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1. Executive summary

Europe's transition towards climate neutrality, strategic autonomy and a competitive low-carbon
economy will depend increasingly on the sustainable management of its subsurface resources.
Critical raw materials (CRMs), geothermal energy, carbon capture and storage (CCS), hydrogen
storage, industrial minerals and secondary resources recovered from historical mining sites all rely on
the same geological environment, yet they continue to be regulated through fragmented sector-
specific legal frameworks.

To overcome the current "Cost of Non-Europe" in resource management, the European Federation of
Geologists (EFG) considers that future EU policy should move beyond commodity-based regulation
towards an integrated framework for subsurface governance. Such an approach would not replace
sector-specific legislation but establish common technical and procedural principles that improve
consistency, reduce administrative complexity and strengthen investment certainty while fully
respecting Member State competences. By implementing this modular approach, the EU can resolve
competing subsurface uses while strictly adhering to the principle of subsidiarity.

This paper identifies four structural challenges affecting current licensing systems:

o fragmented permitting procedures involving multiple authorities;

e inconsistent geological standards, terminology and data management practices;

e uneven regulatory maturity between established and emerging subsurface sectors;
e limited technical capacity within permitting authorities.

To address these challenges, EFG proposes a Modular European Framework for Subsurface
Governance built around common geological principles, interoperable data infrastructures and risk-
based permitting approaches. The framework would establish common European foundations for
subsurface licensing while allowing Member States to retain responsibility for land-use planning,
environmental conditions, resource ownership and final permitting decisions.

The recommendations presented in this paper aim to support the upcoming review of the
Hydrocarbons Licensing Directive, as well as the implementation of the Critical Raw Materials Act, the
Net-Zero Industry Act, and broader EU objectives relating to energy security, industrial
competitiveness and sustainable resource management.

2. Introduction and policy context

The European Union is entering a new phase of energy and industrial policy. Achieving the objectives
of the European Green Deal, strengthening strategic autonomy and reducing dependencies on
imported raw materials and energy supplies require a more integrated approach to the governance of
subsurface resources.
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Historically, European legislation has evolved around individual commodities or sectors.
Hydrocarbons, mining, geothermal energy, groundwater, carbon storage and waste management
have each developed under different legislative frameworks, permitting authorities and regulatory
traditions. While appropriate when these sectors evolved independently, this approach is becoming
increasingly difficult to maintain as multiple technologies compete for the same geological
formations.

The subsurface should therefore be viewed not as a collection of separate resources but as a finite
strategic asset supporting multiple public policy objectives. Geological formations may
simultaneously contain critical raw materials, geothermal resources, groundwater, hydrocarbon
reservoirs suitable for carbon storage, or underground space appropriate for hydrogen storage.
Decisions taken for one activity may therefore influence opportunities for others.

Future governance should consequently be founded on geology rather than individual commodities.
Regardless of the intended use, every subsurface project begins with understanding geological
conditions, assessing uncertainty and evaluating long-term behaviour. Geology therefore provides the
common technical foundation upon which different licensing systems can be built.

3. Why existing governance is no longer sufficient

Although Europe's subsurface sectors differ significantly in their technical characteristics, many of
the regulatory challenges they face are remarkably similar. These common challenges arise not from
the nature of individual commodities, but from the fragmentation of the current governance
framework which extends project lead times and deters private capital. This "Cost of Non-Europe" is
most acute in sectors critical to the EU’s strategic objectives: Critical Raw Materials (CRM) supply,
geothermal, and CCS.

3.1 Fragmented governance of a common geological resource

Current licensing systems have largely evolved around individual sectors rather than the subsurface
itself. As a result, different activities are regulated through separate legislative instruments,
competent authorities and permitting procedures despite relying on the same geological
environment.

This fragmentation creates administrative complexity, inconsistent requirements and uncertainty for
both regulators and project developers. It also makes it difficult to coordinate competing subsurface
uses over the long term.

The challenge is becoming increasingly important as new activities such as carbon storage, hydrogen
storage, geothermal energy, and natural hydrogen develop alongside traditional mining and
hydrocarbon operations.

3.2 Uneven regulatory maturity

Not all subsurface sectors have developed at the same pace. Oil and gas licensing systems benefit
from decades of operational experience, mature exploration standards and well-established
approaches to decommissioning and liability management. By contrast, regulatory frameworks for
CCS, natural hydrogen and certain geothermal applications continue to evolve, often leading to
uncertainty regarding geological assessment, long-term monitoring and allocation of responsibilities.

Future legislation should seek to transfer successful regulatory practices from mature sectors where
appropriate while recognising the distinct technical characteristics of emerging technologies.
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Following a broad expert consultation, EFG performed a comparative assessment of the regulatory
maturity, permitting complexity, and closure/liability frameworks across key subsurface-relevant
sectors. The objective was to identify structural gaps and inconsistencies that may justify a more
integrated EU-level approach.

Table 1: Comparative analysis of EU subsurface regulatory maturity.

Sector

Regulatory

Key characteristics &

Primary regulatory gaps

maturity requirements
Oil & Gas High Mature Focused on extraction; lacks
decommissioning/liability integration with multi-use pore
models. Utilises Production space management.
Share Agreements (PSAs) to
manage high-risk exploration.
CCS & Emerging Requires long-term liability and | Lack of standards for geological
storage monitoring. Potential for carbon | net-zero; monitoring protocols
mineralisation in specific for mineralisation are
basaltic formations. unstandardised.
Geothermal Fragmented | Caught between mining, water, | Procedural bottlenecks caused
and heat market legislation. by the need for preliminary heat
Requires surface heat-transfer market contracts before drilling.
pipeline permits.
Industrial Variable Primarily SMEs. High reliance Regulatory burden often fails to
minerals on local logistics and account for the low unit value
infrastructure for economic and high volume of these
sustainability. essential materials.
CRMs & Variable High "Social License to Inadequate distinction between
metals Operate" (SLO) requirement. low-impact early exploration
Long lead times from discovery | and high-impact exploitation.
to extraction.
Mine Low Sits at the intersection of waste | Regulatory "void": Waste
tailings and mining law. Potential for Directive prevents easy re-

"secondary resource" recovery.

classification as a resource for
circular mining. Overlaps with
cultural/industrial heritage and,
in some cases, nature
protection legislation can delay
prospecting, mining and
remediation.

Key cross-sector observations:
e Permitting fragmentation in emerging subsurface uses (CRM,
geothermal, CCS).

e Liability frameworks are generally strongest in hydrocarbons and weakest in CRM and
geothermal.

e Regulatory overlap (water, land-use, energy) is a major driver of delays in all non-hydrocarbon
sectors.

is most pronounced

3.3 Inconsistent geological standards and data

Reliable geological information underpins every subsurface decision. However, reporting standards,
resource classifications and geological terminology remain inconsistent between sectors and
Member States.
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Furthermore, large quantities of valuable geological information remain inaccessible because they
are stored in non-machine-readable formats or fragmented across multiple public and private
databases. This limits interoperability, constrains strategic planning and reduces opportunities to
deploy digital tools and artificial intelligence in permitting processes.

Improving geological data governance should therefore be considered a strategic priority rather than
simply a technical issue.

3.4 Capacity constraints and permitting delays

Lengthy permitting procedures are consistently identified as one of the principal barriers to
investment in strategic projects across Europe.

While environmental assessment is an essential component of sustainable development, delays
frequently arise from fragmented administrative processes, overlapping responsibilities, limited
coordination between authorities and shortages of specialised technical expertise rather than from
environmental requirements themselves.

Strengthening the technical capacity of permitting authorities—including through digitalisation,
improved data access and the appropriate use of accredited external experts—offers considerable
potential to improve efficiency without reducing regulatory quality.

3.5 Public trust and long-term stewardship

Finally, future licensing systems must respond to changing societal expectations. Technical
excellence alone is no longer sufficient to secure project success. Increasingly, projects depend upon
public confidence in the competence, transparency and accountability of both developers and
regulators.

Early stakeholder engagement, professional accountability, transparent communication of geological
uncertainty and robust post-closure monitoring should therefore be regarded as integral components
of modern licensing frameworks rather than supplementary activities undertaken after technical
decisions have been made.

Collectively, these challenges demonstrate that Europe does not simply require faster permitting. It
requires a more coherent governance framework capable of supporting multiple subsurface uses
through common geological principles, improved institutional capacity and greater coordination
between existing legislative instruments.

4. Guiding principles for a modular European framework for subsurface governance

The proposed foundational principles for a future EU-level approach to subsurface governance are
intended to ensure regulatory coherence across sectors while improving safety, efficiency, and
predictability in permitting and long-term resource management.

4.1 Geology-led decision making

Subsurface governance should be grounded in verified geological and reservoir-scale data, ensuring
that regulatory decisions reflect physical and thermodynamic constraints rather than administrative
boundaries. Permitting decisions should systematically integrate site-specific geological models
across the full project lifecycle, including uncertainty ranges and monitoring feedback loops. This
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ensures that extraction, injection, and storage operations remain within demonstrable formation
limits, supporting long-term safety, resource efficiency, and system integrity.

4.2 Full lifecycle governance and responsibility

Regulatory continuity should extend from early exploration through post-closure monitoring. The
framework should establish harmonised minimum requirements for decommissioning, site
rehabilitation, and long-term monitoring, including clear allocation of responsibilities and financial
guarantees. Post-closure liability transfer to the competent public authority should occur only once
predefined technical and environmental conditions are met, ensuring robust management of residual
risk over multi-decadal time horizons.

4.3 Subsidiarity with EU-level procedural convergence

In line with subsidiarity and proportionality, Member States should retain responsibility for final
resource development decisions, including spatial planning and permitting approval. The EU
framework should, however, define a common procedural and technical governance framework
covering baseline data standards, interoperable workflows, and minimum permitting requirements.
This approach would preserve national decision-making while ensuring comparability, predictability,
and efficiency across jurisdictions.

4.4 Digital-by-default permitting and data integration

Permitting processes should be fully digitalised through a harmonised EU one-stop-shop
architecture. This should include mandatory submission of geoscientific data in interoperable
formats following FAIR data principles, structured permitting workflows with traceable milestones,
and real-time monitoring of administrative timelines. This infrastructure should be aligned with the
INSPIRE Directive (Directive 2007/2/CE) and the European Geological Data Infrastructure (EGDI).
Digital tools, including Al-enabled tracking and validation functions, should be used to improve
transparency, reduce administrative burden, and enhance regulatory oversight for both authorities
and applicants.

4.5 Public trust and technical transparency

Public acceptance should be addressed as an integral component of permitting systems rather than
as a communications function. Trust can be strengthened through transparent, standardised
reporting of monitoring data and the involvement of certified geoscience professionals (e.g. EurGeol)
operating under enforceable ethical and disciplinary frameworks. This ensures that technical
assessments and monitoring results are independently validated and clearly communicated to
stakeholders, reinforcing credibility in regulatory decisions.

5. Policy options

Different alternative policy pathways have been reviewed, ranging from maintaining the current
regulatory architecture to establishing a fully integrated Modular European Framework for Subsurface
Governance. The options are assessed in terms of their ability to improve coherence, investment
certainty, and permitting efficiency.

e Option 1 - Maintain current framework architecture (baseline scenario): Continuation of
sector-specific directives without structural integration. This option preserves existing
competencies butis likely to perpetuate permitting fragmentation, administrative delays, and
misalignment with 2030-2050 energy and resource targets.
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e Option 2 - Incremental sectoral harmonisation: Targeted revisions of existing directives
(e.g. Mining Waste Directive, CCS Directive, geothermal-related provisions). While politically
incremental, this approach does not address systemic cross-sector interactions such as
competing subsurface uses or coupled resource systems.

e Option 3 - Modular European Framework for Subsurface Governance (preferred option):
Establishment of a common EU-level framework with a shared procedural and technical
foundation complemented by sector-specific modules. This option enables:

o greater regulatory predictability for investors,
o streamlined permitting through harmonised digital processes,
o improved cross-sector coordination for subsurface use.

6. Modular framework: Structure and core features

This section describes the proposed architecture of EFG’s preferred option, the Modular European
Framework for Subsurface Governance, designed to ensure regulatory coherence across sectors
while allowing technical specificity where needed. The model combines a common foundation with
sector-specific modules and introduces a structured approach to subsurface allocation.

6.1 Common European regulatory foundation

The Modular European Framework for Subsurface Governance would establish a shared baseline
covering:

e harmonised geological and reservoir classification terminology,

e mandatory use of certified professional geoscientists in key technical roles,
e interoperable geodata standards and reporting requirements,

e minimum procedural requirements for permitting and monitoring.

Sector-specific modules (e.g. CCS, CRM, geothermal) would build on this foundation, introducing
tailored technical requirements such as seismic monitoring thresholds, resource characterisation
protocols, or mineralisation accounting methodologies.

6.2 Subsurface (pore space) allocation framework

A dedicated mechanism for subsurface resource allocation should be introduced to manage
competing uses of geological formations (e.g. CO, storage, hydrogen storage, hydrocarbon storage).
This would establish transparent criteria for prioritisation, spatial compatibility, and conflict
resolution, reducing risks of overlapping or incompatible licensing.

6.3 Stage-gated, risk-based and proportionate permitting system

Permitting should be structured into clearly defined phases with proportional regulatory
requirements:

o Exploration phase: simplified requirements focused on data acquisition and baseline
characterisation.

e Advanced exploration: increased environmental and risk assessment obligations.

e Operation phase (extraction/injection/storage): full environmental, safety, and monitoring
requirements.
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Future legislation should explicitly adopt risk-based and proportionate permitting, where regulatory
requirements are matched to the scale, duration and potential impacts of the activity. This approach
ensures that regulatory burden is aligned with project maturity and risk exposure.

7. Implementation toolbox

This section presents existing technical, institutional, and procedural instruments that could support
the implementation of a Modular European Framework for Subsurface Governance. It draws on
established international standards and national administrative models identified by EFG’s expert
community.

7.1 Geological reporting standards and data governance

e The Geological Service for Europe (GSEU) must oversee an interoperable infrastructure for
geological data. This framework should mandate machine-readable submissions for all new
permits, prohibiting PDF-only filings, and capable of underpinning future European digital
twins of the subsurface.

e To support strategic planning, commercially sensitive industry data shall be integrated into
public databases after defined confidentiality periods (e.g., 3-5 years) or upon permit
expiration.

e Future legislation should recognise internationally accepted reporting systems such as the
PERC Standard for Reporting of Exploration Results (PERC) and United Nations Framework
Classification (UNFC) according to their respective purposes.

e Technical reports should be prepared or reviewed by appropriately qualified and
professionally accountable Competent Persons. Existing certification systems such as the
European Geologist (EurGeol) title provide one established model that could support mutual
recognition across Europe. Professional titles provide the state with a vital risk-management
tool. Because these titles can be revoked for malpractice or ethical breaches, they provide a
layer of disciplinary power that generic academic degrees do not.

7.2 Institutional and procedural models

o |taly - PAUR model (single permitting act): The PAUR (Provvedimento Autorizzatorio Unico
Regionale) is Italy’s “single authorisation” procedure, introduced under Directive
2011/92/EU, consolidating the Environmental Impact Assessment (EIA) and all related
permits into one regional decision to ensure higher administrative coherence (https://eur-
lex.europa.eu/eli/dir/2011/92/0j; https://va.mite.gov.it/File/DocumentoPortale/403).

e Croatia - specialised agency model: The Croatian Hydrocarbon Agency is a government
agency that provides operational and technical support for the country's energy resource
management, particularly in hydrocarbons and emerging low-carbon energy sectors,
including geothermal, hydrogen, carbon capture and storage (CCS/CCUS), and offshore
wind initiatives. Activities are governed under the Act on Exploration and Exploitation of
Hydrocarbons, which establishes Production Sharing Agreements (PSAs) as the standard
contractual model for newly awarded exploration and production rights, implemented and
supervised by the Croatian Hydrocarbon Agency (https://azu.hr/en-us/about-us/about-us/).

e Switzerland - external expert system: Swiss authorities may supplement internal capacity
with accredited independent experts under the Federal Act on Administrative Procedure,
while retaining final decision-making authority within the public administration
(https://www.fedlex.admin.ch/eli/cc/1969/737_757_755/en;
https://www.bafu.admin.ch/bafu/en/home/topics/eia.html).

European Federation of Geologists
13, Rue Jenner, 1000 Brussels, Belgium
Email: info.efg@eurogeologists.eu
Web: www.eurogeologists.eu



mailto:info.efg@eurogeologists.eu
http://www.eurogeologists.eu/
https://www.geologicalservice.eu/
https://percstandard.org/
https://unece.org/sustainable-energy/united-nations-framework-classification-resources-unfc
https://eurogeologists.eu/eurgeol-title/
https://eur-lex.europa.eu/eli/dir/2011/92/oj
https://eur-lex.europa.eu/eli/dir/2011/92/oj
https://va.mite.gov.it/File/DocumentoPortale/403
https://azu.hr/en-us/about-us/about-us/
https://www.fedlex.admin.ch/eli/cc/1969/737_757_755/en
https://www.bafu.admin.ch/bafu/en/home/topics/eia.html

European
Federation of

WY Geologists

8. Strategic policy recommendations for DG Energy

The Modular European Framework for Subsurface Governance shall establish common
governance foundations for the subsurface, ensuring EU-wide consistency while respecting national
sovereignty over resource ownership.

Table 2: Strategic recommendations and implementation pathways for a Modular European
Framework for Subsurface Governance.

Recommendation

Integrated one-stop-shops

European Permitting

Performance Scoreboard

Permitting Capacity Fund

Accredited expert pools

Coghnitive permitting
(Al/Digital)

Stage-gated permitting

Pore space management

concept

Strategic competence
infrastructure

Primary benefit

Consolidates all subsurface permits
under a single lead authority.

Tracks and publishes timelines per
Member State to identify and resolve
bottlenecks.

Provides EU funding for the
digitalisation of records and staffing of
regulatory bodies.

Enables authorities to use certified
external geoscientists (such as
EurGeols) for technical reviews.
Uses Al to scan machine-readable data
for fast-track preliminary project
screenings.

Simplifies procedures for early, low-
impact exploration vs. exploitation.
Establishes a 3D planning framework
for prioritising competing subsurface
uses.

Invests in geoscience education to
solve the critical shortage of geology
graduates.

Implementation level
National authorities via
EU Directive

EU level

EU level
National (based on
Swiss Model)

EU-wide technical
infrastructure

EU regulatory standard

EU & national strategic
planning

EU & national
education policy

The European Permitting Performance Scoreboard and the Permitting Capacity Fund are the
critical instruments required to ensure that Member States reach the necessary digital maturity for

subsurface management.

9. Implementation roadmap

EFG proposes a phased approach forintroducing the Modular European Framework for Subsurface
Governance, ensuring alignment with ongoing EU policy cycles and allowing for progressive
institutional adaptation at Member State level.

Short term (0-2 years)

e Define EU-wide benchmarks for digital one-stop-shop permitting systems
e Establish common geological terminology and baseline data standards

Medium term (2-5 years)

e Adoption of modular legislative framework
e Deployment of EU permitting performance monitoring system
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e Integration of certified professional geoscientist requirements into national permitting
systems where relevant

Long term (5+ years)

e Development of integrated subsurface competence ecosystem across Member States

e  Structured workforce transition pathways from hydrocarbons to CCS, geothermal energy, and
subsurface monitoring sectors

e Consolidation of EU-wide subsurface data infrastructure

10. Priorities for future policy development
Future legislative work should consider several strategic questions:

e How can competing subsurface uses be managed through common geological principles
while respecting subsidiarity?

e Which technical standards should become common across Europe to improve
interoperability and investor confidence?

e How can geological data be made more accessible while protecting legitimate commercial
interests?

o What level of procedural harmonisation would improve permitting without undermining
national legal traditions?

e How can long-term stewardship and liability be addressed consistently across emerging
technologies?

e How can Europe ensure that permitting authorities possess the technical capacity required to
regulate increasingly complex subsurface projects?

The European Federation of Geologists and its expert community stand ready to support the European
Union and Member States in the development of a Modular European Framework for Subsurface
Governance.

About EFG:

The European Federation of Geologists (EFG) is the largest and most influential
network of geoscience professionals across the Council of Europe countries, with
28 national associations representing a direct membership of approximately
50,000 individuals. EFG collaborates extensively with leading geoscience
organisations worldwide, including in Australia, the USA, Canada and South Africa,
indirectly reaching over 150,000 experts.
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Annex: Summary of 2026 EFG expert consultation on EU subsurface licensing

This annex provides a synthesis of the technical evidence, case studies, and regulatory analysis
gathered during the 2026 EFG expert consultation regarding the future of subsurface resource
governance in Europe.

1. Identified sectoral discrepancies

Experts highlighted significant regulatory inconsistencies between mature sectors and those
emerging for the energy transition:

e Critical Raw Materials (CRM): A primary issue is the lack of distinction between exploration
and exploitation. In many jurisdictions, early-stage activities like mapping and geochemistry
face administrative burdens disproportionate to their environmental impact.

e Secondary resources: Recovery from historical mine tailings often falls into a regulatory
vacuum between mining legislation and waste legislation (Mining Waste Directive), creating
uncertainty for circular economy projects.

e Geothermal energy: Projects frequently suffer from fragmented jurisdictions. In Italy, for
instance, deep exploitation is regional, while low-temperature systems are municipal, often
with authorities lacking the necessary geological expertise.

e Regulatory contrast: Experts noted a fundamental divide: Environmental licensing is
"impact-based" (regulating effects on water/air), whereas subsurface licensing is "rights-
based" (granting title to a volume or resource).

2. Key regulatory bottlenecks

The consultation identified five recurring obstacles to efficient project development:

o Fragmented permitting: Projects often require parallel approvals from multiple,
uncoordinated authorities (mining, water, land-use, environment).

e Unpredictable timelines: Lengthy court handling times and administrative delays deter
private investment.

o Data governance silos: Geological data is frequently locked in "PDF-only" formats or non-
machine-readable reports, hindered by commercial confidentiality and a lack of semantic
consistency.

e Technical capacity gaps: Many permitting bodies lack the specialised personnel required to
evaluate complex projects like CCS or deep geothermal energy.

e Social License to Operate (SLO): Projects often fail due to a lack of social trust rather than
technical flaws. For instance, experts cited "local veto" debates as a major hurdle.

3. Proposed solutions and "quick wins"

Experts reached a consensus on several high-impact interventions:

o Integrated digital permitting: Implementation of a "One-Stop-Shop" with a single lead
authority and a unified digital dashboard for tracking project status.

o Stage-gated procedures: Light-touch permitting for early-stage, low-impact exploration to
accelerate resource identification.

e External technical support: Adopting the Swiss model, where authorities can utilise
accredited independent experts for technical reviews while retaining final decision-making
power.
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e Data interoperability: Strengthening the Geological Service for Europe (GSEU) to host
standardised, machine-readable datasets with tiered access for public and private
stakeholders.

4. Professional standards and quality assurance

The consultation emphasised that technical quality and ethics are prerequisites for public trust:

o Professional certification: Mandatory involvement of certified geologists (e.g., EurGeol title
holders) throughout the project lifecycle to ensure accountability and adherence to ethical
codes.

e Commonreporting codes: Promoting the use of PERC for investor-grade reporting and UNFC
for public resource management to ensure cross-border consistency.

5. Harmonisation vs. subsidiarity

Experts favoured a "Modular European Framework for Subsurface Governance with National
Decisions" model.

e EU competence: Harmonising technical foundations such as terminology, data standards,
professional qualifications, and minimum procedural principles.

o National competence: Maintaining sovereignty over land-use planning, resource ownership,
environmental conditions, and final project authorisations.
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