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Climate change and the limita�ons of fossil fuels call for decarbonisa�on and the shi� to alterna�ve
energy produc�on, storage, and carrier systems. The renewable energy sector is booming, which
clearly indicates that the clean energy transi�on is already taking place. The future success of
renewables seems inevitable, with their prices being lower than those of fossil fuels. Hydrogen (H2)
technologies will play a central role when it comes to realising and finalising this transi�on on the
scale of the whole economy.

Hydrogen technologies are not new. The principle of how a fuel cell func�ons was first discovered in
1801. The first fuel cell was opera�onal in 1838. Even the term “Hydrogen Economy” was already
coined in the 1970s. Hydrogen is the most abundant element in the universe. Chemically, it is the
smallest and most lightweight molecule. Together with oxygen, it forms water. In this chemical
reac�on of H₂ and oxygen (O2), energy from the reac�on is released either as pure heat or as
electricity and heat (fuel cell reac�on). The process of electrolysis splits water “back” into H₂ and O2
with the help of electric energy. A fuel cell then facilitates the opposite process of genera�ng
electricity through the reac�on of H₂ and oxygen. Such a reversible and manageable reac�on creates
the poten�al to “store” energy by simply spli�ng water and capturing H₂. This energy is then available
for later use and even transferable to different loca�ons. Such a characteris�c makes hydrogen
interes�ng as a fuel, offering a sustainable alterna�ve to fossil fuels. Despite today's inefficiencies in
conver�ng energy from renewables to H₂ and back to power, it could be a versa�le energy carrier and
a central element in storing energy to capture poten�al overcapaci�es in a fully renewable energy
system. Next to its poten�al relevance for the energy system, hydrogen is an essen�al compound in
the chemical industry and can play an increasing role in steel produc�on.

However, hydrogen needs to be produced, stored and transported securely and reliably as it is not an
energy source per se. Furthermore, the final use for a consumer or in any industrial or technical
process must be safe. Different technologies are already available today for all the different stages.
However, most of the infrastructure s�ll needs to be installed, while the processes and governance of
the energy systemmust be reconfigured. Such reconfigura�ons are mainly a ques�on of the economy
(investments/produc�on), society (acceptance/cost/organisa�on) and policy (regula�ons of the
transi�on/incen�ves).

In a series of workshops a team of experts developed scenarios to explore how a hydrogen economy
in Europe could look like by 2040. Scenarios are short descrip�ons of the future. They are not meant
as forecasts or predic�ons. They are enabling and posi�ve and should s�mulate reflec�on. Some of
the presented future developments are more likely than others, some are already visible today, and
some are preferable. The scenarios are structured along the sec�ons governance, society and
economy and finally the energy system, considering factors like (1) Global Power Constella�ons; (2)
European Integra�on & Cohesion; (3) Autonomy & Self-Sufficiency of Europe; (4) European & Global
Policy; (5) Values, Preferences, & Sustainability of Lifestyles; and (6) Organisa�on of the Energy
System.

What could a European hydrogen-abundant energy system look like in 2040 in
the context of different global, poli�cal, economic and social constella�ons in

and around the con�nent?

INTRODUCTIONINTRODUCTION
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Governance
The United Na�ons are recognised as a world
government, developing and backing interna�onal
agreements and effec�vely overseeing their
implementa�on and sanc�oning non-compliance.
The governance mechanism is based on the
subsidiary principle enabling and suppor�ng regional
and local solu�ons. There is widespread global
coopera�on to face common challenges by sharing
knowledge and best prac�ces. In the European Union,
a common policy is implemented and enforced in
nearly all policy domains, even including the Common
Foreign and Security Policy (CFSP). Na�onal
governments transferred power (legisla�ve,
execu�ve, jurisdic�on) to European ins�tu�ons,
forming the "United States of Europe". Effec�vely,
governance is organised along the NUTS-regions,
enabling the applica�on of the subsidiary principle
from a very local to the global level. European
integra�on is high.

Society and economy
The former primacy of "economic development and
growth" has turned into the primacy of "sustainability
and climate protec�on" based on the globally shared
net zero vision. While policies and society took
climate change seriously, some large European
companies focused on heavy industrial produc�on
were too slow to transi�on away from the intensive
use of fossil fuels. Finally, when forced to invest in
needed updates for environmentally sound
produc�on, many investments were too high and they
went bankrupt. This entailed the consolida�on of
industrial produc�on, led by those that moved

towards decarbonisa�on early. Markets reoriented
towards digital services, recycling industries, and
technological research and innova�on, including
research on new materials and furthering efficiency.
Europe's industry is at net zero. A lot of effort is put
into the recycling industry and the reuse of materials.
In total, the material turnover and consequently the
use of primary raw materials has reduced
significantly. In terms of materials and energy, such a
reduc�on contributes to a mostly self-sufficient
Europe. While global trade is possible, import and
export rates are rela�vely low. Emissions trading, and
carbon border adjustment mechanisms combined
with other due diligence mechanisms, such as
sustainable supply chain legisla�on, underpin the
focus of environmentally friendly and climate-
protec�ve economic ac�vi�es and support
investments in local sourcing strategies. The focus is
on high tech, digitalisa�on and new materials to
achieve high energy and material efficiency. The
pressure on the environment is relieved and the
primacy of sustainability is supported.

Energy system
To reach energy and fuel autonomy, Europe has
strengthened the use of its clean and renewable
energy sources. Efficiency and the high degree of
circularity in the economy have led to an absolute
reduc�on in energy demand compared to 2020. Along
with the emphasis on electrifica�on aiming to
decarbonise the economy and sa�sfy all energy uses,
H₂-produc�on was massively scaled up to
complement and meet further fuel and energy

Circularity with High TechCircularity with High Tech

SCENARIO 1:

THE UNITED
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demands. H₂ and its deriva�ves are an essen�al
mechanism in balancing out the electricity system as
well as in the climate-friendly produc�on of steel,
chemicals, and other hard-to-abate industrial
products. Those industries are primarily located in
regions with abundant renewable energy resources,
such as the region surrounding the North and the
Bal�c Sea, rich in wind energy; and the Iberian
Peninsula as well as South-Eastern Europe with a
widespread use of photovoltaics, in par�cular. Some
marginal imports of H₂, primarily from neighbouring
countries, s�ll occur incen�vised by low H₂-
produc�on costs. This prac�ce has been considered
ques�onable as it undermines energy autonomy and
security. Europe has become the leading con�nent in
H₂-technology and its integra�on across society.
These European competencies are highly demanded
globally. A stronger Europe has enabled technology
transfers and exports through targeted technology

breakthrough RDI efforts (technology push). The
internal market for H₂ is substan�al in achieving
economies of scale. Limited raw materials and new
alterna�ve H₂-technology paths influence technology
choices. Alterna�ve nanomaterials have subs�tuted
the import of expensive catalysts.
The EU internally produces its renewable systems,
electrolysers and H₂-systems. Economic integra�on
across Europe allows for a high level of coordina�on
in building renewables and loca�ng electrolysers on
networks. The old electricity market structure
(designed for the fossil era) was reformed to
incorporate large-scale H₂-produc�on. The focus
shi�ed to H₂ as a means to buffering excess electricity
and a way to "keep the lights on" in an increasingly
electrified society. A truly pan-European H₂-market is
now in place, controlled by the European Commission
and regulators like ACER and CEER.
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Governance
The dominance of Western countries, including the
US, on the world stage, has significantly declined.
Russia and China have allied but are not yet strong
enough to cons�tute a new allied hegemon in the
interna�onal system. New regional power centres
have emerged around India, Brazil, and South Africa.
The weakened West encourages the new power
centres to strive for more global influence. As many of
the states are more autocra�c or even dictatorships,
partly based on religious convic�ons, many conflicts
appear in the endeavour of gaining more power and
influence. Regional skirmishes show up and proxy
wars mul�ply between the emerging and declining
superpowers using, among others, cyber warfare and
acts of terrorism. European countries have moved
closer into a block, securing the outer borders with
joined forces. In addi�on, a shared digital defence
infrastructure is built to assure cybersecurity. Europe
has established a common foreign and security policy.
In the light of the energy crisis, the EU strengthened
its neighbourhood policy by extending associated
countries in the Balkans and the Black Sea Region. The
EU Commission has extensive competence in the
areas of energy, environment and sustainability
policy. These were formerly in the hands of the
Member States. A green transi�on took off, guiding
Europe towards thorough ecological reforms and a
degrowth pathway. This development was partly
forced by the lack of interna�onal exchange and
access to resources and partly driven by society's
mo�va�on to establish sustainable lifestyles.
Following the idea of European ecovillages, the
primacy of economic growth was replaced with social
and environmental goals emphasising the self-
sufficiency of local economies.

Society and economy
Overall, levels of produc�on and consump�on are
significantly reduced. The global GDP has stagnated.
In Europe and the US, GDP has been shrinking for
years. Due to the missing global trade and exchange
and the impact on trade routes and supply chains, the

European economy is mainly oriented locally and
based on intra-European trade. The single European
market is reality: inside the borders of Europe, people
and goods can freely move without any restric�ons.
The Global trade is not only scaled down because of
the conflic�ve world but also due to complying with
the self-sufficiency goals of the European Union. This
down-scaling of trade has increased the prices of
many high-tech products, making people more
conscious and selec�ve in consump�on and fostering
more simpler lifestyles. People focus on their local
communi�es and value their connec�ons with their
neighbours and the surrounding nature. This shi� has
also been triggered by the fact that many people
cannot afford the "old" high-tech-lifestyle anymore.
The economy is oriented towards the local exchange
of goods and services instead of (financial) growth.

Energy system
The absolute demand for energy is lower compared to
the levels of 2022. Transport, heat for private houses
and most parts of economic ac�vity are based on
electricity generated from renewable energy.
Hydrogen is mainly a means to buffer and stabilise the
renewable energy produc�on. It is not used as fuel in
transport.
Europe has built an almost self-sufficient energy
system based on decentralised renewable energy
installa�ons. This was only possible because of a low
demand for energy caused by a decrease in industrial
produc�on, and an increase in the efficiency and
sufficiency means in society. At the community level,
H₂-technology plays a role in local uses, mainly in the
shape of hybrid electrolysers. There are only a few
industrial produc�on centres in areas with high
renewable energy poten�al (mainly water power).
In urban areas, solar energy plays a central role, and
the gas infrastructure is empowered to store
hydrogen sufficiently to buffer the energy demands.
Focusing on regional and local H₂-developments has
led to a fragmented Europe in terms of H₂ and
electricity.

Circularity based on FrugalityCircularity based on Frugality
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Society and economy
Large mul�na�onal technology companies (big tech)
dominate the world. They even have private military
services and more financial power than some na�ons.
Due to this power, their influence on poli�cs,
regula�ons, and governance is quite remarkable.
Na�onal governments serve more of a symbolic
purpose in keeping up the appearance of
democracies. Impacted by the powerful companies,
most European countries have nego�ated bilateral
agreements to assure trade and secure peace. A
European Union, as such, does not exist anymore.

Society and economy
A significant share of infrastructure and terrain has
been priva�sed and is owned by large companies. This
priva�sa�on causes ci�zens, small and medium-sized
enterprises (SMEs), and public administra�on to be
highly dependent on large mul�na�onal companies.
Society and the economy follow the paradigm of cost
efficiency, aiming at low prices and maximising
revenues. Any achievement of the social market
economy gained a�er the Second World War is now
replaced by a full free-market capitalist economy
dominated by oligopolis�c or monopolis�c structures.
Global markets boom facilitated by agreements on
the global distribu�on of raw materials and goods
between mul�na�onal companies. The big techs
recognised environmental threats, especially the
climate crisis, as an opportunity for growing their
business and extending their power across the
economy. Demand for green products is high. Carbon
trading mechanisms and "avoiding" emissions
became lucra�ve sources of income. There is
extensive trade of all kinds of goods and raw
materials. Secondary rawmaterials play a role, as long
as they make sense from an economic standpoint.
For the most parts, the public has widely trusted the
corporate green agenda. Tensions arise whenever
there is a case of alleged "greenwashing" in
consumers’ percep�ons. Furthermore, financing
schemes and rental arrangements created to enable

access to more expensive offerings, have lured many
into a debt trap. As the whole socio-economic system
is purely capitalis�c, the share of marginalised and
impoverished people increased. Over �me, a growing
part of society is beginning to ques�on the capitalis�c
and revenue-oriented big companies. This creates
social unrest, supervised, prosecuted and even been
suppressed by the big companies.

Energy System
Also, the energy system is equally fully price- and
revenue-oriented. With the increasing prices of fossil
fuels and due to the carbon trading mechanism, the
energy system is primarily built on renewable energy,
integra�ng H₂-solu�ons. The energy system and the
infrastructure are fully owned by private companies.
Prices and profit maximisa�on are the guiding
principle for the management of the energy system.
Capaci�es and load management are perfectly
op�mised to avoid any shortages in energy to
maintain the founda�on for industrial produc�on.
Mul�na�onal companies do not consider the strategic
interests of single countries, though. Paradoxically,
this leads to a more integrated and op�mised power
grid, including imports and exports of hydrogen as a
long-term buffer system. The excess electricity
produced in Europe plays an important role as it is
converted to H₂ for further use. Industrial produc�on
processes are op�mised according to the availability
of energy. H₂ is stored in pipelines as well as salt and
rock caverns, ready to be re-transformed into
electricity when needed. Moreover, even generator
turbines can be fuelled with H₂ op�mising electricity
produc�on, crea�ng cheap electricity and keeping
produc�on constant. Long- range transport is based
on hydrogen as a fuel, while local transport is
exclusively using electric energy.

20%20%

50%50%

30%30%

private Companies ruleprivate Companies rule
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Governance
The US and other Western countries (G7) remain the
global economic and technological leaders. To
counterbalance Western hegemony, China and Russia
seek to cooperate with each other trying to form an
alliance similar to Soviet �mes. Under the umbrella of
this bipolarity, the world is at peace, apart from small
local conflicts with no global impact. However,
European trade with China and Russia is restricted,
causing shortages of certain raw materials. There are
partnerships with some African and mostly La�n
American countries. The policy of the EU Commission
is ambi�ous, se�ng far-reaching goals for various
poli�cal themes, with environmental and climate
policy ranking high on the agenda. Unfortunately, the
administra�ve apparatus is large and slow in making
decisions, as it is possible for single Member States to
block them. However, research and innova�on are
advanced, especially regarding environmentally
friendly products, renewable energy and hydrogen
technology. The dependence on fossil- fuel- producing
countries has ended, shi�ing global trade and money
flow pa�erns. Emissions trading and carbon border
adjustment mechanisms combined with other due
diligence mechanisms underpin Europe's
environmentally friendly and climate-protec�ve
economic ac�vi�es.

Society and economy
As the access to raw materials in China and Russia is
limited, Europe increasingly has turned to North and
South America for raw materials. Europe is
technologically advanced and has taken a big leap
forward in implemen�ng circular economy measures,
like recycling, reusing and refurbishing techniques.
Research and innova�on coopera�on and technology
transfer push forward to decrease global levels of
resource consump�on. As most technology is

produced and patented in Europe, technology
transfer is a large pillar of European economic ac�vity.
Trade and strong economic �es with neighbouring
countries outside of the EU improve cost efficiency.
High tech, constant innova�ons, new materials and
digitalisa�on help achieve energy and material
efficiency, relieving the pressure on the environment
and suppor�ng healthy lifestyles.

Energy system
EU countries cooperate and build joined power grids
and energy storage systems making Europe largely
self-sufficient in terms of energy. This has meant
massive investments in solar and wind power. Large
produc�on capaci�es in renewable energy require a
storage and re-powering system based on hydrogen.
On the systems' side, large-scale H₂-energy system
integra�on emerged. Technology development led to
next-genera�on H₂- technologies, such as
regenera�ve fuel cells and high-temperature
electrolysers (lessening the need for catalysts). Large-
scale synthe�c fuel schemes enable indirect H₂-
storage through gas infrastructure. Energy and
hydrogen are cheap and abundant.

A Western-led WorldA Western-led World
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A Preface (by Ullrich Lorenz)

A renewable energy system does not constantly produce electricity. Windturbines only
produce when the wind blows; the same is true for solar panels, that only generate electricity
when the sun is shining. Two extremes are possible: no sun and no wind or vice versa - strong
wind and a pale blue sky. An energy system purely relying on weather-based renewable energy
infrastructure without any base-load-backup-system requires short-term, mid-term and long-
term buffering systems and load management, i.e. more flexible energy consump�on in
produc�on processes. In addi�on, the larger and be�er regulated the power grid, the be�er
and easier it is to balance the whole system.

Nonetheless, a certain overcapacity of renewable energy facili�es and an energy storage
system must be installed in case that – for instance – on a regular sunny day in winter, enough
electricity is generated to cover the demand for the day plus a reserve that can be stored for
the night and possibly the next cloudy day. If in such a system, all RE-facili�es are producing
electricity at full capacity, there is way more energy in the system than can be consumed and
even be stored. Already today, such a situa�on results in down-regula�ng of windturbines.
Hydrogen (electrolysis) could be an ideal means to mass-store the overproduc�on and revert
to electricity when needed. It is likely that energy and hydrogen are temporarily available in
superabundant amounts in such a system. This temporary superabundance might lead to the
idea of increasing the consump�on of energy to be�er match power supply and demand. The
“Scenario in a box” sketches current thoughts on what abundant electricity could be used for.
This scenario has not been developed in the same process as the other four scenarios.

Nonetheless, such a scenario of “Superabundant Energy and Hydrogen”-uses should not be
misinterpreted. An energy system built fully on renewable energy already requires a lot of
infrastructure and resources, including cri�cal and precious raw materials that are mined
partly under condi�ons viola�ng human rights. The lower the energy demand in a system and
the smarter the consump�on pa�erns are, the smaller the renewable energy system can be.
And accordingly, the faster and less resource-intensive the necessary transi�on to net-zero can
be achieved.



Inspired by the work of Aus�n Vernon and Eli
Dourado1

When we talk about superabundant energy, we talk
about the energy readily, con�nuously and in
sufficient quan�ty available to human society. This
abundance can cover the energy demand of private
households or keep a society's infrastructure and
economy running. Such a state might be achieved if
the en�re European energy system was based on
renewable energy with extensive overcapaci�es,
large-scale H₂- buffer- and repower systems.

The cost of abundant energy would be irrelevant
once the corresponding infrastructure is up and
running. Fuels (if needed) are available at a low
cost. Cheap energy decreases the cost of all energy-
intensive goods and services, increasing
consump�on in general. Moreover, and more
importantly, innova�on is s�mulated under these
circumstances as more economic wealth allows for
more research and innova�on investments.

Consequently, there are no incen�ves to save
energy through sufficiency means or by increasing
efficiency. On the contrary, new ways of using and
spending energy will emerge, and consump�on and
produc�on will be at high rates. In the next sec�on,
we will explore which kinds of innova�on might
take place given that energy is available abundantly.

Transportation

Transporta�on is directly coupled with energy
consump�on. It takes energy to accelerate objects
and to keep them moving. In a world with
superabundant energy, the number of miles
travelled by people and goods transported will likely
increase tremendously.

Smaller and lighter motors will change the design of
planes, cars, and trucks significantly. Improvements
in ba�eries, motors, inverters, and other power
electronics allow for new vehicle designs that
improve service life and reduce opera�ng and
maintenance costs.

Alongside electric cars, the future might show up
with smaller electric planes for mid-distance travel.
Even more convenient than electric commuter
aeroplanes are ver�cal take-off and landing aircra�
(VTOL) using distributed electric propulsion.

A hyperloop is a concept where a pod that contains
passengers travels 700 miles per hour in a closed
tube between sta�ons. Such a high speed is
achievable because the vehicle rides on magne�c
levita�on. The typical rolling resistance of wheels is
eliminated, and the air resistance is reduced
because air is pumped out of the tubes. The success
of the hyperloop concept strongly depends on
whether it is possible to develop a tunnelling
technology that allows for inexpensive tubes. We
might consider supersonic flights or suborbital
point-to-point travel when energy availability does
not play a role.

Electrifica�on makes freight transporta�on on
trucks more efficient, both in absolute terms and
rela�ve to trains. Electrifica�on can be achieved
with super ba�eries or based on trolley trucks (or
any combina�on). In remote areas, H₂ and fuel cells
provide the energy for moving.

Electric and hybrid-electric cargo planes also come
into play here. The bandwidth of currently
proposed cargo planes ranges from fully electric or
hybrid-electric aircra� (that include an engine to
charge the ba�eries) to ver�cal take-off and landing
(VTOL) aircra� that do not require an airport to
move goods. Any mode shi� to air freight
drama�cally increases the energy use per ton-mile.

1 h�ps://www.thecgo.org/wp-content/uploads/2022/06/Energy-
Superabundance-1.pdf

The “Scenario in a box”
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WHAT IF H₂ AND ENERGY WERE SUPERABUNDANT?
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Expec�ng that motors and ba�eries get lighter and
more efficient, why divert to H₂ and not s�ck with
direct electricity use? We have to assume that we
will either use H₂ to subs�tute fossil fuels in direct
burning or use it in fuel cells. In the first case, NOx
filters are needed. In the second case, the need for
a H₂- tank, a fuel cell, a ba�ery, and an electric
motor would counteract efficiency, making the
vehicle heavier and more expensive. Nonetheless,
there are scenarios in which H₂ as a fuel source
makes sense: an applica�on can be found in freight
transport or trains in rural areas, where
electrifica�on is too expensive.

Agriculture
New agricultural methods include cultures in
greenhouses, allowing for controlled condi�ons to
grow all kinds of plants and vegetables all year long.
High-tech greenhouses that include supplemental
ligh�ng, hea�ng, and water recycling systems are
se�ng a new standard. A logical next step are
ver�cal farms, where plants are grown in
hydroponics, minimising water use and allowing
operators to sta�on facili�es in sunny regions with
cheap land, solar power, available labour force, and
scarce water resources. Crop yields can increase if
farmers op�mise varie�es for growing trays rather
than fields. Plant gene�cs can be modified to
produce a much higher edible mass percentage
because ver�cal farms have controlled
temperatures and neither pests nor soil. Indoor
farming for the most part enables faster itera�on
and more growing cycles per year.

In vitro meat and plant-based proteins will be the
main source of (animal) proteins for human
consump�on. The energy consump�on might be

high, but the quality of the meat can be controlled.
As a benefit, large areas of land previously used for
livestock can be set free, which creates advantages
for ecology and biodiversity. The decreasing
number of livestock posi�vely impacts the climate
as well.

Desalina�on of seawater will be a game changer,
especially for countries with access to saltwater in
the Mediterranean region or arid coastlines, in
general. Advances in technology and material make
it possible to use electrolysers with seawater. A
combined approach with solar energy, desalina�on,
H₂ storage, and power genera�on can be built here.
If energy is superabundant, fresh water is not a
limi�ng factor anymore for any arid country with
access to seawater. Water purifica�on and
recircula�on systems that demand energy will be
installed to reduce water resources' pressure
further.

Industry
Assuming the aim is to obtain a greenhouse gas
(GHG) neutral energy system, GHG-emi�ng
industrial processes will have to be op�mised to
minimise those emissions. This op�misa�on
includes carbon capture (and usage) techniques.
The chemical reduc�on process of steel cooking can
be done with H₂ instead of carbon. Heat can be
produced by burning H₂ (then NOx-filters are
needed) or directly using electricity. The cement
industry also produces CO2-emissions (in the
chemical process), which will also be captured (and
used). Carbon chains as basic substances for the
chemical industry will be synthesised using power
to x-technologies. Plas�cs will become a valuable
resource for carbon next to biomass.
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THE SCENARIO APPROACHTHE SCENARIO APPROACH

Step 4 In other words, each scenario is characterised as a set of
projec�ons. Based on that set, a brief descrip�on is dra�ed and then enriched up to a
point where it becomes a small narra�ve. Depending on the purpose, these narra�ves
can be fleshed out quite extensively, including all the informa�on collected in the
preceding steps. Furthermore, missing parts and causes can be invented in a crea�ve
process to dra� a compelling and interes�ng-to-read story. Only the character of the
scenario, built by the skeleton of projec�ons, cannot be changed. Illustra�ons and
representa�ons can be elaborated to bring the scenarios to life further.

Step 1 The first step explores the so-called scenario field. This explora�on
is a kind of systems analysis where key factors are iden�fied. First, influencing factors
are collected based on a search scheme (e.g. STEEP-Scheme: social, technological,
economical, ecological and technological). In the next step, the most uncertain and
impac�ul factors are selected as key factors, as they are highly relevant for the topic
and in have great variability in their poten�al future development.

Step 2 In the second step, so-called future projec�ons are built for each
key factor. The aim is to iden�fy up to five different future states while avoiding
selec�ng only the most likely or most wanted alterna�ve futures. The key factors build
a morphological box with their four or five projec�ons each.

Step 3 In step three, the scenarios are put together. Scenarios are
presenta�ons and descrip�ons of possible future states. They rely on plausible and
consistent combina�ons of projec�ons. These combina�ons are based on a
consistency analysis, where all combina�ons of projec�ons are tested regarding their
plausibility of “co-existence”. Amongst millions of mathema�cally possible
combina�ons, a specifically for this purpose developed so�ware tool iden�fies the
most consistent combina�ons, excluding those that are inconsistent. A scenario is then
defined as a combina�on of one projec�on per key factor.

The scenario process aimed to develop posi�ve scenarios based on the
following central ques�ons:

• What does Europe look like with a renewable energy system including hydrogen systems?
• What are socio-economic condi�ons in which the energy system needs to be set up and

can the transi�on be a success?
• How to prepare the context for the energy transi�on? Which developments support and

hinder the transi�on?
• How can and must European R&I policy support the transi�on?
• Where are the obstacles, drivers, and barriers?
• Are we at risk of running into lock-in effects?

The scenarios were developed in four steps using a par�cipatory approach.
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For the sake of enhancing clarity, these factors were par�ally modified and merged. In the end, six key
factors were iden�fied to form the core of the H₂-scenarios:

The following 19 influencing factors were the result and each
of them was assigned to one of four STEEP categories.Step 1: Scenario fieldand key factors

Global European Society Technology (without
hydrogen)

1

2

3

4

5

6

7

8

9

Global power
constella�ons

Access to raw
materials/resources

Global
consump�on
pa�erns

Global economic
developments

Role of global
South

Impacts of climate
change

Migra�on

Geopoli�cal
stability

Role & advances of
digital
transforma�on

10

11

12

13

European cohesion &
role of the European
Commission

Degree of circularity,
autonomy & self-
sufficiency of Europe

Industrial and R&I
policy

Industrial produc�on,
economic orienta�on
& energy demand

14

15

16

Values, preferences &
sustainability
(including mobility)

Level of integra�on &
inclusion; social
equity & jus�ce

Degree of public
engagement

17

18

19

Degree of
innova�veness &
experimenta�on

Electrifica�on of
sectors/dependence
on fuels

Organisa�on of
energy systems
(central vs. regional)

Merged with aspects from:

1 Global Power
Constella�ons

• Geopoli�cal stability
• Access to raw materials/resources
• Role of the global South
• Impacts of climate change

2 European Integra�on
& Cohesion • Industrial and R&I policy

3 Autonomy & Self-
Sufficiency of Europe

• Access to raw materials/resources
• Electrifica�on of sectors/dependence on fuels

4 Values, Preferences &
Sustainability of Lifestyles

• Global consump�on pa�erns
• Level of integra�on & inclusion; social equity & jus�ce
• Degree of public engagement

5 European &
Global Policy • Industrial and R&I policy

6 Organisa�on of the
Energy System

• Geopoli�cal stability
• Access to raw materials/resources
• Role of the global South
• Impacts of climate change

Step 2: Projections foreach key factor
The key factors were further elaborated. A group of experts
then discussed possible projec�ons for each one. The result of
this process is presented on the following pages.
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Characterisation

This factor describes the constella�on and distribu�on of poli�cal and economic power on a global
scale. For years, a�er the SecondWorldWar and during the ColdWar, there was a clear bipolarity. With
the break-up of the Soviet Union, the growth of the European Union, and the growing role of BRICS
countries, the power constella�ons have changed. This has (had) a notable effect on global trade,
access to raw materials, conflict and migra�on.

Possible future developments (projections)

A mul� polar world – UN dream come true

The world is peaceful and coopera�ve with a
globally recognised United Na�ons as a sort of
world government. Finding ways together to
cope with climate change and other global
threats helped to unify na�ons worldwide.

Mul�polarity with major confronta�ons
between superpowers

Western dominance declined due to internal
conflicts within the US. Russia and China have
formed an alliance. Various centres of power
emerge around India, Brazil and South Africa
provoking hot wars, cyber warfare and terror,
mostly on a local level. In general, the world is
full of conflict.

China leads

China managed to take over world leadership
in economy and technology. Western countries
are coopera�ng but China determines the
rules. The US is focusing on its own territory.
Trade, economic interest but also coopera�on
concerning tackling climate change are high on
the global agenda.

Hegemon seeking to gain supremacy

The world is full of conflict and tension. Russia
re-formed a new Soviet Union in coopera�on
with China and India. Europe has no op�on but
to tolerate this development and is loosely
coopera�ng to avoid any armed conflicts. The
US is thrown back and several placeholder
conflicts are happening on the African
con�nent.

Private companies as the world government

Google, Amazon, and Alibaba dominate the world. They have their own security and supervision
installa�ons. As they have more financial power at their disposal than single na�ons, they control
policy.

The West leads

The US and the western countries (G7) remain economic and technological leaders in the world. China
and Russia seek to corporate with one another and there are mul�ple agreements in place to ensure
that conflicts remain few.

GLOBAL POWER
CONSTELLATIONS
GLOBAL POWER
CONSTELLATIONS

KEY FACTOR 1KEY FACTOR 1
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Characterisation

This factor reflects the status and the cons�tu�on of the European Union. A crucial indicator of that is
the efficiency of European ins�tu�ons and along with that, the degree to which they are acknowledged
by the – rather diverse – Member States. Next to na�onalis�c tendencies, there might be strong
disbalances in terms of economic power and wealth throughout the different countries. Which role do
na�onal governments play and how recognised is the European Commission amongst them?

Possible future developments (projections)

European Trade Coali�on

Back to the early beginnings of the coopera�on
of European countries. There is a clear focus
and interest of European countries to
(exclusively) cooperate economically. The
various policy domains are subordinated to
trade and economic interests. Each Member
State is autonomous and poli�cally
independent.

The United States of Europe

Europe cooperates poli�cally and economically
in a very integrated way. There is a common
policy for all poli�cal domains, including
foreign affairs and security. The European
Commission carries out the role of a European
government. Compared to today, there are
more associated countries. Members include
the Balkans and the Black Sea region.

Europe gets divided

A sort of Brexit happened to nearly all
European countries. There is no such thing as a
common policy. The countries cooperate
based on a series of bilateral agreements
which gives more power to na�onal
governments. In most cases, decisions are
more effec�ve and efficient.

Core European Union - smaller and stronger

There is a strong coali�on of selected
European countries which delegate a common
policy to the European Commission. Due to the
decreased size, poli�cal decisions get more
effec�ve and efficient; bureaucracy is reduced.
A�er Brexit other countries followed, crea�ng
a small group of countries coopera�ng
intensively in all poli�cal domains and a larger
group of associated, loosely coopera�ng
countries.

Europe - strong, ambi�ous, slow

The policy of the EU Commission is ambi�ous. Nonetheless, the administra�ve apparatus is large and
slow in decisions. Single countries can block decisions. The interests of various countries vary
significantly. Despite that, Europe is interna�onally strong and the common policy is s�ll effec�ve.

KEY FACTOR 2KEY FACTOR 2

EUROPEAN
INTEGRATION &

COHESION

EUROPEAN
INTEGRATION &

COHESION
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Characterisation

To what extent Europe can be autonomous and self-determine its aims as well as means of
implemen�ng them, depends on its self-sufficiency, meaning its ability to provide everything it needs
to sustain itself. A cri�cal determinant in this is its access to resources, such as technology, human
capital, and raw materials amongst others. While Europe is rich in resources, technology and
knowledge, certain technologies cri�cally depend on specific raw materials. Many of which are not
available in Europe.

Possible future developments (projections)

European ecovillage – self-sufficiency
without circularity

Europe has a strong focus on autonomy and
self-sufficiency. The focus lies on available raw
materials and assets in Europe. Trade is o�en
regionalised. Global trade is minimised and life
hence “simplified”.

The autonomous R-society – autonomy and
circularity

Material cycles are mostly closed and the
material turnover is strongly reduced.
Following the concept of circular economy, R-
strategies are applied on all levels.
Consequently, the input of new raw materials
is barely necessary. Europe is widely
autonomous and self-sufficient. Export is
therefore kept to a minimum. In recent years
many raw materials, especially metals, have
piled up in built infrastructures and recycling
technologies have advanced significantly.

Throughput society – high level of
dependence and (almost) no circularity

Circularity is barely relevant. The whole
economy follows the principle of efficiency and
cost-effec�veness. Respec�vely, trade of all
kinds of goods, raw materials and secondary
raw materials plays a major role, as long as
global markets func�on and prices are deemed
acceptable.

Technology transfer and coopera�on –
interdependence and circularity

Europe is technologically advanced and applies
recycling as well as other R-means. The
economy is strongly based on research and
innova�on and the transfer of technology.
Goods and raw materials are imported and
exported. This share of labour creates high
efficiency but also dependence on
neighbouring countries.

AUTONOMY &
SELF-SUFFICIENCY

OF EUROPE

AUTONOMY &
SELF-SUFFICIENCY

OF EUROPE

KEY FACTOR 3KEY FACTOR 3
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CharacterisationCharacterisation

This factor encompasses values, a�tudes, and lifestyles in Europe concerning sustainability and its
different components. The discourses range from technology affinity to frugality and “back to nature”.
Depending on the organisa�on of a society, wealth and buying power will play a key role.

Possible future developments (projections)Possible future developments (projections)

Sustainable lifestyles based on frugality

Frugal technology does not inevitably correlate
with “cheap” (as in low-quality) technology
and frugal technology does not automa�cally
hinder sustainable high lifestyles. Local,
appropriate and affordable technologies
should be u�lised to achieve high-quality
sustainable lifestyles which would allow all
sectors of society to improve their way of life.
The emphasis is very much on the quality of
life and the need to reach out to the middle
class and poorer ci�zens. This may mean
having to adapt certain habits on a societal
level (e.g. travelling less, changing
consump�on pa�erns, etc.)

Sustainable lifestyles based on frugality

High tech, constant innova�ons, newmaterials
and digitalisa�on help to achieve energy and
material efficiency which in turn relieves the
pressure on the environment and supports
healthy lifestyles.

The primacy of the “price”

Sustainability is not the driving force.
Nonetheless, people are highly focused on
cheap products and the whole economy
emphasises low prices and efficiency. High
tech in most cases is too costly, which leads to
a focus on frugal technologies in produc�on
and consump�on.

Focus on high tech and profit with li�le
regard for sustainability

The drive for high technology con�nues
unabatedly, new products con�nue to be
developed and consumed. There is li�le
concern or change in a�tudes and approaches
to sustainable lifestyles. Consump�on is
status-driven and pragma�c. There is a feeling
that technology will provide the answers to
sustainability. Individuals see no need to
change their lifestyles.

Pragma�c consump�on

Consumer decisions are pragma�c and price-oriented. There is a large divergence of wealth in
European society and peoples’ consump�on pa�erns are in alignment with their status, wealth and
societal bubble.

VALUES, PREFERENCES
& SUSTAINABILITY OF

LIFESTYLES

VALUES, PREFERENCES
& SUSTAINABILITY OF

LIFESTYLES

KEY FACTOR 4KEY FACTOR 4
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Characterisation

In general, the European and global climate policy as well as the overall orienta�on of industrial and
sustainability policy plays a key role in how to shape the energy future of Europe.

Possible future developments (projections)

Trade and growth

The premise of economic and industrial policy
is growth, innova�on and trade. As long as
environmental and climate effects costs are
not internalised, decarbonisa�on is only
realised on op�mised cost structures.

High climate ambi�on in an open economy

Climate policy is interna�onally binding and
countries are compe�ng to be climate “top-
runners”. As an effect, there is ac�ve trade and
global markets are func�oning. The guiding
principles for innova�on are energy- and raw-
material efficiency, the non-toxicity of
materials and recyclability.

Europe's industry first

The European market is priori�sed and
European policy is focused on internal trade.
Energy efficiency and transi�ons toward more
sustainability take place at a slow pace and are
subject to profitability.

A sustainable Europe

The Green Deal is policy-defining. The focus is
the European market and climate protec�on is
a guiding principle. Global emissions trading
and carbon border adjustment mechanisms
combined with other due diligence
mechanisms underpin the focus of
environmentally friendly and climate-
protec�ve economic ac�vi�es with a strong
focus on Europe.

Sustainability at any cost

This poli�cal decision has created an extensive reconfigura�on of the European economy. The former
primacy of economic development and growth has now turned into the primacy of sustainability and
climate protec�on. This caused large companies to struggle, many of which went bankrupt. This led to
the consolida�on and reorienta�on of markets.

EUROPEAN &
GLOBAL POLICY
EUROPEAN &

GLOBAL POLICY

KEY FACTOR 5KEY FACTOR 5
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Characterisation
Not all countries have the same poten�al for renewable energy. There are different op�ons for se�ng
up an energy system for Europe based on renewable energy. One aspect is the way the (Pan) European
Energy Network Grid, which provides gas and electricity, is organised and how energy is transported
and distributed across Europe.While a form of energy autarky in rural areas is rela�vely easy to achieve
in urban areas or close to industrial produc�on sites, the provision of power is likely to be centralised
and managed on a larger scale.
Also, the ques�on of how countries cooperate with each other or to what extent they rely on imports
of energy, be it fuel or electricity, can make a difference.

Possible future developments (projections)

The Pan-European Energy Network

Europe is mainly autonomous, based on a renewable energy system. The electricity and gas network
will be fully integrated into a bi-direc�onal energy system, taking care of the distribu�on of wind, water
and solar power as well as fuels. Connected energy storage systems are buffering the fluctua�ons.
Imports are barely necessary.

Countries take care of themselves

The pan-European energy distribu�on does not play a big role. Countries have a focus on na�onal
energy provision systems. There is a strong orienta�on toward imports, storage and reserves
management systems.

Coopera�on of neighboured countries (various coopera�ng clusters)

Different neighboured countries cooperate and build joined empowered grids and energy storage
systems. Energy is imported mainly as fuel, only when necessary, and as a reserve. These are managed
jointly. The poten�als for renewable energy are u�lised largely and intelligently to combine the
strengths of the partner countries.

Price-based distribu�on systems

The whole energy system is op�mised for trade and exchange, including Europe’s neighbouring
countries. As a result, there are high fluctua�ons in energy prices and storage systems, and an
extended energy network has been empowered. Partly non-renewable energy is cheaper and entering
the market, especially from neighbouring countries.

ORGANISATION OF
THE ENERGY

SYSTEM

ORGANISATION OF
THE ENERGY

SYSTEM

KEY FACTOR 6KEY FACTOR 6
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Step 3: Building thescenarios

For each of these socio-economic pathways, the following ques�ons were answered with regard to
the energy system of the individual scenarios:

• Where does the (primary) renewable energy come from? Is it produced within Europe? Does
it come from imports? Or is it a mix of both imports and produc�on?

• How is H₂ transported to and within Europe?
• Is H₂ produced more centrally and then transported? Or mostly decentralised? Are there

differences between ci�es and rural areas?
• How much industrial produc�on will be taking place in Europe, and how concentrated will it

be regionally?
• What are the end uses of H₂? Furthermore, how much H₂ is needed?

The skeleton of the scenarios was built based on a
morphological and consistency analysis taking all projec�ons
into account. In the following morphological box, there is one
column per key factor and its respec�ve projec�ons. Each
scenario is marked by a pathway through the box, with one
colour represen�ng one scenario. Two scenarios contain this
specific projec�on if a rectangle is filled with two colours.
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Step 4: Scenarionarratives

The final scenario narra�ves, hence, the results of step 4 are
found at the beginning of this documenta�on. All the
developed scenarios are enabling and posi�ve. Some of the
presented future developments are more likely than others,
some are already visible today, and some are preferable. In
the end, this process does not aim to predict or forecast the
exact future. The ra�onale is rather to explore various
poten�al futures to find adequate approaches to suppor�ng
desirable developments and to prevent those that are
considered undesirable.
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