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• The European Union aims to produce and import 20 million tons of renewable dihydrogen (H2) by 2030 as part of it decarbonation strategy [1]. The share of H2 in natural gas is expected 
to reach 2%. In many countries in Europe, natural gas storages capacities are mainly represented by underground gas storages (UGS) in deep aquifers (around 1000 m deep).

• H2 behavior in aquifer still remains uncertain because of its potential consumption by autochthonous hydrogenotrophic microorganisms, the site dependency of these phenomena, and 
the physico-chemistry of the UGS (sulfate, carbonates, temperature, etc.).

• Pilot experiments and modeling are needed to gather data and extrapolate results to the aquifer scale

Background / Objectives

• Aquifers with low electron acceptors (especially sulfate), nutrients availability, and pH buffering species (such as CO2) should be favored to decrease H2 loss and H2S 
production. 

• H2 consumption could cease after an initial loss due to inhibition processes or due to the total consumption of electron acceptors.

• The model developed in this study should be coupled with large scale experiments to calibrate reservoir simulations in the aim of anticipating the extent of 
biogeochemical reactions at the aquifer scale.

Conclusion / Perspectives

• 3 aquifers simulated in a high-pressure reactor [2,3] • 0D dynamic model of the reactor with PHREEQC v3

• Thermoddem database
• Liquid vapor equilibrium (Peng Robinson equation of state)
• Mineral dissolution/precipitation 
• Microbial population evolution and respiration rate:

• Biochemical equation of growth:

• Kinetic law of growth and death

𝑑𝐵

𝑑𝑡
= µ𝑚𝑎𝑥𝐹𝑖𝑛ℎ𝑖𝑏 𝑆, 𝑝𝐻,… 𝐵 − 𝐷𝐵

With B : Biomass (mol.kg-1), µ𝑚𝑎𝑥: growth rate in ideal conditions (s-1), Finhib: inhibition factor, S: substrate 
(mol.kg-1), D: death rate function (s-1)

*Contact: jean.mura@univ-pau.fr
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P ∈ 85; 95 𝑏𝑎𝑟
T ∈ 35; 47 °𝐶
Vreactor = 5 L

Depth: 800-1000m

• Sulfate reduction happened in all 
experiments but didn’t always lead to 
total sulfate consumption.

• When presents, methanogens activity 
was inhibited during sulfate reduction.

• Inhibition of methanogenesis and 
formate production by alkaline pH was 
observed while HCO3

- and H2 remained. 

• Inhibition of sulfate reduction by lack of 
nutrients such as nitrogen or phosphorus 
is hypothesized.

• Attenuation of produced H2S occurred, 
probably through iron-sulfide 
precipitation and adsorption (on the solid 
and on the reactor walls) .

• Global impact on the rock was estimated 
to be minor, but precipitation/dissolution 
reactions are still expected.
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• Example of modeling results for aquifer A
• Main physicochemical results

Results
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Theoretical composition of a cell (noted B)
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