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SUMMARY

Renewable hydrogen has the potential to play a significant role in the energy system as a versatile
energy carrier and feedstock that can help decarbonise a variety of applications in areas such as
heavy industry, chemicals manufacturing, transportation, and electricity generation and storage.
Hydrogen can be produced through the electrolysis of water with renewable electricity, using
different setups that vary in terms of cost, impact on the electricity system and carbon emissions.

Today, renewable hydrogen makes up a small fraction of total hydrogen production. Most hydrogen
is produced from fossil fuels and, although cheaper, it causes carbon emissions. Demand for
renewable hydrogen is expected to grow quickly as the need for climate-friendly solutions
increases. While the falling cost of renewable electricity certainly plays a role in boosting this
demand, sustaining it still requires support measures aimed at growing the market and bringing
down the cost of electrolysers. To avoid a situation where renewable electricity used for hydrogen
production is diverted away from other uses, it is important to ensure additionality, i.e. additional
renewable electricity capacity for renewable hydrogen production.

On 10 February 2023, in line with the requirements of the Renewable Energy Directive, the
Commission adopted two delegated regulations: one defining rules on renewable hydrogen
production and clarifying the additionality criteria for renewable electricity, and another setting out
a methodology to calculate lifecycle GHG emissions. The European Parliament and the Council of
the EU have four months to approve or reject the rules, but they cannot amend them. On
28 March 2023, the Committee on Industry, Research and Energy (ITRE) decided not to raise an
objection to the delegated regulation on additionality. Having in place definitive criteria for
renewable hydrogen is key to making investment decisions and to launching EU and Member State
initiatives that can support the growth of the European hydrogen industry.
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Renewable hydrogen in a low-carbon economy

Hydrogen is expected to play a key role in a climate-neutral economy, acting as a feedstock, fuel or
energy carrier. While it is currently mainly used in the chemicals industry for producing ammonia
(fertiliser) and methanol, hydrogen also has the potential to replace natural gas or coal as an input
in industrial processes. Steel production and further chemical processes could use hydrogen
produced with renewable energy to achieve CO,-neutral production.

Hydrogen and hydrogen-derived fuels can

also be used for transportation. While
batteries are a suitable technology for light-
duty road vehicles and urban buses, their
lower energy density compared to fossil
fuels restricts their use for long-distance

EU definition of renewable hydrogen

The Commission's hydrogen strategy defines
renewable hydrogen as hydrogen produced through
the electrolysis of water powered by electricity from
renewable sources or through the reforming of biogas

road transport, shipping or aviation. or biochemical conversion of biomass. In EU
Renewable or low-carbon hydrogen can be legislation, renewable hydrogen and hydrogen-
an alternative fuel for this type of transport derived fuels produced without the use of biomass are

offering higher driving ranges than batteries referred to as renewable fuels of non-biological origin
and quicker refuelling. However, vehicles (RENBO). The hydrogen strategy defines low-carbon

. . hydrogen by significantly reduced full life-cycle GHG
running on hydrogen or hydrogen-derived

e emissions.
fuels have a lower overall energy efficiency
than battery-electric vehicles.

The energy used for producing hydrogen can come from a variety of sources, such as electricity,
fossil fuels or biomass, resulting in different amounts of GHG emissions. Many industrial processes
require a steady stream of hydrogen. This can be achieved with fossil fuels or electricity from the
grid, but not with variable renewable electricity sources such as wind or solar. Fluctuations in
renewable electricity generation could be overcome through electricity storage or the use of flexible
electrolysers in combination with hydrogen storage, but either approach may increase the overall
cost of renewable hydrogen production. Industrial processes could also be made more flexible, for
example, by using different types of machinery or working with different levels of pressure;
however, industry has only limited experience with adjusting to variable hydrogen supply to date.

Hydrogen production technologies

Hydrogen use does not emit any GHG, but its production often does. The methods for producing
hydrogen include thermochemical conversion (steam methane reforming, partial oxidation,
autothermal reforming), biochemical conversion and electrolysis. Thermochemical conversion uses
fossil fuels or biomass, while biochemical conversion uses algae from sunlight or biomass.
Electrolysis uses electricity from various renewable or non-renewable sources, to split water into
hydrogen and oxygen.

In 2020, steam methane reforming using natural gas or coal accounted for 96 % of hydrogen
production in Europe. According to the International Energy Agency (IEA), only 0.7 % of global
hydrogen production was considered to be low-carbon in 2020, and came mostly from installations
using fossil fuels with carbon capture and storage (CCS). This technology captures and stores the
carbon emitted during hydrogen production, thus reducing overall emissions. The number of
projects for low-emission hydrogen production is increasing fast: in 2021, the volume of hydrogen
production with the use of water electrolysis grew by 20 %. That said, it still accounted for only
around 0.1 % of global hydrogen production.

The IEA expects that by 2030, 32 % of global electrolyser capacity will be located in Europe, if all the
projects currently in the pipeline are realised. Installed electrolyser capacity in the EU was
0.2 gigawatts (GW) in 2021. The IEA expects the announced projects in the EU to reach an installed
capacity of 39 GW by 2030, still falling short of the 80-100 GW capacity needed to reach the targets


https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2021)689332
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Mar/IRENA_Green_Hydrogen_Industry_2022_.pdf?rev=720f138dbfc44e30a2224b476b6dfb77
https://crsreports.congress.gov/product/pdf/IF/IF12273
https://afdc.energy.gov/fuels/emerging_methanol.html
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/697199/EPRS_STU(2021)697199_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2020/641552/EPRS_BRI(2020)641552_EN.pdf
https://www.energy.gov/eere/vehicles/articles/hydrogens-role-transportation
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Mar/IRENA_Green_Hydrogen_Industry_2022_.pdf?rev=720f138dbfc44e30a2224b476b6dfb77
https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/689332/EPRS_BRI(2021)689332_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/689332/EPRS_BRI(2021)689332_EN.pdf
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52020DC0301&from=EN
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of the REPowerEU plan and the Green Deal industrial plan. The Commission estimates that around
500 terawatt-hours of renewable electricity will be needed for renewable hydrogen production in
the EU by 2030 (that is, around 18 % of the EU's total electricity production in 2022), and around
46 % of today's renewable electricity production.

The different types of hydrogen production are often classified with the help of the colour scheme
used in Table 1. The Commission and Parliament are moving away from this scheme to one where
hydrogen production is classified on the basis of the definitions for renewable and low-carbon
hydrogen. As can be seen in the yellow box on the right, electricity from the grid can fall into all
categories depending on the electricity mix.

Table 1 - Colour definitions compared to new definitions

Hydrogen by new Hydrogen by colour
definitions

Renewable hydrogen Green hydrogen (renewable electricity through
(sometimes referred toas R VAD)

clean hydrogen) Electricity from
grid

I lysi
Low-carbon hydrogen Blue hydrogen (natural gas with CCS) (electrolysis)

Fossil-based hydrogen
(without CCS)

Data source: Author's compilation based on Hydrogen in the Energy Transition, Florence School of
Regulation, July 2022.

The distinction between low-carbon hydrogen and renewable hydrogen is that the latter is defined
by the energy sources it uses, such as wind, hydro and solar power, while the former is defined by
the amount of GHG emissions it produces and is neutral to the method used. As a result, low-carbon
hydrogen can come from a variety of energy sources such as natural gas with CCS or electrolysers
running on nuclear electricity.

Hydrogen production through electrolysis

Hydrogen can be produced through electrolysis using an off-grid or an on-grid setup. The off-grid
one, also referred to as the co-located (island) setup, uses only the electricity generated on-site and
has no connection to the grid for sourcing electricity. In the co-located setup, the energy source is
clearly identifiable, which makes it possible for hydrogen to be classified as renewable, low-carbon,
or generated by fossil fuels, based on the co-located power plant. While off-grid is the simplest
approach to ensuring that the electricity used to produce hydrogen is 100 % renewable, it limits
operation to the periods when renewable electricity can be produced, or requires additional
investment into electricity storage.

When electricity is sourced from the grid, it becomes more difficult to ensure its renewable nature,
because grid electricity is usually generated by a mix of renewable, nuclear and fossil sources. This
requires setting criteria according to which electricity used for electrolysis can be counted as
renewable. To ensure that renewable hydrogen production does not divert renewable electricity
away from other uses (such as heat pumps or electromobility), a criterion on additionality could be
introduced to ensure that only new and additional renewable electricity generation capacity would
be used. Criteria on temporal and geographic correlation could help to ensure that there is a
physical flow of renewable electricity to the electrolyser and thus to avoid the activation of fossil
power plants to meet the electricity demand for electrolysis.


https://ec.europa.eu/commission/presscorner/detail/en/ip_23_594
https://ember-climate.org/insights/research/european-electricity-review-2023/
https://auroraer.com/wp-content/uploads/2022/02/Aurora_Jan22_EU_hydrogen_ShadesOfGreen-part2_publicReport.pdf?fbclid=IwAR3sUbajNjdBLmyAUNWQQhodgIdsIUYoTmZQxd6II56OU-R_hWSSCxfDezs#page24
https://fsr.eui.eu/hydrogen-in-the-energy-transition/
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Putting in place a policy where renewable energy can be sourced from the grid requires taking the
following criteria into consideration:

# origin (additionality): Use of the existing grid mix, or requirement to build 'additional’
renewable electricity capacity;

» temporal correlation (simultaneity): the time frame when the generation of renewable
electricity and its use for electrolysis are balanced. This can vary from a 15-minute interval’ to
an annual level;

#» geographical correlation: The electrolyser and the renewable power plant can either be in
the same location, the same bidding zone (usually one country) or in a completely different
area. Issues such as electricity grid congestion can be taken into account.

Choices regarding these criteria have an importantimpact on the capital expenditure and operating
cost of renewable hydrogen production, because these restrict flexibility and capacity utilisation. To
facilitate the ramp-up of renewable hydrogen production and incentivise investment, the criteria
may be relaxed in the early stages, when hydrogen production volumes are still rather low.

Flexible electrolysers are needed to meet temporal correlation with shorter intervals, for example,
hourly correlation. Flexible electrolysers are engineered to adapt their hydrogen output to align
with fluctuations in electricity supply on the grid. By doing so, they can contribute to grid stability
and benefit from low electricity prices by using surplus renewable energy when it is available for
producing hydrogen. Flexible electrolysers are usually smaller than non-flexible ones and are more
appropriate for use in distributed energy systems.

In contrast, inflexible electrolysers are typically large-scale systems that operate at a constant
production rate. They are typically used in the production of hydrogen on an industrial scale and are
not well suited for use in distributed energy systems. They are more capital-intensive than flexible
electrolysers but have higher efficiencies.

Table 2 -Set-ups for hydrogen production from electricity

Energy source

Stable hydrogen
output

Cost

Carbon intensity

Inflexible

electrolyser (grid
to hydrogen)

Grid electricity mix

Yes

Capital cost of grid

connection

Uncertain

Flexible
electrolyser (grid
to hydrogen)

Grid mix but can
choose operating
hours depending
on mix or price

No

Can lower cost
depending on
price on grid

Uncertain but able
to run when high
level of renewable
in grid

Co-located (island)

Only runs on the
generation source
it is connected to

Depends on
source

Depends on
source

Depends on
source

Co-located
including grid
connection (grid)

Electrolyser

connected to grid
and energy source
connected to grid

Yes, if topped up
by grid

Can top up
electrolyser with
grid electricity

Depends on
source

Data source: Author's compilation based on Shades of green (hydrogen) — part 2: in pursuit of 2 EUR/kg, Aurora
Energy Research, February 2022.

The most flexible type of electrolyser is the proton exchange membrane electrolyser, which can start
in 1 minute. It has a capital expenditure (CAPEX) of €900-1800/kilowatt (kW); is most suitable for
combining with renewable sources; and is easily used in non-industrial environments. The alkaline


https://auroraer.com/wp-content/uploads/2022/02/Aurora_Jan22_EU_hydrogen_ShadesOfGreen-part2_publicReport.pdf?fbclid=IwAR3sUbajNjdBLmyAUNWQQhodgIdsIUYoTmZQxd6II56OU-R_hWSSCxfDezs#page24
https://www2.deloitte.com/content/dam/Deloitte/jp/Documents/global-business-support/jp-gbs-fueling-the-future-of-mobility-hydrogen-electrolyzers.pdf#page5
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electrolyser — the second most flexible one -has a start response of up to 10 minutes and is mainly
suited for an industrial environment. It has a CAPEX of €750-1400/kW. Solid oxide electrolysis cells
are still in a technological demonstration stage and are best suited for stable electricity supply with
an average CAPEX of €800-2300/kW. Moreover, it is the only electrolyser that can be reversible and
can operate as a fuel cell to generate electricity.

Efforts are under way to lower renewable hydrogen production costs, which stand at around
US$5/kg today. The US Department of Energy supports research and development to bring the cost
of hydrogen from electrolysis to US$2/kg by 2026 and to USS$1/kg within 10 years.

In 2021, 70 % of electrolysers worldwide were alkaline, and 25 % were of the proton exchange
membrane type. Other types of electrolysers are less mature and have a minimal share. Currently,
inflexible electrolysers are more commonly used in Europe for large-scale hydrogen production.
These electrolysers are typically used in industrial settings to produce hydrogen for a variety of uses,
such as fuel for transportation and feedstock for the chemical industry.

Although less common, flexible electrolysers are being increasingly used as hydrogen demand
increases and the need for grid stabilisation services becomes more pressing. The more the
hydrogen economy develops and the more renewable energy is integrated into the grid, the
number of flexible electrolysers being deployed in the EU may grow. So far, the EU's policy on
electrolysis technology is rather neutral.

EU legislation and initiatives

Strategic initiatives

Renewable hydrogen plays a crucial role in plans to advance towards EU climate neutrality and
transform emissions-intensive industries, as outlined in the 'fit for 55' package and the Commission's
REPowerEU communication. REPowerEU has set a target of reaching annual domestic production of
10 million tonnes of renewable hydrogen by 2030 and importing the same amount, and of doubling
the number of hydrogen valleys in the EU. The key role of renewable hydrogen in reducing GHG
emissions and the EU ambition to go from technological to commercial leadership are highlighted
in the EU's hydrogen strategy, the Green Deal industrial plan and the Member States' hydrogen
strategies. The EU supports initiatives such as the European Clean Hydrogen Alliance and the Clean
Hydrogen Joint Undertaking.

To achieve these strategic objectives, the EU provides significant funding for research and
development of hydrogen technologies and infrastructure, including a €200 million investment for
research and innovation through REPowerEU. Additionally, the Recovery and Resilience Facility
dedicates over €10 billion to hydrogen. A clear definition and certification of renewable hydrogen
is needed, to ensure that all this funding is channelled to activities that effectively contribute to the
decarbonisation of the energy system. The Parliament's own-initiative resolution on a European
Strategy for Hydrogen of 19 May 2021 underlines the urgent need for international standards and
certification of different types of hydrogen based on lifecycle GHG emissions. It also calls for a clear
distinction between low-carbon hydrogen and renewable hydrogen.

The Commission published a communication on the European hydrogen bank on 16 March 2023 to
accompany its legislative proposal for a net-zero industry act that seeks to boost EU manufacturing
of clean technologies, including renewable hydrogen. The hydrogen bank would accelerate
investment in order to develop a renewable hydrogen market, while also facilitating renewable
hydrogen imports to the EU. To address the cost gap between renewable hydrogen and fossil fuels
for early projects, it would set up an auction system with a fixed price payment per kilogram of
renewable hydrogen produced for up to 10 years, starting with a pilot auction for €800 million from
the Innovation Fund in autumn 2023.



https://www.utilitydive.com/news/doe-clean-hydrogen-fuel-cell-funding/645169/
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)733513
https://ec.europa.eu/commission/presscorner/detail/en/ip_22_3131
https://h2v.eu/hydrogen-valleys
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0301
https://commission.europa.eu/system/files/2023-02/COM_2023_62_2_EN_ACT_A%20Green%20Deal%20Industrial%20Plan%20for%20the%20Net-Zero%20Age.pdf
https://single-market-economy.ec.europa.eu/industry/strategy/industrial-alliances/european-clean-hydrogen-alliance_en
https://european-union.europa.eu/institutions-law-budget/institutions-and-bodies/institutions-and-bodies-profiles/clean-hydrogen-joint-undertaking_en
https://european-union.europa.eu/institutions-law-budget/institutions-and-bodies/institutions-and-bodies-profiles/clean-hydrogen-joint-undertaking_en
https://energy.ec.europa.eu/system/files/2022-10/EU27_2022_Energy_Snapshot.pdf
https://www.europarl.europa.eu/doceo/document/TA-9-2021-0241_EN.html
https://www.europarl.europa.eu/doceo/document/TA-9-2021-0241_EN.html
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52023DC0156
https://ec.europa.eu/commission/presscorner/detail/en/IP_23_1665
https://climate.ec.europa.eu/eu-action/funding-climate-action/innovation-fund/what-innovation-fund_en
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Review of the Renewable Energy Directive

EU legislation treats renewable hydrogen as a 'renewable liquid and gaseous fuels of non-biological
origin' (RFNBO), an umbrella term that includes renewable hydrogen produced from renewable
energy sources (other than biomass) and other renewable fuels produced without biomass.

The current Renewable Energy Directive (EU) 2018/2001 (RED II) requires 32 % of the energy
consumed within the EU to be renewable by 2030. The directive mentions RFNBOs only in their role
as transport fuels and defines them as 'liquid or gaseous fuels which are used in the transport sector
other than biofuels or biogas, the energy content of which is derived from renewable sources other
than biomass'. In practice, this generally covers hydrogen produced by electrolysis and hydrogen-
derived fuels.

RED Il also provides that as of 1 January 2021, RFNBOs need to deliver greenhouse gas emissions
savings of 70 % compared to fossil fuels; this is equivalent to 3.38 kg CO, per kg of hydrogen in
lifecycle emissions. If it meets this requirement, it counts towards the Member States' renewable
energy targets. Under RED Il, the Commission is required to adopt a delegated act on GHG savings
and calculation of lifecycle emissions by 1 January 2021, which it did with a two-year delay.

Furthermore, RED Il sets a general rule that RFNBOs produced with electricity from the grid are
deemed renewable in proportion to the average share of electricity from renewable sources in the
country of RFNBO production, as measured 2 years before the year in question. However, electricity
can be deemed to be 100 % renewable in case of a direct connection between the renewable
electricity generator and the RFNBO producer, provided that no electricity from the grid is used for
RFNBO production and the renewable electricity generator comes into operation at the same time
or after the RFNBO producer - thus ensuring additionality. Under RED II, the Commission is required
to adopt a delegated act additionality by 31 December 2021, which was again delayed by two years.

The delegated acts on GHG savings and additionality, supplementing the RED Il, were finally
adopted on 10 February 2023, after pressure from the Parliament's RED lll rapporteur. The following
section provides a detailed account of these acts.

The Commission's July 2021 proposal to revise the Renewable Energy Directive (RED lll) widens the
definition of RFNBOs by removing the transport sector aspect used in RED Il. The proposal also
clarifies that as a result of the modified definition, RFNBOs would count as renewable energy
regardless of the end-use sector. The rules to determine RFNBOs' renewable nature when produced
from electricity, which so far only apply to transport, would cover all RFNBOs. If the proposed
amendments are adopted, the delegated acts would apply to renewable hydrogen in all sectors.
The trilogue agreement reached in March 2023 sets a target for an increase in renewable energy use
in industry by 1.6 %/year and requires that 42 % of hydrogen used in industry be renewable by 2030,
and 60 % by 2035. For the transport sector, it sets a target for a 1 % share of RFNBOs by 2030, as part
of a combined target of 5.5 % for advanced biofuels and RFNBOs. The Parliament's position on
RED Il proposed a more ambitious target of 5.7 % for the 2030 RFNBO share in transport.

The definition of RFNBO in the proposal does not preclude the production or use of other types of
hydrogen. Although under the proposal RFNBOs would serve as a critical component of mandatory
guotas in the transport and industry sectors, other low-carbon molecules derived from non-RFNBO
sources would still satisfy demand for hydrogen and its derivative products outside these quotas.

Other relevant EU legislation

Other existing and proposed EU legislation has an impact on hydrogen production and use as well.
The EU emissions trading system (EU ETS) requires hydrogen producers to surrender emissions
allowances for GHG emissions related to hydrogen production. However, since hydrogen
production is part of a sector (industrial gases manufacturing) considered at risk of carbon leakage,
installations can benefit from free allocation of ETS allowances. This system of free allowances will
gradually be replaced by a carbon price for imported goods applied in the context of the new



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://hydrogeneurope.eu/wp-content/uploads/2021/11/Clean-Hydrogen-Monitor-2020.pdf#page28
https://webgate.ec.europa.eu/regdel/#/delegatedActs/2094?lang=en
https://webgate.ec.europa.eu/regdel/#/delegatedActs/2093?lang=en
https://www.euractiv.com/section/energy-environment/news/hydrogen-standoff-brings-eu-renewables-law-to-screeching-halt/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52021PC0557
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2021)698781
https://www.consilium.europa.eu/en/press/press-releases/2023/03/30/council-and-parliament-reach-provisional-deal-on-renewable-energy-directive/
https://www.europarl.europa.eu/doceo/document/TA-9-2022-0317_EN.html
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)698890
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2019.120.01.0020.01.ENG&toc=OJ%3AL%3A2019%3A120%3AFULL
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Carbon Border Adjustment Mechanism (CBAM), on which a trilogue agreement was reached in
December 2022. Hydrogen will be included in the CBAM from the start, as requested by the
Parliament. The proposed ReFuelEU aviation regulation sets mandatory minimum shares for
sustainable aviation fuels, with a specific sub-quota for RFNBOs from 2030. The amendments
introduced to the proposed FuelEU maritime regulation as a result of the trilogue agreement
provide incentives for RFNBOs in maritime transport and envisage the introduction of a RFNBO
target from 2034 if the RFNBO share in 2030 is less than 1 %. The proposed alternative fuels
infrastructure regulation aims to expand hydrogen refuelling infrastructure, and the proposed
review of the Energy Taxation Directive would benefit renewable hydrogen by raising taxes for fossil
fuels.

The proposed gas and hydrogen regulation and directive aim to facilitate network access and boost
the market penetration of renewable and low-carbon gases, including low-carbon hydrogen,
defined as hydrogen derived from non-renewable sources that meet a criterion of 70 % less lifecycle
GHG emissions than fossil fuels.? The methodology for calculating the GHG savings from low-carbon
fuels would be specified in another delegated act by 31 December 2024.

Delegated acts on renewable hydrogen

As mentioned above, on 10 February 2023 the Commission adopted two delegated acts related to
the production and certification of renewable hydrogen. The Delegated Regulation on Additionality
establishes the rules for the production of RFNBOs. The Delegated Regulation on GHG Savings
establishes rules for calculating life-cycle GHG emissions for RFNBOs. The rules apply to domestically
produced and to imported hydrogen.

Before adopting the delegated acts, the Commission consulted the expert group on renewable
fuels, held two stakeholder workshops and published the draft acts for public feedback on the Better
Regulation Portal. As they are technical acts, they did not require an impact assessment or a public
consultation.

Delegated Regulation on Additionality

As already specified in the RED I, electricity counts as renewable if the renewable power plant and
the electrolyser® are co-located in the same installation or there is a direct connection between
them, and electricity from the grid is not used for electrolysis. Moreover, the renewable electricity
generator must not have come into operation more than 36 months before the electrolyser.

Electricity taken from the grid may be recognised as fully renewable if it meets the criteria of
additionality, geographical correlation and temporal correlation.

Additionality: Hydrogen producers have to make sure that the electricity used for the production
of hydrogen is matched by the production of renewable electricity:

# in the same installation, showing that the producers generate renewable -electricity
corresponding to the amount of hydrogen they claim as renewable; or

# through a renewables power purchase agreement (PPA) with operators producing renewable
electricity.

The installation producing renewable electricity must not have been in operation for more than
36 months before the electrolyser, and it must not have received support in the form of operating
aid or investment aid.

To facilitate the early ramp-up of hydrogen infrastructure, the delegated regulation introduces a
transitional phase with relaxed rules. The rules on additionality would not apply until 1 January 2038
for installations that came into operation before 1 January 2028.

Geographical correlation: Hydrogen producers have to make sure the additional renewables are
located in the area where hydrogen is produced. At least one of the criteria listed below must be


https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)698889
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)698900
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2021)698808
https://www.europarl.europa.eu/news/nl/press-room/20230320IPR77909/fit-for-55-deal-on-new-eu-rules-for-cleaner-maritime-fuels
https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/698795/EPRS_BRI(2021)698795_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/698795/EPRS_BRI(2021)698795_EN.pdf
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-revision-of-the-energy-taxation-directive
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)729302
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)729303
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=PI_COM%3AC%282023%291087
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=PI_COM%3AC(2023)1086
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met regarding the location of the renewable electricity generator with regard to the electrolyser.
The renewable electricity generator must be:

# in the same bidding zone* as the electrolyser, or

# in an interconnected bidding zone with electricity prices in the day-ahead market equal or
higher than the bidding zone where the hydrogen is produced, or

Z inan offshore zone interconnected with the electrolyser's bidding zone.

Member States may introduce additional criteria to ensure compatibility with national hydrogen-
and electricity-grid planning.

Temporal correlation: Hydrogen producers must make sure that renewable electricity generation
and hydrogen production coincide temporally.

# Until 31 December 2029, hydrogen has to be produced in the same calendar month as the
renewable electricity produced under the PPA, or from renewable electricity from a new
storage asset directly connected to either the renewable electricity generator or the
electrolyser, charged in the same calendar month.

= From 1 January 2030, hydrogen has to be produced during the same one-hour period as the
renewable electricity, or from renewable electricity from a co-located new storage asset that
has been charged during the same one-hour period in which the electricity under the PPA was
produced. Member States may start applying this rule from as early as 1 July 2027, after
notifying the Commission.

# Temporal correlation requirements are always met if the clearing price of electricity is below
a certain threshold (below €20/megawatt-hour or 0.36 times of the price of emitting one
tonne of CO,).

Below is a list of the different cases under the delegated act, where the criteria of additionality,
temporal and geographical correlation need not be met.

= If hydrogen production located in a bidding zone with an average renewable electricity
share exceeding 90 % in the previous calendar year, it may be counted as renewable if it does
not exceed the proportion of renewable electricity in the bidding zone. If the 90 % share is
reached in 1 calendar year, it is considered to be reached in the following 5 calendar years.

# If hydrogen production is located in a bidding zone where the emission intensity of
electricity is lower than 18 gCO2e/MJ,® it may count as renewable if hydrogen producers
conclude one or more renewables PPAs fulfilling temporal and geographical correlation. If the
emission intensity threshold is reached in 1 calendar year, it is considered to be reached in the
following 5 calendar years.

Z If the electricity is consumed during an imbalance settlement period and the hydrogen
producer can show that it reduced the need for downward redispatching® of renewable
electricity generation.

Hydrogen producers must provide reliable information about their electricity use and hydrogen
production, showing that the above criteria are met at hourly intervals. They may make use of
national or voluntary international certification schemes recognised by the Commission.

By 1 July 2028, half a year before the end of the transition period, the Commission must assess the
impact of the regulation, and especially the rules on temporal correlation, production costs, GHG
emission savings and the energy system.

Delegated Regulation on GHG Savings

The Delegated Regulation on GHG Savings establishes a method for calculating the lifecycle GHG
emissions savings achieved. The method is used to asses if a batch of RFNBO meets the 70 %
reduction criterion compared to fossil fuels from RED I, which allows it to count toward Member
State targets.



https://energy.ec.europa.eu/delegated-regulation-minimum-threshold-ghg-savings-recycled-carbon-fuels-and-annex_en

EU rules for renewable hydrogen

The methodology defines the total lifecycle emissions from the use of the fuel as the sum of
emissions from the supply of inputs including electricity, processing, transport and distribution, and
combusting the fuel in its end use minus any emissions savings from CCS. Emissions from the
manufacture of machinery and equipment are not taken into account.

Stakeholder views

Hydrogen Europe welcome the Delegated Act on Additionality as a positive step towards the
development of the renewable hydrogen market. However, they warn that the strict rules of hourly
and geographical correlation will make green hydrogen projects more expensive; for that reason,
governments have an important role in supporting the industry and closing the price gap between
renewable and conventional hydrogen. Hydrogen Europe consider the transitional period necessary
to kick-start the sector, as first movers will be exempt from additionality until 2038.

Solar Power Europe welcome the monthly temporal correlation until 2030 as a positive element to
encourage first movers, but would prefer treating national borders as limits for geographical
correlation. They also believe the exemptions for low-emission and high-renewables electricity grids
will incentivise decarbonisation through more renewables as the most cost-effective technology.

Bellona, a European environmental organisation, expressed mixed feelings about the Delegated Act
on Additionality. They raise concerns about the possibility of greenwashing and increased emissions
in the short term. They also criticise the long transitional periods and the possibility of producing
renewable hydrogen with non-renewable electricity, which they believe could undermine the
credibility of the EU's renewable energy market and contribute to increased GHG emissions.

Transport & Environment welcome the clarity but criticise the wait for temporal correlation until
2028 and warn that hydrogen should only be used in those sectors without good alternatives.

Outlook

The delegated acts have been submitted to the European Parliament and the Council, which have
two months to scrutinise and either accept or reject but not amend them. At the Parliament's
request, the scrutiny period has been extended by two more months. Both delegated acts have
been referred to the Committee on Industry, Research and Energy (ITRE). On 9 March 2023, A
Commission representative presented the delegated acts to the ITRE committee; a number of MEPs
addressed critical questions and remarks to them during the meeting. Despite these reservations,
on 28 March 2023 the committee voted to reject a draft motion for a resolution to object to the
delegated regulation on additionality.

Definitive criteria for renewable hydrogen production and lifecycle emissions are a critical
precondition for progressing on national support schemes and EU initiatives such as the
establishment of the European hydrogen bank and the inclusion of hydrogen in the new Carbon
Border Adjustment Mechanism. Clarity about the criteria is a precondition for investment decisions
that are critical for the development of the EU hydrogen industry and the decarbonisation of EU
industry and transport.

Time is of critical importance because the EU is in a competition with other regions of the world for
investment in the development of green industries. In the United States, the Inflation Reduction Act
supports green hydrogen with a production tax credit of US$3 per kilogram, or an investment tax
credit of 30 % of the cost of the electrolyser. The rules for additionality in the US are currently under
consultation, while the EU has already defined them.



https://hydrogeneurope.eu/da-on-additionality-finally-agreed/
https://www.solarpowereurope.org/press-releases/statement-delegated-act-on-additionality
https://bellona.org/news/energy-systems/2023-02-press-release-renewable-hydrogen-rules-delay-clear-link-between-hydrogen-and-renewable-electricity-until-after-2030
https://www.transportenvironment.org/discover/eu-defines-what-makes-hydrogen-green/
https://multimedia.europarl.europa.eu/en/webstreaming/committee-on-industry-research-and-energy_20230309-0830-COMMITTEE-ITRE
https://www.europarl.europa.eu/doceo/document/ITRE-RD-745350_EN.pdf
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2023)739300
https://www.cnbc.com/2023/03/03/clean-hydrogen-industry-future-depends-on-ira-tax-credit.html
https://www.regulations.gov/docket/IRS-2022-0029
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ENDNOTES

! This corresponds to imbalance settlement periods in electricity markets, where the imbalances between contracted
and actual generation and consumption are priced and settled.
2 This definition excludes renewable hydrogen and differs from the definition in the EU hydrogen strategy in this respect.

3 To facilitate readability, this document uses 'hydrogen' instead of 'renewable liquid and gaseous transport fuel of non-
biological origin', 'electrolyser' instead of 'installation producing renewable liquid and gaseous transport fuel of non-
biological origin' and 'renewable power plant' instead of 'installation generating renewable electricity'.

4 A bidding zone is a region in which the same electricity price is applied. In the EU, bidding zones are usually entire
Member States, except for Sweden, Italy and Denmark which are divided into several bidding zones.

5 Grams of CO; equivalent per megajoule of fuel. Currently, the average renewables share is under 90 % in all Member
States, which means that no whole country falls under case 1. Sweden s the only country under case 2 with an emissions
intensity of 4.1 gCOe/MJ. France (19.6), Finland (22.9) and Denmark (27.1) are closest to reaching this emissions
intensity. There could be bidding zones inside these countries that do reach the criteria.

6 A measure, including curtailment, which is activated by one or more transmission system operators or distribution
system operators by altering the generation, load pattern, or both, in order to change physical flows in the electricity
system and relieve a physical congestion or otherwise ensure system security.
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