


ClientEarth  Hydrogen readiness - a Trojan horse for fossil fuel lock-in

Authors

Thomas Burman
Sam Hunter Jones
Stéphanie Nieuwbourg

Guillermo Ramo

Graphic design: Polkadot Graphic Studio

Cover photo:

View of Fusina hydrogen power station, Italy
Author: rafaelninis / www.stock.adobe.com

We gratefully acknowledge the organisations ReCommon and Food
& Water Action Europe for their valuable input in the preparation of
this report.

ClientEarth is a non-profit organisation that uses the
law to create systemic change that protects the Earth
for —and with —its inhabitants. It tackles climate change,
protects nature and stops pollution, with partners and
citizens around the globe. From our offices in Europe,
Asia and the USA we help build a future for our planetin
which people and nature can thrive together.

DISCLAIMER: Nothing in this document constitutes legal
advice and nothing stated in this document should be
treated as an authoritative statement of the law on any
particular aspect or in any specific case. The contents of
this document are for general information purposes only.
Action should not be taken on the basis of this document
alone. ClientEarth endeavours to ensure that the infor-
mation they provide is correct, but no warranty, express
or implied, is given as to its accuracy and ClientEarth
does not accept any responsibility for any decisions
made in reliance on this document.

01

www.clientearth.org


http://www.clientearth.org
http://www.stock.adobe.com

ClientEarth  Hydrogen readiness - a Trojan horse for fossil fuel lock-in Executive summary 02

Executive
summary

- There is growing reference to the concept of ‘hydrogen readiness’ in EU-wide policy and
law, as well as in popular, industry and political discourse.

— Governments are beginning to approve, support and subsidise fossil gas power plants,
pipelines, and LNG terminals based on vague commitments that the infrastructure will
eventually be converted to use hydrogen or its derivatives.

— Hydrogen readiness lacks a widely-accepted definition, and its nuances are often both
uncertain and hard to pin down. Nevertheless, it can generally be defined as the declared
ability of certain equipment or infrastructure to use hydrogen in the future.

ABOUT HYDROGEN

* Hydrogen is an energy carrier that is mostly produced artificially.
Approximately 99% of hydrogen used today derives from fossil
fuels - so-called ‘grey’ hydrogen - whereas less than 1% is made
from renewable sources - so-called ‘green’ hydrogen.

There are a number of technical, economic and social barriers to
the use of hydrogen at scale:

— the production of hydrogen is inefficient, energy-intensive
and costly,

— hydrogen is difficult to store and transport due its physical
properties and the lack of required infrastructure, and

— thereis high uncertainty around the availability of sufficient
hydrogen supply to decarbonise existing fossil fuel usesin
Europe, including as influenced by the environmental, cost
and geopolitical implications of securing these supplies.

— The concept of hydrogen readiness is starting to make its way into law and policy.

¢ [tis nowincluded, in different formulations, across a number of EU rules:

1. the TEN-E Regulation (on the construction of international energy
infrastructure),

2. the Sustainable Finance Taxonomy (on green labelling of investments),

3. the State aid guidelines and General Block Exemption Regulation (on
conditions for granting subsidies), and

4. therules governing several EU funds, including the Recovery and Resilience
Facility, the Cohesion Fund, the European Regional Development Fund, the
Modernisation Fund, and the EIB's Energy Lending Policy.
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* Hydrogen readiness is also present in international public finance guidelines
(OECD Arrangement on Officially Supported Export Credits) and in Member
State national law (notably Germany).

* The application of hydrogen readiness in the laws and policies above has tended
to be inconsistent, vague and permissive.

— Theidea of hydrogen readiness gives the false impression that the future use of hydrogen
will make economic and environmental sense, that the infrastructure or equipment in
question can and will be converted to use hydrogen, and that there will be sufficient
hydrogen supplies available to decarbonise a wide range of existing fossil fuel end uses.

— Several risks for consumers, investors and policy-makers arise from the concept of
hydrogen readiness, including:

1. Lock-inrisk: hydrogen-ready infrastructureis likely to lock in greenhouse gas emissions
that will prevent climate targets being met. This is because hydrogen may be produced
with fossil gas (which can increase climate impacts) or there may not be enough
hydrogen of any colour available at an economical price, leading to continued fossil
fuel use. Hydrogen use also depends on and therefore further entrenches existing
fossil fuel-based economic and infrastructure pathways, aggravating the rest of its
associated risks.

2. Price risk: hydrogen price projections are uncertain and likely to be overshot.
Furthermore, should hydrogen not be available at scale in the future, fossil gas will
continue to be sourced for hydrogen-ready facilities, reinforcing the exposure to fossil
gas prices, which are volatile and in a long-term upward trend.

3. Financialrisks: such as asset stranding (investment projects not being able to pay back
their costs) and litigation (arising from commitments to source hydrogen or from anti-
greenwashing action).

4. External dependency risk: hydrogen will be mostly imported, same as with fossil gas.
This will increase the exposure of the EU to external energy markets and any events
that may disrupt them.

— To avoid these risks, the best approach would be to abandon the 'hydrogen readiness’
concept altogether, unless and until the infrastructure or equipment in question can
and will use 100% hydrogen from the outset without any need for further conversion.
Anything else risks confusion and an off-track energy transition. It is also important
to emphasise that even such ‘hydrogen using' infrastructure and equipment can have
significant negative environmental and cost impacts and that questions will often remain
about their sustainability.

— While this reportfocuses on the EU region, the key messages around the risks of ‘hydrogen
readiness’ are intended to apply more broadly and across regions.
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1.

introduction

There is growing reference to 'hydrogen
readiness’ in EU and Member State policy

and law, as well as in popular, industry and
political discourse. Governments are approving
or granting special regulatory status to and
subsidising fossil gas' power plants, pipelines,
and LNG terminals based on vague commitments
that the infrastructure will eventually be
converted to use hydrogen or its derivatives.

Consumers are buying ‘hydrogen-ready’ fossil gas boilers on the promise
that these can and will one day burn hydrogen. Fossil gas transmission and
distribution infrastructure owners are delaying or planning to delay the
decommissioning of their assets — which is a necessary step for the wide-
spread renewables-based electrification of heat and other existing fossil
gas end uses — arguing (or hoping) that such infrastructure could instead
eventually be converted to transport hydrogen.

As we will show, the ‘hydrogen readiness’ concept is hard to pin down, with
different formulations and treatments being advanced across policies and
sectors. However, it can be generally defined as the declared ability of cer-
tain equipment or infrastructure to use hydrogen in the future. Two fun-
damental aspects of thisidea seem to vary across the different formulations:

Whether the infrastructure or equipmentin question must be fully capable of
using hydrogen from the outset (i.e., with no need for any type of adaptation
or conversion), or only that future adaptation or conversion to the use of
hydrogen would be feasible from a technical or economic point of view.

Whether the infrastructure or appliances in question must be ‘ready’ only
for the use of pure hydrogen or for a blend containing a certain volume of
hydrogen.

1 The common name is ‘natural gas'. As it is a fossil fuel, this briefing uses the name ‘fossil gas' or ‘'methane’.
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Hydrogen-ready or ammonia-ready?

The concept of hydrogen readiness has been used to suggest that
infrastructure and equipment have been designed in a way to allow
later conversion to enable hydrogen use. Converting fossil gas
infrastructure at a later stage however requires extensive retrofitting
at great expense. For LNG infrastructure, technical studies? and the
International Energy Agency (IEA)® warn that there is limited experi-
ence and thatitis uncertain that there is a future case. While the steel
used for LNG storage tanks could be compatible with hydrogen, 50%
of the initial investment cost for an LNG terminal would be wasted (if
hydrogen compatible materials are used from the outset) to convert
the terminal to use hydrogen. Fossil gas pipelines, plants and other
appliances and equipment face a similar issue of significantand costly
retrofitting or replacement.

Given these challenges, LNG terminals currently under construction
in Europe are being developed to be ‘ammonia ready’ instead.* The
conversion of LNG terminals into ammonia terminals seems techni-
cally and financially more feasible than hydrogen. A conversion would
require 6 to 20% additional capital expenditure, depending on the
initial design and planning.® However, as the direct use of ammonia is
limited mainly to being a feedstock to produce chemicals and as a fuel
for maritime shipping, it would need to be converted to hydrogen,
involving significant losses.

The objective of this report is to shed light on the emerging concept of
‘hydrogen readiness' and the associated risks. To this end, the report first
introduces basic facts about hydrogen and hydrogen readiness (Section 2).
It then provides an overview of EU and some national law and policy where
the conceptis surfacing, inits different forms, descriptions and applications
(Section 3). The briefing then further outlines the different risks associated
with the concept and its use (Section 4). Finally, alternative policy options are
proposed (Section 5). While the report is focused on the EU region, the key
messages are intended to apply more broadly and across regions.

2 Fraunhofer Institute, Conversion of LNG terminals for liquid hydrogen or ammonia -
analysis of technical feasibility under economic considerations, Nov. 2023, p.6.

3 IEA, Global Hydrogen Review 2022, p. 7.; More technical details at pp.143-150.
4 Hanseatic Energy Hub, , Mar. 2024.

5 Fraunhofer Institute, Conversion of LNG terminals for liquid hydrogen or ammonia —
analysis of technical feasibility under economic considerations, Nov. 2023, p.40.


https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cce/2022/Report_Conversion_of_LNG_Terminals_for_Liquid_Hydrogen_or_Ammonia.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cce/2022/Report_Conversion_of_LNG_Terminals_for_Liquid_Hydrogen_or_Ammonia.pdf
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cce/2022/Report_Conversion_of_LNG_Terminals_for_Liquid_Hydrogen_or_Ammonia.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cce/2022/Report_Conversion_of_LNG_Terminals_for_Liquid_Hydrogen_or_Ammonia.pdf
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Main facts about hydrogen

2.

Basic facts on hydrogen
and 'hydrogen readiness’

2.1.

Main facts about hydrogen

— 'GREY’
— 'BLUF’
— 'GREEN’
— 'PINK’

Hydrogen (H,) is generally not a primary energy source, such as fossil or
renewable energy, but an energy carrier, meaning that it is usually a human-
made gas capable of storing and delivering energy. Hydrogen only exists in
very small quantities as a naturally available gas (so-called ‘white’ hydrogen®),
so it must generally be produced by separating the naturally occurring mol-
ecules that contain it. More than 99% of hydrogen used today is produced
from fossil fuels, whereas less than 1% is made using renewable energy.’
Depending on the production process, industry has labelled hydrogen with
different colours, the most discussed being:

hydrogen is produced by splitting the hydrogen and carbon atoms in fossil gas
or methane (CH,), using a process called Steam Methane Reforming (SMR).
CO,, a greenhouse gas, is emitted into the atmosphere as a by-product when
producing grey hydrogen.

hydrogen follows the same production process as grey hydrogen, but the CO,
is partially captured and stored in a suitable underground location in a process
known as carbon capture and storage (CCS). Blue hydrogen can also be pro-
duced by Auto Thermal Reforming (ATR), which is a similar process to SMR but
differs in how heat s introduced during the process.

hydrogen is produced through a different process: electrolysis, whereby water
(H,0) is split into hydrogen and oxygen. In this case, oxygen (0,) is the by-prod-
uct, rather than CO.,. Electrolysers run on electricity, which, in the case of green
hydrogen, must be sourced from renewables.

hydrogen also relies on electrolysis but sources the electricity from nuclear
power.

6 World Economic Forum, White hydrogen: 5 critical questions answered, Aug. 2024.

7 International Energy Agency (IEA), Global Hydrogen Review 2024, p.61.


https://www.weforum.org/stories/2024/08/white-hydrogen-5-critical-questions-answered/
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
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Main facts about hydrogen

Hydrogen's current main use is in refining, by the chemical industry (as
a feedstock to produce ammonia, methanol and other chemicals) and the
steel industry (as a reducing agent). The uptake of hydrogen and its deriva-
tives, such as ammonia, methanol, jet fuel or other e-fuels, in new applica-
tionsincluding heavy industry, transport, the production of hydrogen-based
fuels or electricity generation and storage, remains minimal (<0.1% global
demand). This is mainly due to the lack of competitiveness of hydrogen with
fossil fuels, the lack of commercial maturity of end-use technologies and the
existence of more efficient low-emission alternatives for these applications.®

Although hydrogen is often presented as an environmentally friendly
alternative for fossil gas (methane, CH,), hydrogen and methane have very
different properties®:

o O Molecular weight: hydrogen is 8 times lighter, and
°’©\O smaller than methane, meaning it leaks more easily and

needs high pressurization to be transported.

Energy density: hydrogen contains over twice the
energy density of methane for weight unit, but, since itis
much less dense, it needs almost 3 times the volume for
the same amount of energy.

Combustion: hydrogen combustion produces water
vapour, whereas the combustion of methane releases
carbon emissions (CO,).

speed is almost 10 times higher than methane, making
combustion of hydrogen more challenging to control.

State of matter: hydrogen only liquifies at -253°C (boiling
point), whereas methane liquifies at -162°C (LNG).

Flammability: hydrogen combusts with both higher
and lower concentrations of air present and its flame

8 Ibid. pp.22-23.

9 Ibid., p.131; POWER Engineers, 6 Things to Remember about Hydrogen vs Natural
Gas, Aug. 2021.


https://www.powereng.com/library/6-things-to-remember-about-hydrogen-vs-natural-gas?hss_channel=lcp-37845
https://www.powereng.com/library/6-things-to-remember-about-hydrogen-vs-natural-gas?hss_channel=lcp-37845
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2.2,

A ‘'hydrogen economy':
physical, economic and
environmental challenges

A 'hydrogen economy': physical, economic and environmental challenges

The 'hydrogen economy' is a vision of using hydrogen as a low-carbon energy
source across the economy, to phase-out the use of fossil fuels and limit
climate change. The road towards this economy however presents physical,
economic and environmental uncertainties and challenges. In practice, this
vision may simply delay the transition to a sustainable economy and prolong
the use of fossil fuels. Even if a hydrogen economy were to become viable,
itis likely that it would involve a substantial amount of fossil gas-based grey
and blue hydrogen.

The limitations of hydrogen as a broad solution have been noted by the
scientific community. The European Scientific Advisory Board on Climate
Change has said that “[t]he EU’s massive policy support for the hydrogen
value chain does not sufficiently reflect the techno-economic limits of hydro-
gen and its most efficient uses in an integrated and decarbonised energy
system.""° These limitations are also reflected in the latest reports issued by
the Intergovernmental Panel on Climate Change (IPCC)."

EU institutions and agencies have also recognised the challenges associated
with the hydrogen economy. The Commission, in its Hydrogen Strategy,
admits that “today renewable and low-carbon hydrogen are not yet cost
competitive compared to fossil-based hydrogen."? In its Energy System
Integration Strategy, it stated that “direct electrification and renewable
heat present the most cost-effective and energy-efficient decarbonisation
options in many cases”. While this last strategy does mention that “a number
of renewable or low-carbon fuels could be used, such as sustainable biogas,
biomethane and biofuels, renewable and low-carbon hydrogen or synthetic
fuels”, itis only in relation to end-use applications where electrification may
not be feasible or have higher costs.”

10 European Scientific Advisory Board on Climate Change, Towards EU climate
neutrality — Progress, policy gaps and opportunities, 2024, p.24.

11 “The [Integrated Assessment Model] scenarios imply a modest role played by
hydrogen, with some scenarios featuring higher levels of penetration. The consumption
of hydrogen is projected to increase by 2050 and onwards in scenarios likely limiting
global warming to 2°C or below, and the median share of hydrogen in total final energy
consumption is 2.1% in 2050 and 5.7% in 2100 (Box 12.4, Figure 1) (Numbers are based
on the AR6 scenarios database). There is large variety in hydrogen shares, but the
values of 10% and more of final energy use that occur in many roadmaps are only rarely
reached in the scenarios. Hydrogen is predominantly used in the industry and trans-
portation sectors. In the scenarios, hydrogen is produced mostly by electrolysis and by
biomass energy conversion with CCS (Box 12.5, Figure 1)." IPCC, AR6 WGIII Full Report,
2022, Ch12, p.1315. And even that modest role may be an overestimate: “Most models
and studies fail to address system impacts of widespread new technology deployment,
for example: (i) material and resources needed for hydrogen production or additional
emissions and energy required to transport hydrogen [...] These impacts could limit
regional and national scale-ups.” Ibid., Ch4, p.442.

12 Communication — A hydrogen strategy for a climate-neutral Europe,
COM/2020/301 final, p.2.

13 Communication — Powering a climate-neutral economy: An EU Strategy for Energy
System Integration, COM/2020/299 final, p.11.


https://climate-advisory-board.europa.eu/reports-and-publications/towards-eu-climate-neutrality-progress-policy-gaps-and-opportunities
https://climate-advisory-board.europa.eu/reports-and-publications/towards-eu-climate-neutrality-progress-policy-gaps-and-opportunities
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_FullReport.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52020DC0301
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52020DC0299
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52020DC0299
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A 'hydrogen economy': physical, economic and environmental challenges

More recently, the European Court of Auditors has put into question the political initiatives
around the hydrogen economy, noting that “[tlhe EU’s industrial policy on renewable hydrogen
needs a reality check"” and that “[tlhe EU should decide on the strategic way forward towards
decarbonisation without impairing the competitive situation of key EU industries or creating new
strategic dependencies."’ The Court of Auditors also doubted the volume of the EU targets for
imports and production of renewable hydrogen (10 million tonnes each by 2030), considering that
they “were driven by political will rather than being based on robust analyses."™®

Some of the main physical, economic and environmental challenges of hydrogen are:

9

The production process of hydrogen is inefficient, making it uncompetitive
in most cases

Hydrogen is an energy carrier that does not exist in any significant amount
in nature and therefore needs to be produced using existing energy (see
Section 2.1). The different production processes entail significant energy
losses, making it a very inefficient and expensive solution. Even the produc-
tion of green hydrogen results in around 30-35% energy loss and, depending
onits final use, higher energy losses may be incurred.’®

Hydrogen is therefore unlikely to be available at a large enough scale to
significantly displace current fossil fuel use. Direct electrification is in
nearly every case more efficient and cheaper than converting electricity to
hydrogen. Such options already exist in key sectors, such as heating and road
transport, and should be prioritised."”

The quantities of available near-zero emission hydrogen are and will be
scarce

The only near-zero emissions hydrogen is green hydrogen (aside from the very
small quantities of available white hydrogen). Grey and blue hydrogen are as pol-
luting or even more polluting than the direct use of fossil fuels. The greenhouse
gas footprint of blue hydrogen can be up to 20% worse than burning fossil gas
for heat, because blue hydrogen is produced from fossil gas, which amplifies
the issue of methane leaks in the supply chain, and CCS does not capture all
the emissions.' Yet, producing green hydrogen is very energy-intensive and
requires significant land and resources.

Hydrogen must therefore be used sparingly and prioritised for applications
where it is the least harmful solution, such as hard to decarbonise sectors.

14 Renewable hydrogen-powered EU: auditors call for a reality check, 2024.
https://www.eca.europa.eu/en/news/news-sr-2024-11

15 European Court of Auditors, Special report 11/2024: The EU's industrial policy on renewable hydrogen —
Legal framework has been mostly adopted — time for a reality check, 2024, p.63.

16 International Renewable Energy Agency (IRENA), Green Hydrogen — A guide to policy making, 2020, p.13.

17 See for example this proposal for the classification of hydrogen uses: Hydrogen Ladder version 5.0.
developed by Michael Liebreich, 2023.

18 R.Howarth, How green is blue hydrogen?, Energy Science & Engineering, 2021.


https://www.eca.europa.eu/en/news/news-sr-2024-11
https://www.eca.europa.eu/en/publications?ref=SR-2024-11
https://www.eca.europa.eu/en/publications?ref=SR-2024-11
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Nov/IRENA_Green_hydrogen_policy_2020.pdf
https://mliebreich.substack.com/p/hydrogen-ladder-version-50
https://mliebreich.substack.com/p/hydrogen-ladder-version-50
https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.956
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— Transporting hydrogen by ship is technically difficult and inefficient due to
energy losses

Countries with high renewables potential (such as Oman, Morocco, Namibia
or Chile) are marketing themselves as future green hydrogen hubs. Yet green
hydrogen demand is expected to come from heavily industrialised and
populated regions in Europe, North America and Asia. To transport hydrogen
globally, there are two main options: (1) to liquify hydrogen (LH2) and shipiitin
liquefied form or (2) to convert hydrogen into ammonia, liquify the ammonia,
and ship it as a ‘hydrogen carrier'.'®

The first option is very challenging. Hydrogen needs to be cooled to -253°C
to liquify, nearly 100°C less than LNG, which means higher energy losses
(it is estimated that between 25 and 35% of the energy stored in the initial
hydrogen needs to be used for liquefaction, compared to around 10% for
LNG).2° Due toits cost, transporting LH2 by ship is currently seen as an option
with less potential economic feasibility when compared to the shipping of
ammonia.?’

Although ammonia is easier to handle as it liquifies at -33°C and has a higher
energy density by volume than LH2,??itis also inefficient since the conversion of
hydrogen to liquid ammonia is an energy-intensive process leading to between
7-18% of the hydrogen being wasted in the process, and a similar amount for
regasification, a total loss of 14-36%. Its high toxicity and corrosiveness add
another layer of logistical complexity to this option.?

As moving hydrogen across large distances will not only be costly, but also
extremely inefficient with big energy losses along the supply chain, locally
produced hydrogen should be prioritised. Yet, space and resources to deploy
renewables in Europe is limited, meaning that direct electrification of applica-
tions should always be prioritised over relying on hydrogen imports.

— Converting existing fossil gas pipelines is technically complex and will in
almost all cases be economically unjustified

At regional or local level, hydrogen can be transported via pipeline. Fossil
gas pipelines cannot handle pure hydrogen as it corrodes steel structures,
reduces the steel’s fracture resistance and would leak due to its light weight.?*
Hydrogen's lower volumetric energy density would also need to be com-
pensated by increasing the pipeline's pressure, which would amplify safety
concerns. This means that converting existing fossil gas pipelines would
involve modifying compressors, valves and other components, replacing
entire pipeline segments and welds with compatible materials, adapting the

19 International Renewable Energy Agency (IRENA), Geopolitics of the Energy
Transformation -The Hydrogen Factor, 2022, pp.35-37; EU Agency for Cooperation
of Energy Regulators (ACER), Transporting Pure Hydrogen by Repurposing Existing
Gas Infrastructure: Overview of existing studies and reflections on the conditions for
repurposing, July 2021, pp.15-16.

20 ACER, op.cit., p.11.

21 IRENA, op. cit., p.36; ACER, op. cit., p.15.

22 ACER, op.cit.,, p.11.

23 |EA, The Future of Hydrogen — Seizing today's opportunities, June 2019, pp.75 & 56.

24 Z.Hafsi, M. Mishra, S. Elaoud, Hydrogen embrittlement of steel pipelines during
transients, Procedural Structural Integrity, Vol.13, 2018, pp.210-217 (open access);
National Renewable Energy Laboratory, Hydrogen Blending into Natural Gas Pipeline
Infrastructure : Review of the State of Technology, Oct. 2022, p.8.


https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jan/IRENA_Geopolitics_Hydrogen_2022.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jan/IRENA_Geopolitics_Hydrogen_2022.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/Transporting Pure Hydrogen by Repurposing Existing Gas Infrastructure_Overview of studies.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/Transporting Pure Hydrogen by Repurposing Existing Gas Infrastructure_Overview of studies.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/Transporting Pure Hydrogen by Repurposing Existing Gas Infrastructure_Overview of studies.pdf
https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf
https://www.sciencedirect.com/science/article/pii/S2452321618302683
https://www.sciencedirect.com/science/article/pii/S2452321618302683
https://www.nrel.gov/docs/fy23osti/81704.pdf
https://www.nrel.gov/docs/fy23osti/81704.pdf
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A 'hydrogen economy': physical, economic and environmental challenges

leak detection system, etc. Such conversions would be costly and complex,
and would in any event not be feasible for older pipelines (30+ years).?

This means that many hydrogen pipelines will be purpose-built, which will be
extremely costly and take many years. In Europe, based on “the industrial
hydrogen demand and the technology and cost assumptions (...), there is no
Justification for creating a larger, pan-European hydrogen backbone", that
goes beyond certain specific “no regret” corridors.?®

— Blending hydrogen with fossil gas is wasteful

Blending hydrogen with fossil gas reduces the energy content, meaning more
is needed to deliver the same amount of energy. It also has limited emission
savings: mixing 20% of hydrogen with fossil gas, which is the maximum
that much of the existing fossil gas infrastructure can carry before needing
expensive upgrades, can only save around 7% of carbon emissions,?’ yet it
significantly increases the price for consumers.?®

— The environmental impact of hydrogen: high global warming potential and
air pollution

Over a period of 20 years, hydrogen is 33 times worse for the climate than
CO,.2 Itis not a greenhouse gas in itself but it extends the lifetime of methane,
amplifying its greenhouse effect. Yet, as the smallest molecule in the universe,
hydrogenis hard to contain and can leak more easily, especially during transport
such as by ship.®°

Moreover, combusting hydrogen can release high levels of nitrogen oxides
(NO,) which impacts local air pollution,! unless the emissions are controlled.

25 |Institute for Energy Economics and Financial Analysis (IEEFA), Hydrogen: Not
a solution for gas-fired turbines, Aug. 2024, pp.17-19.

26 Agora Energiewende and AFRY Management Consulting, No-regret hydrogen:
Charting early steps for Hz infrastructure in Europe, 2021, p.18.

27 Hydrogen Science Coalition, Principles, p.4.

28 Paul Martin, LinkedIn, Why Hydrogen Blending Into the Gas Network is Bollocks,
posted 17 Dec. 2023, updated 27 Aug. 2024. See also, Fraunhofer Institute, The limita-
tions of hydrogen blending in the European Gas Grid, Jan. 2022.

29 Nicola Warwick et al., Atmospheric implications of increased Hydrogen use, Apr.
2022, p.54.

30 Frazer Nash Consultancy, Fugitive hydrogen emissions in a future hydrogen econ-
omy, Mar. 2022 (commissioned by the UK government).

31 US Department of Energy, Does the use of hydrogen produce air pollutants such
as nitrogen oxides?, (last accessed Jan. 2025).


https://ieefa.org/sites/default/files/2024-07/Hydrogen Not a Solution for Gas Fired Turbines_August 2024.pdf
https://ieefa.org/sites/default/files/2024-07/Hydrogen Not a Solution for Gas Fired Turbines_August 2024.pdf
https://www.agora-energiewende.org/fileadmin/Projekte/2021/2021_02_EU_H2Grid/A-EW_203_No-regret-hydrogen_WEB.pdf
https://www.agora-energiewende.org/fileadmin/Projekte/2021/2021_02_EU_H2Grid/A-EW_203_No-regret-hydrogen_WEB.pdf
https://h2sciencecoalition.com/wp-content/uploads/2022/08/Hydrogen-Science-Coalition-Principles.pdf
https://www.linkedin.com/pulse/why-hydrogen-blending-gas-network-bollocks-paul-martin-i5sdc/
https://www.iee.fraunhofer.de/content/dam/iee/energiesystemtechnik/en/documents/Studies-Reports/FINAL_FraunhoferIEE_ShortStudy_H2_Blending_EU_ECF_Jan22.pdf
https://www.iee.fraunhofer.de/content/dam/iee/energiesystemtechnik/en/documents/Studies-Reports/FINAL_FraunhoferIEE_ShortStudy_H2_Blending_EU_ECF_Jan22.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067144/atmospheric-implications-of-increased-hydrogen-use.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067137/fugitive-hydrogen-emissions-future-hydrogen-economy.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067137/fugitive-hydrogen-emissions-future-hydrogen-economy.pdf
https://www.energy.gov/eere/fuelcells/does-use-hydrogen-produce-air-pollutants-such-nitrogen-oxides#:~:text=Any%20type%20of%20high-temperature%20combustion%20%28e.g.%2C%20of%20diesel%2C,hydrogen%20may%20result%20in%20comparably%20higher%20NOx%20emissions.
https://www.energy.gov/eere/fuelcells/does-use-hydrogen-produce-air-pollutants-such-nitrogen-oxides#:~:text=Any%20type%20of%20high-temperature%20combustion%20%28e.g.%2C%20of%20diesel%2C,hydrogen%20may%20result%20in%20comparably%20higher%20NOx%20emissions.
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— Equity concerns for the production of green hydrogen

Countries with high potential for renewable energies (e.g. Namibia, Morocco,
Oman or Chile) have announced their interest in producing large amounts of
green hydrogen, mostly for export only. There is a risk that this comes at the
expense of the local population and basic human rights, such as:

o

o

Energy poverty:

This is a major issue in many high potential countries. Power
generation through renewables should be dedicated to the local
population prior to being connected to electrolysers to produce
green hydrogen for export. Project promoters should therefore be
obliged and bear the costs of additional renewable capacities for
populations where the electrification rate is below 100% to improve
their economic sustainability.

Water supply:

Many high potential countries are in arid regions where water is
scarce. As water is needed to produce green hydrogen, it can
exacerbate water stress. Water resources or desalination plants in
such areas must first meet the needs of affected populations before
fresh water can be used for hydrogen production.

Health:

The production of hydrogen can have negative effects on local air
pollution. Such impacts need to be prevented by introducing
emission limits.

Food security:

Land-use conflicts, land conversion and forced resettlement can
lead notably to food insecurity for the local population. This must be
mitigated by securing local agricultural production.
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In light of these challenges, the role of
hydrogen in the economy should be
based on key principles:

- Green hydrogen should be directed solely at priority, hard-to-
abate sectors where it is the least harmful solution for meeting
energy demand, and where the demand in question cannot be
avoided.

Hydrogen should not be used to delay deploying electrification
and energy efficiency solutions.

Locally produced and consumed green hydrogen should
be prioritised, before exporting and importing it. Any import
of hydrogen must respect basic human rights in exporting
countries.

Given how scarce and valuable green hydrogen is, it should
not be blended with fossil gas due to the limited impact on
emissions savings.
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3.

‘Hydrogen readiness’
in law and policy

This chapter provides an overview of different pieces
of legislation and policy where the concept of hydrogen
readiness is surfacing. The findings have been grouped
in different legal and policy areas: the use of the concept
by industry, EU energy law and policy, private finance,
public finance, and national laws and policies.

Legal and policy frameworks related to energy and
hydrogen are in constant development, which does not
lend itself well to an exhaustive review of the relevant
frameworks. This analysis strives to cover the most
relevant pieces of law and policy, but does not provide
a comprehensive review.

3.1.

Use of the hydrogen
readiness concept
by industry

An agreed understanding of ‘hydrogen readiness' has
also not yet emerged amongst industry. Public state-
ments from industry characterizing certain fossil gas
assets as hydrogen ready vary in terms of the thresholds
applied. For example, RWE claimed that their Magnum
gas-fired power plant in Eemshaven is hydrogen ready
because it can co-fire up to a 30% hydrogen blend,??
while Baker Hughes claimed that its turbo-compressors
would help serve a to-be-constructed hydrogen-ready
pipeline, noting the compressors could operate at an up
to 10% hydrogen blend.%®

Some industry actors have proposed hydrogen
readiness definitions and certification schemes for
fossil gas power plants and other infrastructure. These
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approaches generally focus on technical capabilities
and expected conversion costs. In Germany, the tech-
nical association of energy plant operators vgbe energy
e.V., has proposed that a fossil gas power plant be
considered ‘H2-ready'’ if it “can be operated at 100% with
hydrogen during its service life."3*But, as observed by
the Reiner Lemoine Institut, such a standard is in effect
meaningless, since any fossil gas power plant today
can conceivably be converted during its lifetime to burn
100% hydrogen, provided the technology to do so is
commercially available.®®

The EU Turbines and EUGINE associations propose
a tiering framework for defining hydrogen readiness,
which refers to both the proportion of hydrogen in the
fuel mix that can be burned (with different classifica-
tions for 10%, 25%, and 100% hydrogen) and the cost
of upgrading the plants as a proportion of initial overall
plant building costs (with different categories for 5%,
10%, and 20%).%6 But this standard says nothing of the
likelihood of the power plants being converted to use
100% hydrogen later. The TUV SUD Hydrogen-Ready
Gas Power Plant Certification expands the assessment
beyond questions of technical capability and pricing.
It introduces certifications for three key stages of the
plant's life cycle — bidding with concept design, planning
and construction, and transitioning from fossil gas to
hydrogen use.®” By issuing certifications at each stage,
this approach introduces some level of accountability
towards ensuring that necessary conversions to burn
100% hydrogen take place, which could assist in upfront
commercial risk allocation between contractors, opera-
tors, owners and other parties. However, such a scheme
cannot meaningfully ensure that a conversion eventually
takes place, since changed circumstances may remove
commercial and other incentives for the parties to
convert.

Beyond fossil gas power, some industry efforts have
been undertaken to develop hydrogen readiness
standards for pipelines and related equipment and
infrastructure. The H2 Gas Assets Readiness Working
Group seeks to develop new standards and technologies
and share technical knowledge on hydrogen asset read-
iness, and to build a common view on the H2 readiness

32 RWE, RWE acquires 1.4-gigawatt power plant from Vattenfall and develops Eemshaven site into a leading energy and hydrogen

hub in Northwest Europe, June 2022.

33 Baker Hughes, Baker Hughes to Supply Snam with Hydrogen-Ready Technology to Support Decarbonization and Resilience of

the Italian Gas Network, Apr. 2024.

34 Vgbe energy eV., Factsheet: H2-readiness for gas turbine plants, Jan. 2023, p.3.

35 Reiner Lemoine Institut, H2-Ready Gas-fired Power Plants, Nov. 2023, p.12.

36 EU Turbines, EUGINE, H2-Readiness of Turbine Based Power Plants — A Common Definition, Sep. 2021.

37 TUV SUD, H2-Ready Certification, last accessed Jan. 2025.


https://benelux.rwe.com/en/press/2022-06-02-rwe-aquires-1-4-gigawatt-power-plant-from-vattenfall/
https://benelux.rwe.com/en/press/2022-06-02-rwe-aquires-1-4-gigawatt-power-plant-from-vattenfall/
https://investors.bakerhughes.com/news-releases/news-release-details/baker-hughes-supply-snam-hydrogen-ready-technology-support
https://investors.bakerhughes.com/news-releases/news-release-details/baker-hughes-supply-snam-hydrogen-ready-technology-support
https://www.vgbe.energy/en/?jet_download=c27e206dba054173d43e4201a2bec5a5d0a839b6
https://reiner-lemoine-institut.de/wp-content/uploads/2023/11/RLI-Study-H2-ready-EN.pdf
https://www.eugine.eu/wp-content/uploads/2021/09/EUTurbines-H2-ready-Definition-September-2021-1.pdf
https://www.tuvsud.com/en/themes/hydrogen/hydrogen-services-that-enable-safety-for-your-ideas/h2-ready
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of infrastructures.®® However, this work remains ongoing
at the time of publication of this briefing, with no agreed
hydrogen readiness definition distributed publicly. TUV
SUD also issues 'H2-ready’ certificates for hydrogen
pipelines, which evaluates pipelines’ suitability for hydro-
gen operation.®®

Industry has also begun promoting the hydrogen readi-
ness conceptinthe home heating context, with different
efforts across jurisdictions to promote or market certain
fossil gas boilers as ‘hydrogen-ready’ or ‘hydrogen-blend
ready’. For example, the UK Competition and Markets
Authority (CMA) recently closed enforcement proceed-
ings against Worcester Bosch, who agreed to change or
remove misleading marketing materials. Among other
concerns, the CMA noted that consumers may be misled
by claims thatthe company's boilers are ‘hydrogen-blend
ready’ because they can run on an up to 20% hydrogen
blend, when most boilers on the market are already
technically capable of doing this. Concerns were also
raised that marketing such boilers as hydrogen-blend
ready gave a false impression that they would help con-
sumers ‘future-proof’ their heating systems and reduce
their carbon footprints.4° Recognizing also the scientific
uncertainties of hydrogen blending, the CMA secured an
undertaking*' from the company (also applicable to boiler
manufacturers, third party retailers, or boiler installers)
that prohibits “stating or conveying the impression that
the widespread introduction of a Hydrogen blend into the
gas network, and its availability in any particular place
and for any particular Consumer, is a certainty.”

The CMA also found evidence of an industry-wide
problem. Prior to opening its enforcement action against
Worcester Bosch, the CMA undertook a review of con-
sumer protection issues in the green heating and insula-
tion sector. It concluded in a 2023 findings report* that

‘Hydrogen readiness’ inlaw and policy 16
EU energy law and policy

"we are concerned that claims and messaging around
hydrogen capable boilers used by several businesses
may constitute greenwashing and mislead consumers
into thinking that these products are more environmen-
tally friendly or ‘greener’ than they are."

3.2.

EU energy law and policy

Over the last few years, EU energy policy and legislation
have started to reflect the emergence of a ‘hydrogen
readiness' concept.

Oddly enough, the notion is absent from key pieces of
energy policy of the last Commission, like the European
Green Deal,*® the Hydrogen Strategy,** or the Energy
System Integration Strategy.*® These policies do not
mention 'hydrogen readiness' and rather focus on the
repurposing of existing fossil gas infrastructure or the
construction of dedicated hydrogen infrastructure. The
main EU legislation from the last Commission focusing on
the development of a future EU internal hydrogen market
—the hydrogen and decarbonised gas market package“®
—does not mention the concept either.

'Hydrogen readiness’ seems to have gained prominence
with the gas supply and price crisis arising before and
aggravated by Russia’'s war against Ukraine. It is men-
tioned several times in the REPowerEU Communication*’
and the REPowerEU Plan,*® which were adopted as
aresponse to the crisis. In the first of these communica-
tions, the Commission announced that it would "assess
as a matter of priority whether measures and invest-
ments are needed in hydrogen-ready gas infrastructure

38 DelaFlor, F. P, H2 Gas Assets Readiness (H2GAR), 34th Madrid Forum, Oct. 2020, p.2.

39 TUV SUD, Hydrogen Pipelines — Safety and Certification of Hydrogen Transport, last accessed Jan. 2025.

40 CMA, Leading UK boiler brand is changing marketing practices following CMA action, Aug. 2024.

41 Undertakings to the Competition and Markets Authority of Bosch Thermotechnology Limited

42 CMA, Consumer protection in the green heating and insulation sector, May 2023.

43 Communication — The European Green Deal, COM/2019/640 final.
44 Communication — A hydrogen strategy for a climate-neutral Europe, COM/2020/301 final.
45 Communication — Powering a climate-neutral economy: An EU Strategy for Energy System Integration, COM/2020/299 final.

46 Directive (EU) 2024/1788 of the European Parliament and of the Council of 13 June 2024 on common rules for the internal
markets for renewable gas, natural gas and hydrogen, OJ L, 2024/1788, 15.7.2024, and Regulation (EU) 2024/1789, of the European
Parliament and of the Council of 13 June 2024 on the internal markets for renewable gas, natural gas and hydrogen, OJ L, 2024/1789,
15.7.2024.

47 Communication — REPowerEU: Joint European Action for more affordable, secure and sustainable energy, COM/2022/108 final.

48 Communication from the Commission — REPowerEU Plan, COM/2022/230 final.


https://commission.europa.eu/system/files/2020-10/05.03_mf34_presentation-h2gar-de_la_flor.pdf
https://www.tuvsud.com/en/themes/hydrogen/hydrogen-services-that-enable-safety-for-your-ideas/hydrogen-pipelines
https://www.gov.uk/government/news/leading-uk-boiler-brand-is-changing-marketing-practices-following-cma-action
https://assets.publishing.service.gov.uk/media/66b5cb1fab418ab055593541/Undertakings____.pdf
https://assets.publishing.service.gov.uk/media/6475f1685f7bb7000c7fa176/Consumer_protection_in_the_green_heating_and_insulation_sector_-_Final_report.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52019DC0640
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52020DC0301
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52020DC0299
https://eur-lex.europa.eu/eli/dir/2024/1788/oj/eng
https://eur-lex.europa.eu/eli/reg/2024/1789/oj/eng
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52022DC0108
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52022DC0230
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and interconnections to overcome bottlenecks to the full
use of the EU’s LNG capacity".*° In the REPowerEU Plan,
the Commission, assisted by ENTSOG, identified several
gas projects that would alleviate bottlenecks by allowing
alarger eastward gas flow through the EU.° It was argued
that, with some of the projects being hydrogen-ready,
the risk of lock-in of fossil gas would be mitigated.®!

Within energy legislation, perhaps the closest concept
to ‘hydrogen readiness’ at EU level can be found in the
Regulation on Trans-European Networks for Energy
(TEN-E Regulation),’? revised in 2022. The TEN-E
Regulation governs the selection of critical cross-border
energy infrastructure projects that benefit from expedited
permitting and which can opt for public financial support.
Since the revision of the Regulation, eligible infrastructure
includes hydrogen pipelines, terminals and storage facil-
ities,®® but not fossil gas transmission or storage infra-
structure, which was excluded after years of support.5*

The TEN-E Regulationincludes the term ‘dedicated hydro-
gen assets’, which seems to be inspired by a 'hydrogen
readiness' approach. ‘Dedicated hydrogen assets’ are
defined as "infrastructure ready to accommodate pure
hydrogen without further adaptation works, including
pipeline networks or storage facilities that are newly con-
structed, repurposed from natural gas assets, or both".5®

The definition is clear that adaptation works should
not be needed for the dedicated hydrogen assets
to work with hydrogen. However, it does not specify
whether dedicated hydrogen assets should or may also
be compatible with fossil gas use, or a blend. The rest
of the text of the Regulation does not help solve the
question with certainty: a reading in conjunction with
the definition given for repurposing may indicate that,
at least when repurposed, infrastructure should be
only hydrogen-compatible, since repurposing is “the
technical upgrading or modification of existing natural
gas infrastructure in order to ensure that it is dedicated
for the use of pure hydrogen".>® On the other hand, an
interpretation where dedicated hydrogen assets are
only compatible with pure hydrogen may conflict with the
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methane blending exception in Art. 31 of the Regulation
(see point 2 below).

The concept of dedicated hydrogen assets is used in
two contexts by the TEN-E Regulation:

1. The interconnection of Cyprus and Malta to
the trans-European gas network.’” The TEN-E
Regulation contains a derogation under which two
fossil gas projects, that would link each insular State
to the mainland, are allowed to continue to benefit
from the preferential treatment, despite the general
exclusion of support to fossil gas infrastructure.

Some general conditions are established for the
derogation to apply, including that such projects “shall
ensure the future ability to access new energy mar-
kets, including hydrogen”. In this respect, itis required
that promoters provide “sufficient evidence of how the
interconnections [...] will allow access to new energy
markets, including hydrogen, in line with the Union’s
overall energy and climate policy objectives”. The
evidence "shall include an assessment of the supply
and demand for renewable or low-carbon hydrogen as
well as a calculation of the greenhouse gas emissions
reduction enabled by the project”. The Commission is
tasked with verifying the calculations and overseeing
the timely implementation of the projects.

Additional conditions apply if projects request public
financial support. In that case, the projects “shall
not lead to a prolongation of the lifetime of natural
gas assets”, and “[...] clearly demonstrate the aim to
convert the asset into a dedicated hydrogen asset
by 2036 if market conditions allow, by means of
a roadmap with a precise timeline."

Although this provision seems to be written mostly
with hydrogen in mind (for example, the evidence to
be providedis focused on the availability and carbon
savings only of hydrogen, and financial assistance
requires an aim to convert to dedicated hydrogen
assets), it does not rule out other fuels, since it refers
to other “new” or “future energy markets".

49 REPowerEU Communication, p. 7.
50 REPowerEU Plan, Annex 3.

51 Ibid. p. 13.

52 Regulation (EU) 2022/869 of the European Parliament and of the Council of 30 May 2022 on guidelines for trans-European

energy infrastructure, OJ L 152, 3.6.2022.

53 TEN-E Regulation, Annex II(3).

54 The previous text of the Regulation (No 347/2013), allowed the support to gas pipelines, storage, and LNG terminals (Annex I1(2)).

55 TEN-E Regulation, Art. 2(17) (emphasis added).
56 Ibid., Art. 2(18) (emphasis added).

57 Ibid., Art. 24,


https://eur-lex.europa.eu/eli/reg/2022/869/oj/eng
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Two gas projects are currently benefiting from this
derogation: EastMed for Cyprus and Melita TransGas
for Malta. Despite being gas projects, they maintain
their status of projects of common interest and are
included in the First List of Projects of Common
Interest and Projects of Mutual Interest.%® Both are
currently presented as hydrogen-ready by their
respective promoters.5°

2. The second instance where the TEN-E Regulation
uses the concept of ‘dedicated hydrogen assets' is
in the establishment of a transitional period allowing
methane blending in hydrogen projects.%° Until the
end of 2029, “dedicated hydrogen assets converted
from natural gas assets [...] may be used for trans-
port or storage of a predefined blend of hydrogen
with natural gas or biomethane."®" This transitional
period seems to apply to all hydrogen projects that
are based on the conversion of fossil gas assets.

Again, this provision requires promoters to provide
evidence about a potential switch to hydrogen. In
particular, they must "provide sufficient evidence,
including through commercial contracts, how, by
the end of the transitional period, the assets [...] will
cease to be natural gas assets and become dedi-
cated hydrogenassets|[...]and how the increased use
of hydrogen will be enabled during the transitional
period."8? This section introduces ambiguity as to
whether and when infrastructure can be considered
a 'dedicated hydrogen asset’, since it refers on the
one hand to assets that blend fossil gas as eventu-
ally becoming dedicated hydrogen assets (i.e., they
are not 'dedicated hydrogen assets' from the outset),
while inthe first paragraph they are called "dedicated
hydrogen assets converted from natural gas assets”
(i.e., they are ‘dedicated hydrogen assets’ from the
outset) (see quote in the paragraph above).

Similar to the exception for the interconnection
of Cyprus and Malta, the evidence to be provided
by promoters “shall include an assessment of the
supply and demand for renewable or low-carbon
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hydrogen as well as a calculation of the greenhouse
gas emissions reduction enabled by the project."s® In
this case, itis ACER, and not the Commission, as the
entity tasked with verifying the transition.

At first glance, it may seem trivial to parse the TEN-E
Regulation’s treatment of the term ‘dedicated hydrogen
assets.' However, such treatment carries important impli-
cations for whether and when some of the largest new
fossil gas projects across the EU can be labelled ‘hydro-
gen-ready.’ Allowing these projects to claim ‘dedicated
hydrogen asset' status at the outset risks misleading
the public as to the decarbonisation contribution of such
projects, since it can create the false impression that they
will soon use hydrogen or that they already do. Indeed,
the most recent list of promoted energy infrastructure
projects prepared under the TEN-E Regulation®* contains
hydrogen projects which to some degree overlap or are
related to past fossil gas projects, such as the Hydrogen
interconnector Portugal — Spain (PCI no. 9.1.2) and the
RHYn (Rhine Hydrogen Network, PCI no. 9.2.1).

Itis unclear at this point, however, whether these projects
will request to make use of this methane blending dero-
gation, using either fossil gas or biomethane.

In conclusion:

—> The concept of ‘hydrogen readiness’ is
emerging in EU energy law and policy, but it
remains vague.

The main pieces of EU energy policy of the
past legislature do not focus on ‘hydrogen
readiness’. However, the notion gained traction
following Russia’s aggression against Ukraine,
with the REPowerEU initiatives.

58 Ibid., Annex VII (B)(15).

59 See the submissions from the promoters during the preparation of the first PCI/PMI List, available in the Communication and
Information Resource Centre for Administrations, Businesses and Citizens (CIRCABC): https://circabc.europa.eu/ui/group/3ba59f7e-
2e01-46d0-9683-a72b39b6decf/library/dce36567-5a4f-4e95-afca-de02c428ee5a?p=1&n=10&sort=modified_DESC (last accessed

in Jan. 2025).

60 TEN-E Regulation, Art. 31.

61 Ibid., Art. 31(1) (emphasis added).
62 Ibid., Art. 31(3) (emphasis added).

63 Ibid. (emphasis added).

64 Commission Delegated Regulation (EU) 2024/1041 of 28 November 2023 amending Regulation (EU) 2022/869 of the European
Parliament and of the Council as regards the Union list of projects of common interest and projects of mutual interest, OJ L

2024/1041, 8.4.2024.


https://circabc.europa.eu/ui/group/3ba59f7e-2e01-46d0-9683-a72b39b6decf/library/dce36567-5a4f-4e95-afca-de02c428ee5a?p=1&n=10&sort=modified_DESC
https://circabc.europa.eu/ui/group/3ba59f7e-2e01-46d0-9683-a72b39b6decf/library/dce36567-5a4f-4e95-afca-de02c428ee5a?p=1&n=10&sort=modified_DESC
https://eur-lex.europa.eu/eli/reg_del/2024/1041/oj
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The idea of 'hydrogen readiness’ is present

in the regulation that governs support to

the deployment of hydrogen cross-border
infrastructure (TEN-E Regulation), where it

is used to offer exemptions to former fossil
gas projects. The exemptions are limited with
deadlines for full fuel switch and requirements
to provide evidence about how the switch will
take place.

The formulation of 'hydrogen readiness' in

the TEN-E Regulation presents ambiguities,
especially when it comes to the fuels that
hydrogen-ready projects must accommodate.
This incentivizes fossil gas project promoters
to claim the 'hydrogen-ready’ label before there
is any use of hydrogen or demonstration that
hydrogen will be used. This risks overestimating
and overstating the decarbonisation
contribution of these projects.

3.3.

Private finance: the EU taxonomy for
sustainable activities

The EU has a sustainable finance framework for private
finance that aims to channel funds towards sustainable
investments. One of its main components is the EU
taxonomy, a classification system that defines which
economic activities, and under which conditions, can be
labelled as ‘sustainable’ investments.

The main rule of the EU taxonomy framework, the
Taxonomy Regulation,®® establishes thatin order to qual-
ify as environmentally sustainable an economic activity
shall meet all of the requirements below:®¢
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a) contribute substantially to one of the following six
environmental objectives: climate change mitiga-
tion, climate change adaptation, sustainable use and
protection of water and marine resources, transition
to a circular economy, pollution prevention and con-
trol, and protection and restoration of biodiversity
and ecosystems;

b) do no significant harm (DNSH) to the remaining five
environmental objectives;

c) be aligned with minimum safeguards in human
rights;%” and

d) comply with the technical screening criteria that set
the parameters for a particular economic activity
to be assessed as contributing substantially to any
of the environmental objectives, and as doing no
significant harm to the other objectives. The tech-
nical screening criteria are set by the Commission
through delegated acts.

Theidea of ‘hydrogenreadiness’ can be read between the
lines of one of the delegated acts from the Commission,
known as the Complementary Delegated Act (the CDA).%8
The CDA was adopted in 2022 to include a few energy-re-
lated economic activities in the taxonomy classification,
including several fossil gas-burning activities.

'Hydrogen readiness’ seems reflected in one of the
two alternative sets of criteria® for three gas-burning
economic activities to be considered to contribute sub-
stantially to climate change mitigation. These economic
activities are: "Electricity generation from fossil gaseous
fuels”, "High-efficiency co-generation of heat/cool and
power from fossil gaseous fuels”, and “Production of
heat/cool from fossil gaseous fuels in an efficient district
heating and cooling system”.”®

The criterion requires that “the [gas-burning] facility
is designed and constructed to use renewable and/or
low-carbon gaseous fuels and the switch to full use of
renewable and/or low-carbon gaseous fuels takes place
by 31 December 2035, with a commitment and verifiable

65 Regulation (EU) 2020/852 of the European Parliament and of the Council of 18 June 2020 on the establishment of a framework
to facilitate sustainable investment, and amending Regulation (EU) 2019/2088, OJ L 198, 22.6.2020.

66 Ibid., Art. 3.

67 Ibid., Art. 18.

68 Commission Delegated Regulation (EU) 2022/1214 of 9 March 2022 amending Delegated Regulation (EU) 2021/2139 as regards
economic activities in certain energy sectors and Delegated Regulation (EU) 2021/2178 as regards specific public disclosures for

those economic activities, OJ L 188, 15.7.2022.

69 The two sets of criteria are built around two alternative emissions thresholds. Either:
(a)A life-cycle GHG emissions lower than 100gC0O2e/kWh, with additional criteria.
(b)Direct GHG emissions lower than 270gC0O2e/kWh or average annual direct GHG emissions lower than 550kgCO2e/kWh over
20 years, with additional criteria, including the hydrogen readiness criterion we outline in this subsection.

70 CDA, Annex|, 4.29, 4.30 & 4.31.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32020R0852
https://eur-lex.europa.eu/eli/reg_del/2022/1214/oj/eng
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plan approved by the management body of the under-
taking;”." It should be noted that the switch to hydrogen
is not the single option under this provision, since other
gases can fall under “renewable and/or low-carbon
gaseous fuels”. Nevertheless, in the economic activities
affected, hydrogen is likely to be among the options,
if not the main option, for fuel switching. Unlike the
uncertainty under the TEN-E Regulation as to whether
and when a project promoter can claim their assets are
hydrogen-ready, this criterion plainly states that the
asset in question must be able to use hydrogen or other
renewable or low-carbon gaseous fuels from the outset.

The CDA establishes as a safeguard that an "independ-
ent third party" shall verify compliance with the criteria,
including the one quoted above. This third party shall
have the necessary resources and expertise, be free
of conflict of interest, and carry out the verification dili-
gently. As part of its work, it shall prepare a yearly report,
publish it, and send it to the Commission “assessing
whether the activity is on a credible trajectory to comply”
with the fuel switch requirement. The Commission can
address opinions to the operators on the basis of the
reports from the independent third party verifier.

In conclusion:

—>  The concept of hydrogen readiness is present
in one of the alternative sets of criteria that
some fossil gas-burning projects would have
to meet to be labelled as sustainable.

The formulation is more straightforward and
detailed in the taxonomy than in the TEN-E
Regulation. Its application also differs: in the
TEN-E Regulation it is used to grant exemptions,
while under the taxonomy it acts as a safeguard.

The verification of 'hydrogen readiness' by

an independent third party is included as

a requirement. The third party has to meet
standards in terms of independence, capability
and resources, and produce a report that shall
be published and sent to the Commission.
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3.4.

Public finance: national
subsidies and EU financing

The concept of hydrogen readiness has beenintroduced
across various public financing tools and frameworks,
to varying degrees. It has been integrated in EU State
aid rules that govern national subsidies to companies
(Section 3.4.1), in several EU funds and in the European
Investment Bank's lending policy (Section 3.4.2), and in
international public finance frameworks (Section 3.4.3).

34.1.

EU State aid rules governing
national subsidies

The EU State aid rules apply to any State aid’? given by
a government (national or regional) of an EU Member
State to an undertaking. In the energy sector, gov-
ernments grant investment aid (e.g. the construction
of infrastructure) and operating aid (e.g. electricity or
heating generation). Fossil gas infrastructure, such as
storage, LNG terminals, import pipelines and intercon-
nectors are typically financed by market actors and
subject to competition, and therefore subject to EU State
aid rules.”®

State aid is in principle prohibited to protect competi-
tion, butit can also be a powerful tool for governments to
boost certain economic sectors or address underinvest-
ment from private actors. It can therefore be allowed in
a targeted, controlled and effective way. The European
Commission controls State aid. It needs to be notified
to and greenlighted by the Commission before it can
be implemented (there are exceptions for smaller aid
amounts/projects). The EU State aid rules set out how,
for what reasons, and under what conditions, Member
States can hand out State aid.

71 Ibid. (emphasis added).

72 State aid refers to any form of support (subsidies, tax advantages, State guarantees, preferential loans, etc.) by a State or
through State resources whereby an advantage is given to one or more undertakings (no matter the legal status), which (may) lead(s)
to a distortion of competition on the EU internal market and likely affects trade between Member States. For more on EU State aid,
please consult ClientEarth's guide on State aid control in the EU (February 2024).

73 The existence of State aid is excluded for energy infrastructure that is a legal or natural monopoly, due to the lack of competition.
For more on the application of EU State aid rules to energy infrastructure, please consult the European Commission's Infrastructure

analvtical arid for Enerayv Infrastructure (2016-2017).


https://www.clientearth.org/latest/documents/state-aid-control-in-the-eu-a-state-aid-guide-for-civil-society/
https://competition-policy.ec.europa.eu/document/download/a6ec1233-7433-451c-88e5-c3b6bd632c06_en?filename=notion_of_aid_grid_energy_en.pdf
https://competition-policy.ec.europa.eu/document/download/a6ec1233-7433-451c-88e5-c3b6bd632c06_en?filename=notion_of_aid_grid_energy_en.pdf
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Several frameworks of the EU State aid rulebook™ 7®
apply to energy and have adopted the notion of hydro-
gen readiness.

a. State aid Guidelines for climate, environmental

protection and energy (CEEAG)’®

The CEEAG apply to several types of energy projects
above certain financial thresholds and require Member
States to notify and obtain the greenlight from the
Commission.””

Energy infrastructure (Section 4.9 CEEAG)

When a Member State plans to grant more than EUR 70
million in aid (per undertaking per project) for energy
infrastructure’ (excluding generation —see next subsec-
tion), which is mostly the case for LNG terminals or fossil
gas pipelines, it must demonstrate that:’®

() theinfrastructureis “ready for the use of hydrogen"
and leads to an increase of the use of renewable
gases or, if this is not the case, the reason why it is
not the case and how the project does not lead to
alock-in of fossil gas, and

() the investment contributes to achieving the EU's
2030 and 2050 climate targets.

The CEEAG do not further specify how these conditions
are to be applied, but the Commission’s decision-making
practice provides insight on its interpretation:
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The Commission recently published two decisions
approving aid for LNG terminals that are consid-
ered ‘hydrogen-ready’. Aid was approved for the
construction and operation of the new on-shore
LNG terminal in Brunsbittel, Germany, although
the Commission clearly acknowledges that the
terminal is not practically operational for the use
of hydrogen at its inception and that subsequent
costly investments at the time of conversion will
be needed. Despite those facts, the Commission
deems the 'hydrogen readiness' condition to be met
as (i) it seems to have been demonstrated that the
necessary upfront investments are undertaken so
that components are already suitable for the import
of ammonia (not hydrogen), (ii) the project owner has
committed (in a non-public shareholder agreement)
to convert the terminal for the import of green
energy carriers by 2043, and (iii) the project is capa-
ble of leading to an increase in the use of renewable
gases.?’ The same type of reasoning is applied by the
Commission to approve new aid for the construction
of the LNG terminal in Alexandroupolis, Greece.®?

Conversely, the aid for the expansion of the LNG
terminal in Krk, Croatia, was approved although it
does not meet the ‘hydrogen-ready’ standard. For
the Commission it was sufficient that the project
indirectly contributes to the increase in the use of
hydrogen since the expansion supports connected
fossil gas transmission pipelines that are hydro-
gen-ready. It also does not consider the terminal to
lead to alock-in of fossil gasin 2050 asitis expected
to stop operating in 2040.83

74 Another framework that could potentially be relevant is the Important Projects of Common European Interest Communication (IPCEI).
It applies to (very) large projects that involve cooperation between several Member States and private companies, aiming to address
strategic challenges, enabling breakthrough innovation or building cross-border infrastructure projects, in view of achieving common

EU policy objectives. The IPCEl Communication does not contain specific rules on energy (and therefore does not refer to hydrogen
readiness) but requires projects to comply with the ‘do no significant harm’ principle of Article 17 of the Taxonomy Regulation 2020/852.
So far, the Commission has approved 4 hydrogen IPCEI (Hy2Tech, Hy2Use, Hy2Infra, H2Move). Some of the selected projects concern
(new and converted) transmission pipelines dedicated to hydrogen only, that seem to be designed to align with Annex |, Section 4.14 of
the Taxonomy Climate Delegated Act (EU) 2021/2139 (Transmission and distribution networks for renewable and low-carbon gases).

75 The Temporary Crisis and Transition Framework (TCTF) also allows for State aid to be granted to hydrogen-ready industrial
equipment under Section 2.6. An Italian scheme to support investment for the use of hydrogen in industrial processes has recently

been approved by the Commission (SA.107476).

76 Communication from the Commission — Guidelines on State aid for climate, environmental protection and energy 2022,

C/2022/481.

77 For more on the CEEAG, please consult ClientEarth's briefing on the CEEAG, Dec. 2021.

78 Definedin para 19, point 36 CEEAG, which includes transmission and distribution pipelines, interconnectors, LNG terminals,

storage, etc.

79 CEEAG, para. 382, (d).

80 For more on this State aid decision, please see ClientEarth’s opinion published in Euractiv, “Why backing Germany's LNG invest-

ment is a roadblock — not a bridge to the future”, Jul 2024.
81 SA.102163, para.166-171.

82 SA.105781, para.145-147.

83 SA.106299, para.131-135; This project is part of Croatia's RRP and also complies with the RRF technical guidance.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=PI_COM%3AC%282021%298481
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02023XC0317%2801%29-20240502
https://ec.europa.eu/competition/state_aid/cases1/202421/SA_107476_79.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.C_.2022.080.01.0001.01.ENG&toc=OJ%3AC%3A2022%3A080%3ATOC
https://www.clientearth.org/media/vw1ea11b/legal-briefing-on-the-ceeag-final-24-12-2021-corrected.pdf
https://www.euractiv.com/section/energy-environment/opinion/why-backing-germanys-lng-investment-is-a-roadblock-not-a-bridge-to-the-future/
https://www.euractiv.com/section/energy-environment/opinion/why-backing-germanys-lng-investment-is-a-roadblock-not-a-bridge-to-the-future/
https://ec.europa.eu/competition/state_aid/cases1/202412/SA_102163_804D418E-0000-CBFB-B3DB-44C96A1FD7F3_127_1.pdf/
https://ec.europa.eu/competition/state_aid/cases1/202351/SA_105781_B071688C-0100-C513-8B45-6F51063A3A56_100_1.pdf
https://ec.europa.eu/competition/state_aid/cases1/202424/SA_106299_66.pdf
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— Similarly, aid for the expansion of the Chiren natu-
ral gas storage facility in Bulgaria was approved
although the project cannot be designed or con-
verted to store hydrogen. Yet, the expansion initself
is not considered to create lock-in effect for fossil
gas and allows the decrease of the use of coal.®*

Fossil gas cogeneration (Section 4.9 CEEAG), security
of supply measures (Section 4.8 CEEAG) and district
heating and cooling (Section 4.10 CEEAG)

For aid to new fossil gas cogeneration above EUR
30 million (per undertaking per project), security of
supply measures or district heating or cooling above
EUR 50 million (per undertaking per project), there is no
explicit ‘hydrogen-ready’ condition. Yet, for State aid to
be approved by the Commission for any such projects,
"Member States must explain how they will ensure that
the aid contributes to achieving the Union’s 2030 climate
target and 2050 climate neutrality target and, in particu-
lar, how a lock-in of the gas-fired energy generation will be
avoided. For example, this may include binding commit-
ments by the beneficiary to implement decarbonisation
technologies such as CCS/CCU or replace natural gas
with renewable or low-carbon gas or to close the plant on
a timeline consistent with the Union’s climate targets."®®
A hydrogen-ready project is one way (but not the only
way) of meeting this requirement, as it would in theory
allow an operator to replace fossil gas with hydrogen (or
another renewable or low-carbon gas).

Just as for energy infrastructure, the Commission's
decision-making practice offers more insight into the
application of the above conditions. In the approved
investment aid scheme for high-efficient cogeneration
plants using natural gas in district heating in Romania,
one of the eligibility requirements for a plant to apply for
aid is that it must be hydrogen-ready, which in this case
means that the plant will be using a blend of fossil gas and
hydrogen for a certain period and use 100% hydrogen
by 2050, in line with the national hydrogen strategy (not
adopted at the time of approval). Aid beneficiaries must
also sign a declaration on honour that by 2050 the plants
will run on hydrogen or have invested in CCS. These vague
commitments seem to be sufficient for the Commission
to consider the lock-in of fossil gas to be avoided.8®
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b. The general block exemption regulation (GBER)®’

Similarly to the CEEAG, the GBER applies to several
types of energy projects but below the same financial
thresholds. These smaller aid amounts do not need to
be notified and obtain the greenlight from the European
Commission, provided all conditions of the GBER are
fulfilled.®®

For investment aid for fossil gas infrastructure below
EUR 70 million (per undertaking per project), the GBER
requires the infrastructure to be “dedicated to the use
for hydrogen and/or for renewable gases, or used for
the transport of more than 50% hydrogen and renewable
gases."s®

There are no known projects so far where this condition
has been applied, making it difficult to understand to
what extent this condition differs (or not) in practice from
the condition in the CEEAG (which uses the more open
phrasing “ready for the use").

For investment aid for cogeneration projects below
EUR 30 million (per undertaking per project; Art. 41)
and district heating or cooling projects below EUR 50
million (per undertaking per project; Art. 46), there is no
explicit ‘hydrogen readiness’ conditionality. However,
the project needs to comply with Section 4.30 (high-ef-
ficiency cogeneration) or 4.31 (district heating or cool-
ing) of Annex | to the Taxonomy Delegated Regulation
2021/2139, which contain two sets of alternative criteria,
one of which includes a requirement akin to hydrogen
readiness (see above Section 3.3).

84 SA.106120, para.120-122; This project is part of Bulgaria's RRP and also complies with the RRF technical guidance.

85 CEEAG, para. 369 (security of supply measures) and similar wording in para. 129 (decarbonisation measures, which includes new

fossil gas plants) and para. 397 (district heating/cooling).

86 SA.101723, paras. 26, 33, 116-119.

87 Commission Regulation 651/2014 of 17 June 2014 declaring certain categories of aid compatible with the internal market in
application of Articles 107 and 108 of the Treaty, OJ L 187 26.6.2014.

88 For more on the GBER, please consult ClientEarth’s briefing on the GBER, May 2023.

89 Ibid. Art. 48 (emphasis added).


https://ec.europa.eu/competition/state_aid/cases1/202418/SA_106120_76.pdf
https://ec.europa.eu/competition/state_aid/cases1/202243/SA_101723_E07ED683-0000-C571-B242-EE51DBBE6CBC_79_1.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02014R0651-20230701
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02014R0651-20230701
https://www.clientearth.org/media/xmhcr2y2/clientearth-legal-briefing-on-the-general-block-exemption-regulation-2023.pdf
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In conclusion

-

The actual application of the ‘hydrogen
readiness’ condition by the Commission

in State aid decisions on gas transport
infrastructure has been very weak to

date. The Commission considers a project

to be ready for the use of hydrogen based

on the vague commitment to convert the
infrastructure in the (far) future based on
project plans (that can change), private
contracts (that can be modified, breached

or terminated, and that the Commission or
national governments cannot enforce) or
phase out dates in national law (that can
change). The Commission has not made the
disbursement of aid conditional upon actually
being hydrogen-ready at some pointin the
future. In addition, the Commission is bending
its own guidelines when it considers it to be
sufficient that a project is “capable of leading”
or “indirectly leads” to an increase of the use
of renewable gases, whereas the requirement
as written in the CEEAG is that it should simply
lead to anincrease in such use.

Finally, the Commission’s assessment is
equally problematic for projects that are
not considered hydrogen-ready and must
demonstrate that they do not lead to a fossil
gas lock-in. The fact that infrastructure will
(in principle) no longer be operational in 2050
seems to be sufficient for the Commission
to find a lack of lock-in, whereas the concept
of lock-in and its assessment is much more
comprehensive, at least to be a meaningful
safeguard against unbridled fossil gas
expansion (see Section 4).
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34.2.

EU financing: EU funds and
the European Investment Bank

The concept of hydrogen readiness has been introduced in a few EU financing tools. The ter-
minology used for hydrogen readiness varies across the funds. Whereas in some funds it is
a binding condition to obtain financing (e.g. Cohesion Fund, European Regional Development
Fund), in other casesitis left as one of the options for a project to meet certain climate standards
(e.g. Modernisation Fund).

The Recovery and Resilience Facility

The Recovery and Resilience Facility (RRF)® is a large EU flagship initiative with the purpose of
mitigating the economic and social impact of the COVID-19 pandemic. As a performance-based
fund, it is available to Member States to implement reforms and investments for the green
and digital transition, but also to implement the REPowerEU Plan. In principle, the facility only
supports measures that respect the Do No Significant Harm Principle, but an exception is made
for REPowerEU measures necessary to meet immediate security of supply needs.®' Further
Commission guidance sets out several conditions that need to be met for energy infrastructure
and facilities essential to meet immediate security of supply to receive support from the RRF.
Fossil gas infrastructure more specifically must be future-proof where possible to facilitate
the future repurposing for sustainable fuels, which implicitly refers to hydrogen readiness of
the infrastructure. It also specifies that “For example, Member States should explain if the infra-
structure would be enabled to operate with 100% pure hydrogen or its derivatives, and if it is not
possible, set out relevant reasons."%?

The Cohesion Fund and the European Regional Development Fund

The objective of the Cohesion Fund and the European Regional Development Fund (ERDF) is
to strengthen economic, social and territorial cohesion in the EU.®® Whereas the cohesion fund
specifically supports investments in the field of environment and trans-European transport
infrastructure in Member States with a low gross national income per capita, the ERDF finances
projects to reduce disparities between the levels of development of the various regions of the
EU. Investments in energy are possible under both funds. Investments into the production, pro-
cessing, transport, distribution, storage or combustion of fossil fuels are in principle excluded,
butinvestments in the expansion and repurposing, conversion or retrofitting of gas networks are
possible provided it makes the networks “ready for adding renewable and low carbon gases,
such as hydrogen, biomethane and synthesis gas, into the system and allows to substitute solid
fossil fuels installations".%*

90 For more on the RRF, please consult the Commission’'s webpage on the RRF.

91 Article 5 and 21c of the Regulation (EU) 2021/241 of the European Parliament and of the Council of
12 February 2021 establishing the Recovery and Resilience Facility, OJ L 57, 18.2.2021 (as amended by
Regulation (EU) 2023/435 and Regulation (EU) 2024/795).

92 Partll, I, 3 of Commission notice — Guidance on Recovery and Resilience Plans in the context of
REPowerEU, 3.3.2023.

93 For more on both funds, please consult the Commission’s webpage on the cohesion fund and the ERDF.

94 Article 7, 1, h of Regulation 2021/1058 of the European Parliament and of the Council of 24 June 2021 on
the European Regional Development Fund and on the Cohesion Fund, OJ L 231, 30.6.2021 (emphasis added).


https://commission.europa.eu/business-economy-euro/economic-recovery/recovery-and-resilience-facility_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02021R0241-20240301
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52023XC0303(01)
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52023XC0303(01)
https://ec.europa.eu/regional_policy/funding/cohesion-fund_en
https://commission.europa.eu/funding-tenders/find-funding/eu-funding-programmes/european-regional-development-fund-erdf_en#:~:text=The%20European%20Regional%20Development%20Fund,dedicated%20national%20or%20regional%20programmes.
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02021R1058-20240301
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Connecting Europe Facility

The Connecting Europe Facility (CEF) supports the trans-European networks in the transport,
energy and digital sectors. For the energy sector, projects that contribute to the development of
projects of common interest (PCI projects) or facilitate cross-border cooperation in the area of
energy, can be funded. In terms of hydrogen readiness, the eligibility of projects is determined in
line with the criteria set out in the TEN-E Regulation (see Section 3.2).

Modernisation Fund

The Modernisation Fund®®, funded by the EU Emission Trading System (ETS), supports projects
to modernise energy systems and improve energy efficiency in 13 lower-income Member States,
which are typically still heavily relying on coal.®® It distinguishes between priority (80%) and
non-priority (20%) investments. Both types of investments must comply with conditions related to
greenhouse gas reduction and contribute to EU climate targets. While the EIB assesses whether
a project qualifies as priority (or not) and the Investment Committee recommends financing for
non-priority investments, itis the Commission that takes the final investment decisions. Whereas
some investments into fossil gas infrastructure can be financed without any compliance with
the Do No Significant Harm Principle, other investments must go through a “do no significant
harm" assessment startingin 2025 by showing alignment with the taxonomy criteria set outin the
CDA, under which a future conversion of the infrastructure to hydrogen is one of the options (see
Section 3.3 above).”” In practice, project promoters often pledge that the fossil gas infrastructure
will be hydrogen-ready to ensure that the project will be accepted for funding.

European Investment Bank

The European Investment Bank (EIB), one of the world's largest multilateral financial institutions,
provides long-term financing to projects, such as for climate action, within and outside the EU.
The EIB prides itself to have decided inits 2019 Energy Lending Policy to phase out the financing
of unabated fossil fuel energy projects, including fossil gas. Instead, EIB decided to support
low-carbon fuel projects and infrastructure needed to integrate low-carbon gases into existing
gasinfrastructure.®®

Gas network projects that “are planned to transport low carbon gases, including the rehabilitation
and adaptation of existing gas infrastructures when it is part of this goal” can be supported.®®
There is no further guidance on what exactly such plans should contain in terms of technical
feasibility, timeline and financial viability, potentially making it an open door for network projects
to use fossil gas for their entire lifetime.

Moreover, despite its commitment to phase out fossil fuel support, financing can be provided
to fossil gas-fired power generation projects and district heating and cooling projects below
certain emissions standards, which can be met by for instance providing a credible plan to blend
increasing shares of low-carbon gas (such as green or blue hydrogen) over the economic lifetime
of the project.

95 For more on the Modernisation Fund, please consult the Commission's webpage as well as the dedicated
website. For the role of fossil gas in the modernisation fund and the concrete examples in Romania, see the
report by Bankwatch, The Modernisation Fund, An open door for fossil gas in Romania, Mar. 2024.

96 Article 10d of Directive 2003/87/EC of the European Parliament and of the Council of 13 October 2003
establishing a system for greenhouse gas emission allowance trading within the Union (ETS directive); See also
the Assessment Guidance Document of the Modernisation Fund, Dec. 2023.

97 Respectively article 10d(4) and 10d(1) of the ETS Directive.
98 Para 10-11 of the executive summary and 18-24 of Section 3 of the EIB Energy Lending Policy.

99 Ibid., para. 46.


https://climate.ec.europa.eu/eu-action/eu-funding-climate-action/modernisation-fund_en
https://modernisationfund.eu/
https://modernisationfund.eu/
https://bankwatch.org/wp-content/uploads/2024/03/2024_03_27_The-Modernisation-Fund_An-open-door-for-fossil-gas-in-Romania.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02003L0087-20240301
https://modernisationfund.eu/wp-content/uploads/2023/12/2023-11-27-AGD-revision-October-2023-final.pdf
https://www.eib.org/attachments/strategies/eib_energy_lending_policy_en.pdf
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34.3.

International public finance

Large overseas energy projects by European companies
often benefit from export credit finance to mitigate
certain financial risks linked with investing outside
of the EU. For the orderly use of officially supported
export credits'®® and to encourage competition among
exporters, the EU together with other countries have,
within the framework of the Organisation for Economic
Cooperation and Development (OECD), agreed on the
"Arrangement on Officially Supported Export Credits”
(OECD Arrangement).’”®® This gentlemen’s agreement
(non-legally binding) between participating countries
provides a framework that applies to all official support
provided by or on behalf of a government for export of
goods and/or services. The OECD Arrangementis imple-
mented by regulation’? in EU law and therefore binding
upon national export credit agencies in the EU.

The OECD Arrangement does not require fossil fuel
projects as such to be hydrogen-ready to benefit from
export credit. However, the construction of storage,
transmission and distribution facilities connected to
clean hydrogen production plants or facilities that are
expected to be connected within five years, as well
as conversion of fossil gas facilities and repurposing
of gas networks, benefit from an extended maximum
repayment term for the export credit of 22 years, instead
of the usual 15 years.'*® Hydrogen-ready facilities are
therefore given an advantage without a clear obligation
to actually transport hydrogen. Most national export
credit agencies have updated their export credit policies
in line with the OECD Arrangement (see Section 3.5.1 for
instance for Germany).

‘Hydrogen readiness’ in law and policy
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The concept of hydrogen
readiness has been
introduced across
various public financing
frameworks, to varying
degrees:

—>  State aid rules on national subsidies include

the concept, which has already been used

in the approval of aid for at least two LNG
terminals. However, a clear definition has not
been set and the Commission's understanding
of hydrogen readiness has to be read between
the lines in its State aid decisions.

Some EU fund frameworks and the EIB use

the concept, but without a harmonised
terminology. In some funds, hydrogen
readiness is a binding condition (such as in the
Cohesion Fund), while in other cases it is only
one of the alternative options to meet climate
standards (Modernisation Fund).

In international public finance, the non-binding
OECD Arrangement on Officially Supported
Export Credits does not require hydrogen
readiness, but suggests extended repayment
terms for projects that commit to switch fuels
in the future.

26

100 Export credit refers to financing or credit facilities (including insurance and guarantees) that are given to exporters to enable

them to sell goods and services in overseas markets. Export credit is provided by export credit agencies (ECA) or investment insur-
ance agencies, which are private or quasi-governmental institutions, that act as an intermediary between national governments and
exporters to issue export financing or credit facilities. Each European Member State has one or more ECA (e.g. Euler Hermes or KFW
in Germany, Bpifrance Assurance Export in France or SACE in Italy).

101 OECD, Arrangement on officially supported export credits (as modified in July 2023). The participating countries are Australia,
Canada, the EU, Japan, Korea, New Zealand, Norway, Switzerland, Tirkiye, the UK and the US.

102 Regulation 1233/2011 of the European Parliament and of the Council of 16 November 2011 on the application of certain
guidelines in the field of officially supported export credits and repealing Council Decisions 2001/76/EC and 2001/77/EC, OJ L 326,
8.12.2011.

103 OECD Arrangement, p.47, Project Class F, Type 3.


https://one.oecd.org/document/TAD/PG(2023)7/en/pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02011R1233-20231231
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3.5.

National law and policy

Although many countries have adopted or are working
on a hydrogen strategy, which often revolves around the
promotion of the production of green hydrogen and the
construction of a hydrogen ‘backbone’ in industrial clus-
ters, not all of them have introduced the idea of 'hydrogen
readiness'in their law and policy, at least for the moment.
This seems to be the case of Member States such as
Belgium, France, the Netherlands, Poland and Spain. On
the other hand, Germany stands out for having adopted
the conceptinlaw and relying on it for policy decisions.

8ol

Germany

As Europe's largest economy, Germany has bet big on
hydrogen to decarbonise its industry. It has adopted
several policies and laws to support the development of
hydrogen as such, but it has also allowed for extending
support for fossil gas infrastructure, provided itis hydro-
gen-ready, as this is considered to be a stepping stone
for the uptake of hydrogen. Although there are variations
in the application of the concept, these laws and policies
tie the possibility to support fossil gas infrastructure
to a commitment to convert it in the future. In practice,
if these commitments are unsound and/or not legally
padlocked, this may simply result in a lifeline for new
fossil gas projects.

During the recent energy crisis following Russia's inva-
sion of Ukraine, Germany adopted the LNG Acceleration
Act'% to secure its national energy supply through the
rapid integration of LNG into the energy system. The
purpose of the law is to accelerate the authorisation
for the construction and commissioning, as well as the
implementation of procedures for the award of public
contracts and concessions, of LNG terminals and con-
nection pipelines. In the longer term, Germany wants to
convert these infrastructures to import hydrogen and/
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or ammonia to decarbonise its economy. Therefore,
LNG terminals and connection pipelines that are to be
operated beyond 2043 will only be granted a permit if
operated with climate-neutral hydrogen and its deriva-
tives.'® The application for a permit beyond 2043 needs
to be submitted by the end of 2034 and proof needs to
be provided that a conversion is technically possible.
There are no further details on what is required in terms
of technical feasibility. Other important aspects, such as
the financial viability of the conversion and the existence
of hydrogen supply and demand, do not seem to matter.

Similarly, for electricity generation, the Combined Heat
and Power Act entitles operators of CHP plants to the
payment of the CHP surcharge (which is a subsidy)
after 30 June 2023 if, amongst others, the plant can be
converted from 1 January 2028 with a maximum of 10%
of the costs of a CHP plant that would run exclusively on
hydrogen.'%® Likewise, for heating, the revised Building
Energy Act (also called the heating act) that aims to
reduce emissions from heating in buildings still allows the
installation of hydrogen-ready gas boilers, if local author-
ities and the distributor of the gas network can commit
that hydrogen will be supplied by 2045 in that area.’””

Moreover, to decarbonise its energy system and become
a climate-neutral industrial country by 2045, Germany
adopted a new “Power Plant Strategy”. As part of that
strategy, the German government had proposed the
Power Plant Safety Act, which was to set up a subsidy
scheme for the build out of new hydrogen-ready fossil
gas power plants and hydrogen-ready modernisations of
existing plants, provided the plants switch to hydrogen
from the 8th year of their commissioning/modernisa-
tion.'*® Consultations were held in September to October
2024 on the proposed State aid to be provided under
the Power Plant Safety Act.'*® Although tenders were
expected to begin in early 2025, the proposal has since
been stalled due to the collapse of the governing coali-
tion in late 2024 and resulting lack of majority support.'®

104 Law to accelerate the use of liquefied natural gas (LNG Acceleration Act — LNGG).

105 85(2) of the LNG Acceleration Act.

106 86(1) nr.6,7 Law on the maintenance, modernization and expansion of combined heat and power (Combined Heat and Power

Act - KWKG).

107 §&71 Law on saving energy and using renewable energies to generate heat and cold in buildings (Building Energy Act — GEG).

108 Press Release from the Ministry for Economy and Climate, Jul. 2024.

109 Press Release from the Ministry for Economy and Climate, Sep. 2024.

110 Handelsblatt, Ministry: Power plant law no longer coming, Dec. 2024.


https://www.gesetze-im-internet.de/lngg/eingangsformel.html
https://www.gesetze-im-internet.de/kwkg_2016/BJNR249810015.html
https://www.gesetze-im-internet.de/geg/BJNR172810020.html
https://www.bmwk.de/Redaktion/DE/Pressemitteilungen/2024/07/20240705-klimaneutrale-stromerzeugung-kraftwerkssicherheitsgesetz.html
https://www.bmwk.de/Redaktion/DE/Meldung/2024/20240911-kraftwerkssicherheitsgesetz.html
https://www.handelsblatt.com/dpa/ministerium-kraftwerksgesetz-kommt-nicht-mehr/30127476.html
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Finally, in terms of public finance, Germany's state-
owned investment and development bank (KFW), which
amongst other functions grants State aid (see Section
3.4.1) and provides export credit finance" (see Section
3.4.3), has also adopted the concept of hydrogen
readiness in its Paris-aligned sector guidelines (KFW
guidelines):'?

— Forthe power generation sector, the KFW guidelines
state that fossil gas power plants that “are capable
of using hydrogen in the future" can be financed
and are considered as transitional. However, due to
the uncertainties associated with the availability of
hydrogen, fossil gas plants can be financed if they
contractually commit to operate with hydrogen
as from 2035 in industrialized countries or 2040 in
developing and emerging countries or are hydro-
gen-ready by 2030 in industrialized countries or
2035 in developing and emerging countries and
declare their intent for operation with hydrogen
(although it is unclear as from when that operation
effectively needs to take place)."”®

— Forthe oiland fossil gas sectors, unlimited financing
can be provided for pipelines that are technically
designed for 100% hydrogen use (including conver-
sion measures), without the actual obligation to use
those pipelines to transport hydrogen."*
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352
Other EU Member States

Some member states are supporting the development
of a national hydrogen economy, without an emphasis
on hydrogen readiness, but rather on new dedicated
hydrogen infrastructure. Thatis the case in Spain, where
the Hydrogen Pathway''® focuses on the production of
green hydrogen and its transport infrastructure, but
there is no push to support new gas infrastructure based
on hydrogen readiness.

In Italy, at least two gas projects are being proposed
as hydrogen-ready: the Adriatic Line'® and the SoutH,
Corridor™”. Snam, the main Italian gas TSO, is involved
in the development of both of them. In a decision from
December 2023, the Italian Energy Regulator tasked
Snam, along with other gas companies, to work on the
definition of “a set of a set of minimum requirements and
parameters that allow the unambiguous identification
of network sections suitable for hydrogen transport”.®
Snam is part of the H2GAR initiative, a platform of TSOs
sharing expertise on the effects of hydrogen's injection
in the fossil gas system.

In Poland, some projects are being proposed as hydro-
gen-ready by industry (including the modernisation of
Dolna Odra'® and Zerai'® power plants). However, the
country does not seemto be relying on the idea to justify
new gas infrastructure, which still can be built without
having to comply with hydrogen-readiness requirements.

111

The German government adopted specific sector guidelines that only apply to export credit, notably for the energy sector:

Klimapolitische Sektorleitlinien der Bundesregierung fiir die Exportkredritgarantien.

112 KFW, Paris-aligned sector guidelines of KFW Group (version 05/2024).

113 KFW guidelines, p.12; Other options such as fossil gas plants with CCUS or for balancing capacity or buffer renewables are also

possible.

114 KFW guidelines, p.21.

115 Ministry for the Ecological Transition, Hoja de ruta del hidrégeno: una apuesta por el hidrégeno renovable (Hydrogen pathway :

a bid for renewable hydrogen), Oct. 2020.
116 SNAM, The Adriatic Line (last accessed Jan. 2025).
117 SNAM, SoutH2 Corridor (last accessed Jan. 2025).
118
119

120

ARERA, Deliberazione 12 Diciembre 2023, p. 12 (unofficial English translation).
GE Vernova, The right solution for Poland's low-emission energy needs (last visited Jan. 2025).

Global Energy Monitor, Zeran power station (last visited Jan. 2025).


https://www.exportkreditgarantien.de/_Resources/Persistent/e/a/6/1/ea6176ed649870257639015a4bef5c1bd642e9ef/sektorleitlinien-exportkreditgarantien-der-bundesregierung-052024.pdf
https://www.kfw.de/nachhaltigkeit/Dokumente/KEa4/customer_version_Paris-compatible_sector_guidelines_202405.pdf
https://www.miteco.gob.es/content/dam/miteco/es/ministerio/planes-estrategias/hidrogeno/hojarutahidrogenorenovable_tcm30-525000.PDF
https://www.snam.it/en/we-snam/about-us/our-infrastructure/the-transportation-network/the-adriatic-line.html
https://www.south2corridor.net/south2
https://www.arera.it/fileadmin/allegati/docs/23/589-23.pdf
https://www.gevernova.com/gas-power/en/pl/9ha-supporting-poland-energy-transformation
https://www.gem.wiki/Zeran_power_station#cite_note-:1-9
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The concept of hydrogen
readiness is starting to
make its way into national
law and policy:

—>  Germany is developing policies that include the
notion of hydrogen readiness, although without
a clear definition. Different policies that allow
for new gas infrastructure to be built or receive
public support require hydrogen readiness, but
without substantial safeguards when it comes
to the availability or emissions profiles of such
hydrogen.

Other countries are not so focused on using
this concept, even when they have different
approaches, such as a heavy focus in green
hydrogen (Spain), or promoting new gas
infrastructure that will be hydrogen-ready
(Italy).
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Risks of 'hydrogen
readiness’

The adoption of the notion of ‘hydrogen readiness’ into
EU energy law and policy triggers numerous risks for
investors in projects with that label, as well as for the
achievement of EU energy and climate objectives:

1.

Price risk. Hydrogen price projections involve highly
uncertain estimates, which entails that an overshoot
over the costs currently projected by industry is
possible. Furthermore, should hydrogen not be avail-
able at scale in the future, fossil gas will continue to
be sourced for hydrogen-ready facilities, reinforcing
the system’s exposure to volatile fossil gas prices.

The price risk associated with 'hydrogen readiness’
would affect not only the viability of projects, but
the Energy Union's aim to ensure affordable prices.
The political direction to contain prices has been
reinforced in recent years, including by the Mission
Letter to the Commissioner-designate for Energy
and Housing, which tasked him with putting forward
the Commission’s new Action Plan for Affordable
Energy Prices to bring prices down for households
and business.'”

External dependency risk. As is currently the case
with fossil gas, hydrogen will be mostly imported.
This reinforces the exposure of the EU to external
markets and any events that may disrupt them. By
contrast, other available solutions, such as electrifi-
cation or energy efficiency measures, would reduce
the need to import energy carriers.

Incentivising investment, or investing, in infrastruc-
ture that further aggravates the external depend-
ency of the EU would be difficult to reconcile with
objectives of the REPowerEU Plan, which empha-
sises limiting the EU's reliance on imported energy
sources. It would also contrast with the overarching
objective of the EU energy policy to ensure security
of supply.’??
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Lock-in risk. This risk refers to the prospect of
creating a situation of lock-in; i.e., a situation in
which choices are limited in the future due to past
decisions which create rigidity and force a system to
bear inefficiencies.

An example of lock-in is the existence narrow gauge
railways, which are generally less efficient in terms
of stability and amount of cargo that can be trans-
ported. Despite these inefficiencies, they still are
prevalent today, given the huge investments that
would be needed to rebuild existing infrastructure.
In some instances, these railways are even still
expanded, given the incentive to show compatibility
with old, existing infrastructure.'?

In the context of hydrogen readiness, lock-in would
manifest itself in different ways, mainly by exacer-
bating other risks identified in this Section, since it
would create barriers to the adoption of other energy
solutions in the future:

e Asset lock-in: The infrastructure and equipment
labelled as hydrogen-ready would require the
consumption of fossil gas in the first phase
and, potentially, of hydrogen in the future. Given
that such assets are long-lived and costly, this
would create a bias towards the continued use
of hydrogen (or fossil gas) for a long period of
time, despite future prices, sourcing difficulties,
or attractiveness of other alternatives. Another
potential outcome of asset lock-in would be
asset-stranding, addressed below within financial
risks.

e Carbon lock-in: The term ‘carbon lock-in' refers
to the tendency for certain carbon-intensive
technological systems to persist over time, ‘lock-
ing out' lower-carbon alternatives, and owing to
a combination of linked technical, economic, and
institutional factors.’?*

121

122

Mission Letter to Dan Jgrgensen, 17 Sept. 2024, p.5.

TFEU, 194(1)(b).

123 Palley, T., A theory of economic policy lock-in and lock-out via hysteresis: Rethinking economists' approach to economic policy,
Economics E-Journal 11(1), July 2017.

124 P.Erikson et al., Assessing carbon lock-in, Environmental Research Letters, Vo. 10, No. 8, Aug. 2015.


https://commission.europa.eu/document/download/1c203799-0137-482e-bd18-4f6813535986_en?filename=Mission%20letter%20-%20JORGENSEN.pdf
https://www.degruyter.com/document/doi/10.5018/economics-ejournal.ja.2017-18/html
https://iopscience.iop.org/article/10.1088/1748-9326/10/8/084023
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e Institutional lock-in: This type of lock-in refers
to situations where institutions, both public and
private, become entrenched in supporting a par-
ticular technology or policy option, making it dif-
ficult to shift in the future. This includes ways of
thinking, or research that receives public funding.

The outcomes of lock-in risk could collide with dif-
ferent principles and provisions of EU energy law and
policy, for example in Article 194 of the Treaty on the
Functioning of the European Union:

e Security of supply (Art. 194(1)(b)): A portion of
energy demand would be restricted (locked-in) to
a fuel that must be imported, may be expensive
and may not be available at scale. An interpre-
tation where ‘hydrogen readiness' alleviates
dependencies on fossil gas and therefore mit-
igates fossil gas lock-in is risky, since it fails to
take into account the lock-in effect of hydrogen,
the increased exposure to hydrogen prices, and
the prolongation of the lock-in of fossil gas in
case of lack of enough or economical sources of
hydrogen.

* Energy efficiency, savings, and renewable forms
of energy (Art. 194(1)(c)): Locking in future
hydrogen and/or fossil gas use can impede
the implementation of more efficient decar-
bonisation pathways, namely reducing energy
demand, renewable energy, energy efficiency,
and flexibility.

Financial risks: Betting on ‘hydrogen readiness’
also has associated financial risks. While inves-
tors would bear most of the direct risk, given the
strategic importance of the energy sector and the
commitment of public authorities with ensuring
security of supply, derived financial losses are likely
to be socialised through taxes, public expenditure, or
energy tariffs. To these potential costs, opportunity
costs of any public funds spentin supporting ‘hydro-
genreadiness' should also be added.

* Asset-stranding. Stranded assets can be defined
as infrastructure that has suffered from unantic-
ipated or premature write-downs, devaluations
or conversion to liabilities.’” Stranded assets
and lock-in are related but distinct concepts.
Stranded assets refer to the financial risk of
investments not being paid back and losing
value, while lock-in describes the broader impact
of being tied to a specific technology or supplier.
In short, lock-in can result in or contribute to
stranded assets (although it is a wider concept),
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and stranded assets can be caused by factors
other than lock-in. In the context of hydrogen
readiness, assets could be stranded if hydrogen
is not available at the volume and price expected
when designing projects, rendering them
unprofitable.

e Litigation. Litigation could arise in connection
with hydrogen-ready projects (for example, for
misleading claims, or for infringement of contract
obligations to source hydrogen at a certain price)
and fines imposed on project developers or even
funders.

» Inefficient public spending. When implementing
the EU budget, the Commission must ensure
sound financial management, including effi-
ciency considerations.

Climate risks. The uncertain carbon profile of the
hydrogen to be burned by ‘hydrogen-ready’ facili-
ties, the potential prolongation of the use of fossil
gas to compensate for hydrogen unavailability, and
the diversion of funds that could be used for already
available solutions all contribute to the risk of failing
to deliver on climate targets.

The EU has a binding climate-neutrality objective
for 2050, a 55% reduction target for 2030, and
a Commission-proposed 90% target for 2040. The
timelines tied to hydrogen readiness identified in
this report, which venture into the 2040s, could
greatly interfere with the delivery of the EU’s climate
commitments.

Risks associated to the incompatibility with EU
legal principles. Based on the current traits of the
emerging concept of ‘hydrogen readiness', it can be
inferred that it could be incompatible with a number
of EU law principles:

*  Precautionary principle. This principle proposes
that authorities should err on the side of caution
when facing an uncertain situation. In the case
of hydrogen readiness, there are substantial
doubts about the future availability and price of
hydrogen.

*  Energy efficiency first principle. Energy efficiency
is one of the aims of EU energy policy.'?® The
energy efficiency first principle requires, when
making energy policy, planning and investment
decisions, that efficiency approaches (including
those which promote a more efficient conversion,

126 TFEU, 194(1)(c).

125 Caldecott, B., et al, Stranded Assets and Scenarios, Oxford Smith School, 2014.


https://www.smithschool.ox.ac.uk/sites/default/files/2022-04/Stranded-Assets-and-Scenarios-Discussion-Paper.pdf
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transmission and distribution of energy) are con-
sidered."? The recently revised Energy Efficiency
Directive specifically obliges Member States
to ensure application of the principle in all plan-
ning, policy and major investment decisions in
energy and non-energy sectors alike,'?® and the
Commission has since elaborated detailed guid-
ance on how this requirement is to be complied
with in practice.'”® The processes for hydrogen
production and use implies chemical reactions
that lead to energy loss that are generally
larger than those from electricity, and efficiency
solutions must be considered when assessing
whether to promote hydrogen production.

. Principle of legal certainty. There is an obligation
under the general principles of EU law for rules of
law to be clear and predictable in their effect, so
that interested parties can ascertain their posi-
tion in situations and legal relationships governed
by EU law."® The current lack of clarity on the
concept of hydrogen readiness may delay invest-
ment decisions in alternative solutions that are

Risks

Price risks
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already available, lead to inefficient investments,
or give rise to conflicts between definitions from
different domains, since it is unclear how the
concept will be adapted to different contexts and
if they will be compatible.

7. Reputational risks. The use of the label ‘hydro-
gen-ready’ could affect the reputation of investors
and project developers. Failure to source hydrogen
at price and volume and failed projects would
reduce companies’ trustworthiness. Additionally,
although ‘hydrogen readiness’ does not necessarily
entail clear obligations on climate action nor ensure
Paris-alignment, company statements that projects
are hydrogen-ready could be publicly perceived as
greenwashing, especially if such projects continue
burning fossil gas for longer than anticipated.

In summary, the reliance on the concept of hydrogen
readiness has a number of risks associated which could
impact investors, companies using hydrogen, consum-
ers, and EU policy objectives.

Potential Impacts

Energy affordability
Energy poverty

Inflation and industry competitiveness

External dependency risk

Lock-inrisk

Security of supply

Reduced options for policy-makers and project owners

Exacerbates rest of risks

Financial risks

Companies incur stranded asset losses

Wasted public funds
Consumers or taxpayers foot the bill if losses are socialised

Climate risks

Increased emissions

Sustainability of the Energy Union

Risks associated to EU law
principles

Reputational risks

Increased chances of legal challenges against companies, investors
and energy policies

Damaged reputation of companies and investors

Reduced company and brand value

127 Art. 2(18), Regulation (EU) 2018/1999 of the European Parliament and of the Council of 11 December 2018 on the Governance

of the Energy Union and Climate Action, OJ L 328, 21.12.2018.

128 Art. 3, Directive (EU) 2023/1791 of the European Parliament and of the Council of 13 September 2023 on energy efficiency and

amending Regulation (EU) 2023/955, OJ L 231, 20.9.2023.

129 Commission Recommendation (EU) 2024/2143 of 29 July 2024, OJ L 2024.2143, 9.8.2024.

130 Judgment of 15 February 1996, Duff and others, Case C63/93, Para 20.


https://eur-lex.europa.eu/eli/dir/2023/1791/oj/eng
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024H2143&qid=1723192888503
https://curia.europa.eu/juris/showPdf.jsf?text=&docid=98935&pageIndex=0&doclang=EN&mode=lst&dir=&occ=first&part=1&cid=21858099
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Suggested ways forward

5.1.

Do away with
the ‘'hydrogen readiness’
concept altogether

Use of 'hydrogen readiness’ so far has left many key
questions unanswered. Industry formulations tend to
focus on the technical and commercial feasibility of
conversion, without providing reasonable assurances
that any conversion or future hydrogen use will in fact
occur, nor whether such use represents the most effi-
cient and least harmful decarbonisation pathway for the
fossil fuel end use in question. This focus does little to
address the main physical, economic, and environmental
challenges of the hydrogen economy (Section 2), nor the
key legal, financial, lock-in, and other risks of the hydro-
gen readiness concept (Section 4). Labelling a piece of
infrastructure or equipment as hydrogen-ready without
properly considering these broader risks and issues
simply puts the cart before the horse.

Policy frameworks attempt to place some guardrails
around these considerations, although their effec-
tiveness is questionable. For example, the Climate,
Environmental Protection, and Energy Guidelines for
State aid (CEEAG) require the Commission to assess
whether the fossil gas infrastructure in question is
hydrogen-ready and whether the planned aid will lead to
an increase in renewable gases (or if not, whether fossil
gas lock-in will be avoided). In theory, providing this
vetting function to the Commission should help ensure
that both conversions and hydrogen use will in fact
occur. However, as discussed in Section 3.4, application
of these provisions has so far been weak and has not
demanded certainty around future conversion and use.
Similarly, as discussed in Section 3.2, the revised TEN-E
Regulation charges ACER with verifying the progress of
fossil gas infrastructure towards becoming ‘dedicated
hydrogen assets’, but there is no enforcement or other
power to intervene to ensure this transition. And in the
policies discussed, there is little to help ensure that —
compared to other options — hydrogen is the preferable
decarbonisation solution from an economic, social, or
environmental view.
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Due to these shortcomings, the hydrogen readiness
concept appears to do little more than support new
fossil gas infrastructure and equipment. It gives the
false impression that infrastructure and equipment so
labelled can and will be converted, that it will use hydro-
gen, and that this use makes sense. This also provides
a false sense of comfort that the fossil gas industry's
business as usual can continue, because one molecule
can (and will) simply be replaced with another molecule.

Therefore, the clearest and best solution for pre-
venting these misconceptions (and to mitigate the
price, external dependency, lock-in, financial, climate,
legal, and reputational risks discussed in Section 4) is
to abandon the ‘hydrogen readiness’ term altogether
— unless and until the infrastructure or equipment in
question can and willuse 100% hydrogen from the outset
without conversion. Anything else risks confusion, which
impedes the energy transition. As outlined in Section
2.2 above, it is also important to emphasise that even
such 'hydrogen using’ infrastructure and equipment
can have significant negative environmental and cost
impacts and that questions will often remain about
their sustainability.

The hydrogen readiness concept should be
abandoned - this is the only way to effectively

guard against the significant risks and

misconceptions around using the term

—unless and until the infrastructure or equipment
in question can and will use 100% hydrogen

from the outset.
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5.2.

Proposed requirements
and procedural
considerations

However, if notwithstanding the above, policy frame-
works and industry standards do adopt the concept,
then certain minimum safeguards must be introduced
to reduce as far as possible the price, external depend-
ency, lock-in, financial, climate, legal, and reputational
risks discussed in Section 4. Decision makers must
require robust evidence and attach enforceable condi-
tions to provide full confidence that the infrastructure or
equipmentin question will be converted to use hydrogen,
that hydrogen will in fact be used, and that such use
represents the most cost-effective and least harmful
(socially and environmentally) decarbonisation solution.

The following is a list of complementary requirements
- beyond the more commonly discussed technical and
financial aspects — that should be attached to any use
of the hydrogen-ready concept, followed by some more
procedural considerations to ensure properimplementa-
tion and enforcement.

a. Substantive Considerations

Conversion and Use Deadlines — Even if a piece of
infrastructure and equipment can be converted,
there must be a specific date by which the con-
version occurs and hydrogen use begins. This is
necessary to ensure that hydrogen use occurs soon
enough to help achieve climate targets.

Upfront Financing or Securities — To ensure future
hydrogen conversion and use occurs by the required
deadline, projects benefiting from the 'hydro-
gen-ready’ label should also be required to make
an upfront showing that future conversion costs
will be covered. This could, for example, be shown
through incorporating these costs into the overall
project costs and procuring related financing from
the outset, or through procuring appropriate secu-
rities, guarantees, or insurance to cover the costs if
the conversion does not occur. Conversion costs in
principle should not be subsidized by existing fossil
gas customers.
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Supply and Demand Assessments — Deadlines
around conversion and use will not have any practical
impactif there is no credible guarantee that there will
be sufficient supply and demand for hydrogen by the
required date. Project promoters should therefore be
required to make an upfront showing that there will
be sufficient supply and demand for hydrogen by the
time of conversion and throughout the normal useful
life of the infrastructure or equipment. Ata minimum,
such a showing should be based on commercial
contracts and independently verified and publicly
available supply and demand projections. Such
arequirement would build on similar provisions in the
Hydrogen and Decarbonised Gas Markets Package
which require certain operators to regularly perform
and report demand and market assessments for
renewable and low-carbon gases.'’

Confirmations Regarding Use — Hydrogen and its
derivatives should only be used to decarbonise
those fossil fuel end uses which cannot be decar-
bonised through electrification or other approaches.
Therefore, it must be verified that, from an overall
system perspective, the proposed hydrogen use
in question represents the least harmful and most
efficient solution. For example, this could include
a requirement that new hydrogen-ready fossil gas
import and transport infrastructure be developed
only to serve identified downstream clusters (or
‘valleys’) consisting only of hard-to-abate industries
that cannot be otherwise decarbonised, and not to
serve generally customers across the existing fossil
gas network.

Confirmations Regarding Production and Transport
—Similarly, one can only credibly demonstrate or ver-
ify that hydrogen is an appropriate decarbonisation
solution if upstream environmental and socioeco-
nomic impacts are properly understood. Promoters
of hydrogen-ready projects should therefore be
required to assess in advance, and on an ongoing
basis, the environmental and human impacts of
upstream hydrogen production and transport,
and to adopt measures to mitigate these impacts.
Several recently adopted EU legislative frameworks
could either be directly applied or their approaches
used as proxies to guide these assessments. These
include the green hydrogen production rules under
Delegated Act on Renewable Fuels of Non-Biological
Origin under the Renewable Energy Directive,'® the
monitoring, reporting, verification, and mitigation

131 See, e.g., Art. 9, Regulation (EU) 2024/1789 of the European Parliament and of the Council of 13 June 2024 on the internal
markets for renewable gas, natural gas and hydrogen, OJ L, 2024/1789, 15.7.2024

132 Commission Delegated Regulation (EU) 2023/1184 of 10 February 2023 supplementing Directive (EU) 2018/2001 of the
European Parliament and of the Council by establishing a Union methodology setting out detailed rules for the production of renewa-
ble liquid and gaseous transport fuels of non-biological origin, OJ L 157, 20.6.2023.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L_202401789
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2023.157.01.0011.01.ENG&toc=OJ%3AL%3A2023%3A157%3ATOC
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requirements under the new Methane Regulation,'s3
and supply chain due diligence laws like the
Corporate Sustainability Due Diligence Directive.'3

Demonstrations of Future Permit Compliance -
Lastly, even if all the above conditions are met, it
would not make sense to condition an approval on
the ‘'hydrogen readiness’ concept if itis unlikely that
the infrastructure in question will obtain the neces-
sary permits or amendments of existing permits for
the conversion and use. As discussed in Section 2,
there are numerous potentially relevant differences
between hydrogen and fossil gas — e.g., higher risk
of embrittlement, higher risk of explosion, higher
leakage risks, different technical requirements for
cooling and shipping — any of which could provide
sufficient justification to apply different conditions
for permitting and other authorisations. Project
promoters should be required show upfront that
existing permitting regimes will be complied with.

Implementation and Enforcement

The effectiveness of the above more substantive
requirements will depend on the manner in which
they are implemented and enforced. Relevant deci-
sionmakers and public authorities must be given
proper monitoring, enforcement, and other powers
to ensure that hydrogen-ready projects do in fact
convert and begin using hydrogen by the required
date, and that such use makes economic and envi-
ronmental sense. The nature of the implementation
and enforcement frameworks will vary due to the
specific characteristics of each jurisdiction’s legal
system, but some general principles should apply:

Assessments, Monitoring and Verification — appro-
priate regulatory authorities should be empowered
to assess, monitor, and verify compliance across
all the above requirements. Whether hydrogen use
makes sense from an economic and environmental
perspective, the upstream environmental and social
impacts of this use, relevant market developments,
and the operator's progress in conversion works
to meet the applicable deadline, are all issues that
can either be assessed by a regulator in the first
instance, or verified following an assessment by the
project operator. Assessments and verifications
should generally be made in advance, but also on
ongoing basis, supported with regular monitoring.
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Independent Auditing and Advice — assessment,
monitoring, and verification should also be sup-
ported by independent third parties with appropriate
technical expertise on the given subject matter. For
example, an auditing firm can assess and verify
compliance with progress in conversion works,
and non-departmental climate advisory bodies can
advise (at least at a system level) whether and when
hydrogen use will represent the least harmful and
most efficient decarbonisation approach.

Enforcement Powers — where the project operator
fails to meet certain substantive requirements, the
regulator should be empowered to take corrective
action. For example, if the operator lacks financial
resources to convert, the regulator should be able to
seek a third party to finance or undertake this work.
Further, if the hydrogen market develops in such
away that hydrogen use for the given application no
longer makes sense by the required conversion date,
regulatory pathways should be created to mothball
or decommission the fossil gas infrastructure to
ensure that climate targets can stillbe met. Financing
conditioned on the hydrogen readiness concept
should be clawed back, or it should be disbursed
only on a forward-looking basis, upon delivering
milestones which provide implementation certainty.

If — contrary to the main recommendation of this
report — the hydrogen readiness concept is used,
certain minimum safeguards must be introduced
to mitigate the risks and misconceptions
discussed herein. Substantive requirements
should include firm conversion and use deadlines,
the provision of upfront financing or securities

for conversion costs, regular supply and demand
assessments to ensure sufficient hydrogen
supply, ongoing confirmations that hydrogen

will be used in only those applications where

it makes economic and environmental sense,
assessments and corrective actions to identify
and mitigate upstream environmental and social
harms, and demonstration around future permit
compliance. To ensure proper implementation
and enforcement of these requirements,
appropriate regulatory authorities should be given
assessment, monitoring, and verification powers,
supported by independent third parties. Public
authorities should also be effectively empowered
to enforce noncompliance with substantive
requirements.

133 Regulation (EU) 2024/1787 of the European Parliament and of the Council of 13 June 2024 on the reduction of methane emis-
sions in the energy sector, OJ L 20241787, 15.7.2024.

134 Directive (EU) 2024/1760 of the European Parliament and of the Council of 13 June 2024 on corporate sustainability due
diligence, OJ L 2024/1760, 5.7.2024.


https://eur-lex.europa.eu/eli/reg/2024/1787/oj
https://eur-lex.europa.eu/eli/dir/2024/1760/oj
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Conclusion

Although increasingly discussed, the concept of ‘hydro-
gen readiness' does little more than provide cover for
continuing the fossil gas based status quo. Variations
of the concept are starting to appear across EU and
national laws and policies relating to the energy sector
and financing more broadly. These policies enable
financing and preferential regulatory treatment to be
given to fossil gas infrastructure and equipment, with
little to no certainty that these assets will ever use hydro-
gen, or that hydrogen use will make sense from a cost or
environmental perspective. As a result, and due to the
different characteristics of hydrogen and fossil gas,
the continued use of the ‘hydrogen readiness’ concept
for infrastructure and equipment creates lock-in, price,
financial, and external dependency risks. To avoid these,
the term should be abandoned altogether unless
the asset can use 100% hydrogen from the outset.
Alternatively, if the term is to be used outside these
circumstances, robust minimum safeguards should be
introduced (and properly implemented and enforced)
to provide full confidence that conversion and use will
occur, and that such use makes sense economically
and environmentally.
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