of refuelling components
(connectors, dispensers, hoses, fittings), refuelling protocols and application interfaces (receptacles,
vehicle system components) is currently progressing but is still at an early stage of development. The
experiences with liquid hydrogen refuelling station are hardly existing, but at least a liquid hydrogen
infrastructure exists in the Benelux. Nowadays decisions have to be taken regarding the hydrogen
refuelling structure specifications which makes it challenging without a clear view on how (cross-
border) interoperability is achieved.

Insufficient or absence of transnational coordination

In the Benelux and its neighbouring regions in particular — spread over several provinces and countries
— cross-border issues arise where hydrogen is produced, transported and consumed across-borders.
Cross-border issues concern the transport and tradability of hydrogen, differences in procedures for
issuing permits and subsidies, hydrogen quality, safety regulations, etc.

One important topic is the development of a cross-border hydrogen infrastructure. Every country has
certain mechanisms in place, while planning and permitting needs to be aligned at cross-border level,
as well as standards for hydrogen quality (impurities) and hydrogen mix allowance in the gas network.
Moreover, construction of hydrogen pipelines has an important spatial aspect: connections of roads,
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rails and pipelines are usually constructed in the same corridor and there is by definition a scarcity of
space there. Several crucial connecting points for the hydrogen backbone will be established between
the Benelux and its neighbouring regions with a cross-border perspective. It is important that the
phasing of such connections on both sides of the borders is coordinated. In that respect it is also
important to strive for a level playing field with regard to subsidies in cross-border projects. Currently
the synchronization between the timing of financing in the Benelux countries is not optimal, which
delays projects.

To build cross-border hydrogen infrastructure, a stable regulatory framework is needed. The recent
Hydrogen & Gas Market Decarbonization Package provides guidance, but the finalisation of the
process and implementation in the Member States will not be done until 2024/2025. Hence, until then
a flexible and practical regulatory framework is needed for the operation of the infrastructure and the
third-party access, which addresses the issues regarding timelines, network planning, tariffs, blending
allowance, etc. This can be done at the Benelux level in harmony with its neighbouring regions.
Furthermore, exchange and trading of Guarantees of Origins and green hydrogen certificates can be
started at the Benelux level but should be aligned with Germany and France, according to the
stakeholders.

Another cross-border issue which needs to be integrated is CO, taxation. Currently, this is regulated
differently in the Benelux countries and its neighbouring regions, which creates obstacles in the field
of cross-border carbon capture and decrease of CO,.

Development of cross-border roadmaps, integrated regulations, harmonised funding and investment
schemes are crucial aspects from stakeholders’ perspective. For stakeholders in the Benelux and its
neighbouring regions, it is important to make transportation of hydrogen between country A and B
within the Benelux and its neighbouring regions as easy as possible, with as limited technical and
regulatory barriers as possible. The stakeholders expect that in the near future, once the first shipment
of hydrogen arrives at, for instance the Port of Rotterdam or the Port of Antwerp-Bruges, there exist
no hurdles to transport hydrogen cross-border. Policy makers at different levels need to anticipate the
problems that can arise a priori to have harmonised regulation for smooth hydrogen flow in the
Benelux and its neighbouring regions.



4. ROLE OF THE BENELUX — STAKEHOLDERS’ PERSPECTIVE

As mentioned in the previous chapter, during the organised workshop with key stakeholders from all
parts of the hydrogen value chain, the possible role for the Benelux Union was identified and discussed.
The stakeholders see many possibilities where the Benelux Union can play a facilitating role to bring
more structure and harmony in the hydrogen development activities, not only among the Benelux
countries themselves but also among the Benelux and its neighbouring regions. The implementation
of national and regional hydrogen strategies in the area of production, infrastructure, transport, and
sectors decarbonisation (industry, transport, power, heat, etc.) can significantly benefit from the
development of overarching, cross-border implementation roadmaps in which topics of common
interest are addressed.

A variety of topics of common interest have been identified which could benefit from, but not
necessarily depend upon, a systematic, overarching framework or work plan in which these topics are
addressed. These topics of common interest have different orientations and could include functions
like monitoring, facilitation, specification and/or coordination to accelerate the cross-border
implementation of hydrogen in different parts of the value chain. The main areas, in which the
stakeholders have foreseen a role for the Benelux Union are,

1. Integrated regulation for hydrogen production, import and transport within the
Benelux and its neighbouring regions

2. Harmonisation of permitting rules, especially for hydrogen refuelling infrastructure

3. Geographical and time alignment of the development of hydrogen refuelling
infrastructure

4. Harmonisation of technical specifications for hydrogen refuelling including
interoperability

5. Common payment and certification systems for hydrogen refuelling

6. Promote/motivate exchange of information of lessons learned and use similar
protocols

7. Harmonisation of approval/homologation requirements

8. Harmonisation of refuelling requirements for waterborne and airborne applications

9. Creating more competition instead of subsidies

10. Promoting new economic activities related to hydrogen development

11. Tailored regulatory framework for short-term period to kick-start the hydrogen
market

12. Supporting mechanisms within the Benelux and its neighbouring regions

13. Education & economic activities

14. IP issues and patents regarding the new technologies

15. One voice towards influencing EU legislation and promoting the region

These topics are elaborated upon in more detail in the rest of this chapter.



Integrated regulation for hydrogen production, import and transport within the Benelux and its
neighbouring regions

This recommendation keeps coming back from different groups of stakeholders, which emphasizes its
importance for the development of a hydrogen economy in the Benelux and its neighbouring region
and the role that the Benelux Union could play in it. The stakeholders foresee a pioneering role for the
Benelux Union to accelerate the establishment of the required regulations in alignment with the
European Union.

From the stakeholders’ perspective, an integrated regulatory system for hydrogen in the Benelux and
its neighbouring regions consists of the following:

e Integrating hydrogen production and import regulations by recognising green hydrogen
certificates, and allowing exchange and trade of GO’s (guarantees of origin) in the region. This
effort can be started on the Benelux level in alignment with Germany, where the largest
projects are currently located.

e Integrating hydrogen pipeline networks and transnational connection and transport
regulations by harmonizing the system requirements, safety protocols, standards, hydrogen
quality and hydrogen mix allowance at cross-border level.

The Benelux Union can apply its legal instruments to create harmonisation and integration in the
abovementioned areas. By kick-starting the development of an integrated regulation for hydrogen
production, transport and import, especially on specific cross-border corridors within the Benelux and
its neighbouring regions, not only the development of the hydrogen market will be accelerated in the
region but also the Benelux and its neighbouring regions will become a pioneer in the development of
an integrated hydrogen market within EU, which can be followed by other Member States as one of
the best practices.

Further, the Benelux Union can promote and facilitate regular dialogues between different
stakeholders within the hydrogen value chain (e.g., gas TSOs, port authorities, industries, etc.) and the
Benelux authorities, which can result in fostering pilot projects on concrete cross-border connections.
This can be done, for instance, via organizing yearly conferences and workshops. These activities will
additionally promote closer collaboration between different stakeholders within the Benelux and its
neighbouring regions.

Harmonization of permitting rules, especially for hydrogen refuelling infrastructure

One of the main issues that different stakeholders are dealing with is the long process to obtain
permits for different activities, including but not limited to, developing wind and solar farms,
developing electrolyser plants for hydrogen production, building hydrogen refuelling stations,
developing hydrogen backbone, etc.

As such, although from the national and regional governments’ point of view the permitting procedure
is within their jurisdiction, the industrial stakeholders would really appreciate if there were a
harmonized permitting procedure in place at the Benelux level. This is especially important for the
cross-border projects when they need to develop different infrastructure in different regions and
countries. The current permitting system and the existing differences between different regions and
countries have created noticeable delays and obstacles for the implementation of these projects.

(a0
N



Hence, the stakeholders foresee the following roles for the Benelux Union regarding the permitting
procedures:

e Speed-up permitting process in the Benelux and its neighbouring regions to increase
renewable energy production and electrolyser plant capacity

e Maximise harmonisation possibilities of permitting rules within the Benelux and its
neighbouring regions

Even though the Benelux Union may not be able to oblige its member states and the neighbouring
regions to have uniform permitting procedures, it is still of importance that they provide strong
recommendations and facilitate the process by any means possible. This could be seen as short-term
and temporary exemptions for issuing permits for certain developments by the Benelux Union to
accelerate the deployment of green electricity and green hydrogen production in the region.

At the European level, there has been some activities recently to solve the permitting issues. In
November 2022, the European Commission drew up new emergency measures to speed up the
realization of renewable energy projects. For example, the permit procedure for solar panels on roofs
must be shortened to one month and for large wind farms to six months. Although this is a desirable
decision by itself to further accelerate development of renewable production projects, renewable
energy companies complain that this only concerns new projects for which no permits have yet been
applied. As a result, projects that are already in the pipeline risk not benefiting from it. According to
the sector, this could involve hundreds of gigawatts of solar and wind projects that cannot be
accelerated through administrative procedures. Representatives of the solar and wind energy sectors
are therefore also asking for an accelerated procedure for projects that are already in the pipeline.
Next to the energy companies, environmental organizations have also criticized the plans, as they fear
that within these fast tracks, there will not be sufficient respect for nature conservation laws.

Next to issues for permitting procedure of renewable production and hydrogen infrastructure projects,
development of hydrogen fuelling stations also suffers from these issues. For hydrogen fuelling
stations, in particular, permitting is predominantly a national activity; however, from stakeholders’
point of view, there is a significant opportunity for harmonisation of underlying assumptions,
scenarios, safety distances and procedures at the Benelux level in alighment with the neighbouring
regions. The approaches towards permitting are currently heavily fragmented across the Benelux
countries and the neighbouring regions. As such, deploying the same hydrogen refuelling
infrastructure across countries can result in differences regarding how refuelling infrastructure
equipment is perceived against other refuelling equipment and its surroundings, which can lead to the
same equipment being accepted or rejected across areas of jurisdiction. Therefore, in order to create
an equal level playing field across countries and regions, it should be considered to apply fixed safety
distances for hydrogen refuelling equipment. Experiences from the permitting of existing hydrogen
refuelling sites across the Benelux show that there are not insurmountable differences in approaches
and methods. However, permitting of hydrogen refuelling infrastructure for high-capacity stations
(order of magnitude of tonnes per day), which are typically needed for heavy-duty, maritime, aviation
and rail applications, is relatively new and could present new barriers for implementation.

The suggested starting point of a harmonised approach towards permitting should be to arrive at
fixed safety distances for the most common (reference) classes of hydrogen refuelling infrastructure
options. To embark on such a trajectory, the framework of underlying assumptions regarding failure
frequencies and hydrogen release scenarios relevant for the (quantitative) risk assessment would need
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to be consented upon at the Benelux level together with its neighbouring regions and ideally at
European level. In additional, the need for additional documentation required during the permitting
process (e.g., environmental impact, noise, protection, soil reports etc.) could also be harmonised.
Permitting procedures are slightly different across countries and regions, however, the foreseen time
to permit is relatively similar (approximately 6 months). Harmonising these requirements could also
significantly shorten the time to permit as delay do often happen due to the submission of incomplete
permitting dossiers and lack of specific knowledge and guidelines at permitting authorities. Upfront
transparency at the Benelux level, and preferably in alignment with its neighbouring regions, regarding
these requirements could be key in achieving a synchronized planning of hydrogen refuelling
infrastructure development. New hydrogen refuelling concepts as being developed, e.g., for maritime
and aviation, require a similar but more careful approach towards harmonisation as limited
experiences exist in applying these methods. That, however, provides also opportunities towards
developing a harmonised approach already now and update approaches collectively as experiences
are gathered over time. In this way, the Benelux can become a frontrunner and a pilot area for a
harmonised implementation of high-capacity hydrogen refuelling infrastructure. The permitting
approaches applied in the Benelux and its neighbouring regions show that especially Germany has a
different approach towards the determination of safety distances which may make the harmonisation
of fixed safety distances challenging, but not undoable. Historically, Germany has led the way in setting
the scene for establishing permitting requirements for light duty hydrogen refuelling stations and
hence the timing is now right to develop a common approach in which the neighbouring regions could
lead the way towards harmonisation with the Benelux and French regions.

Another, rather interesting, perspective towards permitting is provided by Europe in its effort to
shorten the permitting process time through the (temporary) promotion fast track permitting routes
based on classifications of critical energy infrastructures to reduce its foreign dependency on
(predominantly Russian) fuels. Regardless of whether hydrogen refuelling infrastructure could be
considered under this framework, having a transparent and standardised approach towards permitting
could reduce the time to permit to 4 months. Time gains can be obtained during the assessment of the
submitted permitting dossiers by permitting authorities. Experiences from permitting processes for
existing hydrogen refuelling stations show that knowledge transfer within and among stakeholders
involved in the process is difficult to achieve. As such, the Benelux could develop and provide
harmonised means for education and training for officials involved in the permitting process.

Geographical and time alignment of the development of hydrogen refuelling infrastructure

According to the stakeholders, a strategic geographical and time planning for the development of
hydrogen refuelling infrastructure for all modes of transportation is currently missing at national and
regional level, and hence, alignment and synchronisation of cross-border hydrogen refuelling
infrastructure development is not taking place. It is often implicitly assumed that the quantitative
targets set in the Member States provide for a sufficiently dense coverage of refuelling infrastructure
in its jurisdiction and near-border areas. Whereas the development of hydrogen refuelling
infrastructure is currently limited in the Benelux and its neighbouring regions and has mainly focussed
on facilitating passenger vehicles, speciality vehicles and return-to-base applications, its (further)
development towards facilitating applications that rely on cross-border hydrogen refuelling (heavy-
duty road transportation, maritime, aviation and to a lesser extent rail) is considered imminent and
urgent. A cross-border alignment of the geographical development and planning of a connected
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network of hydrogen refuelling infrastructures for all modes of transport is therefore necessary and
can only be addressed at the Benelux level and/or with the neighbouring regions.

The geographical alignment could be supported by traffic data analysis and modelling, sales figures
of alternative fuels at forecourts and logistic hubs, operator preferences, site implementation and
business case assessments in order to determine key locations for hosting hydrogen refuelling
infrastructure. It could well be considered that existing insights into the development of alternative
fuels refuelling infrastructure for road transport can be used as a starting point for the geographical
alignment. For maritime however, among the refuelling methods envisaged for the shorter to medium
term (swapping vs non-swapping) are methods that are fundamentally different from the traditional
way inland shipping is being bunkered. Hence, geographical alignment of hydrogen refuelling
infrastructure for the maritime sector may therefore require the assessment of new hydrogen
refuelling/replenishing sites. Existing knowledge within consortia (e.g., H2Rhine) regarding the
development of hydrogen refuelling infrastructure should be tapped into in order to support the
development of the strategic geographical roll-out of such infrastructures. For aviation and rail, the
geographical planning of infrastructure is less challenging as potential sites or locations are well known.
The time alignment of the synchronised realisation of hydrogen refuelling infrastructure is also key as
these developments are currently characterised by significant delays. Applying (harmonised)
conditions to enforce timely deployment could be considered in areas of jurisdiction of the Member
State and could relate to prerequisites regarding permitting, budgeting and investment decisions.

Harmonisation of technical specifications for hydrogen refuelling including interoperability

The European Union, through the adoption of the Alternative Fuel Infrastructure Directive (AFID), has
taken an early lead in defining minimum technical specifications for hydrogen refuelling
infrastructure to ensure its interoperability with hydrogen road vehicles across Europe. In the
beginning, a significant degree of animosity was voiced by hydrogen refuelling station operators as few
of the standards referenced to in the AFID were outdated or obsolete. The process of introducing
Delegated Acts to accommodate changes to the technical specifications turned out to be
cumbersome and lengthy. Hence, using EU Delegated Acts (e.g., delegated regulation 2018/674 and
2019/1745) did not provide enough flexible means as was required by industry to adapt the technical
specifications to the latest state-of-the-art. In the draft proposal from the European Commission, as
the follow-up regulation of the AFID, the AFIR, a similar approach is taken by defining minimum
technical requirements in a technical annex related to the hydrogen refuelling station itself, the quality
of hydrogen it dispenses, the refuelling algorithms it applies and the connectors (nozzle and
receptacles) it uses. Whereas the AFID was mainly oriented at light hydrogen vehicles, the AFIR shows
its commitment to heavy-duty hydrogen vehicles. However, the technical standards that are referred
to in the draft AFIR mainly refer to international or European standards that were used as baseline for
the AFID and hence orient to gaseous hydrogen refuelling for light vehicles. For road transport
applications, the AFIR refers to gaseous hydrogen refuelling for light vehicles and heavy-duty vehicles
as well as liquid hydrogen refuelling for heavy-duty vehicles. In its current version, the segregation of
referencing to different standards to accommodate these different refuelling options, is only
recognised for the connectors. While valid, this segregation may also need to be applied to the general
requirements for the hydrogen refuelling stations and refuelling algorithms. In its current draft version
of the AFIR, reference is made to non-existing (refuelling station itself), out-of-scope standards
(algorithms, 1SO 19980-1 is designed for light duty refuelling stations and serves only as a guidance
document for heavy-duty refuelling stations) and it is an open questions whether the industry has
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found a compromise for refuelling pressure (350 vs 700 bar) and hydrogen quality specifications (high
purity for fuel cells or medium purity for combustion). Standardisation efforts are currently ongoing
to define refuelling algorithms for high flow gaseous hydrogen dispensing, to update specifications for
hydrogen connectors and efforts may need to be undertaken to review the specifications of high
capacity gaseous and liquid hydrogen refuelling stations for heavy-duty applications. The AFIR leaves
the technical specifications open for connectors for heavy-duty vehicles receiving gaseous or liquid
hydrogen as standards currently do not exists. The standardisation mandate M/581 is partially
addressing the abovementioned concerns as it requests the European standardisation organisations
to develop European standards for general requirements for gaseous and liquid hydrogen refuelling
stations and its connectors to be adopted by respectively 31 December 2023 and 2025. It is specifically
mentioned that the state-of-art for dispensing hydrogen to light vehicles (EN ISO 17268 and EN 17127)
is taken as a basis for developing specifications for gaseous hydrogen refuelling stations for heavy-duty
applications.

It is possible that once introduced as EU regulation, updates of the technical specifications in view of
the progressing state-of-art and the standardisation mandate are imminent and the updates through
Delegate Acts long, despite the Parliament urging the Commission to have changes implemented
maximum 6 months after the European standard is adopted. This may create an impetus for heavy-
duty hydrogen refuelling stations that are currently being designed, ordered or build. However, in
case the required changes cannot be implemented quickly enough at the European level, the Benelux
Union can step in to accelerate the process.

Stakeholders believe that the Benelux Union has a unique opportunity to use its legislative
framework to provide the heavy-duty transport sector clarity early on how it perceives the uniform
uptake of technical specifications and standards for heavy-duty hydrogen refuelling infrastructure. This
may even go beyond the interoperability areas highlighted by the AFIR (general requirements,
hydrogen quality, refuelling algorithms and connectors), e.g., metering or uniform payments systems.
This should go hand-in-hand with the neighbouring regions of Germany and France as these countries
are currently also very active in rolling out heavy-duty hydrogen refuelling infrastructure. As such, the
Benelux could then provide the European Union guidance with its experiences in setting technical
specifications or guidance for the heavy-duty sector and assist the Member States with uniformity in
adopting implementation guidelines. Member States and neighbouring regions may consider providing
implementation guidelines on these technical specifications on their own, but its impact would clearly
be less effective considering the cross-border nature of the applications.

The draft AFIR also mentions the technical specifications for hydrogen bunkering for maritime
transport and inland navigation, but these will be addressed in the upcoming section on shipping. Also
in this area, the Benelux has a clear opportunity to lead the way by using its legislative framework to
provide the shipping sector clarity early on how it perceives the uniform uptake of technical
specifications and standards for hydrogen bunkering infrastructure.

Common payment and certification systems for hydrogen refuelling

The early deployment of hydrogen refuelling infrastructure was mainly characterised by the use of
operator specific fuel cards to enable payments. With the increased roll-out of hydrogen refuelling
infrastructure, the array of payment methods at individual refuelling stations has increased, allowing
payments with the use of bank, credit and fuel cards. It is however noticed that not all hydrogen
refuelling stations provide this flexibility and that there is a trend to move towards stand-alone
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payment solutions due to complications with dispenser certification, metering and arrangements with
payment system providers. It is critical that uniform and common payments systems exist that enable
customers with refuelling opportunities on an ad-hoc basis in order to create a true public hydrogen
refuelling station network. One of the new elements of the AFIR, in comparison to the AFID, is the
requirement that operators of hydrogen refuelling stations shall ensure that all hydrogen refuelling
stations operated by them accept electronic payments through terminals and devices used for payment
services, including at least payment card readers or contactless devices that are able to read payment
cards. This requires the certification of hydrogen dispensers based on a verification of accuracy of
hydrogen metering equipment (OIML R139). While the certification of hydrogen dispensers is currently
taking place in the Netherlands through approvals of dispensers and verification tests at the refuelling
site, the lack of availability of test equipment and optimised test set-ups have caused animosity
between regulators and operators. In Germany, an optimised system is in place for certification of
dispensers however payments are only made through fuel cards and do not allow payments with bank
cards. In Belgium, a certification system for hydrogen dispensers is not yet in place, but payments can
be made with bank and fuel cards. In France, a certification system for hydrogen dispensers is in place,
but payment can only be done with fuel cards. Cross-border refuelling is perceived challenging due to
unclarity of how payments are expected to be made. Additionally, the lack of suitable measurement
equipment for certification and recalibration of hydrogen dispensers for heavy-duty hydrogen
refuelling is a big concern.

Considering the upcoming AFIR requirement at EU level and the challenges that currently exists for
certification and payments, the Benelux region is in a unique position to serve as a pilot region for
the harmonised introduction of certification and payments systems, according to the stakeholders.
A common Benelux approach towards uniform certification and payment systems that is aligned with
approaches from adjacent German and France regions would provide an example for Europe how
cross-border uniformity can be achieved. Similar to alignment for interoperability specifications,
uniformity cannot be created standalone and hence it is very clear that the Benelux Union together
with the neighbouring regions can give practical means as an example to Europe and the Member
States on how to create uniformity for certification and payment systems.

Promote/motivate exchange of information of lessons learned and use similar protocols

In an upcoming market, characterised by limited practical and operational experiences of how to
deploy hydrogen refuelling infrastructure and vehicles, especially in view of the high capacity gaseous
and liquid hydrogen refuelling stations and heavy-duty vehicles that are being expected, information
exchange on best practices and lessons learned can be very useful to increase the knowledge level
of all stakeholders involved in the deployment of this infrastructure. Generally speaking, cross-border
exchange of information is happening mainly on an ad-hoc and functional basis but not systematically
using similar formats and protocols. Member States do organise information exchange platforms and
events on sharing of lessons learned in order to improve the state- of-art and seem open to exchange
this information with neighbouring countries and among hydrogen (mobility) platforms on
international fora, however a systematic, bottom-up exchange through a cross-border platform, for
example through an H2Mobility or H2Transport Benelux platform, does not exist. The Benelux
Hydrogen Working Group however facilitates information exchanges among Ministerial
representatives on matters related to, for example, (EU) legislation.
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The creation of an H2Mobility or H2Transport Benelux platform consisting of key industrial
stakeholders (HRS operators and hydrogen application providers) and policy makers could provide
means to facilitate the sharing of lessons learned and provide a key recommendation to policy makers
and regulatory authorities. The information exchanged could among others range from lessons learnt
on permitting, operational complexities, applying business models, harmonisation of certification and
payment systems and interoperability requirements.

Harmonisation of approval/homologation requirements

Application approval processes are a necessity to put applications into operation. Applications going
through one-off, or type-approval processes require experienced organisations to conform compliance
with applicable regulations. Although compliance regulations are mainly set on European level, the
application of these regulations requires dedicated expertise in applying them for innovative
applications, like hydrogen. Hence, gaps may exist along the process that can be filled through
experience or associations providing practical implementation guidelines. Organisations that went
through the approval process gain experience in applying these regulations and making them suit for
the application considered. This may lead organisations to use experienced approval organisations
over organisations that have to build up this experience. As an example, it has been witnessed that
some manufacturers choose to have an application approved through a country with a higher expertise
level than the country in which the application is supposed to be operated in, and once completed
apply for fast-track approval route with a limited set of additional tests to get it approved for operation
in the designated country of operation, instead of going directly through an approval route in the
country of operation. It would be of interest that all requirements for the approval process are
harmonised in the Benelux and that best practices are shared across countries. This holds for trucks,
speciality vehicles, trains and also waterborne applications. The Benelux Union has an opportunity to
provide a level playing field for approval requirements for applications, share information on lessons
learned and good practises through educational materials.

Harmonisation of refuelling requirements for waterborne and airborne applications

Although the refuelling of light vehicles is slowly maturing and the refuelling framework for medium-
and heavy-duty trucks is in preparation, hydrogen refuelling of waterborne and airborne applications,
which require refuelling conditions that are significantly different from what is currently the state-of-
art, is currently undefined. However, in the draft AFIR, the European Parliament makes its intention
clear that it requires the deployment of hydrogen refuelling stations at the TEN-T core maritime ports.
Hence, the standardisation mandate M/581 requests European standardisation organisations to
develop European standards that contain technical specifications for gaseous and liquid hydrogen
refuelling points for maritime and inland waterway hydrogen fuelled vessels by 2026 and 2028
respectively. While the deployment of hydrogen in the waterborne applications with ditto refuelling
infrastructure is commencing, there is a void to be filled for hydrogen refuelling infrastructure that will
not be covered soon by standards. Leading consortia, like the H2Rhine consortium, have identified
legislative gaps that provide barriers for hydrogen implementation for waterborne applications and
gaps for bunkering of hydrogen fuels. The gaps it identifies for hydrogen bunkering include the lack of
standards, procedures and checklists for bunkering, lack of rules for the shipside of the bunkering
process, a missing EU wide harmonised risk assessment approach for small scale establishments and
bunkering activities (e.g. truck-to-ship and ship-to-ship bunkering), missing indicators for determining
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common operational safety distances for hydrogen bunkering and requirements for simultaneously
bunkering, (un)loading of passenger and (dis)embarking processes.

From the stakeholders’ perspective, the Benelux Union is ideally positioned to develop together with
leading consortia like H2Rhine, guidelines and lessons learned from best practices on the refuelling of
hydrogen for waterborne applications. This is extremely relevant as the development and introduction
of European standards is not foreseen soon. It would not be recommended that Member States
themselves develop guidelines as this is a typical cross-border activity in which the Benelux and its
neighbouring countries are very strong at. It could well be envisaged that this is an integral part of the
H2Transport Benelux platform. The Benelux Union and its neighbouring regions can take a leading role
and sample setter for Europe.

Creating more competition instead of subsidies for roll out of hydrogen refuelling stations

The transition towards zero-emission transport is characterised by higher upfront costs, which requires
additional means of funding to enable shorter-term investments in innovative technologies. Subsidies
are a means to decrease the TCO of these applications. In order to open up markets, providing
subsidies is a means to do so, but care should be given to the way in which these subsidies are provided.
Stakeholders expect support schemes to become less subsidy intensive and more competition
oriented as the market evolves. Demand-led support schemes may create competition among
technology suppliers to standardise products and bring down costs, whereas public authorities may
exercise their authority to specify in their future concessions for refuelling forecourts the need to
deploy hydrogen refuelling infrastructure. Competition can then be created among bidders for these
concessions to actively contribute to the roll out of a hydrogen refuelling network without requiring
subsidy schemes. Members States can learn from each other’s support practices on how to stimulate
the roll out of refuelling infrastructure and deployment of hydrogen applications in a cost-effective
manner. Member States are themselves in the lead in which support schemes they want to apply and
which transition in type of instruments they foresee. The Benelux Union can facilitate information
exchange among public authorities, e.g., through the Benelux Hydrogen Working Group, regarding
ideas that facilitate creating a more competition-oriented support package.

Promoting new economic activities related to hydrogen development

Maturing the hydrogen value chain provide lots of opportunities for new or renewed business
development. The Benelux takes currently a leadership role in the development and deployment of
transport activities related to, e.g., hydrogen combustion engines, application of hydrogen in the
heavy-duty sector and waterborne applications. Strengthening economic activities in the Benelux and
neighbouring regions is important for the stakeholders, not only to keep this area at the forefront of
the innovative radar but also to enable the development of trained and educated (young)
professionals. The Benelux Union could stimulate the development of economic activities with a strong
cross-border dimension. For example, one of the options considered to refuel hydrogen in waterborne
applications is swapping of standardised gaseous or liquid hydrogen fuel containers. These containers
need to be standardised in terms of interfaces and methods for refuelling and hoisting. Also, locations
need to be developed in which these containers are stored and transferred. The application of
container swapping opens us new business opportunities as the business model is very new to the
sector. Such opportunities are well suited to be developed in the Benelux and its neighbouring regions
as the majority of the demand for hydrogen may stem from this region for this activity. The Benelux
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Union may therefore consider working together in facilitating the further development of innovative
concepts and economic activities with a clear cross-border dimension that may strengthen the region.

Tailored regulatory framework for short-term period to kick-start the hydrogen market

One of the key issues mentioned by stakeholders, especially the end-users, is the lack of availability
of green hydrogen at large scale in the near future. Energy crisis forces us to make the transition away
from natural gas/coal towards hydrogen even faster. The most important thing is that there are
sufficient amounts of green hydrogen at cost-competitive prices available as soon as possible. This
sense of urgency needs to be translated into the EU gas and hydrogen decarbonization package.

According to the stakeholders, the current regional and national legal instruments are not yet
sufficient to meet the demand. At the European level, too, the establishment of the required and
supporting regulations takes a long time and is not aligned with the deadline the industry has to
decarbonize. Furthermore, regulations under development such as the RED Il (including additionality)
and RED Ill, and Hydrogen & Gas Package are still work in progress and very unclear, complicated, stiff
such that they create more barriers for the deployment of green hydrogen than supporting it.
Furthermore, the end-users say although recent RED lll voting of parliament has had a good effect and
is removing the limitations imposed by additionality, it creates more competitors for hydrogen
consumption, due to increasing the targets for transport and other heavy CO, emitters in industry,
e.g., refineries and petrochemicals.

Hence, the hard-to-abate industrial stakeholders (e.g., steel, chemical, etc.), followed by the transport
sector, demand for prioritization in the use of green hydrogen. The (limited) amounts of hydrogen
should be allocated/sold based on tons of GHG abated per ton of hydrogen used. Steel, chemical and
other hard-to-abate sectors would thus become prioritized. Although it is important to consider all
sectors equally, but due to scarcity of supply of green hydrogen at this moment (and most probably
also in the years before 2030), the hard-to-abate industries and transport sector will not be able to
achieve their goals if there is no prioritisation in place. This is while the other sectors such as built
environment or power can use alternative solutions for decarbonization in the meantime until green
hydrogen become available in large scale.

Hence, the stakeholders believes that the Benelux Union can play different roles in this phase of
transition to kick-start hydrogen market in the Benelux and its neighbouring regions. The concrete
areas where stakeholders foresee a role for the Benelux Union are:

e Offering exemptions for hydrogen supply for hard-to-abate industries, without focusing on the
colour, but instead on carbon-footprint

e Allowing the use of clean hydrogen until 2030, where there is no other decarbonization options
or enough green hydrogen available

e Gradual transition from grey to green hydrogen by allowing more flexibility in the regulation
related to hydrogen certification and GOs - no strict rules from the beginning as this market is
going to be started under scarcity

e For cross-border transport of hydrogen, the Benelux Union can set basic standards as a
practical example for the rest of EU

e Promoting technology neutrality, at least in the short term, to support different transition
paths of the industries
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The Benelux and its neighbouring regions host 30-40% of the EU industrial clusters, so they can be
the frontrunner in creating an example for the rest of the EU by legislations the Benelux Union and its
neighbouring regional authorities are going to put in place.

Supporting mechanisms within the Benelux and its neighbouring regions

The recent Inflation Reduction Act in the US has upended hydrogen economics, making “green”
hydrogen — electrolyzed from renewable electricity and water — suddenly cost-competitive with its
natural gas-derived counterpart. The Inflation Reduction Act offers a 10-year production tax credit for
“clean hydrogen” production facilities. Incentives begin at $0.60/kg for hydrogen produced in a
manner that captures slightly more than half of SMR process carbon emissions, assuming workforce
development and wage requirements are met. The production tax credit’s (PTC) value rises to $1.00/kg
with higher carbon capture rates before jumping to $3.00/kg for hydrogen produced with nearly no
emissions.

The energy transition in the end is all about cost-effectiveness. The Inflation Reduction Act offers
great opportunities for the production of cost-effective clean hydrogen in the US, which can be seen
as a threat to the hydrogen producers and industries within Europe. Investments in energy intensive
industries will be shifting abroad; for example: green ore — production may be moved to the US
because it is subsidized there and will then be imported back to Europe.

Stakeholders believe that the EU should as well speed up with providing similar supporting schemes.
The current funding schemes in EU have enormous administrative issues right now. To be able to
remain competitive with the US and not to lose the investments and production opportunities within
Europe, the stakeholders are calling out the Benelux Union for support. The several areas in which
stakeholders believe that the Benelux Union, as a pioneer or complementary to the European Union,
can play a role are:

e Providing subsidy schemes that are based on CO, footprint, which is more important than the
colour. This will solve the issue of co-produced hydrogen, which is not yet regulated.

e Using IRA as an example to provide clear tax funding scheme — simple and effective

e For supporting methods such as single buyer-H2global, The Benelux Union can be the voice to
the EU to accelerate the process. Already in REPowerEU, within the hydrogen accelerator
measures, the European Commission proposes!? to establish a global European hydrogen
facility to create investment security and business opportunities for European and global
renewable hydrogen production.

Europe, and specifically the Benelux and its neighbouring regions, has been so far pioneer in different
aspects of hydrogen development, from technology development to establishment of European
hydrogen backbone and import schemes from different countries across the globe. Hence, it is
important not to lose this position because of lacking the right supporting schemes to incentivize the
industries and investors to continue their greening activities within Europe. The Benelux Union can
play a crucial role here to be the voice of the stakeholders to EU Commission and to kick-start the
establishment of the right tools and supporting mechanisms in the Benelux and its neighbouring
regions, as an example for the rest of Europe.

12 https://energy.ec.europa.eu/topics/energy-systems-integration/hydrogen en

(s
N


https://energy.ec.europa.eu/topics/energy-systems-integration/hydrogen_en

Promoting education & training programs

As mentioned before, the Benelux and its neighbouring regions are playing a major role in the
hydrogen economy of the EU. Not only about half of the hydrogen demand comes from this region,
but also the main hydrogen import locations, a significant part of hydrogen backbone, and many
pioneering hydrogen technology developers are from this region.

All these new developments offer opportunities for the creation of new economic activities and new
jobs, for which skilled and specialized labour work is needed. To provide more integrity and
harmonization in educating the labour force and developing the required skills, stakeholders
suggested that the Benelux Union take a leading role in

e Stimulating the development and implementation of education programs to have skilled
labour force

e Providing diplomas and certificates that are accepted and recognized across the Benelux
region

These activities can be aligned with the regional and national education programs, but then in a more
coordinated and harmonized way. Having a labour force with skills that are accepted in the Benelux
region make their mobility much easier and the different regions will not suffer from lack of the right
labour force.

IP issues and patents regarding the new technologies

One of the challenges that the innovative technology developers are facing is with issuing IP
(Intellectual Property) rights and patents both in terms of duration and cost of the process. The Benelux
Parliament has mentioned in its recommendation®® on hydrogen to support and award patents to
innovative companies in order to promote and facilitate development of a common strategy for the
protection of the intellectual property rights related to hydrogen in the Benelux countries.

It is proposed by stakeholders to receive support in this area from the Benelux Union to explore and
facilitate fast track procedures for issuing IP rights and patents.

One voice towards influencing EU legislation and promoting the region

Each regional and national government with the Benelux and its neighbouring regions is already well-
represented at the EU. However, to increase the visibility for different hydrogen developments in the
Benelux and its neighbouring regions, especially for the cross-border projects, the Benelux Union can
be the voice of the region towards the EU. To this end, stakeholders foresee the following roles for the
Benelux Union:

e Continuously indicating the importance of the Benelux and its neighbouring regions for
hydrogen developments, both historically (large chemical and steel industries), and now
(hydrogen import via seaports, hydrogen backbone, dense transport sector)

e Creating more visibility for the region in Europe and attracting more resources and funding to
the region

13 https://www.beneluxparl.eu/wp-content/uploads/2022/06/BNL935-1.pdf
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5. ROADMAP & RECOMMENDATIONS

The Benelux countries and the neighbouring regions in France and Germany are historically main users
of (grey) hydrogen in Europe. As shown in Chapter 2, there is a large (green) hydrogen demand in the
future too to both replace the grey hydrogen in the current market and to decarbonize the industry
and transport sectors, mainly, by replacing natural gas and other fossil fuels. Hence, the Benelux Union
can play an important role to become a European pioneer in developing the hydrogen market and
facilitating it by setting the required actions, policy and regulations in place. The European Union is
ultimately the level at which many of the regulations and standardisations should take place; however,
the process is often considered slow and does not seem to progress at the expected and required
speed. So, the question is whether the Benelux and its neighbouring regions can afford to wait for the
European Union or can the Benelux Union together with its neighbouring regions do something
momentous beforehand. If actions are taken at the Benelux level, it can also give directions to ongoing
or upcoming actions at EU level.

In this final chapter of the report, we, as WaterstofNet, provide a set of recommendations for policy
makers in the Benelux Union. These recommendations are formulated based on the discussions with
stakeholders, the Benelux Secretariat and the Benelux Hydrogen Working Group.

Reading guide:
v already happening, “ :recommendation,  X: little/no direct impact

The table below summarizes the possible roles for the governments and policy makers at different
levels (regional, national, the Benelux and EU). The blue tick is the current situation, while the green
tick is what is proposed based on the stakeholders’ expectations and based on what we believe could
be a feasible action for different political levels. The red cross indicates the infeasibility and/or low
impact of the certain level for applying certain policy and regulations.

For most of the recommendations there are green ticks for both the Benelux and European levels. This
means that these actions are proposed to be done at these levels, with the Benelux being the
frontrunner and complementary to the EU level. Obviously, it is up to the Member States to make the
final decision at which level the proposed actions are most suitable to be taken place. Furthermore,
the sub-national level refers to regional levels, such as local and regional governments, provincial
authorities, etc. This level naturally includes the neighbouring regions as well. Wherever we propose
an action to be taken place at the Benelux level, it is also recommended to be in alignment with the
neighbouring regions. The Benelux Union needs to further discuss these points with the authorities of
the neighbouring regions to strengthen the collaboration in and harmonization of the hydrogen
development in the region.

These recommendations are to be considered by the Benelux Hydrogen Working Group. Considering
the interlinkage between all the Benelux countries and neighbouring regions for the development of
hydrogen in the region, it is important that close collaboration is maintained between all countries and
regions. It is therefore recommendable to consider expanding the scope of the Benelux Hydrogen
Working Group to all neighbouring regions. In this way, the progress and developments can be
monitored directly and the alignment be established. Such a collaboration can be further enhanced by
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facilitating common events (e.g., once per year) in which topics of common cross-border interest are
discussed.

Furthermore, a large amount of data was generated as part of this study. Yet still updates of the
national and regional hydrogen strategies are being published or will be published soon, e.g., because
of Europe’s increasing hydrogen ambitions through the Fit-for-55 and RePowerEU packages. So, it
remains important, also after this study, to keep monitoring the status of these new sources of
information. A public dashboard in which KPIs are being monitored enables a close monitoring of
progress and developments in the Benelux and its neighbouring regions.



Timeline | Key Recommendations Proposed Actions Sub-national | National Benelux EU
Level Level Level Level
Strengthened Strengthening the leading position of the Benelux-countries
collective voice and neighbouring regions by leveraging their pioneering
towards influencing EU role as privileged interlocutors to shape EU legislation, with
legislation and regards to large chemical and steel industries, H, import via X v v v
promoting the region seaports, H2 backbone, transport sector, H, valleys
Boosting more visibility for the region in Europe and
attracting more resources and funding to the region
Setting up a regular dialogue and promoting institutional
'g? and regional collaboration between different public and
= private actors of the H; value chain and the relevant
hN" Benelux authorities
8_ Promoting Promoting closer collaboration, share of expertise and
E collaboration along lessons learned and deepening the dialogue between
2 the hydrogen value stakeholders (TSOs of gas and electricity, HRS developers, v N v v
‘g chain technology developers, etc.) of the Benelux-countries and
= its neighbouring regions
Ensuring the security of supply by coordinating the
plannings for the electricity and H, infrastructure
development including electrolyser plants and the
repurposing of the existing gas network into dedicated
hydrogen networks
Speeding up the permitting process to increase renewable v v v X

energy and electrolyser capacity for both new and existing




Streamlined and fast-
track procedures

projects to go hand in hand with the deployment of new
renewable electricity capacity
Exploring harmonisation possibilities of permitting rules

Facilitating fast-track procedure for IP & patenting

Paving the transition
path

Accelerating deployment of a cross-border hydrogen
backbone to facilitate hydrogen supply for hard-to-abate
industries and to satisfy rising hydrogen demand

Allowing for an innovative and flexible regulatory
framework for the nascent interconnected hydrogen market
to accommodate the transition towards green hydrogen
Stimulating the development of education and training
programmes to have skilled labour force

Kick-start the
development of an
integrated H, Market

Harmonising system requirements, safety protocols,
standards and hydrogen quality for H, transport and
consumption

Ensuring interoperability and exchanges between
certification schemes and registers and integrating and
hosting a trading market for hydrogen production and
import

Developing a common hydrogen storage strategy
Working with combined forces at EU level to push for the
clear and tailored tax and funding schemes to avoid
displacement of the investment and industrial production
from EU to Asia or the US

(o)




Mid-term

(2026-2030)

Encouraging a joint call of the Benelux-countries and
neighbouring regions for development of the supporting
schemes such as European Hydrogen Bank and H2Global,
and maximising the use of other EU supporting mechanisms

Uniform approach for
establishing hydrogen

refuelling
infrastructure

Advance the
development of an
integrated H, Market

Harmonising payment systems, HRS interoperability,
homologation requirements, permitting rules as well as
bunkering specifications and rules for waterborne and
airborne applications

Aligning HRS implementation plan and technical
specifications (quality, interfaces, protocols)

Providing the means for barrier-free flow of hydrogen

from production point to the end-user location through the
use of the Benelux legal instruments, with extension to and
alignment with the neighbouring regions by harmonising
regulations for hydrogen production, import and transport

Facilitating the market transition from a subsidy dominated
system towards a competition driven system

Economic activities &
education

Promoting new economic activities related to hydrogen
development

Implementing diplomas and certificates that are accepted
and recognized across the Benelux region




Recommendation for short-term (2023-2026)

Strengthened, collective voice towards influencing EU legislation and promoting the region

The Benelux countries and its neighbouring regions in France and Germany are historically, currently
and in future leaders in Europe for both hydrogen demand (due to feedstock, heavy-duty transport,
large industrial clusters) and hydrogen supply (via the seaports in the Benelux region, hydrogen import
and hydrogen backbone). The Benelux Union can be the collective voice for the Benelux countries
towards the European Union by communicating and profiling the importance of this region in Europe,
and by creating more visibility for the region in Europe to attract more resources and funding to the
region. The Benelux Union can be a significant weight to influence the European Union legislations
in favour of the needs of regional stakeholders to fast track and facilitate their transition towards a
carbon-neutral future. This not only will benefit the Benelux and its neighbouring regions, but also will
benefit Europe as a whole since this region is one of the main gateways for hydrogen import and
transport to Europe. Hence, having a harmonised and established hydrogen market in the region as
soon as possible needs to be placed on the priority list of the European Commission, with the effort
of the Benelux Union.

Promoting collaboration along the hydrogen value chain

The Benelux Union can facilitate and promote collaboration along different parts of the hydrogen value
chain. Collaboration happens already on a large scale at regional and national levels, and on a smaller
scale, although it is enlarging, at cross-border and international levels. Especially on the topics of
hydrogen import and transport, different stakeholders are working together on international levels.

Yet, the Benelux Union can set-up a regular dialogue and create institutional and regional
collaboration between different public and private actors of the hydrogen value chain and the
Benelux authorities to identify the current and future issues and provide the right supporting
mechanisms in time. Further, the Benelux Union should promote closer collaboration between the
stakeholders (gas and electricity TSOs, HRS developers, technology developers, etc.) within the
Benelux and its neighbouring regions, leading to fostering pilot projects on concrete cross-border
connections. Next to this, the Benelux Union can play an important role in ensuring the security of
supply by coordinating the plannings for the electricity and hydrogen infrastructure development
including electrolyser plants, in alignment with its neighbouring regions.

Finally, the Benelux Union can establish means to promote and motivate exchange of information
and lessons learned. This can be done by organizing information sessions for the ongoing projects to
bring in different stakeholders and policy makers together to exchange their ideas and experiences.

Streamlined and fast-track procedures

Smooth and quick permitting procedures are important preconditions for the (accelerated)
introduction of hydrogen projects. Given that the trajectories and, in particular, the timing of the
permitting processes in the Benelux countries and their neighbouring regions are different,
cooperation between regional and national governments is needed to facilitate the cross-border
activities. For example, when the cross-border hydrogen backbone needs to be established or
hydrogen needs to be imported to a seaport and then, transported to another region in another
country, itis important that governments cooperate in the permitting procedures. Simplifying existing
rules for planning and permitting in the Benelux countries and its neighbouring regions, for instance
by rapid mapping, assessment and allocation of suitable land for renewable energy projects, will play
an important role in accelerating the development of hydrogen market in the region. Although in most
of the cases, permitting procedures are coordinated at regional and national levels, the Benelux Union
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can facilitate and maximise harmonisation possibilities of permitting rules among the Benelux
countries and possibly with its neighbouring regions as well.

Furthermore, the Benelux Union can support innovative technology developers by facilitating fast-
track procedures for issuing IP and patenting.

Paving the transition path

The Benelux Union can work alongside the European Union to facilitate and accelerate the formation
of a hydrogen market in the Benelux region and maximise the collaboration and harmonisation with
its neighbouring regions in France and Germany.

One of the possible actions in the short term is to provide additional support to accelerate
development of hydrogen backbone in the industrial areas, so that hard-to-abate industries can be
among the first groups who have access to green hydrogen. To this end, there is a need for alignment
of plannings between the TSOs and the industries to guarantee the accessibility to (green) hydrogen
in time, in order for these sectors to achieve their decarbonization targets. The Benelux Union can
monitor, and if needed facilitate, the permitting process, certification, and other requirements for
swift connection of the industrial regions to hydrogen backbone.

Furthermore, to support the formation of a hydrogen market in the Benelux, there could be more
flexibility offered by the Benelux Union regarding the use of clean hydrogen (e.g., from biomass or
with CCUS) in the short term, to both minimize CO; emissions and to support the hard-to-abate
industries and transport sector achieving their goals. The use of clean hydrogen will be complementary
to green hydrogen to ensure end-users’ access to sufficient amount of non-grey hydrogen until there
is adequate green hydrogen available for different sectors. This requires flexible regulatory framework
—in the context of REDII and Il — at the Benelux level (and possibly in alignment with the neighbouring
regions) to gradually complete the transition from grey to green hydrogen and from fossil fuel to
carbon-free energy sources. Strict policy and regulations from the beginning, which is happening now
at EU level, slow down the transition and can result in shifting the investments in and productions of
green hydrogen and green products outside of EU, where the regulations are more flexible (such as in
the USA, China, India, etc.).

Another action that can be promoted and supported at the Benelux level is using different
technologies (SMR+CCUS, biomass, nuclear, etc.) for clean hydrogen production, to support different
sectors with their various decarbonisation pathways. By only focusing on green hydrogen at the start
of the market, there is a risk that production of green products will be moved to outside of Europe due
to insufficient availability of green hydrogen in the coming period before 2030. Hence, using different
technologies, at least in short term, has many benefits not only for industries and transport sectors,
which allows them to use different hydrogen technologies to meet their targets, but also for
development of innovative technologies in the region, and eventually in Europe.

Finally, the Benelux Union needs to stimulate the development and implementation of education
programmes to have skilled labour force in the region. Such activities mobilise the skilled labour forces
across the Benelux and provide a more harmonised and integrated expertise level among the Benelux
countries.

Kick-start the development of an integrated hydrogen market

Having an integrated hydrogen market in Europe is an ultimate goal, which requires lots of effort and
coordination between different Member States to provide uniform standards and policy for hydrogen
production, transport, and consumption. The European Union is working hard in the last few years to
develop adequate policy and regulations for deployment of RES as well as green gases including
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hydrogen. However, the legislation process at EU level progresses slowly since the laws needs to be
evaluated by every Member States.

Here is where the Benelux Union can step in and accelerate the policy making process by developing
the first set of regulations, in line with European Commission. The juridical process of law-making at
the Benelux is much faster compared to European Union, and hence, it provides a great window of
opportunity for the Benelux Union to be the frontrunner in certain areas (e.g., harmonisation of system
requirements, safety protocols, standards, hydrogen quality requirement for transport and
consumption of it, HRS protocols, clean hydrogen certificate, permitting for renewable energy and
hydrogen production) and the European Union can follow afterwards and take learnings from the
experiences gained. Other actions that support the formation of an integrated hydrogen market in the
Benelux and its neighbouring regions is actively working on coordination of certificates and
permitting procedures for green hydrogen production, in the short term. A platform can be developed
for establishing standards for the exchange and trade of certificates for green hydrogen production
and import and ensuring interoperability within the Benelux, and in alignment with its neighbouring
regions. The more harmonisation and integration of regulations among the Benelux countries are in
place, the faster the hydrogen market can be developed in the Benelux region and the faster different
sectors can decarbonise.

A good example of a collective support scheme is H2Global, which is originated by Germany and now
is picked up at European level. Of course, such supporting schemes are not suitable to be organized at
the Benelux level, and European level is the most suited. However, the Benelux Union can still
encourage its Member States to join such schemes. Another similar supporting is the European
Hydrogen Bank, where the Benelux Union can encourage a joint call of the Benelux-countries and its
neighbouring regions towards the European Commission for development of the European Hydrogen
Bank.

Other supporting schemes such as offering subsidies based on carbon footprints of hydrogen
production methods instead of its colour can be an effective approach offered at the Benelux Union
level. The example of such tax and funding schemes is the one offered in Inflation Reduction Act by
the US government, which makes hydrogen production more cost competitive. The Benelux Union can
apply such taxation schemes in the short term, to kickstart the hydrogen market in the region, while
the European Union is working on more integrated regulations. In this context, the Benelux Union can
promote a favourable investment climate between the EU and the US, as well. Of course, the
introduction of such schemes needs to be aligned with the broader industrial, energy and climate
policies, such as electrification, national and European climate targets, etc., so the climate targets of
each Member State can be achieved.

Further, the Benelux Union can work together with the gas TSOs to develop a well-interconnected,
cross-border hydrogen network between the Benelux countries and its neighbouring regions. Having
a strong cross-border hydrogen infrastructure, especially on strategic cross-border corridors, is key for
a strong hydrogen economy in the region. Hence, it is important that the Benelux Union in close
collaboration with both electricity and gas TSOs identify the possible bottlenecks after establishing
the hydrogen network and anticipate the required juristic tools in time to prevent any possible future
delays or obstacles for hydrogen import, transport and delivery in the coming years. This close
collaboration should also result in a joint approach for hydrogen storage, due to the perceived lack of
natural storage potentials and lack of developed storage facilities in the majority of the region.



Uniform approach for establishing hydrogen refuelling infrastructure

The Benelux and the neighbouring regions have a real opportunity to become a pilot region for the
introduction of a harmonised approach towards establishing hydrogen refuelling infrastructure. The
cross-border nature of heavy transport (road, waterborne, airborne) justifies collaboration at the level
of the Benelux and its neighbouring regions. Although the European Union has started the process of
organising a minimum level of interoperability among hydrogen refuelling infrastructure and the heavy
transport applications it needs to refuel, there seems to develop a misalignment between the
preparations, procurement and deployment of hydrogen refuelling infrastructure and the technical
requirements they have to fulfil to enable cross-border refuelling.

The requirements for the maritime applications are defined even further ahead in time, whereas the
first hydrogen refuelling stations for waterborne applications are already deployed and the further
roll-out is foreseen in the near term. Hence, with these heavy-duty sectors well represented in the
Benelux and the neighbouring regions, a common effort can be initiated at the level of the Benelux
Union and its neighbouring regions in which industrial stakeholders together with policy makers
develop guidelines and recommendations on specifications of hydrogen refuelling infrastructure for
different application areas, in anticipation of and as example for European harmonisation efforts.

The development of a uniform approach for establishing hydrogen refuelling infrastructure is
however much wider than defining interoperability characteristics, it also contains e.g.,
harmonisation of payment and certification systems, permitting requirements and refuelling
procedures, systematic exchange of lessons learned, approval procedures. Another very relevant topic
is the geographical and time alignment of the development of hydrogen refuelling infrastructure
with the deployment of applications within the Benelux and its neighbouring regions.

It is therefore recommended to establish a H2Transport Benelux platform in which key industrial
stakeholders of hydrogen refuelling infrastructure developers, operators and hydrogen application
developers and operators and policy makers (e.g., through the Benelux Hydrogen Working Group) are
organised together along an application area (heavy-duty road transport, waterborne transport) to
create a uniform approach to establishing hydrogen refuelling infrastructure. Close collaborations
should be established with H2Mobility platforms in Germany and France to ensure alignment with
neighbouring regions. Consented guidelines and recommendations stemming from the H2Transport
Benelux platform can then be proposed to be taken up by one of the legislative framework options of
the Benelux Union. In this way, the European Union is provided an excellent example and lessons
learned from implementing a uniform approach in the Benelux.



Recommendation for long-term (2026-2030)

Advance the development of an integrated hydrogen market

As mentioned before, an ultimate goal is to have an integrated hydrogen market at European level. By
taking the first steps in formation of an integrated market among the Benelux countries, and possibly
with its neighbouring regions, the Benelux Union can support Europe in long-term to develop such
market at the EU level.

Once the formation of such market is kick started in the Benelux region, it can be further advanced to
other neighbouring regions/countries, including other members of the Pentalateral Energy Forum®*,
In agreement with the Benelux countries and members of Pentalateral Energy Forum, the Benelux
Union can further provide the means for barrier-free flow of hydrogen within the Benelux, its
neighbouring regions and other Penta members (from production point to the end-user location), and
further harmonise and (possibly) integrate regulations for hydrogen production, import and transport
within the Benelux, its neighbouring regions and other Penta members. Having consensus and
agreements among fewer countries could be much faster and more efficient compared to the ones at
European level. Nevertheless, these activities are expected to be complementary, and wherever
possible pioneering, to the European policy development for hydrogen market.

Economic activities & education

Finally, the Benelux Union can play an important role in promoting the new economic activities
connected to the development of the hydrogen market in the Benelux region in the long-term.
Developing projects to produce renewable hydrogen and to develop hydrogen technologies creates
high-quality jobs and spurs economic growth in the Benelux countries. To support the new economic
activities and to deal with the shortage of skilled labour force, the Benelux Union can develop
education programs in the long term to provide diplomas and certificates that are accepted and
recognized across the Benelux region.

14 The Pentalateral Energy Forum, a regional cooperation framework steered by energy ministers from the Benelux nations
(Belgium, Netherlands, Luxembourg), France, Germany, Austria, and Switzerland stimulates energy cooperation inside Europe
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