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Q1: Where does the solid carbon originate from?

Carbon exists both as gaseous molecules (CO/CO,) and solid forms (C). In nature, solid carbon can
be found in diamonds or graphite.

However, solid carbon can also be produced through man-made industrial processes.

This is the case of solid carbon originating from methane/propane pyrolysis. Methane
pyrolysis/plasmalysis?® is one of the potential low-carbon hydrogen (turquoise hydrogen) production
pathways. Through thermal energy, the bond between carbon and hydrogen in the CH.molecule is
broken. As a result, hydrogen and solid carbon are obtained as co-products/raw materials. This
production process does not release any direct CO2 emissions into the atmosphere, as the thermal
reaction takes place in the absence of oxygen and without combustion, and the resulting carbon
remains in its solid state.

If the use of this solid carbon is subsequently, it becomes a valuable resource, supporting both a
circular economy and overall emission reductions: first, by avoiding CO, emissions during lower
GHG intensity hydrogen production, and second, by replacing the need for virgin carbon (material).

If solid carbon originates from renewable feedstocks (i.e., biomethane), its added value is even
greater, as it can lead to negative emissions when the biogenic solid carbon is permanently stored
or used in long-lasting products, depending on how it is ultimately used.?

It is essential to distinguish solid carbon from biochar, as the two refer to different materials with
different properties and applications. Biochar is produced through the thermal treatment of
biomass, where organic materials (e.g. wood, crop residues, or manure) are heated in an oxygen-
free (or little oxygen) environment where high temperatures (400-800 °C) lead to the formation of
this solid charcoal.

Q2: What are the benefits of solid carbon?

Solid carbonis avaluable raw material that is widely used across different applications in an existing
carbon black industry. Furthermore, there is a significant field for new innovative applications.
Methane pyrolysis/plasmalysis, which decomposes CH, into hydrogen (H,) and solid carbon,

t Methane pyrolysis involves the breaking down of CH4 at high temperatures in an oxygen-free environment. Methane
plasmalysis is a technology that decomposes CH, using plasma rather than conventional thermal heating, in an oxygen-
free environment. In this process, energetic electrons in the plasma break methane molecules at relatively low bulk
temperatures compared to traditional thermal cracking methods.

2 Justin Prabowo, Leo Lai, etc, Solid carbon co-products from hydrogen production by methane pyrolysis: Current
understandings and recent progress - ScienceDirect (2024).
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represents a promising low-emission pathway for hydrogen production. This technology offers
several key advantages.

e First, natural gas and biomethane, both primarily composed of methane, are readily
available feedstocks. This enables an incremental transition from fossil to renewable inputs
as biomethane volumes increase.

e Second, methane pyrolysis produces hydrogen and solid carbon without direct CO,
emissions, distinguishing it from conventional reforming processes.

e Third, the solid carbon by-product can be permanently stored by using it in long-lasting
applications, significantly reducing environmental impacts. When biomethane is used as
the methane source, the process can even result in net-negative emissions, as the carbon
originates from biomass. Beyond storage, the solid carbon co-product can be valorised in
the manufacture of end-use materials. Solid carbon derived from methane pyrolysis is an
important chemical commodity, and its utilization offers an opportunity to combine
permanent carbon sequestration with the production of valuable carbon-based materials.?

e |n addition, methane pyrolysis is generally less energy-intensive than hydrogen production
routes based on water splitting (only a quarter of the energy is required compared to
electrolysis #). Beyond storage, the solid carbon co-product can be valorised in the
manufacture of end-use materials. Solid carbon derived from methane pyrolysis is an
important chemical commodity, and its utilization offers an opportunity to combine
permanent carbon sequestration with the production of valuable carbon-based materials.®

Q3: What can solid carbon be used for?

Solid carbon generated from methane pyrolysis can be used in a wide range of applications, in both
mass markets and niche markets.®

When it comes to mass markets, key end-uses include:

3 Ibidem.
4J. Burkert, K. Brugger, etc.. Investigation of the sustainable utilisation of carbon from methane pyrolysis (Translated)
(2023).
6 Mass markets involve applications where large volumes of solid carbon are used, typically in well-established
industrial sectors with stable and high demand. In this context, solid carbon is often used in relatively unmodified or bulk
form. On the contrary, niche markets involve specialised, high-value applications where smaller quantities of solid
carbon are used but often with higher margins and performance requirements. Within this markets, solid carbon is
frequently activated or purified to obtain specific properties such as high surface area, conductivity, porosity, or
chemical reactivity.
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e Construction industry: Solid carbon produced from methane pyrolysis can be sequestered
and used to enhance the performance of materials in the construction industry, one of the
largest sectors globally.’

o Concrete: Solid carbon can be incorporated into concrete by partially substituting
cement and fine aggregates. This approach can improve concrete performance by
acting as a nanofiller, densifying the microstructure, and enhancing both
mechanical strength and durability.

o Asphalt: Traditional asphalt pavements are prone to degradation over time.
Incorporating carbon-based materials, carbon nanotubes, or graphite nanofibers,
can improve asphalt’s mechanical strength, resistance to fatigue and fracture, and
reduce crack propagation, thereby enhancing overall durability.

o Soil stabilisation: Carbon nanomaterials, including Multi-Walled Carbon Nanotubes
(MWCNTs) and carbon nanofibers, have been used for soil stabilization. Their
addition canincrease soil liquid and plastic limits, improve water retention, raise soil
pH, and reduce soil specific gravity.

e Agriculture sector: Soil amendments are a promising strategy to improve soil health and

functioning, particularly in the context of global challenges such as soil degradation.®
Among them, biochar is widely used due to its ability to enhance cation exchange capacity
and provide microbial habitats. However, its effectiveness depends on the feedstock and
pyrolysis conditions, and concerns remain about potential contaminants when derived from
polluted sources. In addition, economic factors, such as energy efficiency, carbon credit
markets, and production costs, can lead to relatively high prices (up to approximately €500
per unit, depending on quality and application)®.
In this context, growing attention has been given to solid carbon from methane pyrolysis
(CMP) as an alternative soil improver. It has shown potential to enhance microbial activity,
increase phosphorus availability, improve water retention, and promote nutrient uptake,
ultimately supporting greater plant biomass. Moreover, it is highly stable and can persist in
soils over long periods.°

Beyond mass markets, solid carbon can also find applications in niche markets. One notable
example is in the field of energy storage technologies, where activated solid carbon can improve
storage performance. This is particularly relevant for:

7 Syed Shaheen Shah, Galal Atef Nasser, etc., Unlocking the potential of solid carbon: synergistic production
with hydrogen from oil and gas resources for innovative applications and a sustainable future (2024).

8 Nadine Abu Zahra, Stefan Wagner, etc., The potential of carbon from methane plasmalysis as a soilamendment (2026).
° lbidem.

0 |bidem.
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e Supercapacitors: Carbon byproducts from methane pyrolysis, such as carbon nanotubes,
graphene, and activated carbon, can be used to enhance the energy storage performance of
supercapacitors, while contributes to greater resource efficiency. These carbon materials
are well-suited as electrode materials, improving both charge storage and charge transfer
capabilities.

e Batteries: Solid carbon, such as graphite and hard carbon, is widely used in various battery
types, including lithium-, sodium-, and aluminume-ion batteries, due to its chemical stability,
electrical conductivity, and tunable porosity.

Q4: How is solid carbon addressed under the EU law?

The EU’s current approach to greenhouse gas (GHG) emissions focuses on capturing CO, from
installations, applying primarily to emissions that have already occurred. This framework overlooks
opportunities to remove carbon earlier in the process, through pre-combustion carbon capture,
before any gaseous CO, is formed. Specifically, pathways for permanent carbon sequestration via
pre-combustion gas decarbonization, such as producing solid carbon from methane splitting
(pyrolysis or plasma), are not addressed by EU CCS/CCU policies. The existing legal and policy
framework is designed exclusively for post-combustion CO, capture, leaving these upstream
approaches unrecognized and unregulated.™

When it comes to solid carbon, this is explicitly mentioned only in the Low-Carbon Fuels Delegated
Regulation, which establishes the accounting methodology for calculating greenhouse gas (GHG)
emissions from the production and use of low-carbon fuels. The Regulation allows for net emissions
savings from captured and utilised carbon and includes explicit references to solid carbon; however,
these provisions remain limited in scope. Specifically, CCU products qualify only if they permanently
chemically bind CO,, as per Delegated Regulation (EU) 2024/2620, or when it meets the
requirements of the Carbon Removal Certification Framework (CRCF) methodology for permanent
carbon storage, which has yet to be defined.

In the first case, the Delegated Regulation (EU) 2024/2620 does not explicitly refer to solid carbon,
as it focuses solely on CO,, therefore, excluding solid carbon. Additionally, the Annex of Delegated
Regulation (EU) 2024/2620 lists only six recognised cases of products considered to permanently
chemically bind CO,. This scope should therefore be expanded to include solid carbon, and other
durable carbon-based end uses, e.g. as soil improver (in agriculture) etc.

1 Kim Talus, Reza Maddahi, Carbon capture and utilization under EU law: impermanent storage of CO, in products and
pre-combustion carbon capture (2024).
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In the second case, the European Union has developed a Delegated Act to establish certification
methodologies for permanent carbon removals. Unfortunately, the Delegated Act only covers
biochar “produced by the thermal treatment of biomass or biomass fuels.” While this definition
recognises bio pathways, it still considers only biochar produced through thermal treatment, and
does not recognise other production pathways, such as biomethane pyrolysis/plasmalysis.
Therefore, in future legislative initiatives, the European Commission should consider a wider range
of production processes (e.g. pyrolysis/plasmalysis with biomethane etc.), as well as additional
end-use applications for biogenic solid carbon.

Q5: Why solid carbon is important in EU? Why should policy makers incentivise its use?

Methane pyrolysis offers a particularly important opportunity for the EU. It produces hydrogen and
solid carbon at the same time and does so without direct CO, emissions. The valuable raw material
solid carbon produced via methane pyrolysis can help diversify supply chains, reduce external
dependencies, and create domestic value within the EU and has to be considered as carbon removal.

At the same time, methane pyrolysis supports hydrogen ramp-up. It enables a reliable and
continuous hydrogen production pathway, complementing hydrogen from electrolysis. In addition,
it allows for decentralised hydrogen production close to demand, which is especially important
during the transition phase before a fully developed hydrogen infrastructure is in place. Furthermore,
methane pyrolysis and, hence, the production of the valuable raw material solid carbon offers a
potential pathway for the sustainable utilisation of existing natural gas resources in a decarbonising
energy system and this in a very energy-efficient way.

Solid carbon is important for the EU not only for climate reasons, but also from a strategic and
economic perspective. The EU is currently highly dependent on imports of certain carbon-based
materials, in particular graphite. China dominates global graphite supply, accounting for around 70-
80 % of worldwide natural graphite production and an even higher share of processing and refining
capacities. This creates a high level of strategic dependency for the EU. At the same time, many
conventional carbon black materials are produced from refinery by-products from heavy crude oil,
which are associated with high emissions and are not aligned with the EU’s long-term climate and
sustainability objectives.

In addition, the carbon content of agricultural soilis heavily declining in specific areas across Europe,
which negatively affects soil fertility, water retention, and the ability of soils to cope with climate
impacts. Solid carbon, including biochar, can be used as a soil improver, helping to increase soil
carbon content, improve water retention capacity, and strengthen climate resilience in agriculture.
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