
Rainer Quitzow, Clara Mewes, Sonja Thielges,  
Marina Tsoumpa, Yana Zabanova

Building partnerships for  
an international hydrogen 
economy
Entry-points for European policy action



w

FES diskurs 
January 2023

The Friedrich-Ebert-Stiftung
The Friedrich-Ebert-Stiftung (FES) is the oldest political foundation in Germany with a rich tradition dating back 
to its foundation in 1925. Today, it remains loyal to  the legacy of its namesake and campaigns for the core 
ideas and values of social  democracy: freedom, justice and solidarity. It has close ties to social democracy and 
the free trade unions.

FES promotes the advancement of social democracy, in particular through: 
– political educational work to strengthen civil society; 
– think tanks; 
– international cooperation with our international network of offices in more than 
   100 countries; 
– support for talented young people; 
– maintaining the collective memory of social democracy with archives, libraries and more. 

The Division for Analysis, Planning and Consulting at the Friedrich-Ebert-Stiftung
The Division for Analysis, Planning and Consulting at the Friedrich-Ebert-Stiftung sees itself as a sort of radar 
system mapping out the future and as an ‘ideas factory‘ for social democracy. It combines analysis and dis- 
cussion in its work. It brings together expertise from the fields of academia, civil society, economics, administration 
and politics. Its aim and purpose is to advise political and trade union decision-makers to help them meet 
current and future challenges, and to introduce progressive ideas into the social policy debate.

FES diskurs
FES discourses involve comprehensive analyses of sociopolitical issues. Based on empirical findings, they make 
recommendations for policy action based on solid scientific and scholarly findings.

About the authors
Dr. Rainer Quitzow leads the research group “Geopolitics of the Transition to Climate Neutrality” and coordinates the 
research area “Energy Transitions and Societal Change” at the Research Institute for Sustainability – Helmholtz Centre 
Potsdam (RIFS Potsdam).

Clara Mewes works as research associate at the Initiative Klimaneutrales Deutschland (IKND), where she concentrates 
on Germany’s and the EU’s path to climate neutrality and how to communicate about it.

Dr. Sonja Thielges leads the research group “Industrial Decarbonization Strategies”  at the Research Institute for 
Sustainability – Helmholtz Centre Potsdam (RIFS Potsdam). Her research focuses on the policies, governance and 
societal acceptance of industry decarbonization, the global energy transition as well as international climate policy.

Marina Tsoumpa is a consultant at Fichtner GmbH & Co.KG, where she focuses on green hydrogen regulations, codes 
and standards.

Yana Zabanova is a research associate at the Research Institute for Sustainability – Helmholtz Centre Potsdam (RIFS 
Potsdam), where she focuses on the geopolitics and geoeconomics of an international hydrogen economy as part of 
the GET Hydrogen project funded by the Federal Foreign Office.

Responsible for this publication at the FES 
Max Ostermayer is responsible for climate, environment and energy policy at the Division for Analysis, Planning 
and Consulting at the Friedrich-Ebert-Stiftung.

The contributions of the Research Institute for Sustainability – Helmholtz Centre Potsdam (RIFS Potsdam) are 
funded by the German Federal Foreign Office within the framework of the project “Geopolitics of the Energy 
Transformation: Implications of an International Hydrogen Economy” (GET Hydrogen).



 3  ACKNOWLEDGEMENTS

 4  EXECUTIVE SUMMARY

 6 1 INTRODUCTION

 7 2  INTERNATIONAL COOPERATION IN AN EMERGING HYDROGEN ECONOMY:  
   KEY DIMENSIONS FOR POLICY DEVELOPMENT

 10 3 KEY POLICY MESSAGES FOR THE DEVELOPMENT OF INTERNATIONAL  
   HYDROGEN COOPERATION

 
 20  List of abbreviations 
20  Index of figures 
 21  References

Rainer Quitzow, Clara Mewes, Sonja Thielges,  
Marina Tsoumpa, Yana Zabanova

Building partnerships for an  
international hydrogen economy
Entry-points for European policy action

FRIEDRICH-EBERT-STIFTUNG 1



2 BUILDING PARTNERSHIPS FOR AN INTERNATIONAL HYDROGEN ECONOMY JANUARY 2023 FES diskurs



This policy paper was developed on the basis of a dialogue 
series on international cooperation in the emerging hy-
drogen economy, organised jointly by the Friedrich-Ebert- 
Stiftung (FES) and the Research Institute for Sustaina-
bility - Helmholtz Centre Potsdam (RIFS Potsdam). The 
authors would like to thank Max Ostermeyer (FES) for 
coordinating the dialogue series on behalf of the FES and 
RIFS Potsdam. We also thank him for comments at differ-
ent stages of developing the paper. The dialogue series 
was also actively supported by Jens Geier (Member of the 
European Parliament, SPD), Andreas Rimkus (Member of 
the German Bundestag, SPD) and Bernd Westphal (Mem-
ber of the German Bundestag, SPD). Special thanks also 
go to them and their staff, including Verena Hof, Jonas 
Knorr and Dennis Weber for their feedback on an earlier 
draft of the paper. In addition, the authors thank Werner 
Diwald (German Hydrogen and Fuel Cells Association),  
Ulrike Hinz (WWF), Holger Klitzing (Federal Foreign 
Office), Patrizia Kraft (German Trade Union Association, 
DGB), Till Strunge (RIFS Potsdam) and Neelke Wagner 
(Klima-Allianz Deutschland) for their comments on an 
earlier draft. 

ACKNOWLEDGEMENTS

FRIEDRICH-EBERT-STIFTUNG 3



This paper discusses the key questions and challenges for 
promoting international cooperation between the EU and 
potential international partners within an emerging hy-
drogen economy. On this basis, it identifies entry-points 
for related policy action. Specifically, it outlines six policy 
dimensions (see Figure 1) that European policymakers 
should consider when engaging in the development of in-
ternational partnerships within the emerging hydrogen 
economy: climate mitigation, green industrial develop-
ment in Europe, just transitions in partner countries, geo-
politics, security of supply, and economic feasibility. Tak-
ing these six dimensions as its starting point, the paper 
presents nine policy messages for the development of an 
international hydrogen economy within the context of 
broader decarbonisation efforts in the EU.

MESSAGE 1 
PREFERENCE SHOULD BE GIVEN TO RENEWABLE 
HYDROGEN CAPACITY DEVELOPMENT IN THE 
EUROPEAN UNION AND ITS IMMEDIATE VICINITY
The development of hydrogen production capacities in the 
European Union (EU) and in its immediate vicinity has 
clear advantages that should not be underestimated. First, 
hydrogen supply within the EU and its immediate vicinity 
has important advantages from a security of supply  
perspective. While this goes without saying for countries 
within the EU, also those in the immediate vicinity of  
the EU are less likely to abandon the EU market for other 
buyers. This should not lead to an unbalanced depend-
ence on single suppliers or transport routes. However, a 
base of regional suppliers can build a robust core, to be 
supplemented with suppliers from farther afield.

MESSAGE 2
THE EU NEEDS A HYDROGEN PIPELINE INFRA-
STRUCTURE, INCLUDING INTERCONNECTIONS 
BETWEEN SPAIN AND FRANCE, FOR TRADE 
AMONG MEMBER STATES AND WITH THE EURO- 
PEAN NEIGHBOURHOOD, AS WELL AS SHIPPING 
TERMINALS TO DIVERSIFY IMPORTS

A European hydrogen pipeline infrastructure will be es-
sential not only for Member States with large renewable 
energy potential to supply demand centres in other parts 
of the EU (IRENA 2022a). It is also important for enabling 
the supply of hydrogen from the EU’s northern, southern 
and eastern neighbourhood. To support diversification, it 
will also be important to equip major European ports to 
be able to handle hydrogen and hydrogen-based synthetic 
fuels. 

MESSAGE 3 
REGIONAL TRADE IN HYDROGEN SHOULD  
NOT REPLACE AMBITIONS TO INCREASE  
ELECTRICITY TRADE WITH COUNTRIES IN THE 
EUROPEAN NEIGHBOURHOOD, BUT SHOULD 
COMPLEMENT IT 

Current discussions on an emerging hydrogen economy 
and related policy developments appear to have sidelined 
previous discussions on increased integration of electrici-
ty systems both within the EU and between the EU and its 
neighbours. While renewable electricity production has 
steadily increased in the EU over recent years, intercon-
nection capacity has not (Pepermans 2018). Increased in-
terconnections within the EU and with neighbouring 
countries provide the basis for increased electricity im-
ports with benefits for balancing variable renewable ener-
gy sources. Electricity grids also have an often neglected 
geopolitical dimension. They can function as a distinct 
realm of integration and may be used as channels of inf lu-
ence (Westphal, Pastukhova and Pepe 2022).

MESSAGE 4
PARTNERSHIPS FOR THE PROMOTION OF HY-
DROGEN TRADE NEED TO BE EMBEDDED IN 
BROADER GREEN INDUSTRIAL DEVELOPMENT 
PARTNERSHIPS AIMED AT SUPPORTING SO-
CIO-ECONOMIC DEVELOPMENT AND DECAR-
BONISATION OF THE PARTNER ECONOMY 

Partnerships for promoting hydrogen trade between poten- 
tial producer countries and the EU will be successful only 
if embedded in broader green industrial partnerships aimed 
at supporting decarbonisation and socio-economic devel-
opment in both the EU and partner countries. Indeed, some 
of the most tangible efforts at promoting investment in 
renewable hydrogen projects are linked to strategies for in- 
creasing domestic value-creation in the sector. The devel-
opment of future economic relations will have to take these 
industrial development ambitions into account. 

MESSAGE 5
SUSTAINABILITY CERTIFICATION SCHEMES ARE 
NEEDED TO ENABLE THE RAMP-UP OF RENEW-
ABLE HYDROGEN PRODUCTION AND SHOULD 
PROMOTE INCREASINGLY SUSTAINABLE PRO-
DUCTION PRACTICES OVER TIME

Robust sustainability-certification schemes are needed to 
ensure that hydrogen production in partner countries 

EXECUTIVE SUMMARY
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makes a positive contribution to both climate protection 
and local sustainable development. It is also likely to rep-
resent a precondition for sustained public acceptance of 
policies in support of hydrogen-based decarbonisation 
schemes (ILF and LBST 2021). The example of interna-
tional biofuel trade – and the import of biofuels based on 
palm oil in particular – has shown how a lack of credible 
sustainability standards may lead to the erosion of public 
acceptance and reduced policy support over time (Oost-
erveer 2020). At the same time, there are concerns that 
adherence to sustainability standards will slow down the 
needed ramp-up of renewable hydrogen production. This 
dilemma cannot be resolved entirely. However, a phased 
approach to the implementation of sustainability certifi-
cation schemes could offer an entry-point for enabling the 
needed scale-up of investment, while ensuring that sus-
tainable production practices are established over time 
(Climate Bonds 2022). 

MESSAGE 6
THE EU NEEDS TO DEVELOP JOINT PRINCIPLES 
FOR ITS HYDROGEN FOREIGN POLICY

Without common principles for hydrogen foreign policy 
in the EU, different Member States may send contradicto-
ry signals to respective partner countries. This weakens 
the EU’s attractiveness as a partner and hence its ability 
to inf luence global standards for hydrogen trade. While 
overcoming such differences may not be easy, this should 
be an important goal of EU-level hydrogen policy. In the 
absence of such an agreement, a second-best option would 
be a common approach among a group of like-minded 
countries. 

MESSAGE 7
THE EU SHOULD SEEK TO ALIGN ITS PRO- 
MOTION OF A GLOBAL HYDROGEN ECONO- 
MY WITH THE UNITED STATES AND OTHER  
G7 COUNTRIES

While the EU wields significant market power that it can 
deploy to promote international standards, a joint ap-
proach across G7 economies would significantly augment 
the weight of related standards. In this vein, the various 
G7 initiatives, such as the G7 Industrial Decarbonisation 
Initiative, the G7 Hydrogen Action Pact and the Climate 
Club initiative represent important steps in this direction 
that should receive strong support from the EU and the 
European G7 countries (G7 Germany 2022). Of course, 
this also implies compromise with G7 partners. It is, how-

ever, in the EU’s interest to find an accommodation with-
in the G7 on these issues to retain its inf luence on global 
developments in this sphere. 

MESSAGE 8
IN PURSUIT OF THEIR HYDROGEN PARTNERSHIPS, 
EUROPE AND GERMANY NEED TO ACTIVELY 
TACKLE THE CHALLENGING QUESTIONS RELATED 
TO “BLUE HYDROGEN” AND, IN THIS CONTEXT, 
ALSO CARBON CAPTURE

Emerging hydrogen partnerships, such as Germany’s 
partnerships with the UAE and Norway, have acknowl-
edged that blue hydrogen is expected to play a major role 
in planned hydrogen imports from these countries 
(BMWK 2022a; BMWK 2022b). Against this background, 
it is essential that Germany and the EU clarify the condi-
tions under which blue hydrogen, and hence CCS, should 
in fact be part of their pathways towards climate neutrali-
ty. In addition, imports of blue hydrogen require engage-
ment with partner countries to ensure the capture and 
large-scale, safe geological storage of CO2, as well as the 
highest possible standards for natural gas production and 
transport to avoid methane leaks (Tovar and Azadegan 
2022; Filiou et al. 2003; Floristean and Brahy 2019). This 
should be a precondition for any imports of blue hydro-
gen. 

MESSAGE 9
THE USE OF HYDROGEN-BASED SYNTHETIC  
FUELS WILL REQUIRE INTERNATIONAL COOPER-
ATION AND DIALOGUE FOR THE SUSTAINABLE 
DEPLOYMENT OF TECHNOLOGIES FOR CARBON 
CAPTURE AND TRANSPORT

If increased hydrogen imports are to unfold their mitiga-
tion potential in hard-to-electrify segments of the trans-
port sector (such as aviation) an infrastructure for syn-
thetic fuels will have to be developed. Synthetic fuels are 
produced in an energy-intensive process on the basis of 
hydrogen and carbon dioxide (CO2) (Ferrari et al. 2014). 
This means that emerging hydrogen partnerships target-
ing synthetic fuels will also have to support the establish-
ment of an infrastructure for CO2 capture and transport 
(Billig et al. 2019). This should build on an informed pub-
lic debate and the creation of related standards and regu-
lations to ensure the compatibility of these CO2-related 
technologies and their deployment in partner countries 
with climate-neutrality targets (Chauvy and De Weireld 
2020). 
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An increasing number of national governments, regional 
authorities, cities, companies and private businesses have 
formulated climate-neutrality targets and are striving to 
achieve climate neutrality by the middle of this century. 
Hydrogen-related technologies will play a key role in this 
endeavour, particularly for decarbonising hard-to-electri-
fy industrial processes, such as steel production, and 
long-distance transport, including aviation and maritime 
shipping. Additionally, hydrogen can be used as a poten-
tial storage medium for renewable electricity to stabilise 
future electricity systems that will be dominated by varia-
ble renewable energy (IEA 2019). Moreover, these areas of 
application are not only key to achieving climate neutrali-
ty, they are also linked to prospects for new industrial 
value creation and related employment opportunities. 

The deployment of hydrogen must go hand in hand 
with a rapid expansion of renewable energy, however. Hy-
drogen demand in the EU and Germany is projected to 
exceed domestic production capacities. In 2050, Germany 
is likely to consume an estimated 400 to 800 TWh of hy-
drogen and synthesis products (Wietschel et al. 2021). 
This amounts to two to four times the current renewable 
energy generation in Germany, which stood at 234 TWh 
in 2021 (BMWK, 2022c). After 2040, imports from both 
EU and non-EU countries are therefore expected to be-
come the leading source of hydrogen supply for hydrogen 
in Germany (BMWK 2020; Wietschel et al. 2021). Simul-
taneously, the EU’s REPower Plan targets the production 
of 10 million tonnes of domestic hydrogen production and 
an equivalent amount of imports by 2030 (EC 2022c).

To realise these goals, both the European and the Ger-
man hydrogen strategies envisage strategic technology 
and energy partnerships with other regions that offer fa-
vourable conditions for the production of renewable hy-
drogen (BMWK 2020; EC 2020). However, the develop-
ment of such partnerships faces important challenges and 
has implications that extend far beyond the hydrogen sec-
tor. The development of an international hydrogen econo-
my will reshape the global energy landscape and affect 
broader economic relations and related spheres of geopo-
litical inf luence (IRENA 2022b). Moreover, these develop-
ments are taking place against the background of major 
geopolitical realignments, caused by the increasing geo- 
economic competition with China and the Russian in- 
vasion of Ukraine. Indeed, the latter has led the EU to an-
nounce a major increase in its hydrogen ambitions as part 
of its strategy to reduce its dependence on Russian natural 
gas (EC 2022c). This in turn raises questions regarding 
the development of new dependencies and vulnerabilities 
within an emerging hydrogen economy. 

Against this background, this paper discusses the most 
important questions and challenges for the promotion  
of international cooperation between the EU and potential 
international partners within an emerging hydrogen eco- 
nomy. On this basis, it identifies entry-points for related 
policy action. Specifically, the paper proposes a frame-
work consisting of six policy dimensions that European 
policymakers should consider when developing and sup-
porting international partnership development. Taking 
these six dimensions as its starting point, the paper presents 
a set of nine policy messages for developing an interna-
tional hydrogen economy within the context of broader 
decarbonisation efforts in the EU. 

1
INTRODUCTION
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FIGURE 1

Key policy dimensions for developing international partnerships within 
the emerging hydrogen economy

Source: Authors.
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2
INTERNATIONAL COOPERATION IN AN 
EMERGING HYDROGEN ECONOMY: KEY  
DIMENSIONS FOR POLICY DEVELOPMENT
In the following, we outline six basic policy dimensions 
(see Figure 1) that in our view European policymakers 
should consider when engaging in the development of in-
ternational partnerships within the emerging hydrogen 
economy: climate mitigation, green industrial develop-
ment in Europe, just transitions in partner countries, geo-
politics, security of supply, and economic feasibility. 
These six dimensions and related policy objectives may be 

mutually reinforcing, but, depending on the context, they 
may also conf lict. Hence, the development of internation-
al cooperation involves the challenging task of consider-
ing the trade-offs between these dimensions. Each of the 
six policy dimensions and their relevance for internation-
al cooperation in the field of hydrogen are outlined brief-
ly below.
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CLIMATE MITIGATION 

Climate mitigation is the central motivation and driver 
for the development of a hydrogen economy. Thus, it is 
intentionally placed at the centre of Figure 1. The central 
aim of international cooperation on hydrogen should be 
to reduce global greenhouse gas emissions. Related invest-
ments in hydrogen production and trade should offer a 
tangible contribution to achieving the Paris Agreement. 
In this vein, it is important to acknowledge that the direct 
use of renewable energy in the power sector offers signifi-
cantly higher reductions of greenhouse gases (GHG) than 
when converted into renewable hydrogen and deployed  
for the decarbonisation of end-use sectors in transport, 
heating or industry (Ueckerdt et al. 2021). From a short-
term perspective and in the absence of a fully decarbon-
ised power sector, the direct use of renewable power rep-
resents a more effective climate mitigation option. 

Nonetheless, there is a rationale for investments in re-
newable hydrogen production today, despite the fact that 
the power supply in most countries still relies heavily on 
fossil-based electricity generation. Renewable electricity 
cannot be employed directly for the decarbonisation of a 
number of end-use sectors. Particularly in a number of 
energy-intensive industries, hydrogen is therefore essen-
tial for achieving climate neutrality in the long-term (Com- 
mittee on Climate Change 2018). This in turn requires a 
long-term process of innovation and industrial develop-
ment to enable the production of renewable hydrogen at 
the required scale and cost, and to develop the necessary 
market and transport infrastructure for trading it inter-
nationally (IAP UNIDO 2022). 

In addition, even if overall renewable shares are still 
woefully insufficient overall, there may be regions with 
high shares of renewable power that enjoy a surplus of 
electricity during times of high resource availability. Be-
cause of lags in the development of sufficient grid infra-
structure, this may mean that extra capacity could be uti-
lised for hydrogen production without affecting power 
sector decarbonisation (Kalpin et al. 2021). In certain in-
stances, hydrogen production could even function as a 
storage medium to balance volatile renewable resources 
(IRENA 2019). Furthermore, in countries or regions with 
only incipient renewable power development, foreign-sup-
ported investments in renewable hydrogen production 
may indeed provide added impetus for the deployment of 
renewables (ESMAP 2020). It may catalyse initial invest-
ments and support capacity-building and institutional de-
velopment, with positive spillovers for the sector. 

In conclusion, climate mitigation provides the core ra-
tionale for investment in renewable hydrogen production. 
Hence, investments in renewable power for this purpose 
should not undermine climate mitigation efforts. Wheth-
er this is the case depends on local infrastructure condi-
tions, as well as the broader development of the sector and 
its institutional environment. It is essential that interna-
tional efforts take these different aspects into considera-
tion when designing and implementing support schemes 
in an emerging hydrogen economy. 

GREEN INDUSTRIAL DEVELOPMENT 
IN EUROPE

European green industrial policy objectives represent an-
other critical dimension in the pursuit of global hydrogen 
partnerships. This includes the ambition to build a com-
petitive electrolyser industry, as well as securing Europe-
an value creation in future climate-neutral industrial sec-
tors. The former involves the promotion of European 
technology suppliers, both domestically and in those 
countries and regions with high potential for investment 
in renewable hydrogen. Increasingly, this hinges on the 
question of financing (Tagliapietra and Veugelers 2020). 
Not only Chinese firms but also firms from the United 
States, the Middle East and other Asian economies have 
been strongly supported by favourable export financing 
arrangements to facilitate investment and exports in both 
the traditional and the clean energy sectors. The EU and 
its Member States have yet to develop similarly favourable 
financing approaches, putting European suppliers at a 
disadvantage in this regard (ExFiLab 2021). 

At the same time, securing value creation in future, 
climate-friendly industrial sectors is strongly linked to 
securing access to climate-friendly hydrogen, as well as 
renewable electricity at competitive prices (EPRS 2021). 
Given the relative scarcity of land for the deployment of 
renewables in Europe, this means building supply part-
nerships for these energy resources. It could, however, 
also involve the development of new relationships for the 
supply of other intermediate products, such as renewable 
naphtha as the basis for future chemical production or 
so-called direct-reduced iron for climate-friendly steel 
production (Quitzow et al. 2022). 

JUST TRANSITIONS IN PARTNER COUNTRIES 

The European green industrial policy ambitions stand side 
by side with corresponding objectives in potential partner 
countries. This raises questions regarding the distribution 
of costs and benefits between producers and users of  
renewable hydrogen. While the production of renewable 
hydrogen may offer substantial export revenues, it also 
comes with a substantial environmental impact (Ullman 
and Kittner 2022). This in turn raises questions of global 
economic and environmental justice and potentially ex-
ploitative relationships of economic exchange (Quitzow et 
al. 2022). Related to this, potential hydrogen suppliers may 
be less interested in the export of hydrogen as a primary 
good than in the development of more sophisticated hy-
drogen-based supply chains. These questions of global 
justice and local socio-economic development goals are 
being addressed within the framework of a “ just transi-
tion” (Newell and Mulvaney 2013). Like the transition to 
climate neutrality more broadly, investments in hydrogen 
production and the export of hydrogen and hydrogen- 
based products will be contingent on realising credible 
just-transition processes in partner countries (Kalt and 
Tunn 2022). 
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SECURITY OF SUPPLY 

The invasion of Ukraine and the escalating conf lict be-
tween Russia and the West have demonstrated with great 
force that stable supply relationships and liberalised ener-
gy markets based on economic competition cannot be 
taken for granted (Quitzow et al. 2022). The tense relations 
with Morocco, one of Europe’s closest partners in the 
sphere of clean energy development, resulting from the 
conf lict in the Western Sahara further illustrate this 
point (Reyes 2022). Clearly, this cannot be ignored in the 
development of new energy relationships for a future cli-
mate-neutral economy and specifically hydrogen trade. 
It implies the need for diversification of supply relation-
ships and transport routes to support the security of fu-
ture hydrogen supply (Wietschel et al. 2022).

GEOPOLITICS

Russia’s invasion of Ukraine has also highlighted the close 
relationship between energy security and geopolitics. 
However, geopolitics goes beyond questions of energy se-
curity. The development of partnerships in the hydrogen 
sector will not only reshape the global energy landscape, 
but will affect broader economic relations and related 
spheres of geopolitical inf luence and levers in the long term. 
Moreover, the transition to climate neutrality will create 
disruptive changes that may cause turbulence and con-
f licts in the affected countries and regions (Bazilian et al. 
2019). Both require consideration in an effort to ensure 
geopolitical stability and maintain and strengthen Eu-
rope’s global inf luence in support of its values and interests. 
For instance, production of hydrogen and its derivatives 
may represent an entry-point for maintaining stability in 
fossil-fuel exporting countries, offering possible avenues 
for economic diversification (IRENA 2022b). More gener-
ally, hydrogen diplomacy may offer opportunities for 
strengthening relationships with strategic and like-mind-
ed partners in an effort to promote European values and 
interests abroad. 

On the other hand, hydrogen production based on re-
newable electricity requires land in order to install renew-
able energy systems, as well as water for electrolysis. In 
many water-stressed, rural economies, hydrogen produc-
tion has the potential to increase the conf lict around land 
and water (Herold et al. 2021). Finally, the race for leader-
ship in climate-friendly technologies is likely to intensify 
in the coming years, leading to heightened competition 
over technological know-how, as well as critical resources 
for the development of hydrogen-based supply chains 
(IRENA 2022b). As Europe, the United States and China 
compete for leadership in this field, this will involve buil- 
ding strategic partnerships with resource-rich countries, 
while promoting a favourable climate for innovation and 
industrial development. 

ECONOMIC FEASIBILITY

Last but not least, the question of economic feasibility and 
efficiency remains a fundamental criterion for invest-
ments in hydrogen-related infrastructure. However, this 
criterion is also very difficult to assess because market 
development is in its early stages and there is a high level 
of uncertainty (Odenweller et al. 2022). The two largest 
cost components in renewable hydrogen production are 
renewable electricity and electrolysis facilities (IRENA 
2020). Costs for renewable electricity have seen steep de-
clines over recent decades. The cost of electrolysis and re-
lated equipment are in the early stages of industrial devel-
opment and face much greater uncertainty. While experts 
agree that cost reductions will be forthcoming as manu-
facturing capacity is expanded, timescales remain uncer-
tain (Christensen 2020). Among other things, it is unclear 
at what pace the needed scaling-up of production capacity 
will occur. Added to this are other cost factors beyond 
electricity and equipment, including transport, system 
integration of renewable hydrogen, the broader regulatory 
framework of the power sector, as well as the cost of capi- 
tal (Odenweller et al. 2022). Finally, cost estimates provide 
a somewhat artificial picture of developments in a market 
environment, where both supply and demand variables 
remain uncertain (Dos Reis 2021). This is already playing 
out in the current gas crisis. Increasing gas prices have 
also driven up the cost of producing so-called blue hydro-
gen based on natural gas with carbon capture and storage 
(CCS) technologies (Tillier 2021). This has fundamentally 
altered the calculus for investments in blue hydrogen,  
especially in Europe. As markets start to take shape, de-
veloping insights into market prices will be essential. 
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Based on the six dimensions outlined above, the remain-
der of this paper proposes a series of more specific impli-
cations for the development of hydrogen partnerships be-
tween the European Union and international partners. 
These are captured in the form of nine messages.  
 
 
MESSAGE 1 
PREFERENCE SHOULD BE GIVEN TO RENEWABLE 
HYDROGEN CAPACITY DEVELOPMENT IN THE 
EUROPEAN UNION AND ITS IMMEDIATE VICINITY 

The development of hydrogen production capacities in the 
European Union and in its immediate vicinity has clear 
advantages that should not be underestimated. First, hy-
drogen supply within the European Union and its imme-
diate vicinity has important advantages from a security  
of supply perspective. While this goes without saying for 
countries within the EU, also those in its immediate vi-
cinity are less likely to abandon the EU market for other 
buyers. This should not lead to an unbalanced dependence 
on single suppliers or transport routes. However, a base  
of regional suppliers can build a robust core, to be supple-
mented with suppliers from farther afield.

Moreover, partners from the European neighbourhood 
should be integrated into regional hydrogen production 
clusters. This will act as an incentive for industrial actors 
to invest in a new generation of climate-neutral industrial 
processes (Witecka et al. 2021). The idea of hydrogen val-
leys, or clusters, is to identify areas with a high renewable 
energy potential that are also attractive locations for an 
industry pursuing decarbonisation. This would reduce the 
cost of renewable hydrogen by ensuring a high load factor 
for electrolysers and match hydrogen supply with the de-
mand generated by the industrial off-takers located onsite 
(Petrollese et al. 2022). If the EU can develop such hydro-
gen valleys in high potential areas within the EU, these can 
become the nuclei for partnerships with nearby suppliers. 
The region around the North and Baltic Sea stands out as 
such a region in Northern Europe, where EU countries 
along with Norway, the United Kingdom and Iceland could 
emerge as such an industrial zone (Simonyi and Svendstorp 
2022). Similarly, the Iberian Peninsula with its existing 
electricity trade with Morocco could be the starting point 
for such a development (Nuñez-Jimenez and De Blasio 2022).

3
KEY POLICY MESSAGES FOR THE  
DEVELOPMENT OF INTERNATIONAL 
HYDROGEN COOPERATION
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FIGURE 2

Source: The authors, based on data from Glöser-Chahoud (2021), IEA (2022), Olje Og Energidepartementet (2021), RISE ESMAP (2019), UK Government (2021), WAM (2021).
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MESSAGE 2 
THE EU NEEDS A HYDROGEN PIPELINE INFRA-
STRUCTURE, INCLUDING INTERCONNECTIONS 
BETWEEN SPAIN AND FRANCE, FOR TRADE 
AMONG MEMBER STATES AND WITH THE EURO- 
PEAN NEIGHBOURHOOD, AS WELL AS SHIPPING 
TERMINALS TO DIVERSIFY IMPORTS

A European hydrogen pipeline infrastructure will be es-
sential not only for Member States with large renewable 
energy potential to supply demand centres in other parts 
of the EU (IRENA 2022a). It is also important for ena-
bling the supply of hydrogen from the EU’s northern, 
southern and eastern neighbourhood. During the first 
stage of development, the focus should be on supplying 
areas with high industrial demand, such as refineries, as 
well as the steel, ammonia and chemical industries, which 
can serve as reliable, large-scale off-takers (Agora 2021). 
In this context, it will also be important to develop inter-
connections between the Iberian Peninsula and France. 
This will be important, not only for providing an export 
route for supplying demand centres in Central and West-
ern Europe with hydrogen from Spain and Portugal, but 
for enabling cost-effective imports from Europe’s south-
ern neighbourhood (see Figure 3). 

A regional pipeline network will be one important ave-
nue for supplying European demand centres with low-cost 
hydrogen from within the EU and its immediate neigh-
bourhood. Infrastructure for imports via shipping routes 
from more distant locations, such as North America or 
Africa, will offer additional security of supply (HBS 2022). 
As the current gas crisis has shown, the availability of al-
ternate supply routes can become critical in the case of 
disruptions in regional supply. They also weaken suppliers’ 
political leverage by reducing asymmetric dependencies  
(IEC 2022c). To support diversification, it will be essential to 
equip major European ports for handling hydrogen and 
hydrogen-based synthetic fuels. This would involve inves- 
ting in hydrogen conversion and reconversion plants and 
storage facilities and the development of partnerships and 
demonstration projects similar to those pursued by the 
Port of Rotterdam in its ambition to become a major Eu-
ropean hydrogen hub (Port of Rotterdam 2022).
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Overview of key hydrogen projects, existing natural gas pipelines and status of 
renewable and hydrogen policy development in the European neighbourhood 
(including the Middle East)

FIGURE 3

Source: Authors based on World Bank Regulatory Indicators for Sustainable Energy (rise.esmap.org); IEA Hydrogen Projects Database; Westphal et al. (2022).
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MESSAGE 3
REGIONAL TRADE IN HYDROGEN SHOULD NOT 
REPLACE AMBITIONS TO INCREASE ELECTRICITY 
TRADE WITH COUNTRIES IN THE EUROPEAN 
NEIGHBOURHOOD BUT SHOULD COMPLEMENT IT

Current discussions on an emerging hydrogen economy 
and related policy developments appear to have sidelined 
previous discussions on increased integration of electrici-
ty systems both within the EU and between the EU and its 
neighbours. While renewable electricity production has 
steadily increased in the EU over recent years, intercon-
nection capacity has not (Pepermans 2018). The EU has 
set a goal of achieving a 15 per cent interconnection rate 
by 2030, meaning that each Member State should have the 
infrastructure in place to allow at least 15 per cent of the 
electricity produced on its territory to be transported 
across its borders to neighbouring countries (EC 2022b). 
Increased interconnections within the EU and with neigh-
bouring countries provide the basis for increased electric-
ity imports with benefits for balancing variable renewable 
energy sources. This in turn would reduce overall energy 
system cost in Europe, with positive effects for the cost of 
domestic hydrogen production. Electricity imports could 
also benefit security of supply, which is increasingly af-
fected by climate change. Severe heat waves may decrease 
electricity production from hydropower plants or reduce 
the availability of water for cooling nuclear reactors, as is 
currently the case in France (Linnerud et al. 2011; Pechan 
and Eisenack 2014). Lastly, the water requirements for 
electrolysis may act as a constraint on renewable hydrogen 
production in water-stressed regions, such as parts of North 
Africa. This may make electricity trade an attractive  
supplementary export route in some cases (see Figure 4).

Electricity grids also have an oft-neglected geopolitical 
dimension. They can function as a distinct realm of inte-
gration and may be used as channels of inf luence (Westphal, 
Pastukhova and Pepe 2022). Ukraine is a case in point:  
for years, it had been preparing to disconnect from the 
Russian-operated electricity network in favour of the Euro- 
pean grid. Shortly after the invasion in February 2022, in 
which Ukraine’s energy infrastructure was directly tar-
geted, Ukraine fully disconnected from the Russian grid. 
In a matter of weeks, the Ukrainian power system was 
synchronised with the European grid, and in June 2022, 
Ukraine began exporting electricity to the EU (Blaustein 
2022).

In other words, the potential for regional trade in elec-
tricity should not be neglected politically. Rather, efforts 
should be renewed in parallel or possibly even integrated 
with those aimed at the hydrogen sector. An integrated 
approach would offer the additional benefit of realising 
potential synergies (Seck et al. 2022).
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Water stress level within the EU neighbourhood in 2019 and 
existing electricity interconnections with the EU

Source: The authors, based on data from Hofste et al. (2019) and Westphal et al. (2022).
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MESSAGE 4
PARTNERSHIPS FOR THE PROMOTION OF  
HYDROGEN TRADE NEED TO BE EMBEDDED IN 
BROADER GREEN INDUSTRIAL DEVELOPMENT 
PARTNERSHIPS AIMED AT SUPPORTING SOCIO- 
ECONOMIC DEVELOPMENT AND DECARBONI-
SATION OF THE PARTNER ECONOMY

Partnerships for promoting hydrogen trade between po-
tential producer countries and the EU will be successful 
only if embedded in broader green industrial partnerships 
aimed at supporting decarbonisation and socio-economic 
development in both the EU and partner countries (see 
Figure 5 for an overview of emerging hydrogen partner-
ships in the European neighbourhood). To begin with, it 
is uncertain whether African and Middle Eastern coun-
tries are interested in developing partnerships focused 
primarily on the supply of renewable hydrogen and other 
raw materials for the decarbonisation of the European in-
dustrial system. Rather, it appears that the most tangible 
efforts at promoting investment in renewable hydrogen 
projects have been launched with domestic value-creation 
in mind. Countries such as Morocco and Egypt, for in-
stance, have supported investments in renewable hydro-
gen supply as the basis for the production of green ammo-
nia, seeking to position these countries as producers and 
potential exporters of climate-friendly fertilisers (Nweke-
Eze and Quitzow et al. 2022). Similarly, zero-carbon di-
rect reduced iron (DRI) could be produced with renewable 
hydrogen directly at electrolysis sites and become a global-
ly traded commodity (Gielen et al. 2020; Trollip et al. 
2022). Namibia is considering this among a number of op-
tions to utilise its large potential for renewable hydrogen 
production to support local industrial development 
(Creamer 2022).

The development of future economic relations will 
have to take these industrial development ambitions into 
account. Indeed, such efforts should be welcomed as im-
portant stepping stones towards the development of pro-
gressively more ambitious climate targets. Experience has 
shown that the formation of green industrial alliances 
represents a crucial ingredient in the process of ramping 
up domestic climate action over time, as foreseen by the 
Paris Agreement’s ambition mechanism (Meckling 2021).

Finally, such broad-based green industrial develop-
ment partnerships may also be important for strengthen-
ing European geopolitical inf luence in partner countries, 
while securing the competitiveness of European industry 
in a future climate-neutral economy. Indeed, it may mean 
that the import of competitively priced intermediate 
goods may be the key to supporting the competitiveness 
of European industrial value chains in the future (Taglia- 
pietra and Veugelers 2021). A narrower focus on hydrogen 
partnerships may squander opportunities for building 
mutually beneficial and stable trade relationships.
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Sources: Official reports, websites and media sources. For details, see endnotes.

FIGURE 5

Emerging bilateral hydrogen partnerships between EU Member States and 
countries in the European neighbourhood
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MESSAGE 5 
SUSTAINABILITY CERTIFICATION SCHEMES ARE 
NEEDED TO ENABLE THE RAMP-UP OF RENEW-
ABLE HYDROGEN PRODUCTION AND SHOULD 
PROMOTE INCREASINGLY SUSTAINABLE PRO-
DUCTION PRACTICES OVER TIME

As outlined above, renewable power that is allocated to 
the production of hydrogen via electrolysis is less effective 
at mitigating climate change than its allocation to the 
power sector. Hence, arguably, renewable hydrogen pro-
duction that slows down decarbonisation of the power 
sector in producer countries will also slow down overall 
reduction of GHG emissions. Moreover, the production of 
renewable hydrogen has local environmental impacts, 
most notably by increasing pressure on local land and wa-
ter resources. If not managed appropriately, these local 
environmental impacts may translate into significant neg-
ative impacts on local populations (Herold et al. 2021).

For these reasons, there is widespread consensus that 
international hydrogen trade requires robust sustainabili-
ty certification schemes. Indeed, they are likely to repre-
sent a precondition for the public acceptance of policies in 
support of hydrogen-based decarbonisation schemes (ILF 
and LBST 2021). The examples of international biofuel 
trade and the import of biofuels based on palm oil in par-
ticular have shown how the lack of credible sustainability 
standards may lead to the erosion of public acceptance 
and reduced policy support over time (Oosterveer 2020). 
At the same time, there are concerns that adherence to 
sustainability standards will slow down the needed ramp-
up of renewable hydrogen production. This dilemma can-
not be resolved entirely. However, a phased approach to 
the implementation of sustainability certification schemes 
could offer an entry-point for enabling the needed scale-
up of investment, while ensuring that sustainable produc-
tion practices are established over time (Climate Bonds 
2022). This would involve the gradual ramping up of sus-
tainability criteria, while supporting learning and innova-
tion among value chain stakeholders. This is a common 
approach in voluntary sustainability certification schemes 
that could be adapted for a regulated hydrogen market 
(ISEAL 2014).

MESSAGE 6
THE EU NEEDS TO DEVELOP JOINT PRINCIPLES 
FOR ITS HYDROGEN FOREIGN POLICY

The development of international trade in hydrogen re-
quires major investments in infrastructure for the pro-
duction and transport of hydrogen. This in turn depends 
on clear and credible policy signals to provide the needed 
certainty for investment (Vijayakumar et al. 2022). More-
over, in early phases of market development, public fi-
nancing will be needed to crowd-in private investors. 
Partnerships between potential importers and exporters 
of hydrogen and related products will have to be estab-
lished for the creation of the needed policy framework 

and financing. Ideally, such partnerships should be em-
bedded in a common EU foreign policy for climate and 
energy, including hydrogen. While partnerships may be 
driven by individual Member States, they should build on 
common principles and seek to actively coordinate their 
approach within the EU (EEAS 2022). 

In the absence of such an EU approach, different 
Member States may send contradictory signals to respec-
tive partner countries. Indeed, differing economic stakes 
in the hydrogen economy across EU Member States have 
already begun to undermine the development of such a 
common approach to promoting an international hydro-
gen economy. Notably, France has pursued a strategy that 
prioritises domestic hydrogen production based on re-
newables and nuclear energy, while Germany has priori-
tised a combination of domestic and foreign renewable 
hydrogen supply, though it has also agreed to import blue 
hydrogen (produced from natural gas in combination 
with CCS technologies, see message 9 for more details). 
This weakens the attractiveness of the EU market and 
hence its ability to inf luence global standards for hydro-
gen trade. While overcoming such differences may not be 
easy, this should be an important goal of EU-level hydro-
gen policy. In the absence of such an agreement, a sec-
ond-best option would be a common approach among a 
group of like-minded countries.

MESSAGE 7 
THE EU SHOULD SEEK TO ALIGN ITS PROMO-
TION OF A GLOBAL HYDROGEN ECONOMY 
WITH THE UNITED STATES AND OTHER G7 
COUNTRIES

Cooperation within the G7 is increasing in importance to 
confront a range of challenges posed by heightened 
geoeconomic rivalry with China and Russia. This also ap-
plies to activities aimed at promoting a global hydrogen 
economy and for developing related markets, infrastruc-
ture and industrial supply chains (Germanwatch 2022; 
Renseen 2020). While the EU wields significant market 
power that it can deploy to promote international stand-
ards, a joint approach across G7 economies would signifi-
cantly augment the weight of these standards. In this vein, 
the various G7 initiatives, such as the G7 Industrial De-
carbonisation Initiative, the G7 Hydrogen Action Pact 
and the Climate Club initiative, represent important steps 
in this direction that should receive strong support from 
the EU and the European G7 countries (G7 Germany 
2022). Of course, this also implies compromise with G7 
partners. In particular, questions related to the role of 
blue hydrogen (that is, the production of hydrogen from 
natural gas in combination with CCS) and technologies 
for carbon capture, use and storage (CCUS) more broadly 
may reveal divergent interests across G7 countries (IEA 
2022).

It is, however, in the interest of the EU to find compro-
mise within the G7 on these issues to retain its inf luence 
on global developments in this sphere. Given the strong 
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interest of a range of potential hydrogen suppliers in 
CCUS technologies, this will constitute an important di-
mension of global climate policy, as well as a future cli-
mate-neutral economy (G7 Germany 2022). 

MESSAGE 8 
IN PURSUIT OF THEIR HYDROGEN PARTNER-
SHIPS, EUROPE AND GERMANY NEED TO AC-
TIVELY TACKLE THE CHALLENGING QUESTIONS 
RELATED TO “BLUE HYDROGEN” AND, IN THIS 
CONTEXT, ALSO CCS

Germany’s Hydrogen Strategy emphasises imports of re-
newable hydrogen. As a transitional solution, however, it 
also mentions “CO2-neutral” hydrogen, which includes 
hydrogen production based on natural gas in combination 
with CCS (also known as “blue hydrogen”). CCS technol-
ogies, however, have yet to be deployed at industrial scale 
with levels of CO2 capture and storage that would be 
needed to meaningfully reduce GHG emissions (Brandl et 
al. 2021; Martin-Roberts et al. 2021). Nevertheless, emerg-
ing hydrogen partnerships, such as Germany’s partner-
ships with the UAE and Norway, have acknowledged that 
blue hydrogen is expected to play a major role in planned 
hydrogen imports from these countries (BMWK 2022a; 
BMWK 2022b).

Against this background, it is essential that Germany 
and the EU clarify the conditions under which blue hy-
drogen and thus CCS should in fact be part of their path-
ways towards climate neutrality. First, this means estab-
lishing a benchmark for the maximum level of GHG emis-
sions per unit of fossil-based hydrogen, along with a 
standardised approach for its measurement and verifica-
tion. A certification system for assessing the greenhouse 
gas footprint of so-called “low-carbon hydrogen”, which 
includes hydrogen from natural gas with CCS, was passed 
in December 2022 within the context of the EU’s Hydro-
gen and Decarbonised Gas Market Package. It will be 
critical to create the conditions for its effective application 
both in the EU and in potential partner countries. This 
implies that EU Member States, including Germany, will 
have to (re)engage actively in discussions on CCS and its 
role as a climate mitigation technology. Indeed, the rele-
vance of this debate goes beyond the hydrogen sector. For 
industries such as cement, CCS will be vital for mitigating 
residual CO2 emissions (Strunge et al. 2022; CEMBUREAU 
2020). 

In addition, imports of blue hydrogen require engage-
ment with partner countries to ensure the capture and 
large-scale, safe geological storage of CO2, as well as the 
highest possible standards for natural gas production and 
transport to avoid methane leaks (Tovar and Azadegan 
2022; Filiou et al. 2003; Floristean and Brahy 2019). This 
should be the precondition for any imports of blue hydro-
gen. Moreover, to be successful, this also means engaging 
actively in processes to shape related international stand-
ards. Finally, the EU will have to define how long it will 
use blue hydrogen as a bridge fuel before it switches exclu-

sively to renewable hydrogen and, in consequence, a phase- 
out strategy for blue hydrogen on its pathway towards  
climate neutrality.

MESSAGE 9
THE USE OF HYDROGEN-BASED SYNTHETIC FU-
ELS WILL REQUIRE INTERNATIONAL COOPERA-
TION AND DIALOGUE FOR THE SUSTAINABLE 
DEPLOYMENT OF TECHNOLOGIES FOR CARBON 
CAPTURE AND TRANSPORT

If increased hydrogen imports are to unfold their mitiga-
tion potential in hard-to-electrify segments of the trans-
port sector (such as aviation), an infrastructure for syn-
thetic fuels will have to be developed. Synthetic fuels are a 
form of carbon capture and utilisation (CCU) with var-
ying GHG mitigation potential, depending on how they 
are produced. In general, they are produced in an ener-
gy-intensive process on the basis of hydrogen and CO2 
(Ferrari et al. 2014). Under the condition that only renew-
able energy is used in the entire production process and 
the CO2 used stems from Direct Air Capture (that is, 
CO2 captured directly from the atmosphere) or from bi-
omass (Olfe-Kräutlein 2022), synthetic fuels can avoid the 
release of additional fossil-based CO2 emissions and con-
tribute to climate neutrality. If residual CO2 emissions 
from industrial point sources (for example, the cement 
industry) are used to produce synthetic fuels, this form  
of CCU avoids additional CO2 emissions but is not com-
patible with climate-neutrality goals, unless compensated 
by negative emissions technologies elsewhere.

Synthetic fuels have the potential to start replacing jet 
fuels or diesel within the next decade (The Royal Society 
2019). This will require the swift establishment of a 
CO2-related infrastructure for CO2-capture and trans-
port (Billig et al. 2019). Similar to the case of blue hydro-
gen, this should build on an informed public debate to 
ensure the compatibility of these CO2-related technolo-
gies with climate-neutrality targets. Moreover, policies 
will need to support technological upscaling and commer-
cialisation (Beck 2021). The process launched by the Ger-
man federal government to develop a Carbon Capture, 
Utilisation and Storage (CCUS) strategy is an important 
step in this direction (Hanke, 2022). Both the strategy 
and emerging hydrogen partnerships will also have to ad-
dress the challenges of deploying a CO2-related infra-
structure along with corresponding standards and regula-
tions for ensuring desired emission reductions in po- 
tential partner countries (Chauvy and De Weireld 2020). 
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