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What is the best way to tackle the need for a shift 

towards renewable energy sources?

Volatility in energy demand and production 
is a key issue that must be addressed.

What alternatives are there? We need to 
address the problem of storing 
large amounts of H₂.

[1] Alanazi et al. 2024.



Subsurface H₂ losses arise from coupled 
abiotic processes and microbial 

consumption, potentially reducing 
recoverable gas by >30%.

Flow functions in reservoir:

- High capillary entry pressure

- Hydrogen losses through diffusion

- H₂ disolution in water|brine

- Residual trapping

- Cyclic injection

Microbial risk 

- H₂ consumption 

- Microbial growth 

- Purity gas change 

- Wettability and IFT changes

- Microbial induced corrosion

Challenges for subsurface storage

Underground Hydrogen Storage (UHS)



Microbial risks during UHS

Clogging and corrosion [2]
he formation of microbial biofilms on the 
steel surfaces can cause clogging and 
corrosion problems.

Wettability alteration [2, 5]
The experimental results indicate that bacterial 
growth can both change the wettability of 
reservoir rocks.

pH changes [4]
Microbial hydrogen consumption leads 
to a significant pH increase. 

Gas composition changes [1]
H2 can be consumed to generate CH4 or 
acetate in the presence of CO2/HCO3

−, 
or H2S in the presence of sulfate.

H2 loss [2]
H2 is one of the most important 
electron donors and can be used by 
many subsurface microorganisms.

[2] Liu et al. 2023.
[3] Hellerschmied et al. 2024.
[4] Dopffel et al. 2023.
[5] Boon et al. 2024.



Electron flow from H₂: Microbial networks in UHS
Hydrogen is a fuel, microbes decide its “Fate”
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Bacteria consume H₂ (A) as electron donor and reduce 
sulfate (B) as electron acceptor via 
redox metabolism.

Microbial interactions in porous media using H₂ 
for their metabolic pathways.



Biofilm and mineral
precipitation

H2SGas loss

Change petrophysical
properties

Electron acceptor Electron donor

Microorganism

Effects on the medium

Beyond Microbes: Minerals team up to boost H₂ Consumption

BioGeoChemical interactions

Can subsurface H₂ storage remain secure in the presence of 
GLRM interactions?
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Sulfide minerals Hydrogen

Sulfate reduction coupled to H₂ oxidation leads to 
microbial H₂ consumption and H₂S generation.

Where the raw material come from?



Impact of microbial reactions on UHS in porous media

Determine microbial kinetics across European geochemical 

characteristics. 



Multiscale experimental approach

Core-scale 
(Sand pack MRI)

Meter-scale 
(Fluid-flower)

Pore-scale 
(Microfluidic)

o Direct visualization of GLRM 
interactions

o identification of local flow patterns
o phase distribution
o reaction-driven changes.

o A more representative porous 
system 

o Cumulative effects of 
biogeochemical process can be 
linked in flow capacity and 
permeability.

o Larger-scale geological representation 
that helps assess storage security and 
structural heterogeneity.

These scales connect local mechanisms with large-scale system behavior, reducing 
knowledge gaps across methods.



Pore-scale experimental setup
(Microfluidic system)

Petrophysical properties

Porosity (%) ~60

Permeability (mD) 2.9

Av. Grain size (um) 99.3

Operational conditions: 10.7 bar and 37 ºC

Gas

Minerals

Grains



Effect of minerals on flow velocity 
(Microfluidic system)

No minerals With minerals
[6] Na Liu et al. 2025

Mineral precipitation and dissolution driven by microbial activity 
modify flow velocity, flow pathways, and saturation profiles in 

porous media.



BioGeoChemical experimental studies
(Microfluidic system)

H₂

Grains

Sulfate

MS

Multiphase system
Gas | Liquid | Rock | Mineral

GLRM

CaSO₄ + SRB + H₂
• Mineral (Gypsum_CaSO₄)
• Microbial solution (SRB_Oleidesulfovibrio alaskensis G20)
• Gas phase (H₂)

MS: Microbial Solution 



t_0h_Initial stage t_10h_Gas consumption t_26h_Final stage

t_0h - 9h _Gas Consumption

MS

H₂

MS: Microbial Solution 

Gas consumption

The images show progressive gas depletion, with isolated 
pockets disappearing more readily than pockets connected to 
the main gas network.



Gas consumption
Is there a pattern?

t_0h_Initial stage

t_10h_Gas consumption_No mineral disolution

t_16h_Gas consumption and mineral disolution

t_33h_Completely Gas consumption and mineral 
disolution

1. Gas consumption →Mineral dissolution? 2. Mineral dissolution → Gas consumption? 3. Both at the same time?

Gas consumption 
preceded mineral 
dissolution in regions 
where gas and minerals 
coexisted. In contrast, 
mineral-only zones 
showed a different 
response.

Bacterial activity was 
higher at locations where 
both phases were present 
than in single-phase 
regions.
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Mineral dissolution

t_0h_Initial stage t_33h_Initial stage t_59h_Initial stage t_149h_Initial stage

Mineral with gas around 
The disolution start once 
the gas had been consume. 
After 59 hour, the rate 
consuption is lower than 
mineral consumption at the 
beginning of the 
experiment in a mineral 
expose.

t_0h_Initial stage t_6h_Start of 
disolution

t_15h_Start of 
disolution

t_25h_Final 
disolution stage

Mineral with no gas around 
The disolution start after 6h and 
have a hight disolution rate after 
15h. This can be comparable with 
the nucleation point.



Biofilm formation

t_33h_Mineral consumption and biofilm 
formation

t_39h_Mineral dissolution and biofilm formation

t_59h_Biofilm formation

t_59h_Biofilm formation and maturation

The presence of biofilms caused by bacterial 
attachment to minerals changes the initial 
flow injection patterns.

Dark green: initial H₂ injection with biofilms
Light green: H₂ injection with biofilm 
presence.

[7] Na Liu et al. 2025



Conclusions
1. Faster gas depletion was observed in isolated gas pockets that were not connected to

the main gas network.

2. Two mineral dissolution patterns were identified:
3. Mineral surrounded by gas: Dissolution started after the gas was consumed.

Then, the dissolution rate became lower than the initial rate observed in directly
exposed minerals.

4. Mineral not surrounded by gas: Dissolution started after 6 h. A high dissolution
rate was observed after 15 h, which may be associated with a nucleation point.

5. Biofilm formation was more pronounced near sulfate minerals than in other regions of
the micromodel.

6. The presence of sulfate minerals enhanced bacterial activity, which influenced the mass
transfer process until a quasi-equilibrium was reached between dissolved SO₄²⁻ in the
aqueous phase and sulfate remaining in the solid phase.
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