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HyCavern

The HyCavern project

Unlocking the hydrogen economy through lined rock cavern storage

Underground hydrogen storage

Stores hydrogen in mined, lined
rock caverns deep underground.

Scalable and replicable

Desighed to be economically
viable and repeatable across
multiple sites.

Advanced materials

Uses innovative coatings,
concrete, and sliding layers to
enhance durability.

Lined rock cavern (LRC) concept

Combines steel and concrete
lining with the surrounding rock
mass to manage pressure.

Geologically adaptable

Applicable across different rock
types and locations in Europe.

Built-in safety monitoring

Integrates sensors and monitoring
systems for long-term safety

control. .
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Structure of project
& work package organisation
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™ Partner representatives ~ Project Coordinator
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Objectives of HyCavern

Hy

Enable safe, cost-effective, and
large-scale deployment of LRCs

84

Address technical challenges in
material behavior, geological

Contribute to European leadership
for large-scale H2 storage

for H2 storage across Europe adaptability solutions
Revitalize underutilized cavern Support the EU’s decarbonization
infrastructure goals by creating a fit-for-purpose
H2 storage
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WP1 Steel behavior (FILT)

Develop and validate fully automated, laser-based manufacturing and coating process for
LRC steel liners with enhanced hydrogen embrittlement and fatigue resistance
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WP2 Concrete and rock behavior (UEDIN)

Assess low-carbon concrete and interface materials for LRCs wrt long-term
mechanical and chemical stability under hydrogen and cyclic loading

Analyse how varying lithologies influence LRC feasibility and performance

Opening of rock joints
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WP3 Numerical simulations (TU Delft)

Develop, validate, and optimize advanced numerical (including open-source) simulation tools.
Guide design, operation, and safety strategies.

Open-Source Multiscale Simulations at TU Delft
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WP4 Safety monitoring and
risk assessment (COMEC)

Design, validate, and implement a conformance monitoring system tailored to

LRCs storing hydrogen, integrating sensor technologies and digital twins

Instrumented cavern

b
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WP5 Validation and proof of concept (SINTEF)

Validate the LRC system's subsurface and non-subsurface components via integrated field tests.

Small scale buried canister in Spain (FHA).
Fatigue test with embedded and remote sensing in Switzerland (Swisstopo/Mont Terri).

i |

, | |

o | Surface facility«

s e Ty, W

T
B e

Security Gallery

Construction Phases
Rock Latoratory
[ 2018

[ 2012

[ 2008

I 2004

[ 2003

1998
1996

I
Monitoring

borehole

Rock Laboratory Mont Terri

Motorway Tunnel

WPG6 Replicable guidelines toolkit (AGH)

Develop a decision-support toolkit to help storage system operators in the

selection of the optimum storage sites

St
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Map hydrogen storage
)otential and synergies.
with renewable energy
hubs

. Definition of targets, key variables,
. determiners, brakes and factors
_influencing the choice of . &
" choice of storage location and "
- the technology method for its
technical implementation

Inputs: Reservoir-LRC
numerical model,
Total number of parameters: N
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-+ Develop areplicéﬁdn;
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Adapt technical
guidelinesintoa =
structured set of
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European policy
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with a specific
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Determiners, motors and brakes

Have a powerful impact on the system so
that they can act as drivers and inhibitors,
but they are tough to control. Knowledge of
| these is essential in the process of observing
long-term trends in the study of the future

1

Indicating which actions should be given
priority in the development of Strategic Plans

Key factors y

Regulating factors Y
Can help achieve the strategic
objectives. Do not have any strong
dependencies on other factors. Their ,
cffect on the whole system is not}”
decisive

External factors
Significantly influence
the process being

considered but cannot
be controlled

N

Auxiliary factors
Can help to achieve the
strategic objectives, but
their effect on the whole
system is not decisive

:

Y

g
Autonomous factors
Have a negligible impact on the
changes taking place in the system

L /’ as a whole

-

/4 Targets

The evolution of these factors will
‘depend on how they develop other
system variables. They involve variables
that change themselves to a large extent |
under the influence of factors other than
those that affect them directly

; Results

The evolution of these factors will
depend on how they develop other
system variables. They have a low impac
on the structure of the rescarch arca but |
are very dependent on other factors ;

dependence
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WP7 Techno-economic analyses (Deloitte)

Conduct techno-economic analyses for on-grid, off-grid, and hybrid hydrogen storage use cases

Energy system optimisation
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Mitigate cyclic load- and hydrogen-specific risks

Automate cavern construction and maintenance with a mobile
robotic system that combines laser welding and coating

Adapt cavern designs to diverse lithologies.
Implement conformance-based monitoring method.

Quantify economic value across storage use cases through
comprehensive techno-economic analysis

Deliver a practical, replicable guideline toolkit

Integrity monitoring and digital-twin conformance management

Hydrogen compression
and processing facility

Main access tunnel

portal

CONFORMANCE MANAGEMENT WORKFLOW

1 SENSORS & MONITORING
Continuous acquisition of multi-physics data
from the monitored system

DATA ACQUISITION & QUALITY CONTROL

* Secure data ingestion and synchronization
» Automated QC, validation and filtering
* Anomaly detection and flagging

PHYSICS-BASED DIGITAL TWIN

Calibrated, physics-based model of the
cavern-liner-rock system

* Thermo-hydro-mechanical (THM) processes
* Flow in rock mass and annulus

* Material degradation and corrosion

Single main access tunnel ‘

(drivadle, supports operations
and construction)

CONFORMANCE ASSESSMENT

Compare observed behavior with model
predictions and design envelopes

* Residuals, trends and uncertainty
* Thresholds and risk indicators
* Deviation and root-cause analysis

H; / process flow | ‘

D puion OPERATIONAL DECISION
Actionable insights to ensure safety,
integrity and performance

* Operate within limits / adjust setpoints
* Maintenance or inspection planning

* Mitigation actions if required

Reinforced concrete lining
#i5 5 Drainage / support zone |
%22 Competent rock mass
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» Water chemistry

KPis: Head change, flow, chemistry

The research leading to these results has received funding from the Clean Hydrogen Joint A Funded by Clean Hydrogen
Undertaking (JU) HORIZON-JU-CLEANH2-2025. under grant agreement n° 101251372. L the European Union Partnership



