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FLUIDSTORY ?

Massive and Reversible Underground Storage of FLUIDs (O,, CO,, CH,) for Energy STOrage and RecoveRY

Energy Storage (and recovery) ?

In the context of energy transition, massive energy storage is a key issue for the integration of renewable sources in the
energy mix since the renewable sources with greatest potential (wind, solar) are intermittent.

Fluids ?
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P2G links electric and gas network and increases flexibility of their use. @
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EMO ?

Electrolysis-Methenation-Oxycombustion is a P2G2P concept which include underground gas storage step.

This concept responds to the need for massive inter-seasonal energy storage to cope with intermittency of the electricity
production (e.g. anticyclonic weather situation)

EMO is a closed-loop solution able to absorb electricity surplus (due in particular to renewable sources integration) and to
recover it later, via the temporary storage of O,, CO, and CH,.
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EMO ?

The EMO addresses two major concerns of the “power to methane” electric energy storage systems:
1. the massive supply of CO, to feed the methanation and
2. the release of CO, into the atmosphere after methane oxycombustion.

In this concept, the oxygen generated by the electrolysis is used to burn the stored methane produced through combination
of hydrogen and CO,, in an oxy-fuel power generator.

Due to its relative purity, the emitted CO, is then easily captured and reused in methane production.
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ANR FLUIDSTORY PROJECT

This ANR co funded project studies the operability,
safety and the integrity of O, and CO, storage in salt
cavities. It investigates also the medium to long term
requirements for reaching the energy efficiency and
economic profitability of EMO concept.

Taking into account realistic scenarios for electricity
production in 2030-2050, FIuidSTORY provide:

« a first evaluation of O,-CO, storage capacity in
French salt caverns,

« a comprehensive assessment of the feasibility and a
first risk evaluation associated to such a storage,

« a first evaluation of the energy and economic costs
and profitability of the EMO concept in the French
case.
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https://portail.polytechnique.edu/lms/fr
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Scientific and technical barriers

« O, is a highly reactant oxidizer, which can potentially interact with the reducing underground environment,

* CO, is much more soluble in brine than CH,, so that cumulative losses by dissolution in the brine at the bottom of the
salt cavern could be quantitatively much more significant.

Potential gas losses were identified and quantified, as well as reversibility’s conditions (injection/extraction rate) and
composition of the in/out fluids.

Investigations have been carried out to assess thermal and mechanical loading effects on the time-dependent properties
and behavior of soft and creeping salt rock.

Leakages are of major concern for the safety of underground gas storage. A large feedback on CH, storage is available
but EMO concept raises new challenges, as far as O, and CO, storage are concerned. Safety issues relative to post-
closure period have also to be considered.

The project addressed links between all surface technology bricks, but also between the underground reservoir and
surface facilities through process simulations of the integrated system. @ o
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PROJECT ORGANISATION
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Task 3: Acquisition of experimental
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TASK 1: Inventory of salt caverns for storage and estlmatlon of the
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geological potential. e
Availability of storage volumes was investigated through _— i
systematic inventory of the existing salt caverns and Bassin e
geological study of suitable salt formations in France. e

This inventory allows drawing two main conclusions:
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1. Salt bearing series of the Paris Basin (Lorraine region)
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Main salt formations in France. Circles : preferred storage location EMO concept
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TASK 2: Estimation of required capacity for EMO storage concepts
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Scheme of the EMO unit concept

Detailed results : Process modelling and capacity building potential for application of EMO
storage concept (N. Kezibri) : Tomorrow 8nh30 N
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TASK 3: Thermodynamical and geochemical behavior of salt
cavern.

« Acquisition of experimental data (in red) for a very high salinity CO,-H,O-NaCl system,

« Comparison with 3 models (in black).
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Detailed results : Thermodynamic and geochemical behaviour of salt TN
cavern (C. Coquelet) : Tomorrow 9h10 E N
0 ARMINES
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TASK 4: Thermo-mechanical integrity of salt cavern.

Computation of stresses and strain rates in the rock mass in
which a salt cavern is operated are rather standard problems for
which comprehensive theoretical and experimental studies exist.
Numerical computations allow predicting cavern behaviour when
gas pressure and temperature are known.

However, in an O,-CO, storage cavern, large and frequent
pressure swings are expected, which require special treatment.

Several criteria must be considered in the assessment of
stresses and displacements:

* Volume loss rate and subsidence rate
 Strains at casing shoe
* Tensile stresses can lead to the onset of fractures

» Effective stresses

« Thermal stress, dilation phenomena and evolution of salt Salt permeability tests on spherical sample
permeability to O, and CO,

Detailed results : Thermo-mechanical integrity of salt cavern (P. Berest) : Tomorrow 8h50
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TASK 5: Salt cavern safety and risk evaluation.

The work consisted to identify all the events that could 4
happen in the case of storage CO, and O, in cavities.
These events are:

e Residual :
. e E Chemical
« Well eruptlon, U‘&) @ | behavior
< cycles of — e )

+ Well leakage, injection /

Thermodynamic
withdrawal

behavior

 leakage through the cavity wall,

Presence of

. . . ir'?ztcii)zf/ Mechanical 15z Corrosion P inflammable
« non-compliant mechanical disturbances, i behavior & poducts

« non forecasted chemical disturbances, o E e
. i g pipes
+ non forecasted thermal disturbances. M
/ integrity
From the complete |list of scenarios considered,

recommendations were made to provide an assessment of
each event.

+ phases / temporal
aspect

Detailed results : Salt cavern safety and risk management (T. Le Guenan) : Tomorrow 9h30
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TASK 6: Energy and economic profitability of the EMO concept.

To assess the competitiveness of EMO with similar options we compare the energy needed for the
production of 1 MWhe
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Block-flow diagram for EMO Block-flow diagram for P2M and P2G+fuel cell

This evaluation shows that less resource is needed for the energy recovery through EMO process (3.4MWh)
than from classical methanation (4.3MWh), while this amount of energy is fairly comparable with hydrogen
fuel cell process (3.1MWh).

Detailed results : Energy and profitability of the EMO concept (A. Reveillere) : Tomorrow 9h50
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CONCLUSION = | = \)/\ ~

» First step of knowledge on the conditions of use of the salt cavities for the gas storage from P2G (O, and CO,).

« Technical, safety and economic feasibility of the development of the P2P sector by (2030-) 2050.

« Acquisition of new experimental data and new developments for simulation of salt cavities behavior in storage conditions.
« Simulations of the entire closed-loop EMO process were performed during the project.

The next step is to prepare the conditions for the development of an EMO pilot in France or in Europe.

The story is not over... @
Geoscience for a sustainahle Earth
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