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Key Messages

e The competitiveness gap of hydrogen needs to be addressed outside the EU ETS, as
the pricing of emissions and the free allocations for hydrogen production do not pro-
vide sufficient additional revenue to significantly narrow the cost disparity between

renewable or low carbon hydrogen on one side and natural gas on the other.

e To create cost parity and foster a fuel-switch from natural gas to renewable or low

carbon hydrogen, CO; prices in the range of 300-500 €/tCO; are necessary.

e Switching from emission-intensive gas-based low carbon hydrogen with CCS (blue
hydrogen) to renewable hydrogen requires exceptionally high CO; prices of 2500

€/tCO; if only downstream emissions are priced.

e Extending the EU ETS to cover upstream emissions would more accurately internal-
ize the climate impacts, leading to a fairer comparison between low carbon and re-

newable hydrogen.

e Introducing a gradual lowering of the emission intensity threshold (28.2 gCO2eq/M]J)
in the standard for low carbon hydrogen could foster innovation and investment in

technologies with higher emission reductions and lower residual emissions.



1. Introduction

The use of renewable hydrogen is considered an important element for the decarbonization
of sectors that are hard to electrify, such as the steel and chemical industry or aviation (Eu-
ropean Commission 2020, Ferrario et al. 2022). However, the volume of renewable hydro-
gen produced by electrolysis with renewable electricity is relatively small in comparison to
conventional fossil-based hydrogen production (IEA 2023, European Hydrogen Observatory
2024, Odenweller & Ueckerdt 2025). This is mainly due to the high costs of renewable hy-
drogen production (IEA 2023). Until the availability and competitiveness of renewable hydro-
gen improves, the use of non-renewable low carbon hydrogen is discussed in the EU and
among researchers as a transitional solution to accelerate the market ramp-up of renewa-
ble hydrogen (European Commission 2020, European Commission 2021, Talus et al. 2024).
This is because the production of low carbon hydrogen, for example in the form of gas-
based hydrogen with subsequent carbon capture and storage or utilization (referred to as
blue hydrogen) will likely be cheaper than renewable hydrogen, while still less emission in-
tensive than conventional fossil hydrogen (Hermesmann & Miiller 2022, Bauer et al 2022,

Ueckerdt et al 2024).

A regulatory framework has been adopted at EU level for the production of renewable fuels
of non-biological origin (RFNBOs), which includes renewable hydrogen produced in line with
the required RFNBO criteria (see below), and the framework for low carbon hydrogen is
awaiting the adoption of a delegated act specifying a methodology for assessing green-
house gas emissions savings (European Commission 2024). Those technology-specific rules
stand next to the EU Emissions Trading System (EU ETS) as the central market-based in-
strument to decarbonise the EU industry and energy sectors. The use of the EU ETS and its
challenges for the development of a hydrogen economy have already been discussed for
over a decade (Bleischwitz & Bader 2010). Previous studies have highlighted the potential of
CO; prices to improve the competitiveness of blue hydrogen against conventional fossil-
based hydrogen, but also note that upstream emissions contributing significantly to the
embedded emissions of blue hydrogen are not covered by the EU ETS, and that a switch
from blue to renewable hydrogen requires a significant increase of CO; prices (George et al.

2022, Odenweller et al. 2022, Alonso et al. 2024, Ueckerdt et al. 2024).



The latest reform of the EU ETS introduces the inclusion of all types of hydrogen production.
Previously, only conventional fossil-based hydrogen produced via reformation and partial
oxidation was covered. As a reason for the inclusion, the EU Commission mentioned that
the rules on free allocation, as they currently still exist in the EU ETS, could otherwise “lead
to unequal treatment of industrial installations and effectively act as a barrier to the use of
decarbonisation techniques such as green hydrogen” (European Commission 2021a, p. 44).
Accordingly, all installations with a production capacity exceeding five tonnes of hydrogen
per day receive free allocations with the EU ETS reform. This can provide an additional
source of revenue for renewable and low carbon hydrogen installations, as they can fully
cover their emissions with free allocations and still have a surplus of certificates to trade on
the market. This raises the question of how the reformed rules of the EU ETS impact the de-
velopment of the hydrogen scale up. Is the reform capable of achieving a more equal treat-
ment between hydrogen production methods in the regulatory framework? What implica-
tions has the reform on the competitiveness of renewable hydrogen compared with low car-
bon hydrogen, and in particular blue hydrogen? And what are the implications for emis-

sions reductions?

To answer these questions, this study first describes the characteristics of hydrogen produc-
tion in the European Union. It then assesses the rules of the EU ETS, which now apply to all
forms of hydrogen. Thereafter, an economic analysis is performed, assessing the effects of
the reformed EU ETS on competitiveness and incentives for emission reductions of renewa-
ble and blue hydrogen. Finally, the results are discussed in context of the research ques-

tions posed above and conclusions are drawn.



2. Hydrogen Production

Hydrogen is a secondary energy carrier that can be produced by a variety of processes with
different sources of energy. Before assessing the impacts of the EU ETS, the characteristics
of fossil, low carbon and renewable hydrogen production methods, its current shares of pro-
duction in the EU, the associated emissions and costs in the European Union are described.

Table 1 gives an overview of these attributes, while the subchapters will go into more detail.

Energy Source Share Emission Threshold Cost
(2025-2030)
Fossil Hydrogen Natural Gas, Coal, | 91% Reforming | No emission thresh- 60-90 EUR/MWh
Oil 8.6% By-Product | old

Low-Carbon Hy- Natural Gas 0.3% 28.2 gCOzeq/MJ 100 EUR/MWh
drogen (Blue Hy-
drogen)

Renewable Hy- | Renewable Elec- 0.2% 28.2 gC0Ozeq/MJ 150 - 200
drogen tricity + REDII-DA EUR/MWh

= 0 gCOzeq/MJ

Table 1: Attributes of Different Hydrogen Production Pathways in the European Union (Sources can be Found
in the Text)

2.1 Production Methods and Shares

Conventional, fossil-based hydrogen production comprises multiple methods with different
feedstocks. The most common method in the EU is fossil-based production via steam me-
thane reforming (SMR) of natural gas, although there are various other methods, such as
autothermal reforming (ATR), partial oxidation of oil or coal gasification. Together, 91 % of
hydrogen in Europe was produced by natural gas reforming in 2022. Conventional produc-
tion also comprises hydrogen produced as a by-product of different industrial processes,
representing an additional share of 8.6 % of fossil hydrogen production in Europe (European

Hydrogen Observatory 2024).

Low carbon hydrogen projects are still in their early stages and only account for 0.3 % of hy-
drogen production in Europe (European Hydrogen Observatory 2024). Low carbon hydrogen
can also be produced by a variety of methods, e.g., by SMR or ATR equipped with carbon



capture technology to reduce the emission intensity of hydrogen. The captured CO2 can ei-
ther be stored (carbon capture and storage — CCS) or used for other purposes (carbon cap-
ture and utilization — CCU). Hydrogen produced this way is also referred to as blue hydro-
gen. Low carbon hydrogen also includes hydrogen production using nuclear energy, waste
energy or non-renewable electricity to power water electrolysis. To be considered as low car-
bon hydrogen within the EU legal framework, all production methods have to comply with
the requirements the Gas and Hydrogen Markets Directive (EU) 2024/1788, including a
general definition of low carbon hydrogen requiring GHG emission reductions of at least 70
% compared to a fossil fuel comparator (Art. 2, pt. 11). This general definition will be supple-
mented by a delegated act (European Commission 2024) providing more detailed require-
ments and a methodology clarifying which factors are included in the 70 % emission reduc-

tion threshold (Bruch & Knodt 2024).

Renewable hydrogen is produced by using renewable energy, with the most prominent
method being water electrolysis powered by renewable electricity. A hydrogen market based
on renewable hydrogen is communicated in the EU as a central element for the decarboni-
zation of hard to abate sectors and to achieve climate neutrality (see Directive (EU)
2024/1788, Recital 13; European Commission 2020). Under EU law, renewable hydrogen
falls under the term renewable fuels of non-biological origin (RFNBO) and has to achieve
GHG emissions savings of at least 70 % (Renewable Energy Directive (EU) 2018/2001, Art.
29a). While the threshold for GHG emissions savings is identical to low carbon hydrogen, ad-
ditional requirements for the production of RFNBOs are established in Delegated Regula-
tion (EU) 2023/1184. Although renewable hydrogen should be the primary source of the
emerging hydrogen economy, only 0.2 % are currently of renewable origin in Europe (Euro-

pean Hydrogen Observatory 2024).

2.2 Emissions
Hydrogen production on the basis of fossil sources is characterized by a high emission in-
tensity, but can vary significantly depending on the source and technology. For SMR, the di-

rect emissions account to around 75 gC02eq/M] (IEA 2023). Yet, not only are emissions



caused by the reforming process itself, but additional emissions occur upstream and mid-
stream, e.g., during natural gas production and transport. While the global median up-
stream and midstream emissions of natural gas production are estimated to be around 15
gCO2eq/M] (IEA 2023), the European Commission set a substantially lower standard value
for upstream emissions of natural gas at 9.7 gCO2eq/MJ (see Commission Delegated Regu-
lation (EU) 2023/1185). Empirical measures show that upstream and midstream emissions
vary greatly depending on the gas field and the technical measures against methane leak-
ages. In Norway, upstream and midstream emissions cumulate to around 0.8 gC0O2eq/MJ of
natural gas, while in the Caspian region the emissions cumulate to 27 gCO2eq/MJ of natu-
ral gas. However, a recent study on the case of the US estimates that methane leakages are
higher than reported, highlighting the need for more comprehensive measuring and moni-
toring (Sherwin et al. 2024). Including upstream and midstream emissions during natural
gas production increases the global average emission intensity of SMR hydrogen production
to around 91 gCO2eq/MJ (IEA 2023). In the EU, the emissions intensity for fossil-based hy-
drogen is set slightly higher, at 94 gCO2eq/MJ according to Commission Delegated Requla-
tion (EU) 2023/1185. This value is also used as a fossil-fuel comparator to define the thresh-

olds for low carbon and renewable hydrogen.

In the case of gas-based low carbon hydrogen, downstream emissions can be reduced; yet,
upstream and midstream emissions occur. Downstream emission reductions can be
achieved during the production of hydrogen via carbon capture technology. However, the
production process has a significant impact on the capture rates that can be achieved. With
SMR and ATR, capture rates of >90 % will likely be possible (IEA 2023). Further research
suggests that ATR has more suitable attributes to achieve higher carbon capture rates, the-
oretically up to 100 % with more advanced technology (Riemer & Duscha 2022). In the EU,
instead of carbon capture rates, the emissions intensity of hydrogen is used to determine
the eligibility of hydrogen as low carbon. The requirement of the Gas and Hydrogen Markets
Directive to achieve a 70 % emissions reduction compared to the fossil fuel comparator of
fossil-based hydrogen sets a threshold of 28.2 gCO2eq/MJ. As mentioned above, the exact
methodology clarifying which factors are included in the calculation of the emission savings

is yet to be defined by a delegated act (European Commission 2024).



In the case of renewable hydrogen, the requirements of Delegated Regulation (EU)
2023/1184 seek to ensure that renewable hydrogen is not associated with substantial
emissions during electricity production for the electrolysers. Therefore, in case of compli-

ance with the EU framework, renewable hydrogen is attributed zero emissions.

2.3 Costs

The levelized costs of hydrogen (LCOH) from unabated fossil sources were very volatile dur-
ing the last five years, as the LCOH is mainly composed of operational expenditures (OPEX)
in the form of energy costs that were subject to significant price spikes caused by the Rus-
sian invasion of Ukraine. Coming from an EU-average of 36-45 EUR/MWh1, the prices rose
up to 171 EUR/MWh in 2022 (Hydrogen Europe 2023). With falling gas but increasing CO;
prices, the IEA estimates the LCOH of unabated fossil hydrogen (e.g., grey hydrogen) be-
tween 60-90 EUR/MWh in 2030 (IEA 2023). While other OPEX, emission allowances and cap-
ital expenditures (CAPEX) also constitute costs for hydrogen production, their share on the

overall LCOH is comparably low (European Hydrogen Observatory 2024).

Similarly, the LCOH of blue hydrogen depends significantly on natural gas prices; it is esti-
mated at around 100 EUR/MWh between 2025 and 2030 (Ueckerdt et al. 2024), while costs
depend on the CO; capture rate and process (SMR or ATR). In general, CAPEX is higher for
blue hydrogen production, as investments in the carbon capture installations have to be fi-
nanced. The additional technological complexity also leads to higher OPEX besides energy

costs, but also lower expenditures for emission allowances.

Although the energy source for renewable hydrogen is typically renewable electricity and
not natural gas, the LCOH for renewable hydrogen also increased significantly during the
energy crisis (Hydrogen Europe 2023). In general, OPEX has the most significant share of
LCOH for renewable hydrogen in the form of electricity costs, but the share of CAPEX is also
higher in comparison to other production methods (European Hydrogen Observatory 2024).
As the energy crisis also caused inflation, the investment costs for electrolyzers and renewa-

ble energy installations increased and in turn led to higher LCOH for renewable hydrogen

1 Units were converted from EUR/kg to EUR/MWh to ensure consistency.



and are estimated to be around 150-200 EUR/MWh between 2025 and 2030 (Odenweller &
Ueckerdt 2024).

As this chapter outlined, the production of renewable hydrogen does not cause any direct
GHG emissions and low carbon hydrogen may cause significantly less emissions compared
to the production of conventional, fossil hydrogen and natural gas. This might have further
implications for the cost competitiveness, as all hydrogen types have been included in the
latest reform of the EU ETS and are required to purchase and surrender emission allow-
ances according to their emitted CO>. Yet, hydrogen will also receive free allocations, which
begs the question whether the rules on free allocation and the possibility to trade those
freely allocated allowances under the ETS Directive may offer an opportunity for additional
revenues for the respective operators (see the Box ‘Regulation of Hydrogen in the EU ETS'
for an overview of the EU ETS and its free allocation mechanism). In the following, it will
thus be examined how much revenue operators of installations producing renewable hydro-
gen, and low carbon hydrogen respectively could expect from free allocation under the EU

ETS, and what that means for the competitiveness of those projects.



Regulation of Hydrogen in the EU ETS
Author: Jana Nysten, Stiftung Umweltenergierecht

With the latest reform of the EU emissions trading system (EU ETS) for industry and energy in-
stallations, all types of hydrogen production have been included, provided that the production
capacity of the installation exceeds 5 tonnes per day (Art. 2(1) jo. Annex | ETS Directive).

The EU ETS functions as a cap-and-trade system for GHG emissions.2 That being the case, op-
erators of installations covered by the system need to obtain a permit and purchase GHG
emission allowance for the GHG emissions caused in the installation.® Most of those allow-
ances will need to be purchased, as the production of hydrogen has (so far) not been included
on the carbon leakage lists“. Free allocation of allowances is supposed to be phased out any-
ways.” However, operators still receive some free allocation of allowances under the transi-
tional regime of Art. 10a ETS Directive. The amount of free allowances is thereby calculated
based on specific product benchmarks, multiplied with the historic activity levels of the instal-
lation. The benchmarks are thereby based on the average emissions from all types of hydro-
gen production, and do not distinguish between renewable, low carbon and conventional, fos-
sil hydrogen production, according to Annex | of Commission Delegated Regulation (EU)
2019/331. The amount is adjusted by a so-called “bonus/malus” system. This system essen-
tially punishes the least energy efficient companies by reducing the amount of free allocation
they can get by 20 % while rewarding the most efficient ones by increasing the amount of free
allocation they can get by 10 %. The amount is also adjusted by the phase-out factor for free
allocation (Art. 16, Commission Delegated Regulation (EU) 2019/331). Since hydrogen is in-
cluded in the CBAM, for hydrogen, that phase-out factor is the CBAM-factor, and free allocation
will end 2034.°

2 0n the basic principles of such cap-and-trade systems, see the theories of Dales (1968). The functioning of the EU ETS is (briefly) ex-
plained in e.g., Faure & Partain (2019), p. 124ff.

3 Note that the EU ETS attaches to the GHG emissions caused by the installation, i.e. the electrolyser producing hydrogen, while the EU
CBAM attaches to the product hydrogen itself. This is due to the fact that the production of imported hydrogen takes place outside the EU,
meaning that the production itself can hardly be regulated by the EU. However, the import of the product can. For more on the EU CBAM
and the choices the EU legislator had to make when designing the instrument, e.g. Jana Viktoria Nysten (2023). “Der EU-Grenzausgleichs-
mechanismus als logische Folge des EU-Emissionshandels”, KlimaRZ 04/2023, S. 95-102.

“ The current carbon leakage list for the period from 2021-2030 has been adopted by the EU Commission in 2019; it is based on the crite-
ria mentioned in Art. 10a(1) ETS Directive for sectors and subsectors to be deemed at risk of carbon leakage. See: Commission Delegated
Decision (EU) 2019/708 of 15 February 2019 supplementing Directive 2003/87/EC of the European Parliament and of the Council con-
cerning the determination of sectors and subsectors deemed at risk of carbon leakage for the period 2021 to 2030, 0] L 120, 8.5.2019, p.
20-26.

> When the EU ETS was first introduced, operators of installations covered by the system received the allowances they needed to cover
their emissions for free. However, the idea was to progressively, reduce and at some point, end such transitional free allocation (Art. 10a
ETS Directive). For some industries, i.e. those which are so exposed to international competition that paying the price for GHG emissions
under the EU ETS would lead them to relocate their operations, a special regime was introduced under which they (still) receive the allow-
ances for free (Art. 10b ETS Directive). However, that regime is going to change as well: when the EU CBAM starts and introduces a carbon
price for imports into the EU, those free allocations will also be phased-out (Art. 10a(1a) ETS Directive).

® Art. 10a(1a) ETS Directive: “The CBAM factor shall be equal to 100 % for the period between the entry into force of that Regulation and
the end of 2025 and, subject to the application of provisions referred to in Article 36(2), point (b), of that Regulation, shall be equal to 97,5
% in 2026, 95 % in 2027, 90 % in 2028, 77,5 % in 2029, 51,5 % in 2030, 39 % in 2031, 26,5 % in 2032 and 14 % in 2033. From 2034, no
CBAM factor shall apply.”



3. Economic Assessment

In an economic assessment, the cost competitiveness of blue and renewable hydrogen with
one another and with natural gas is compared. First, the near-term costs are assessed
based on the current EU ETS including the impact of free allocations given to hydrogen pro-
ducers (Figure 1). Then the question is asked: How would the cost competitiveness change if
upstream emissions of CO; and methane (compare Figure 2) were included in the EU ETS?
For this purpose, the required CO; prices — so called fuel-switching CO2 prices — to switch
from more emission-intensive to cleaner options (e.g., from blue to renewable hydrogen) are

calculated (Figure 3).
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Figure 1. Comparing green (left) and blue hydrogen (right) costs accounting for EU ETS impacts (assumed CO;
price: 80€/tCO;) based on the optimistic end of near-term cost estimates for 2025 to 2030. The value of free
allocations is calculated based on a CBAM factor of 100%, which applies until the end of 2025. No additional
subsidies considered here.

Both renewable and blue hydrogen production costs will likely be dramatically higher than
those of natural gas (Figure 1). Natural gas is the main competitor in many important hy-

drogen applications, for example in the energy-intensive industry or energy supply sectors’.

7 In applications such as industrial process heat and the power sector, hydrogen and natural gas can generally be considered perfect sub-
stitutes on a per MWh basis. However, in the case of iron ore reduction, substitutability must be assessed per molecule, as slightly less
hydrogen is required per MWh of natural gas to achieve the same reduction effect.
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In 2025 to 2030, renewable hydrogen costs are estimated to be about six times as high as
those of natural gas. Low carbon blue hydrogen will likely be about four times as expensive

as natural gas.

These cost gaps are only slightly reduced by the value of freely allocated emission certifi-
cates (green part in Figure 1) for hydrogen production in the EU ETS. The current CO; prices
are simply too low to create much of a difference in the very high hydrogen costs. While the
EU ETS provides incentives to reduce emissions where it is the most cost-efficient, it is not
designed to support a specific technology or industry transformation option. Instead, inno-
vation market failures such as knowledge spillovers related to both renewable as well as
blue hydrogen require technology-specific policies, e.g., subsidies or regulation such as end-
use quotas (compare Ueckerdt et al. 2024, and Odenweller & Ueckerdt 2025), directly push-
ing the scale-up or compensate the economic risks inhibiting private investments in hydro-

gen technology.

With respect to emissions, as there is no strong incentive from the EU ETS, we assume here
that blue hydrogen just meets the EU emissions threshold for low carbon hydrogen in their
life-cycle emissions. This threshold accounts for life-cycle emissions including i) upstream
(and midstream) CO; emissions, ii) upstream (and midstream) non-CO; emissions (methane)
and iii) downstream CO; emissions® Note again that the EU threshold requires low carbon
hydrogen to reduce emissions by 70 % compared to a fossil fuel comparator that is parame-
terized with respect to grey hydrogen. Importantly, this translates to only ~60 % emission
reduction compared to natural gas (Figure 2a). As a result, upstream emissions (both CO;
and methane) can be quite high, while still complying with EU thresholds for low carbon hy-

drogen set in the Gas and Hydrogen Markets Directive (EU) 2024/1788.

For upstream emissions we assume 1.65 % methane leakage, which is the global average
calculated based on IEA data (IEA 2022). This is in line with recent estimates for the US,
based on new measurement techniques (Sherwin et al. 2024), and much higher than close-
to-zero rates typically reported for Norway or the Netherlands. Unless blue hydrogen is pro-

duced in countries with such clean supply infrastructures, methane leakage together with

& Note that “downstream” refers to those COz emissions that occur when producing grey or blue hydrogen. These emissions are covered
by the EU ETS.
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upstream COz emissions are accumulating to an extent that leaves little room for down-
stream emissions, to not exceed the emission threshold. Applying global average upstream
emissions, to still achieve EU thresholds, producers in the EU need to implement very high
COy capture rates (~93 %) such that downstream CO; emissions are low. For renewable hy-
drogen, we assume that the electrolyser runs 100 % on renewable electricity either via a di-
rect connection to renewable plants or in a grid-connected case via hourly matching in ac-

cordance with Delegated Regulation (EU) 2023/1184.

In the comparison of effective costs of renewable and blue hydrogen, the emissions certifi-
cates that need to be surrendered for blue hydrogen production are negligible. This is due
to a low CO; price (here 80 €/tC0O>) and a result of the assumption of a high CO> capture
rate to achieve the EU threshold. As the EU ETS is blind for upstream emissions, the differ-
ences in associated emissions are not translated into costs or competitiveness differences.
As a result, there is a substantial cost gap between the cost of renewable hydrogen, and the

cost of more emissions-intensive blue hydrogen (Figure 2).
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Figure 2: Comparing typical near-term renewable and blue hydrogen life-cycle CO,eq emissions for GWP100
(left) and GWP20 (right).

Given these cost gaps at current CO; prices, we determine the future CO; prices that would
be required to create cost parity between emissions-intensive natural gas and renewable or

blue hydrogen. These fuel-switching CO> prices (FSCPs) are very high (Figure 3), i.e., in the

12



range of 300-500 €/tCO.. Switching from emission-intensive blue to cleaner renewable hy-
drogen even requires CO> prices of 2500 €/tCO; if only downstream emissions are priced.
Including upstream emissions would lower the FSCPs to ~750 €/tCO; for GWP100 and
~300 €/tCO; for GWP20.

GWP100 and GWP20 are both metrics used to express the climate impact of greenhouse
gases like methane (CH.) relative to carbon dioxide (CO.), but they differ in the time horizon
over which this impact is assessed. GWP100 uses a 100-year time frame and assigns me-
thane a global warming potential of 28 to 30, meaning that over 100 years, one tonne of
methane causes approximately 28 to 30 times more warming than one tonne of CO.. This
long-term perspective is widely used in climate reporting and policy, making GWP100 the
standard metric for life cycle assessments and strategies focused on long-term climate sta-

bilization.

GWP20, in contrast, uses a 20-year time frame and assigns methane a much higher GWP of
84 to 87, reflecting its strong but short-lived climate impact. Methane remains in the atmos-
phere for only about 12 years, so GWP20 captures its disproportionate contribution to near-
term warming. This makes GWP20 especially relevant when the goal is to reduce short-term

climate effects such as limiting the global peak temperature in the coming decades.

Note that Figure 2 evaluates a scenario where upstream emissions of natural gas and blue
hydrogen are not reduced. As associated marginal abatement costs can be comparatively
low (<100 €/tC0O3), high carbon prices that include those emissions or ambitious regulation
(low thresholds) could incentivise low-emissions supply chains for blue hydrogen, even
though there remains high uncertainty in the deployment speed and depths of associated

measures.
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Figure 3: CO; prices required (i.e., fuel-switching CO; prices) to create cost parity between an emission-intensive
fuel and a low-emission fuel such that a switch is incentivised (fuel 1 -> and fuel 2). This is shown for switching
from natural gas to renewable or blue hydrogen, and switching from blue to renewable hydrogen. Hereby, the
CO; pricing considers different scopes of emissions and different metrics to evaluate methane (GWP100 or
GWP20).
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4. Discussion

After assessing the legal and economic dimension, the impacts of the EU ETS reform on hy-
drogen are discussed from different perspectives. Namely, what are the implications of the
EU ETS reform for: a) the EUs regulatory framework of hydrogen, and b) emissions reduc-
tions. On the basis of the discussion, recommendations for the development of the requla-

tory framework are outlined.

4.1 Implications for the Regulatory Framework

From a legal perspective, the question arises if the reform of the EU ETS provides more co-
herence and clarity for the regulatory framework of hydrogen. With the reform, the Euro-
pean Commission aimed to create an equal free allocation framework for hydrogen by ex-
tending the EU ETS from installations producing conventional, fossil-based hydrogen to hy-
drogen independent of the production method. The EU ETS reform therefore accomplished
more internal coherence when it comes to hydrogen, as the exclusion of other production
methods is hardly justifiable and the new integration of low carbon hydrogen guarantees
the pricing of residual emissions (downstream CO; only), closing a gap in the coverage of

the EU ETS.

Going beyond the assessment of the internal coherence of the EU ETS, the general purpose
and suitability of the EU ETS and free allocations as an instrument for the hydrogen scale-
up has to be discussed. It is important to note that the EU ETS is not designed as a support
instrument for specific industries or specific options towards decarbonisation such as hydro-
gen. Its purpose is to cost-effectively reduce emissions throughout all the sectors it covers.
Accordingly, this analysis highlights that the competitiveness gap of hydrogen needs to be
addressed outside the EU ETS. Across all EU ETS sectors, a switch from natural gas to re-
newable or low carbon hydrogen is not the most cost-effective measure to reduce CO; emis-
sions yet. But it is already clear today that the use of hydrogen is necessary to achieve cli-
mate neutrality by 2050 and that the development of a hydrogen economy requires signifi-
cant long-term efforts and fundamental transformations that cannot be achieved overnight.

Therefore, policy instruments, such as standards, targets, quotas, EU level funding, state
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aid and sustainable financing rules should ensure a functioning hydrogen market will be in

place.

4.2 Implications for Emissions Reductions

The EU standards require a 70 % reduction in emission relative to fossil-based hydrogen
(without CCS) as a fossil fuel comparator, which is equivalent to a 60 % reduction compared
to natural gas. Accordingly, compared to natural gas, blue hydrogen is allowed to emit 40 %
as residual life-cycle emissions. This induces a high emissions intensity threshold of 28.2
gC02eq/MJ, showcasing an unambitious approach towards the standards of low carbon hy-

drogen and its impact on emissions reductions.

But can the EU ETS reform compensate for the lack of ambition by pricing the emissions
caused by hydrogen production? In regards to the emissions from low carbon hydrogen pro-
duction effectively falling under the EU ETS, significant effects of the carbon pricing on hy-
drogen production cannot be expected any time soon. The carbon price is too low and only a
small fraction of the residual emissions is covered. As a result, the fuel switch from high-
emission blue hydrogen, which just meets the threshold, to cleaner blue or renewable hy-
drogen would require exceptionally high CO; prices. Consequently, there is a minimal incen-
tive, both under the current standards and the EU ETS, to reduce emissions beyond the un-
ambitious threshold set for low carbon hydrogen or to invest in renewable instead of low

carbon hydrogen.

In practice, the production of blue hydrogen by standard SMR with CCS is only possible us-
ing natural gas with low upstream emissions, e.g., from Norway (Agora Industry & Agora

Energiewende 2024). Natural gas from other countries has such high leakage rates that in-
novations in technologies with higher CO; capture rates, such as ATR, are required to com-

ply with the existing threshold.

Since methane emissions and COz upstream emissions are not priced under the EU ETS, the
overall carbon footprint of gas-based hydrogen production is not fully accounted for. This

undermines the effectiveness of the EU ETS in reducing the climate impact across the hy-
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drogen value chain. To address methane emissions in the EU regulatory framework, the Me-
thane Requlation (EU) 2024/1787 introduces reporting, monitoring and reduction obliga-
tions for fossil fuel producers. While this is a first step to close the regulatory gap, it falls
short on directly pricing methane emissions, which would be necessary to fully integrate
these emissions into the EU ETS framework. Furthermore, the obligations laid out in the Me-
thane Regulation will be fully introduced and enforced in 2030, leaving methane emissions
insufficiently requlated until then. For example, a draft delegated regulation specifying the
calculation of GHG emission reductions required for low carbon fuels is proposing to use
standard values for upstream methane emissions that do not represent the site-specific
emissions (European Commission 2024) and are low compared to recent measurements

(Sherwin et al. 2024).

4.3 Policy Recommendations
In principle, the EU ETS and CBAM are suitable instruments to provide incentives for emis-
sion reductions of blue hydrogen and the uptake of renewable hydrogen, but only under

certain conditions. Positive effects would likely occur if the following points are addressed:

1. Upstream emissions, including methane, should be priced for a full internalisa-
tion of the climate change externality through carbon pricing. An extension of the EU
ETS and CBAM to upstream emissions would provide a more accurate representation
of emissions caused in the EU, as well as embedded in imported goods, and
strengthen the EU ETS as the central market-based instrument to cost-effectively re-
duce emissions. For blue hydrogen in particular, it would provide both incentives for
using clean natural gas supply chains and investing in technologies that can achieve

higher carbon capture rates, such as autothermal reforming;

2. Policymakers need to commit to maintain a very high CO; price for two reasons.
First, switching from natural gas to hydrogen requires high CO; prices both for blue
and green hydrogen. Second, switching from blue hydrogen with residual emissions
to zero-emission green hydrogen requires very high CO; prices even in case all up-

stream emissions are covered by the EU ETS. One element to increased political com-
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mitment was the adjustment of the linear reduction factor of the cap through the re-
vision of the ETS Directive to 4.3 % per year over the period of 2024 to 2027, and 4.4
% per year from 2028. This facilitates a cost-effective path towards climate neutrality
in the EU (Zaklan et al. 2021). But an additional measure to ensure a high price level
in the case of market distortions would be the introduction of a price floor for the EU
ETS (Flachsland et al. 2020). Long-term political commitments that are mirrored in
the design of the EU ETS, for example by a price floor, also enhance policy credibility
(Nemet et al. 2017) that directly affect investment decisions in green technologies

(Sitarz et al. 2024).

. The use of Global Warming Potential over 20 years (GWP20) —instead of GWP100 —
would factor in more of the short-term climate effects of methane, i.e,, the increasing
impact on global peak temperatures. The right choice of metric is a challenging task
and open research question. From an economic perspective, the metric should re-
flect the economic damages caused by methane emissions compared to CO2 emis-
sions. If peak warming is the main driver of economic damages, GWP20 is more
meaningful and would lead to a reduction in short-lived methane emissions. If long-
term climate stability is more important, then GWP100 is more meaningful and the

relative importance of CO, emission reduction increases.

. Moreover, and in particular if the above-mentioned ETS reform faces implementation
barriers, greater credibility in an effective hydrogen emission reduction could be
achieved by gradually lowering the emission intensity threshold of low carbon hydro-
gen. The current approach of a fixed and rather high emission threshold fails to sup-
port sufficient innovation and investments in technologies achieving higher emission
reductions (e.g., further developing ATR), as producers have no incentive to go below
the fixed threshold of 28.2g CO2eq/MJ. An iterative reduction of the emission thresh-
old could provide a predictable pathway to secure positive effects of blue hydrogen

on climate mitigation.

Finally, the EU ETS is not intended to support specific technologies. To promote the

long-term transition from fossil-based and low carbon hydrogen to renewable hydro-
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gen, other instruments need to be used, such as targets for RFNBOs in the Renewa-
ble Energy Directive, the ReFuelEU Aviation Regulation and FuelEU Maritime Regula-
tion. These sector-specific targets are crucial to create incentives for the production
of renewable hydrogen compliant with the RFNBO criteria and the uptake in key end-

use sectors, fostering a fuel switch from low carbon to renewable hydrogen.
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5. Conclusion

In conclusion, while the EU ETS reform improved the internal coherence for CO; pricing of
hydrogen production, it falls short in driving significant long-term emission reductions and
supporting the widespread ramp-up of renewable hydrogen. The current policies for low car-
bon hydrogen remain unambitious, allowing substantial residual emissions to prevail in
production. The EU ETS only has a limited coverage of emissions and the prices are insuffi-
cient to significantly impact the hydrogen market or incentivize innovations in cleaner tech-

nologies delivering emissions reductions beyond existing thresholds.

To effectively support the market ramp-up of renewable hydrogen and achieve higher emis-
sions reductions, additional policy measures are necessary. Besides already existing tar-
geted support programs for renewable hydrogen, an iterative reduction of emissions
thresholds for low carbon hydrogen and the integration of upstream emissions (including
methane) into the EU ETS framework are valid options that safequard a path towards cli-

mate neutrality.
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