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Multiscale modelling and simulation of cyclic storage of H2 in heterogeneous porous rocks

Recruiting
organisation and
Department/Faculty
of reference

TU Delft is the oldest, and with 25,000 students and 6000 employees, also the largest technical
university of the Netherlands. The common mission of the 8 different faculties (offering 16
bachelor’s and more than 30 master’s programs) is: impact for a better society. TU Delft is home to
one of the world’s leading Geoscience and Engineering departments with subsurface storage as one
of the key strategic multidisciplinary themes. The key scientific expertise includes characterization,
modelling, simulation, monitoring, optimization and safety assessments of subsurface formations.
Part of the training of the PhD students will be provided by the Delft Advanced Reservoir
Simulation (DARSim) research group. DARSim is established in 2013 for development of advanced
modelling and simulation methods for complex processes in the subsurface geological formations.
In addition, the PhD student will have access to the state-of-the-art Laboratory of Geoscience &
Engineering which is equipped with highly advanced instrumentations and set-ups to qualify and
quantify chemical and physical processes in rocks and soils under deep and shallow in-situ
conditions. Experimental equipment key to the proposed research project are the tri-axial
stress/strain devices.

Scientific  context
and Objetives

Many of the existing performance analyses in the underground hydrogen storage community
involve ad-hoc functions to describe the hydrogen through heterogeneous porous reservoirs.
Beyond this, it is often assumed the reservoir is homogeneous. Very recently the first study which
considered lab-based relative-permeability and capillary pressure functions were published by the
TU Delft team in collaboration with the University of Queensland for an Australian Field. There we
have found the great importance of the lab-based hysteretic data for hydrogen transport in porous
media. In this SHINE project N.6, we aim to build on that and conduct systematic multiscale
simulations to identify the trap efficiency, recoverability and sensitivity of the storage cycles to the
heterogeneous and complex hysteretic functions. Very importantly we aim to carefully identify
different element of the system including hydrogen, brine, cushion gas and the reservoir complex
geology (i.e., heterogeneity and uncertainty).

Expected Results

Quantification of the reservoir performance and efficiency of cyclic H2 storage in heterogeneous
porous reservoirs, and uncertainty assessments at reservoir scale.

Secondment
opportunities

CSIC (V. Vilarrasa, 3 months, 12-15 month). ENI, 6 months, 24-30 month, perform multi-scale
numerical simulation to test technical feasibility including purity assessments.

Brief CV of
main Supervisor

Hadi Hajibeygi, associate Professor, leader of TU Delft Subsurface Storage Program, with long-
term experience in supervising PhDs: 6 PhD Students graduated, currently advising 9 PhDs.
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Projects
participation

1. Project ADMIRE, funded by the Dutch National Science Foundation (€1m), 2019 —
2025.

Project SafelnCave, fudned by Shell (€500k)

3. Project Science4Steer, funded by the Dutch National Science Foundation (€1.4m), 2019
—2024.

Project EU ACT SHARP, €750k

Energi Simulation Chair, endowment €120k/year, since 2022—present.
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