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December 2008 - 36 months

CO2 Capture and storage programme

Partners

The project ACACIA (Amélioration du CAptage du CO2 Industriel

et Anthropique) was launched within the AXELERA research

group. The main objective of this project is to develop new

breakthrough projects for CO2 Capture on postcombustion.

The existing projects based on flue gases scrubbing with chemical

solvents have shown their limits:

- huge energy consumption requested for solvent regeneration

(3,7 GJ/tCO2 captured),

- heavy degradation of the amines based solvent due to reaction

with oxygen present in the flue gases,

- important costs for the avoided CO2 (from 40 up to 50

€/tCO2). 

 

Title ACACIA 31 - Sub-program 3.1 of the project 

ACACIA : CO2 capture on solids

Abstract

Year 2008

paul.broutin@ifp.fr

ANR funding 881 947 €

CNRS - IRCELyon

RHODIA

CNAM

Start- duration

Contract ANR-08-PCO2-001

IFP (coordinator)

ACACIA 31 is the Sub-Program 3.1 of ACACIA project dedicated

to the development of a new capture process based on

adsorption. Within ACACIA 31 will be studied new sorbents. A lot

of sorbents were studied up to now (coal, zeolites or silica based

sorbents) but these sorbents are not suited for CO2 capture on

postcombustion (huge energy consumption, low selectivity for

nitrogen adsorption).

With the sorbents that will be studied within ACACIA 31 (silica

coated by amines, MOFs, basic oxides), it is expected a very low

energy consumption (less than 1 GJ/tCO2 captured) and no

nitrogen co-adsorption. No degradation of the studied sorbents

should occur during CO2 capture.

Contact point M Paul BROUTIN - IFP
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December 2008 - 36 months

CO2 Capture and storage programme

Partners

The CARMEX project will investigate and deliver a full life cycle analysis of

ex-situ mineral carbonation as an option for reducing industrial CO2

emissions. The project looks at mineral carbonation as a promising niche

solution to CO2 mitigation; hence it will use a dedicated geographical

information system on a worldwide scale and focus on the most favourable

cases, namely mining wastes with appropriate mineral composition (mafic

and ultramafic rocks), already ground or excaved, available near current

and future industrial CO2 emitters. TOTAL, as industry project partner, will

help select three candidate sites, some close to their current operations. A

specific project strength is the development, through a PhD thesis of an

innovative continuous carbonation process using reactive grinding,

capable of achieving mineral carbonation in one single processing step.

 

Title CARMEX - Ex-situ Mineral Carbonatation of mining wastes - 
Innovative process, life cycle analysis of the option

Abstract

Year 2008

f.bodenan@brgm.fr

ANR funding 690 522 €

TOTAL

INPT - LGC

BIO

IPGP

Start- duration

Contract ANR-08-PCO2-002

BRGM (coordinator)

Detailed characterisation of process reactants and products will be

undertaken, in order to improve the state of understanding of minerals’

alteration mechanisms under aqueous conditions with CO2 pressure. To

this end, state-of-the-art mineralogical characterisation tools (XRD, SEM,

TEM, micrprobe, C, Ca, Pb, Zn isotope analysis) will be used in

combination throughout the project. Finally, a microbiological test will also

be carried out for improving the kinetics of the carbonation process. The

project team includes a leading national geological institute (BRGM), a

major industry player from the energy sector (TOTAL), a research

laboratory specialised in chemical and process engineering (LGC), an SME

specialised in life cycle analysis (BIO-IS), and an academic partner

internationally renowned in the field of Earth Sciences (IPG Paris).

Contact point Mme Françoise BODENAN - BRGM
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December 2008 - 36 months

CO2 Capture and storage programme

Partners

The goal of this project is to provide the scientific basis for the

economically favorable in-situ carbon mineralization in basaltic rocks.

Towards this goal, four CNRS teams have been invited to participate in

this project, which will strongly benefit from the data that will be

obtained on the Hellisheidi CO2 injection pilot site. The CNRS-LMTG

team is already full partner in the Hellisheidi consortium (CNRS,

Columbia University and Lawrence Berkeley Laboratory of the UNITED

STATES, and The University of Iceland, Reykjavik Energy, and the

Icelandic Geologic Survey of ICELAND), which will inject up to 32,000

tons of CO2 annually to a depth of 800 meters starting in mid-2008 into

subsurface basalts. In the CO2-FIX project, the main contribution of the

CNRS is to develop, through a carefully planned experimental program,

the fundamental scientific basis for generalizing the CO2 sequestration

methods developed at Hellisheidi so that it can be exported to other

sites around the world.

 

Title
CO2-FIX - In-situ CO2 [bio]-mineralization in mafic and 

ultramafic context: a combined experimental and 
numerical approach

Abstract

Year 2008

benezeth@lmtg.obs-mip.fr

ANR funding 825 819 €

CNRS - GM

IPGP

CNRS - ICMCB

Start- duration

Contract ANR-08-PCO2-003

CNRS - LMTG (coordinator)

The experimental and modeling program consists of 1) determining the

critical thermodynamic and kinetic properties of CO2-rich fluid-basalt

interactions and the physico-chemical conditions allowing an optimal

mineral sequestration of CO2, 2) visualizing and quantifying at an

intermediate scale the distribution of secondary mineral phases in

fractures and their effect on permeability, 3) characterizing microbe

impact on the mineralization and 4) predicting and optimizing the fate

of injected CO2 as a function of the physical and chemical

characteristics of the injection site using geochemical models at the

pore and reservoir scales.

Contact point Mme Pascale BENEZETH - CNRS - LMTG
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December 2008 - 36 monthsStart- duration

Contract ANR-08-PCO2-004

CNRS - GM (coordinator)

In the event of localized CO2 leakage, steps will have to be taken to mitigate the flow of CO2.
Lowering or increasing pressure within the CO2 storage reservoir by tuning the injection or pumping
could reduce the driving force for CO2 flow and close a leaking fault or fracture. However, this option
is hazardous, and difficult to achieve after the injection phase. Another strategy is plugging the region
where leakage is occurring with low permeability materials. The use of mineral slurry reacting with
CO2 to form impermeable matrix have been cited as a potentially valuable method, but science and
technology for using this method are still emerging and additional research in this area is needed to
move from hypothesis to operational tools. 

CO-LINER aims at providing basic understanding of the mass transfer mechanisms, as well as a
comprehensive database and validated simulation tools for modeling: (1) hydrochemical changes in
the permeability of fractured claystone caprocks and, (2) fracture sealing rehabilitation using injection
of mineral slurry with high carbonation capacity. In detail, CO-LINER has three objectives:

1) To produce an extensive characterization of the mechanisms that control claystone caprock
permeability alteration due to CO2 seepage in hydraulic discontinuities. This characterization involves
the complete study from advanced laboratory experiments and specific numerical experiments. The
aim is to determine the processes and the parameters that control permeability change at hydraulic
discontinuities.

2) To determine the rheology and the hydrodynamic properties of mineral slurries as a function of the
composition, structure and concentration of the particle fraction and of the fluid speciation using
detailed measurements, laboratory experiment and numerical experiments; and conversely to
characterize their carbonation and auto-sealing properties as a function of the hydro-thermo-chemical
properties of the reservoir. The aim is to establish optimal slurry formulation and uses.
3) To upscale and integrate the mechanisms of claystone caprock degradation by CO2 and of artificial
rehabilitation of confinement as phenomenological laws in reservoir simulation models; and conversely
to realize a series of numerical calculation for a broad range of typical situations, simulating both
caprock leakages due to fracture and abandoned wells and slurry injection. The aims is to conclude on
the long term risk of CO2 leakage and the feasibility and efficiency of injecting mineral slurry for
caprock integrity enhancement.

Contact point M PHILIPPE GOUZE - CNRS - GM
philippe.gouze@msem.univ-montp2.fr

ANR funding 817 838 €

CNRS - FAST

CEA

IRSN

CSIC

TOTAL

LAFARGE

Year 2008

 

Title CO-LINER - Damaged Caprock Integrity : characterisation, modeling and 
mitigation

Abstract

CO2 Capture and storage programme

Partners

Quantifying risks of confinement failure is essential to assure the environmental acceptability and
safety of CO2 storage. CO2 is expected to be sequestrated for thousands of years, therefore the
occurrence of hydraulic pathways induced by the development or reactivation of discontinuities
triggered by stress changes and tectonic events must be considered. In this case, the differential
pressure will promote upward flow of CO2-enriched brine, sub- or super-critical CO2, or biphasic
mixtures, depending on the reservoir properties and on the gas/brine ratio. Then, rock alteration is
expected due to the thermodynamic disequilibrium between the reservoir fluids and the caprock
minerals that are mainly clay, carbonate and silica. However, most of the possible alteration
mechanisms have not be fully characterized, theorized, and appended in prediction tools, and
research effort is essential to answer basic questions such as : Are coupled flow and chemical
interactions sustainable mechanisms for enhancing or sealing pre-existing hydraulic discontinuities ?
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December 2008 - 36 monthsStart- duration

Contract ANR-08-PCO2-005

CNRS - EVC (coordinator)

The final objective is to produce an optical sensor with innovative chalcogenide fibers or

planar waveguides transparent in the infrared. Optical fibers allow the transportation of

signals from the light source, at the surface of the geological site, to underground gas

storage areas. Leakage monitoring will take advantage of the strong absorption of CO2

molecules at 4.2 µm in the infrared.

Based on the know-how of the Glasses and Ceramics team (project coordinator) in the field

of infrared photonic materials, the project will necessitate a thorough study in glass science

and engineering to evaluate the new routes envisaged for the detection of CO2. Two modes

of detection will be investigated.

First, the “passive” mode consists in measuring the infrared signal absorbed by CO2 gas

when an optical beam goes directly through CO2 (transmission) or when it is in contact with

CO2 by means of evanescent waves. The infrared optical beam considered here is emitted

directly by the source from an FTIR spectrometer and transported by the chalcogenide

optical fiber. 

In the second mode, referred to as ‘active’ mode, the infrared source is a rare-earth doped

chalcogenide glass, in the form of optical fiber or planar waveguide, emitting at 4.2 µm. This

infrared source is located in the storage area. In that configuration, the exciting light is

transported from the surface of the geological site to the storage area by means of a silica

optical fiber. Detection is obtained by absorption of light by CO2 molecules between the

infrared source and an infrared detector.

Preliminary works have been carried out already within the consortium and the results are

very encouraging with both technologies. The project aims at selecting the most efficient

detection mode (passive or active) and optical design for the infrared chalcogenide glass

(fiber or planar waveguide). In the final stage, a prototype for the optical detection of CO2

will be fabricated and tested.

Contact point M Bruno Bureau - CNRS - EVC
bruno.bureau@univ-rennes1.fr

ANR funding 775 774 €

BRGM

IDIL

PERFOS

CNRS - CIMAP

Université Rennes 1 - IETR

Year 2008

 

Title Optique CO2 - Development of infrared optical fibers for the monitoring 
of the CO2 geological storage 

Abstract

CO2 Capture and storage programme

Partners

Global warming and the resulting climate change are arguably the most important

environmental challenges facing the world today. There is a broad scientific consensus that

global warming results primarily from increased concentrations of atmospheric greenhouse

gases, especially carbon dioxide (CO2), emitted largely from the burning of fossil fuels.

Among the measures likely to reduce CO2 emissions, capture and geological storage hold

out promise for the future. The long-term storage of CO2 requires a high level of safety and

surveillance in order to detect gas leakage and take appropriate corrective actions.

This project aims at exploring the potential of sensing techniques using infrared light for the

quantitative detection of CO2 leakage, in situ and in real time. 
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December 2008 - 36 months

CO2 Capture and storage programme

Partners

A necessary step to the realisation of CO2 underground geological storage is to

establish the proof of its long-term integrity. Whatever the kind of storage (depleted

oil and gas reservoirs, deep saline aquifer reservoirs and unminable coal beds), the

gaseous mix (CO2 and adjunct gases) is injected through a cemented wellbore. The

cement is an allochthonous constituent in contact with the geological autochthonous

formations (reservoir and caprock) and fluids. Moreover, it is the first material with is 

solicited to the gaseous mix during an injection operation, first at the

reservoir/cement interface, and then at the caprock/cement interface. 

This project aims at improving our knowledge on the behaviour of the cement-

caprock interface. Indeed, this point is particularly harmful as it is a geological

discontinuity which is submitted to strong pH, redox, CO2 fugacity, and chemical

gradients.

 

Title INTERFACE - Thermo-hydro-chemio-mechanical behaviour of 
interface between the wellbore cement and the caprock under the 

solicitation of (sc)CO2 and adjunct gas

Abstract

Year 2008

a.fabbri@brgm.fr

ANR funding 769 515 €

ENPC - NAVIER

INPL - G2R

Schlumberger

ENSAM - CER Châlons

Start- duration

Contract ANR-08-PCO2-006

BRGM (coordinator)

The first step of this project will be the identification of the physico-chemical

processes and their consequences on the mineral modifications and on the variation

of the petrophysical and mechanical properties. Let us emphasize that the contact

zone between the reservoir rock, the caprock and the cement is where these

gradients are the strongest. Consequently, it is necessary to take into accounts the

chemical processes whichtake place in the reservoir rock and their consequences on

the interstitial fluid pH and chemical composition.

The next step is the identification of the impact of these chemical processes on the

mechanical behaviour of the wellbore cement, the caprock and their interface. In

order to reach this goal, a poromechnical investigation will be performed. It is based

on the energy balance of the solid skeleton of the studied porous media under the

concerted actions of chemical, thermal, hydraulic and mechanic loads. In this

context, a major issue is the identification and the quantification of all kind of energy

dissipations and storages.

This approach has the asset to prioritize the effect of all the identified processes on

the global mechanical behaviour of the studied media.

Then, the knowledge of the most harmful processes will lead to the identification of

the key parameters which control them. And this will eventually allow making a

physically based review of the wellbore cement mix and on the nature of the caprock

and reservoir materials.

Contact point M Antonin Fabbri - BRGM
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