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Graphite Electrodres
A Pillar of Industrial Decarbonisation and Circular
Economy

1.EU Decarbonisation Objectives and Industrial Transformation

The European Commission’s decarbonisation agenda is structured around the objective of climate
neutrality by 2050, with a binding intermediate target of at least a 55% reduction in net
greenhouse gas emissions by 2030." This agenda is not conceived as a narrow environmental
programme, but as a systemic economic and industrial transformation strategy that integrates
climate ambition with competitiveness, energy security, a circular economy, and strategic
autonomy.?

Delivery centres on decarbonising energy- and material-intensive value chains, steel, construction,
transport, and manufacturing, through electrification, circularity, clean energy, and innovation.
Climate policy is used to anchor the low-carbon industry in Europe, attract long-term investment,
and reduce emissions while safeguarding affordable energy, resilient infrastructure, and industrial
capacity.?

2. An Emerging Policy Gap: System-Critical Industrial Inputs

Despite the systemic nature of the EU’s industrial decarbonisation strategy, a system-critical
enabling segment for low-carbon steelmaking remains insufficiently recognised and
protected: graphite electrodes, which are indispensable for electric arc furnace (EAF) steel
production. As cost pressures, regulatory burdens, and global competition intensify, continued
policy inattention is steadily eroding the sector’s ability to maintain a viable European production
base, creating a direct risk to Europe's capacity to scale EU-made clean steel.

What are graphite electrodes?

! European Commission (2023). Fit for 55: Delivering the EU’s 2030 Climate Target.
2 European Commission (2024). A Clean Industrial Deal for Competitiveness and Decarbonisation.
3 European Commission (2023). REPowerEU and Industrial Transformation.
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Graphite electrodes are large, conductive carbon rods used to deliver very high electrical current
into an Electric Arc Furnace (EAF). In simple terms, they are the “power link” that allows an EAF to
melt scrap steel (and/or direct reduced iron) and produce new steel.

They are essential consumables in EAF steelmaking: they gradually wear down and must be
replaced.

This matters for decarbonization: EAF steel can reduce emissions by up to 75% compared
with traditional blast furnaces, and without graphite electrodes, there are no EAFs, meaning
the clean-steel transition cannot scale. The impact is material: this shift can deliver around ~84 Mt
CO; savings per year, roughly equivalent to removing 28 million cars from the road. Crucially, even
advanced clean-steel routes, including hydrogen-based pathways, still rely on an EAF at the final
stage, so securing graphite electrode supply is a direct enabler of Europe’s green steel ambition.

Graphite electrodes must also be treated as part of a strategic carbon-materials value chain,
reliant on upstream feedstocks such as needle coke and pitch. Supply resilience, therefore,
cannot be assessed at the finished-product level alone: it requires visibility and safeguards across
the full chain, from critical inputs to electrode manufacturing capacity.

If left unaddressed, this gap will undermine the practical delivery of multiple EU objectives at once:
industrial competitiveness, supply security, and the credibility of Europe’s green steel
transition.

Steel is used across a wide range of applications, and ensuring a supply of clean, circular steel is
directly necessary to securing European
graphite electrode production. Other
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Our message is pressing: No graphite electrodes — No electric arc furnaces — No circular
steel — No sustainable clean transition.

3. Challenges and Needs of the Graphite Electrode Sector

3.1 Carbon pricing exposure and cost pass-through limits

Graphite electrode production is structurally exposed to EU carbon costs both directly (where
installations fall under ETS) and indirectly through power prices. EU ETS prices remain material: in
2024, EU Allowances averaged around €65/tCO,, with prices fluctuating roughly in the €60-
€75/tCO, range for much of the year. This cost environment imposes persistent pressure on
energy- and process-intensive industries, reinforcing the competitiveness gap versus jurisdictions
with lower or no carbon constraints.* In practice, the sector's ability to pass through these costs is
constrained by global price competition and the presence of low-cost capacity outside the Union,
meaning carbon pricing can translate into margin compression rather than investment in cleaner
production unless policy instruments are aligned. *

3.2 Electricity prices and grid constraints: a structural bottleneck

Industrial electricity prices in Europe remain structurally above pre-crisis levels despite the easing
of wholesale markets. Average prices jumped from €132/MWh in 2020 to a €241/MWh peak in
2023 and were still €197/MWh in H1 2024, even as wholesale prices fell from €227/MWh in 2022
to about €82/MWh in 2024.° This gap highlights continued volatility and limited pass-through for
power-intensive industries.

Graphite electrode producers need stable, predictable power prices over long production cycles,
yet grid bottlenecks and slow connections delay electrification. While the Grids Package is a step
forward, misaligned grids and investment timelines risk stranded projects and continued exposure
to high-cost power.

4 ESMA (2025). Carbon Markets Report 2025 (includes 2024 EUA average price and market analysis).

5 GrafTech International (2024). 2023 Annual Report (risk discussion including global graphite electrode
overcapacity and competitiveness).

6 Council of the European Union (2025). Report on energy prices and costs in Europe (industrial electricity prices:
132 EUR/MWh in 2020; 238 H2 2022; 241 H1 2023; 197 H1 2024).
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3.3 Market overcapacity and price suppression reduce Europe’s investment
headroom

Global graphite electrode markets are characterised by persistent overcapacity, which suppresses
prices and weakens the business case for upgrading or expanding EU production capacity,
particularly under Europe’s higher energy and compliance costs. Corporate disclosures and
independent credit analysis confirm that excess capacity is structural and likely to persist over
multiple years, limiting price recovery even as demand for electrodes rises in line with the
expansion of EAF-based steelmaking.’

Despite structurally growing demand driven by low-carbon steel policies, available supply remains
ample: by end-2024, estimated nameplate capacity outside China alone was approximately 786
thousand tonnes, excluding Chinese production." This creates a “double bind” for Europe:
policy-driven demand growth on the one hand, and sustained global overcapacity and price
pressure on the other, which together deter the investment required to secure a competitive and
resilient European electrode supply base.®

4. Graphite Electrodes as a Cross-Cutting Industrial Enabler

Graphite electrodes underpin multiple EU industrial policy objectives at once, from industrial
decarbonisation and the circular economy to clean mobility, low-carbon construction, and
strategic autonomy. They should therefore be treated as a system-critical enabling material, not
a niche industrial input.

Their importance is practical and non-negotiable: graphite electrodes are the component that
allows electric arc furnaces (EAFs) to operate. In an EAF, the electrodes generate the electric arc
that produces the extreme heat needed to melt scrap and refine steel to the required quality
standards. Without graphite electrodes, EAF steelmaking is not technically feasible.

Because EAFs are the EU's main pathway for scaling scrap-based steel production, graphite
electrodes are also an upstream enabler of the circular economy. Secure and competitive

7 S&P Global Ratings (2024). GrafTech upgrade note (market overcapacity likely to take years to alleviate).
8 GrafTech International (2025). Form 10-K filing (FY2024) (estimate of non-China nameplate capacity ~786k MT as
of end-2024).
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electrode supply is therefore a prerequisite for delivering circular material loops and low-carbon
steel at scale across Europe’s key industrial value chains.

5. Steel and Metals Policy: Structural Dependence on Graphite Electrodes

5.1 The Steel and Metals Action Plan

The EU Steel and Metals Action Plan seeks to secure the long-term viability of Europe’s steel and
metals industries while aligning them with climate, trade, and strategic autonomy objectives.’ In
policy terms, it operates not as a sector-specific support instrument, but as a system-stability
framework for managing the decarbonisation of a foundational industrial base.

5.2 Electric Arc Furnaces and Supply Exposure

The delivery of the Action Plan’s climate objectives is structurally dependent on the availability of
graphite electrodes. Electric arc furnaces, which rely on graphite electrodes as a non-substitutable
input, currently account for approximately 40-45% of steel production in the EU, compared to
around 70% in Turkey and over 70% in the United States.™

The Action Plan implicitly assumes a significant expansion of EAF-based steelmaking to enable
low-carbon and circular production pathways, driven by higher scrap utilisation and the
deployment of low-carbon direct-reduced iron (DRI)."" "As a result, graphite electrodes underpin
the practical feasibility of the Plan’s decarbonisation trajectory.

However, graphite electrodes are not explicitly addressed within the Action Plan, creating a policy
blind spot that risks constraining supply security, increasing cost volatility, and slowing the
deployment of low-carbon steelmaking capacity in Europe, which is already behind compared
with other countries that manufacture low-carbon steel.

6. Clean Mobility and Automotive Industrial Policy

Graphite electrodes are a system-critical yet under-recognised enabler of the EU’s clean mobility
industrial policy. The Automotive Package’s focus on zero-emission vehicles, low-carbon steel

9 European Commission (2024). EU Steel and Metals Action Plan.

10 World Steel Association (2023). Electric Arc Furnace Steelmaking and Decarbonisation.
1 International Energy Agency (2023). Iron and Steel Technology Roadmap.

12 Bruegel (2023). Europe’s Industrial Decarbonisation Challenge.
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produced in the Union, and the accelerated scale-up of battery manufacturing implicitly relies on
the availability of high-performance graphite electrodes.™

They are indispensable for EAF-based steel production, supplying the automotive sector,
recycling-driven material loops, and high-temperature industrial processes embedded in battery
and component manufacturing. As EU policy incentivises electrification, recycling-based
steelmaking, and Europe-anchored battery value chains, demand for graphite electrodes will rise
structurally.

Our message is simple: No graphite electrodes — No clean steel — No climate targets.

At the same time, global graphite electrode supply remains highly concentrated outside the
Union, exposing European industry to geopolitical, price, and sustainability risks."™ Ensuring
competitive, low-carbon graphite electrode production in Europe is therefore a strategic industrial
requirement to safeguard policy coherence, investment certainty, and the credibility of the EU’s
clean mobility transition.

7. Low-Carbon Construction and the Built Environment

7.1 Construction and Material Decarbonisation

The decarbonisation of buildings and construction materials is inseparable from the
decarbonisation of both primary and secondary steel production. Construction accounts for
roughly 40% of EU material consumption and approximately 36-38% of energy-related CO,
emissions when both operational and embodied emissions are considered.

Steel remains indispensable for structural integrity, durability, safety, and circularity, particularly
in urban densification, large-scale renovation, and industrialised construction.

7.2 The Role of EAF Steel and Graphite Electrodes

EAF steel production can reduce CO, emissions by 60-80% compared to conventional blast-
furnace routes when powered by low-carbon electricity and high scrap shares.” EAFs already

13 European Commission (2025). Automotive Package.
14 OECD (2022). Export Restrictions and Industrial Supply Chains.
15 World Steel Association (2023). Electric Arc Furnace Steelmaking and Decarbonisation.
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account for around 40-45% of EU steel production, and this share is projected to increase as
climate targets tighten and circularity becomes a central pillar of construction policy.

Graphite electrodes are a non-substitutable enabling input to EAF steelmaking, with a typical
furnace consuming 1.5-2.0 kg of graphite electrodes per tonne of steel produced.'® Without
graphite electrodes, EAF-based steelmaking, and by extension, large-scale recycled and low-
carbon steel production, is not technically feasible.

As buildings increasingly rely on recycled and low-carbon steel to reduce embodied emissions,
secure access to high-quality graphite electrodes becomes a systemic prerequisite for
decarbonising the construction sector.

8. Industrial Decarbonisation

To build a competitive European green steel market, the Industrial Decarbonisation Accelerator
Act should use “Made in Europe” criteria and green public procurement to provide predictable
demand for low-carbon steel produced under EU rules. To ensure delivery at scale, the Act should
also recognise graphite electrodes as a strategic input for electric arc furnace steelmaking and
support European electrode capacity as part of the same industrial resilience agenda. This would
lower dependency risks, strengthen supply security, and lock in European value creation across
the green steel transition.

9. Graphite Electrodes as Enablers of Europe’s Low-Carbon Technology
Leadership

The Commission’s Global Climate and Energy Strategy seeks not only to reduce emissions globally
but to promote European low-carbon technologies and industrial solutions as competitive
benchmarks in international markets. Graphite electrodes are essential to this objective because
they enable electric arc furnace steelmaking, a core European low-carbon technology that results
in low-carbon steel, underpinning clean mobility, low-carbon construction, renewable energy
infrastructure, and circular material flows. As the EU promotes these technologies globally, secure

16 JRC (2023). Decarbonisation Pathways for Energy-Intensive Industries.
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access to high-quality graphite electrodes produced under comparable environmental and
regulatory standards becomes a strategic requirement. Without this, the strategy risks exporting
clean industrial solutions while increasing dependence on external upstream inputs, weakening
industrial resilience and Europe’s credibility as a global climate and industrial leader.

10. Security & Defence: Industrial Readiness Depends on EAF Supply Chains

EU security and defence priorities increasingly depend on the resilience of Europe’s heavy
industrial base. Steel is a foundational input for defence platforms, ammunition supply chains,
military mobility, and critical infrastructure reinforcement.

As Europe scales electric arc furnace (EAF) capacity to deliver low-carbon and circular steel,
graphite electrodes become a strategic operational enabler of industrial readiness. Their
availability is directly linked to Europe’s ability to sustain domestic production of steel under crisis
conditions, including sudden demand surges and disrupted trade routes.

In this context, graphite electrodes should be treated not only as a decarbonisation input but as
a supply-security asset supporting Europe’s defence industrial capacity, infrastructure
resilience, and strategic autonomy.

11. Conclusion: A System-Level Policy Blind Spot

Across steel, clean mobility, and construction, EU industrial decarbonisation strategies rely
implicitly, but critically, on the availability of graphite electrodes. Continued policy invisibility risks
undermining supply security, cost stability, and investment confidence across multiple value
chains central to the EU’s climate and industrial objectives.

No graphite electrodes means no scalable low-carbon steel, and therefore no credible
delivery of the EU industrial decarbonisation policy.

12. Why imports are not the answer

e Geopolitical risk
Global graphite electrode supply is concentrated outside the EU. Import reliance exposes
Europe to geopolitical tensions, export restrictions, and supply disruptions precisely as
demand for low-carbon steel rises.
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e Job losses and deindustrialisation
Substituting EU production with imports accelerates plant closures, skilled job losses, and
the erosion of industrial ecosystems that cannot be easily rebuilt.

e Carbon leakage
Imported electrodes are typically produced under weaker environmental standards,
shifting emissions abroad while undermining EU climate credibility.

e Cost and supply volatility
Short-term price advantages mask long-term exposure to volatility, sudden shortages,
and bargaining power loss for EU steelmakers.

¢ Loss of strategic autonomy
Dependence on imports for a non-substitutable EAF input weakens Europe’s control over
its own decarbonisation pathway.

13. Policy Recommendations/Key Asks/ Urgent Asks

o Formally recognise graphite electrodes as a strategic enabling input in EU industrial
decarbonisation policy, reflecting their non-substitutable role in EAF steelmaking and
recycling.

o Integrate graphite electrodes explicitly into the Steel & Metals Action Plan, including
supply-security and affordability requirements in EAF scale-up pathways.

e Use “Made in Europe” and green public procurement to create lead markets for low-
carbon steel produced under EU standards, and to reinforce resilient EU-based upstream
supply chains.

e Reinforce circularity by recognising graphite electrodes as a prerequisite for scaling
EAF-based recycling and scrap-to-steel loops, ensuring policy supports the enabling
inputs required for a functioning circular metals economy.

e Address carbon-cost exposure where pass-through is structurally limited, including
indirect ETS electricity cost compensation and transitional measures linked to
decarbonisation investment.

o Reduce electricity price and grid bottlenecks by prioritising industrial grid connections,
enabling long-term power contracts, and improving predictability for power-intensive
production.
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o Strengthen trade defence and enforcement to counter persistent global overcapacity,
dumping, and unfairly priced imports that undermine EU investment and supply resilience.

e Anchor investment and modernisation in Europe by ensuring graphite electrode
producers can access the same competitiveness and resilience instruments applied to
other decarbonisation-critical industries.

14. A Message to the Steel CEOs

Dear Colleagues,

As decarbonisation pressure intensifies, the delivery of low-carbon steel increasingly depends on
electric arc furnace operations and, by extension, on secure access to graphite electrodes. These
electrodes are no longer a routine input but a non-substitutable operational risk.

Imported electrodes may appear cheaper, but they expose operations to supply disruption, price
volatility, limited traceability, and rising Scope 3 and due diligence risk, factors that remain outside
operators’ control once assets are in place.

Sourcing European graphite electrodes strengthens supply security, quality consistency, and
regulatory alignment, while reducing dependence on highly concentrated external markets. This
is not about preference; it is about protecting asset utilisation, safeguarding capital investment,
and retaining strategic control over a critical input for delivering low-carbon steel.

Our message is one: No graphite electrodes — No electric arc furnaces — No circular steel
— No climate targets.
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