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Feedstock Factsheet

Hydrogen H,

Ecosystem Main uses

. Relevant as a key feedstock for ammonia, methanol and basic
Energy-lntenswe chemical production, and as a carbon reducing agent and source
Industries of high-temperature heat for steelmaking, refining and other hard-

to-abate industries.

Aerospace & Relevant to selected aviation concepts, including hydrogen-
combustion and fuel-cell propulsion, auxiliary and backup
power systems, and applications requiring high specific
energy and rapid refuelling.

Defence

Mobility, Transport Relevant for fuel-cell buses, heavy-duty trucks, trains and
maritime vessels, particularly in high-utilisation applications
requiring long operational range and short refuelling times.

& Automotive

Key Highlights at a Glance

Fossil-Based Supply Dominates: Global hydrogen production reached almost 100 Mt in 2024, but less
than 1% was produced through low-emission pathways.

Established Industrial Demand: Refining and ammonia production remain the largest hydrogen-
consuming sectors, together accounting for around 83% of European demand.

Green Hydrogen Scale-Up: Renewable electrolysis can support industrial decarbonisation and energy
security, but high costs, infrastructure gaps and limited access to affordable renewable electricity
remain major barriers.

Strong Future Growth: European hydrogen demand is expected to increase by approximately 57%
between 2024 and 2030, with growing applications in industry, transport, power and synthetic fuels.
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Hydrogen

Definition:

Hydrogen is the lightest and most abundant element on earth, existing as a gas under standard
conditions. In chemistry, it serves as a key reactant in many processes and as a feedstock for primary
chemicals like ammonia, methanol, ethylene, and polymers. As a secondary energy carrier, hydrogen
stores renewable energy, powers fuel cells for electricity and transport, and provides high-temperature
heat for industry with zero-carbon combustion. Hydrogen is not occurring naturally in large quantities
and has to be produced using fossil or renewable resources and an external energy source. Hydrogen
produced by electrolysis using renewable energy provides a green hydrogen which is a key component
in the shift toward green chemistry.

Major end uses/applications in EU & global end use distribution

Hydrogen demand is currently concentrated in industrial feedstock applications, with increasing
deploymentin transport, power generation, and thermal energy systems. At present, the dominant
share of hydrogen consumption remains associated with established uses in the chemical and
refining sectors, although low-carbon hydrogen production is expanding. Hydrogen is mainly produced
via steam methane reforming (SMR) from natural gas (grey hydrogen). In contrast, green hydrogen is
generated through water electrolysis powered by renewable electricity. Additional production
pathways include thermochemical conversion of biomass or fossil resources, as well as biologically
mediated processes involving microorganisms.

Hydrogen functions as a key feedstock in the production of major industrial chemicals. Itis
indispensable for ammonia synthesis via the Haber-Bosch process (for fertilizers), and it is also
required for methanol synthesis and several petrochemical value chains, including those linked to
ethylene derivatives and polymer manufacturing. Hydrogen is also used for hydrocracking,
hydrotreating, and desulfurization, enabling the conversion of heavy crude fractions into lighter
products and supporting lower-sulfur fuel production. The substitution of fossil-derived hydrogen with
low-carbon or green hydrogen is considered an important decarbonization lever in these sectors.

In other material sectors such as steelmaking, hydrogen is being applied as a reducing agent in direct
reduction iron processes and as part of decarbonization strategies for ore-based steel production.

Next to direct industrial applications, hydrogen is also utilized in fuel cell systems for stationary
electricity generation, backup power, and decentralized energy supply. In addition, it is under
development as an option for long-duration energy storage and as an energy carrier for converting
surplus renewable electricity into transportable fuels, including hydrogen-derived ammonia.

In the transport sector, hydrogen applications include fuel cell passenger vehicles, buses, heavy-duty
trucks, trains, maritime vessels, and selected aviation concepts. Its strongest near-term application
potentialis generally identified in heavy-duty and high-utilization transport segments, where rapid
refueling and extended operational range provide advantages over battery-based alternatives.




m D —

IDEALIST

>0 (23 woustay
R

Renewable "/
energy

Steelindustry  JC-»
;
Chemical industry (* LL

Refineries m

e

(e

Electrolysis | - 4

Sustainable co.) .+ |
CO; capture \Cf)g

@ HEATING ¢ ﬁ

POWER
GENERATION L/

Figure 1: Green hydrogen production, conversion and end uses across the energy system’

Hydrogen demand is still dominated by ammonia and refining, while emerging sectors remain
comparatively small but are growing faster. In Europe, refineries account for 58% of hydrogen use and
ammonia for 25%, together representing 83% of consumption. Around 11% of hydrogen is consumed
for methanol production and other chemicals including hydrogen peroxide, cyclohexane, aniline,
caprolactam, oxo alcohols, toluene diisocyanate, hexamethylenediamine, adipic acid, hydrochloric
acid, tetrahydrofuran etc.? In addition, hydrogen is also needed in manufacturing of electronics and
semiconductors, metal alloys processing and flat glass production. 3

Outline of value chain

The hydrogen value chain comprises hydrogen manufacturers, hydrogen handling companies
including suppliers and distributors, and finally the end use sectors. As described above, the current
hydrogen demand is driven largely by the end use sectors of fertilizer and refining industries.

Major oil and gas and industrial gas companies run steam methane reforming plants to produce
hydrogen from fossil resources. In the field of green hydrogen renewable power companies and
technology developers (for example for electrolysis) are leading.

TIRENA - International Renewable Energy Agency, Retrieved on 14.04.2026 from www.irena.org/Energy-Transition/Technology/Hydrogen

2The European hydrogen market landscape, 2025, European Hydrogen Observatory, Retrieved on 14.04.2026 from
https://observatory.clean-hydrogen.europa.eu/tools-reports/observatory-reports
3 Top Industrial Uses of Hydro en, WHA International Inc., retrieved on 14.04.2026 from https://wha-international.com/hydrogen-in-industry/
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Figure 2: Hydrogen value chain according to IEA report 2019 4

As hydrogen can be produced from fossil resources but also using renewable energy different
categories of hydrogen exist.

- Grey hydrogen is made from natural gas by steam methane reforming, with CO, released to the
atmosphere.

- Brown/black hydrogen: made from coal gasification, with high CO, emissions.

- Blue hydrogen is produced like grey hydrogen, but with carbon capture and storage to reduce
emissions.

- Green hydrogen is made using electrolysis of water using renewable electricity.

- Turquoise hydrogen is produced by methane pyrolysis, which produces hydrogen and solid
carbon. No CO; is emitted.

4 The Future of Hydro en, |[EA report for G20 Japan, June 2019, Retrieved on 30.01.2026 fromwww.iea.org/reports/the-future-of-hydrogen
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Substitution of feedstock

Replacing fossil-based hydrogen is a major opportunity in ammonia, refining, and hard-to-abate
industry, because these sectors already consume large hydrogen volumes and can shift first to low-
carbon supply. The main technologies are water electrolysis for green hydrogen, SMR with carbon
capture for blue hydrogen, and in some cases methane pyrolysis as a lower-emission route that also
yields solid carbon.

The two main technologies (alkaline and PEM electrolysis) for green hydrogen production use
electricity to split water into hydrogen and oxygen gases. Alkaline electrolysis is the most established
and mature technology, usually being the cheaper option and using an alkaline liquid electrolyte such
as potassium hydroxide and non-precious catalysts like nickel. PEM (Proton Exchange Membrane)
electrolysis uses a proton-exchange membrane to separate the anode and cathode, works in acidic
conditions, and typically delivers higher-purity hydrogen and faster response to changing power input.®
Alkaline electrolysis is considered as the more low cost option whereas PEM electrolysis yields in
high-purity hydrogen.

Using electrolysis technologies has the following advantages®:

- Decarbonization of hard-to-abate industries such as fertilizer, refining, steel, and other
industrial value chains.

- Improving energy security by reducing dependence on imported fossil fuels and by using
domestic renewable resources.

- Creation of new industrial value chains, jobs, and export opportunities.

Next to electrolyzer manufacturing capacity, and storage and transport infrastructure, the biggest
requirement is access to cheap renewable energy. Green hydrogen is still expensive mainly
because renewable electricity and electrolyzers make up most of the cost, and current conversion
efficiency is only moderate. Scaling is also slowed by weak infrastructure, storage losses, and policy
uncertainty.

5 PEM vs Alkaline electrolyzers, Hydrogen Newsletter, retrieved on 14.04.2026 from www.hydrogennewsletter.com/pem-vs-alkaline-
electrolyzers/

8 Fossil fuels, McKinsey Quarterly 2022, Retrieved on 14.04.2026 from www.mckinsey.com/capabilities/sustainability/our-insights/spotting-
reen-business-opportunities-in-a-surging-net-zero-world/transition-to-net-zero/fossil-fuels
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Global/EU production capacities

According to the IEA Global Hydrogen Review 2025, global hydrogen production reached almost

100 Mt in 2024. Less than 1% is considered as low-emission hydrogen. It is expected that low-

emissions hydrogen could reach 37 Mt per year by 2030 despite delayed and cancelled projects.’
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Figure 3: Likelihood of low-emissions hydrogen production by technology being available by 20304’

In the EU there are 487 hydrogen production plants operating with a total production capacity of 11.18
Mt per year and producing 7.86 Mt in 2023. The majority uses conventional production methods such
as reforming or use hydrogen as a by product. Production facilities using reforming with carbon
capture of based on water electrolysis comprise only 1.1% together.

{ Production ; Hydrogen production capacity by production process in 2024 o)
487 oOperational hydrogen production

I i i 8% f
g;;;;; in Europe in 2024 (+6.8% from @ Reforming @ Reforming (carbon capture)

89.3% 0.5%
11.18 Mt of total annual
production capacity in 2024
{+1.2 from 2023) @ By product () Water Electrolysis
7.86 Mt produced in 2024 9.6% 0.6%
(+0.6% from 2023)

Figure 4: Hydrogen production capacity in 20242

7 Global Hydrogen Review 2025, IEA, retrieved on 14.04.2026 from www.iea.org/reports/global-hydrogen-review-2025/production-highlights-
2

8 The European hydrogen market landscape 2025, European Hydrogen Observatory, retrieved on 14.04.2026 from https://observatory.clean-
hydrogen.europa.eu/sites/default/files/2025-11/The%20European%20hydrogen%20market%20landscape _November%202025.pdf
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Current Global/EU demand

Global hydrogen demand approached 100 Mt in 2024. The observed increase is primarily attributable
to rising output of industrial commodities for which hydrogen serves as a feedstock. Hydrogen
consumption remains mainly concentrated in established end-use sectors, including oil refining,
ammonia synthesis, methanol production, and fossil-based direct reduced iron (DRI). Demand from
emerging applications such as biofuel upgrading, novel industrial processes, mobility, power
generation, and synthetic fuel production is increasing, but still represents a share of less than 1%.

Use of low-emissions hydrogen increased by nearly 10% in 2024. However, its contribution to overall
hydrogen demand remains below 1%, reflecting persistent economic barriers, particularly high
production costs, as well as limited policy support and insufficient market incentives.

According to IEA, petroleum refining and the chemical industry currently account for the highest
uptake of low-emissions hydrogen. Based on projects that are already operational, under
construction, or that have reached final investment decision (FID), consumption of low-emissions

hydrogen in refineries and industrial facilities is expected to exceed 2 million tonnes per annum by
2030.%

The following figure illustrates the demand for conventional hydrogen by country and end-use in
Europe according to European Hydrogen Observatory report of November 2025.8

Conventional hydrogen demand by country and end-use
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Figure 5: Conventional hydrogen demand by country and end-use”®
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In Europe, clean hydrogen demand in 2024 was estimated at 36.3 kt. Emerging hydrogen applications
including mobility and e-fuels, heating and power generation as well as steel are seen as demand
drivers. This demand for clean hydrogen accounts for approximately 47% followed by demand for
ammonia (17%) and chemical production (14%).
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Figure 6: Share of green hydrogen demand by end-use in Europe®

The sectoral distribution of clean hydrogen demand differs markedly across countries, reflecting
national industrial structures and existing production pathways. In Germany, the strongest demand
originates from the chemical industry, which accounts for 29% of total clean hydrogen consumption.
By contrast, clean hydrogen use in Hungary is dominated by the refining sector (77% of national
demand). In Norway, ammonia synthesis represents the principal consumption pathway, accounting
for 64% of clean hydrogen use. Iceland exhibits the highest degree of sectoral concentration, with
methanol production constituting the entirety of clean hydrogen demand.®

Future supply/demand trends

Today’s global hydrogen supply is still dominated by fossil-based production, but green and other low-
emission routes are expanding through electrolysis and blue hydrogen projects. However, many
announced projects are delayed or not yet financed, so expected 2030 supply has been revised
downward in some outlooks.®

Hydrogen demand is expected to grow gradually at a moderate pace until 2030, still led by existing
industrial uses such as refining, ammonia, and methanol, while new demand from steel, transport,
power, and synthetic fuels rises more slowly. According to an analysis by PwC, ‘hydrogen demand by

% |EA cuts 2030 low-emissions hydrogen production outlook, 2025, Reuters, retrieved on 14.04.2026 from
www.reuters.com/sustainability/climate-energy/iea-cuts-2030-low-emissions-hydrogen-production-outlook-by-nearly-quarter-2025-09-12/
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2050 could vary from 150 to 500 million metric tonnes per year, depending on global climate ambitions
and the development of sector-specific activities, energy-efficiency measures, direct electrification
and the use of carbon-capture technologies.' Important determinants are policy support, cheap
renewable electricity, electrolyzer scale-up, and transport/storage infrastructure.

In Europe there is an expected growth of 57% in demand for hydrogen between 2024 and 2030
reaching more than 12 Mt per year. Forecasts for the years until 2040 and 2050 even predict an
increase of 127% and 63% respectively. Throughout these three decades the industrial sector is
projected to have the highest hydrogen demand with a steady growth in demand, rising from 9.86 Mt in
2030 to 14.62 Mt in 2040, and to 16.88 Mt in 2050.°"

However, in 2050 the overall distribution of hydrogen demand is expected to change. The share of the
industrial sector of the total hydrogen demand will decrease from almost 78% to 37% in 2050, while
the transport sector will increase from a 15% share in 2030 to 37% in 2050. Also the demand in the
building and power sector are expected to rise steeply.

Average projected hydrogen demand by sector
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Figure 7: Average projected hydrogen demand of different scenarios by sector for the years 2030, 2040
and 2050. “®

0 The green hydrogen economy, PWC, retrieved on 14.04.2026 from www.pwc.com/gx/en/industries/energy-utilities-resources/green-
hydrogen-cost.html
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Export restrictions (import to EU)

Currently, there are no export restrictions for hydrogen directly affecting the import to Europe. Instead,
imports are actively encouraged by the EU under the REPowerEU program to reach 10 Mt of renewable
hydrogen by 2030."" By 2050, renewable hydrogen should cover around 10% of the EU’s energy needs,
with the objective to contribute to decarbonising energy intensive industrial processes and the
transport sector.'> However, there are a few requirements that need to be taken into account, including
the RED lll directive and Carbon Border Adjustment Mechanism (CBAM) that impose a regulatory
burden on producers of renewable hydrogen.

In addition, a big challenge for Europe is that China might take on the lead on electrolyser
manufacturing, deployment and cost-competitiveness. This raises concerns that China might
overtake regions that are first movers, similarly to the solar PV or battery sectors.?

Alternative suppliers

Hydrogen is primarily used as a chemical feedstock and process input in large-scale industrial
applications, with emerging roles in energy and decarbonization. Itis produced through steam reforming
of methane, electrolysis of water, and emerging processes like methane pyrolysis. Today most hydrogen
is still produced from fossil resources (grey hydrogen), whereas green hydrogen is produced from
renewable electricity via electrolysis of water.

Alternative suppliers based in EU member-states

Name Localisation Website

https://www.airliquide.com/group/
activities/hydrogen
https://www.rwe.com/en/our-
RWE Germany energy/discover-
renewables/hydrogen/
https://www.uniper.energy/about-

Uniper Germany uniper/our-energy-
sources/hydrogen

Air Liquide France

https://www.linde.com/clean-
energy/our-h2-technology

https://www.bilfinger.com/de/maer
kte/energie/wasserstoff/

Linde Germany

Bilfinger Germany

ENI S.p.A. Italy https://www.eni.com/

" Learnbook: Financing of hydrogen infrastructure, 2024, European Clean Hydrogen Alliance, retrieved on 14.04.2026 from
https://www.entsog.eu/entsog-search?search=Learnbook%3A+Financing+of+hydrogen+infrastructure

2Eus hydrogen strategy and REPowerEU plan, European Commision, retrieved on 14.04.2026 from https://energy.ec.europa.eu/topics/eus-
energy-system/hydrogen _en



https://www.airliquide.com/group/activities/hydrogen
https://www.airliquide.com/group/activities/hydrogen
https://www.rwe.com/en/our-energy/discover-renewables/hydrogen/
https://www.rwe.com/en/our-energy/discover-renewables/hydrogen/
https://www.rwe.com/en/our-energy/discover-renewables/hydrogen/
https://www.uniper.energy/about-uniper/our-energy-sources/hydrogen
https://www.uniper.energy/about-uniper/our-energy-sources/hydrogen
https://www.uniper.energy/about-uniper/our-energy-sources/hydrogen
https://www.linde.com/clean-energy/our-h2-technology
https://www.linde.com/clean-energy/our-h2-technology
https://www.bilfinger.com/de/maerkte/energie/wasserstoff/
https://www.bilfinger.com/de/maerkte/energie/wasserstoff/
https://www.eni.com/
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ENEL Green Power Italia S.r.L ltaly httDs://www.enel,;zreenDower.comll
SNAM S.p.A. Italy https://www.snam.it/
SOCIETA’ ITALIANA ACETILENE E ltal httos://www.siad.com/
DERIVATI S.I.A.D. S.p.A. y ’ : ’
Acciaierie Bertoli Safau S.p.A. Italy https://www.absacciai.com/
https://www.gruppoaZ2a.it/en/searc
A2A Italy h?search=hydrogen
. https://www.grupposapio.it/en/sect
Sapio Italy ) .
ors-and-industries/
Edison (NEXT) Italy https://www.edisonnext.it/en/servi
ces/green-gases/hydrogen/
Engie France https://www.engie.com/en
Air Liquide Espana Spain https://es.airliquide.com/
Linde / Nippon Gases Spain https://eu.nipponsanso.com/es-es
Air Products (Carburos Metalicos) Spain https://www.carburos.com/
T - ol
Repsol (hidrégeno industrial Spain https://www.repsol.com/
proyectos green H,)
. https://www.iberdrola.com/sosteni
Iberdrola Spain bilidad/hidrogeno-verde
https://www.enagas.es/en/energy-
. transition/hydrogen-
Enagas Renovable Spain network/hydrogen-infrastructure-
spain/
Moeve (Cepsa) Spain https://www.moeveglobal.com/
HYNFRA Poland https://www.hynfra.com/
https://www.orlen.pl/en/sustainabil
Orlen Hydrogen Poland ity/transition-projects/hydrogen
KGHM Poland https://kghm.com/pl
Lhyfe France https://www.lhyfe.com/
Hynamics (EDF subsidiary) France https://www.hynamics.com/en
McPhy Energy France https://hydrogen.johncockerill.com
len/
Alternative suppliers based in third-countries that have signed a trade agreement with the EU
Equinor ASA Norway https://www.equinor.com/



https://www.enelgreenpower.com/it
https://www.enelgreenpower.com/it
https://www.snam.it/
https://www.siad.com/
https://www.absacciai.com/
https://www.gruppoa2a.it/en/search?search=hydrogen
https://www.gruppoa2a.it/en/search?search=hydrogen
https://www.grupposapio.it/en/sectors-and-industries/
https://www.grupposapio.it/en/sectors-and-industries/
https://www.edisonnext.it/en/services/green-gases/hydrogen/
https://www.edisonnext.it/en/services/green-gases/hydrogen/
https://www.engie.com/en
https://es.airliquide.com/
https://eu.nipponsanso.com/es-es
https://www.carburos.com/
https://www.repsol.com/
https://www.iberdrola.com/sostenibilidad/hidrogeno-verde
https://www.iberdrola.com/sostenibilidad/hidrogeno-verde
https://www.enagas.es/en/energy-transition/hydrogen-network/hydrogen-infrastructure-spain/
https://www.enagas.es/en/energy-transition/hydrogen-network/hydrogen-infrastructure-spain/
https://www.enagas.es/en/energy-transition/hydrogen-network/hydrogen-infrastructure-spain/
https://www.enagas.es/en/energy-transition/hydrogen-network/hydrogen-infrastructure-spain/
https://www.moeveglobal.com/
https://www.hynfra.com/
https://www.orlen.pl/en/sustainability/transition-projects/hydrogen
https://www.orlen.pl/en/sustainability/transition-projects/hydrogen
https://kghm.com/pl
https://www.lhyfe.com/
https://www.hynamics.com/en
https://hydrogen.johncockerill.com/en/
https://hydrogen.johncockerill.com/en/
https://www.equinor.com/
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Yara International ASA Norway https://www.yara.com/
Fertiglobe plc Egypt (Abu Dhabi HQ) https://www.fertiglobe.com/

MASEN (Moroccan Agency for

Sustainable Energy) Morocco https://www.masen.ma/
Air Products and Chemicals, Inc. USA https://www.airproducts.com/
Linde plc UK/ Ireland (global operatons) https://www.linde.com/

Plug Power USA https://www.plugpower.com/



https://www.yara.com/
https://www.fertiglobe.com/
https://www.masen.ma/
https://www.airproducts.com/
https://www.linde.com/
https://www.plugpower.com/

