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Introduction

July 2023 was the hottest month on earth ever recorded (WMO, 2023). Antarctica is likely
warming at nearly twice the rate of the rest of the world, having lost around 40% of its ice
shelves since 1997 (The Guardian, 2023). By 2050, over 200 million people are projected to
be displaced due to climate change (World Bank, 2022). Yet even if climate targets set to date
are fully achieved, the world will still fall short of bringing global energy-related carbon
emissions to net zero by 2050 (IEA, 2023). Considering the urgency of the climate crisis,
policy makers world-wide are focussing on the development of renewable energy sources to
reduce the economy’s dependence on fossil fuels. For the European Union, strategies for
decarbonising the energy supply are laid out in the European Green Deal. Within these
strategies, hydrogen is key in reducing fossil fuel dependency in sectors such as heavy
industry and transportation. When produced sustainably, hydrogen has an edge over other
renewable energy sources to decarbonize hard-to-electrify industries. Meeting the EU target
of net-zero emissions by 2050 therefore depends heavily on the successful integration of
hydrogen into the energy supply. This makes hydrogen a prominent technology to achieve a

green growth future, whereby economic growth is decoupled from environmental impacts.

Degrowth challenges the possibility of green growth.! In a nutshell, degrowth scholars argue
that economic growth cannot be decoupled from material use, and they highlight the link
between ecological impacts of material extraction and social inequality. Instead of promoting
green growth ideas, degrowth policies aim for a deliberate reduction of consumption through
the downscaling of certain sectors in the Global North, which will likely lead to a decrease in
economic growth. Degrowth is therefore not about reducing GDP, but rather about reducing
material and energy throughput (Hickel, 2020). Current degrowth research on green hydrogen
is limited, but considering that the EU’s ambition to reach net-zero by 2050 stands or falls
with hydrogen, a deeper inquiry is necessary. This paper will therefore analyse the role of

hydrogen in the European Green Deal and the degrowth critique against this strategy.

! The academic discourse knows many misconceptions about degrowth. For this paper, I follow
Hickel (2020) in this definition where degrowth is “a planned reduction of energy and resource
throughput designed to bring the economy back into balance with the living world in a way that
reduces inequality and improves human well-being.”



Hydrogen as an alternative to fossil fuels

In 2022, more than 80 percent of global primary energy came from fossil fuels. Despite the
share of renewables increasing over time, as energy demand keeps rising, this increase in
renewables has not substituted for the use of fossil fuels but rather added onto the energy
supply. As Figure I highlights, the increase in consumption of solar and wind energy was not
paired with a reduction in consumption of fossil fuels. On a global scale, the absolute
consumption of coal, oil, and natural gas still shows an increasing trend. Some therefore say

we are not seeing an energy transition, but an energy addition (Rammelt, 2023).
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Figure I - Global primary energy consumption. Source: Our World In Data.

There are different theories on why fossil fuels are still so dominant, relating to path
dependencies, technological lock-ins, and the institutional inertia protecting the status quo
(Blondeel et al., 2021). For the comparison with hydrogen however, two characteristics are
key, namely the logistic and economic advantages. Basically, fossil fuels are relatively cheap
to produce and easy to transport. This gives them an edge compared to current low-carbon
and renewable energy sources. To effectively replace fossil fuels, alternatives should not only
be cost-competitive, but also possess logistic capabilities to transport and store energy. These
characteristics are especially important in sectors that are difficult to electrify, such as heavy
industry and transportation. This is where hydrogen has an edge over other renewable energy
sources, since it does not require batteries for energy storage (Squadrito et al., 2023). Once

produced, hydrogen could be transported in similar ways to natural gas, through pipelines, or



stored and transported in liquid form, similar to LNG in tanks. In this way, hydrogen could be

stored to compensate for the fluctuations in the RES supply (Noussan et al., 2021).

There are different colour classifications for hydrogen depending on how sustainably it is
produced. The three most common types are grey, blue, and green. Currently over 95 percent
of all hydrogen supplied is considered to be grey hydrogen, meaning that the energy used in
the production process is sourced from fossil fuels (IRENA, 2022). This results in a
substantial CO, footprint that is not compatible with net-zero targets. Blue hydrogen is
produced in a similar way to green hydrogen, but paired with carbon capture and storage
technologies to compensate for the emissions (Noussan et al., 2021). The sustainability of this
process therefore depends heavily on technologies that are not yet possible at the large scale
that is required. Due to the requirement of fossil fuels in the production process, there is
debate on whether blue hydrogen can be classified as sustainable, or low-carbon. In the
production of green hydrogen, renewable energy sources provide energy for water
electrolysis necessary to obtain hydrogen. It is considered sustainable because unlike the
other production processes, it does not create any greenhouse gas emissions as a byproduct
(Squadrito et al., 2023). Considering the sustainability benefits of green hydrogen, it is often
considered a promising alternative to replace fossil fuels, especially in sectors of the economy
that are difficult to electrify such as heavy industry and transportation. The importance of

green hydrogen is also evident in the EU Green Deal.

Green hydrogen and the EU Green Deal

Hydrogen has a prominent role in the EU ambition to become net-zero by 2050. To achieve
this, the EU Green Deal was created, presenting different strategies aimed at reducing
Europe’s dependency on fossil fuels. But where many parts of the economy can be
decarbonized through electrification, two large polluting sectors, heavy industry and
transportation, are considered difficult to electrify. Currently, transportation is responsible for
around a quarter of EU emissions, and the combined heavy industries of metals, minerals and
chemicals contribute to around 20 percent of EU-wide emissions (ICCT, 2021; EEA, 2022).
In the policy document “A New Industrial Strategy for Europe”, the focus lies not on
reducing the size of these industries, but rather becoming a market leader in clean
technologies and to ensure industry as a global frontrunner. Emission reductions for these
industries are based on an “efficiency first” principle (European Commission, 2020c). It is in

these sectors that hydrogen seems to be the most promising alternatives to fossil fuels. As



part of the Green Deal, several strategies highlight the importance of green hydrogen. The
REPowerEU strategy states that “Renewable hydrogen will be key to replace natural gas, coal
and oil in hard-to-decarbonise industries” (European Commission, 2022a). Furthermore, the
Net Zero Industries Act consists of policy packages that aim of scaling up the manufacturing
of key technologies, such as electrolysers. Lastly, the EU Hydrogen Strategy specifies targets
and pathways for the development of green hydrogen. This pathway is split up into three

phases.

In the current first phase, from 2020 to 2024, the aim is to install 6 GW of green hydrogen
electrolysers in the EU and the production of up to 1 million tonnes of green hydrogen. As of
March 2023, only 160 MW capacity had been installed, producing less than 0.3 tonnes. In the
second phase, from 2025 to 2030, the objective is to install at least 40 GW of green hydrogen,
producing 10 million tonnes. The strategy specifically states that in this phase, hydrogen
needs to become an intrinsic part of an integrated energy system. In the third and final phase,
green hydrogen technologies should reach maturity and be deployed at a large scale in
hard-to-decarbonize industries. With green hydrogen replacing fossil fuels in large emitting
industries, this will effectively decarbonize those industries, allowing them to decouple their
production processes from emissions. The strategy mentions that this phase will require a
massive increase in renewable electricity production, as the projection is that around a quarter
of renewable electricity might be used for the production of renewable hydrogen by 2050
(European Commission, 2020b). This reliance on renewable energy capacity is one of the key

critiques against green hydrogen from a degrowth perspective.

Green growth versus degrowth

To understand the critique against the reliance on green hydrogen in EU policy from a
degrowth perspective, it is necessary to briefly highlight the green growth versus degrowth
debate. Central in this debate is whether economic growth can effectively be decoupled from
environmental impacts (Hickel, 2019). Green growth strategies, such as those promoted by
the EU Green Deal, assume that the economy can continue to grow while reducing ecological
impacts (European Commission, 2020a). Key in this idea is the assumption that increasing
efficiency and circularity can reduce the material and carbon intensity of an economy. Indeed,
some countries show promising signs of decoupling economic growth from CO, emissions.
Degrowth scholars nevertheless challenge these assumptions. Instead, they argue that

economic growth cannot be decoupled from material extraction at a global level, and that this



material extraction leads to irreversible ecological impacts and exacerbates global inequalities
(Hickel & Slamersak, 2022). Degrowth does thus not only focus on material aspects, but also
on social outcomes. The critiques of degrowth against growth in general, and green growth in

particular, can extend to the role of green hydrogen.

First, degrowth scholars challenge the assumptions underlying green growth by highlighting
the limitations to efficiency increases. This idea comes from early ecological economists who
challenge the possibility of limitless growth by referring to the laws of thermodynamics.
These laws state that all transfers or conversions of energy are irreversible and will lead to a
decrease in quality due to increasing entropy (Georgescu-Roegen, 1986). In short, this means
that in the long term, there can be no absolute decoupling of consumption growth (GDP) and
raw material use. This is highly applicable to the case of green hydrogen. The production of
hydrogen comes with significant energy losses at each stage of the value chain. Electrolysis
specifically has a low conversion efficiency” of around 60 percent (Squadrito et al., 2023).
Policies enabling innovation may lead to some improvements in efficiency, but research finds
that even if electrolysis capacity grows at a rate equal to that of wind and solar power, the
green hydrogen supply will remain scarce in the short-term, and uncertain in the long-term
(Odenweller et al., 2022). A large part of this uncertainty stems from the problem that many
required technologies, specifically those necessary to decarbonize heavy industry and

maritime transport, are not yet developed or are not yet possible at scale (IRENA, 2022).

Second, the production of green hydrogen requires large inputs of critical metals and
minerals, both directly and indirectly. Directly for the production of hydrogen technologies
such as electrolysers and fuel cells. Europe is fully dependent on the foreign supply of 19 of
29 raw materials relevant to fuel cells and electrolyser technologies (European Commission,
2020b). Indirectly because to meet net-zero targets, the production of green hydrogen
depends on large amounts of renewable energy far beyond current capacities. To illustrate the
scale of this problem at a global level, IRENA finds that by 2050, the consumption of
electrolysers is expected to be around 2100 TWh - nearly equal to all electricity globally
produced today (IRENA, 2021). They state specifically that “a lack of sufficient renewable
electricity may become a bottleneck for green hydrogen.” Other research finds that the

expected demand for rare earth minerals needed for one generation of renewable energy to

2 Conversion efficiency is defined as the ratio of hydrogen energy content and electrolysis power
consumption.



replace the current consumption of fossil fuels is around 944 Mt. Current known reserves are
at 22 Mt - only 2.33 percent of the projected demand (Michaux, 2022). The supply of key
minerals for green hydrogen production such as copper, zirconium, and platinum-group
metals will therefore come under increasing pressures (IRENA, 2021). For instance, some
projections estimate that meeting EU hydrogen demand in 2050 requires 110 percent of
global iridium supply, more than 30 percent of global tantalum supply, and 25 percent of
global platinum supply (TNO, 2021).

Third, from a degrowth perspective, material extraction cannot be decoupled from social
impacts. Already today, the mining of rare earth minerals and metals is associated with
increased social and material inequality through land grabbing (Dunlap, 2019), human rights
violations (Idemudia et al., 2022), and the ecologically unequal exchange of resources
through international trade (Dorninger et al., 2021). With the increasing demand for metals
and minerals necessary for hydrogen production, these consequences are only expected to
worsen. As hydrogen will play a more prominent role, a group of importers and exporters
could emerge which will likely alter the geopolitical playing field (Noussan et al., 2021;
IRENA, 2022).

The role of hydrogen in a degrowth future
Considering the urgency of the climate crisis, and green hydrogen being a low-carbon
alternative despite questions on its long-term sustainability, what is the place of green

hydrogen in a degrowth future? The way I see this is twofold.

On the one hand, there will always be a societal need to produce and consume certain goods
and services that require raw material inputs. Think of the construction of houses, the
maintenance and expansion of railways, and the visiting of overseas relatives. In these
industries that are difficult to electrify, there will be a need for green hydrogen as an
alternative to fossil fuels. On the other hand, there is an urgent need for policy aimed at
reducing energy use in the Global North in the short term (Hickel & Slamersak, 2022). From
a degrowth perspective, the main critique at the reliance on green hydrogen in EU strategies
is that it is not paired with policies aimed at absolute reductions in energy demand. For

instance, the mid- to long-term strategy in the EU Energy Savings policy focuses solely on



energy efficiency improvements (European Commission, 2022b).> Related to hydrogen
specifically, these improvements depend on future technological developments characterized
by high uncertainty (Odenweller et al., 2022). In other words, current net-zero policies
depend on the adoption of hydrogen based energy for hard-to-decarbonise industries, yet
there is little evidence that green hydrogen technologies or capacity will develop quick
enough to meet future demands. From this perspective, focusing on green hydrogen alone
lacks the urgency and feasibility necessary to meet climate targets. Although degrowth is
sometimes characterized as utopian, degrowth policies do not depend on future technological
innovations and could be implemented to start reducing energy requirements urgently. Some
of these proposals include declining caps on resource use, taxing industrial energy
consumption, and investing in community owned and operated renewable energy systems
(Fitzpatrick et al., 2022; Kunze & Becker, 2015). These could be implemented to reduce the

fossil-fuel intensity of certain sectors in the short-term.

In sum, the degrowth argument against green hydrogen is that it cannot be decoupled from
material use. Hydrogen being the only viable alternative to fossil fuels in hard-to-decarbonize
industries, this means that the extraction of massive amounts of materials linked to hydrogen
production will continue to increase for as long as these sectors keep growing. Taking into
account the laws of thermodynamics, and the life-cycles of RES and electrolysers, even
efficiency increases are not expected to lower absolute material requirements in the
long-term. Policy packages as part of the EU Green Deal nevertheless depend on green
hydrogen to reach net-zero by 2050, specifically because hydrogen is considered the sole
option to decarbonize large emitting sectors. Yet focusing on green hydrogen alone comes
with many uncertainties, and risks overlooking the root causes of ecological problems related
to material extraction. Although there are brief statements on reducing absolute energy
consumption, EU policies fail to look beyond efficiency increases. From a degrowth
perspective it remains necessary to ask how the economy can reduce its material intensity,
and betting on green hydrogen alone is not the answer. Without downscaling certain sectors,
without deliberately degrowing material use in the Global North, material extraction will

ultimately continue to grow, with all the environmental and social impacts as a consequence.

® The EU Save Energy communication does offer a short-term strategy for reducing energy demand
(created as a response to increasing gas prices after Russia’s invasion of Ukraine) but focuses only on
individual consumers, listing voluntary actions such as turning down the heating and taking the train
instead of the car.
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