
Value of Geoscience for Carbon  
Capture, Storage and Utilization 
By capitalizing on the latest technology advances and the integration of multidisciplinary 
skills and data, geoscience has a critical role to play in de-risking for CCUS development.

CCUS and net zero

Carbon capture, storage and utilization (CCUS) technologies 
will play a key role in transitioning the energy sector toward 
a net-zero future. Carbon storage is the process whereby 

CO2 captured from emission sources, such as industrial 
sites, is separated, transported and injected into suitable 
deep geological formations for permanent storage. The CO2 
can be stored for decades with a low risk of leakage to the 
atmosphere and environment. Where CO2 cannot be utilized 
for building materials, chemicals and other products, then 
permanent storage in suitable formations provides a  
net-zero solution. 
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According to the IEA Sustainable Development Scenario 
(see reference 1), CCUS is expected to contribute to nearly 
15% of the expected cumulative reduction in CO2, growing 
over time. This will account for nearly one-sixth of cumulative 
emission reductions by 2070 (Figure 1). To achieve these 
targets, CCUS storage capacity will need to be scaled up 
by a factor of 20 by 2030 to store and utilize 840 Mt of CO2, 
which is well beyond current estimates of 40 Mt (IEA, 2020).

Barriers to CCUS deployment and risks   

Large-scale project deployment has been relatively slow in 
the last two decades due to a whole range of factors. Some 
areas that have acted as barriers to attainment of the re-
quired CCUS target CO2 emission reductions under the IEA 
2020 Sustainable Development Scenario are summarized in 
the table below (see reference 2).

The main risks range from technical aspects, such as subsur-
face understanding, through project performance and tech-
nology to economics (e.g., project costs and revenue models) 
and access to financing. Market, political and legal aspects 
are other risk areas that will impact the delivery of CCUS proj-
ects at the scale required to meet net-zero targets.

Role of geoscience in CCUS 

While significant progress has been made in CCUS over the 
last five years, the industrial and financial sectors need to 
see how projects are being effectively de-risked. By capital-
izing on the latest technology advances and the integration 
of multidisciplinary skills and data, geoscience has a critical 
role to play in de-risking for CCUS developments.

The technical aspects are some of the most important risks 
that need addressing and are precisely where geoscience 
has a pivotal role to play. This is true throughout the life cycle 
of CCUS projects and also hydrogen storage. Given their 
complexity, they require expertise from several areas of geo-
science and engineering that has, historically, already been 
successfully applied to many large and complex projects in 
the oil and gas industry.  

Assessing subsurface risk requires integration of key geo-
science disciplines, ranging from geophysics, geology and 
petrophysics to reservoir and completion engineering. CCUS 
projects require storage screening to identify potential sites, 
detailed storage evaluation to determine capacity, contain-
ment and injectivity estimations to optimize operations during 
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Figure 1. The global energy sector CO2 emission reductions are depicted in the Sustainable Development Scenario relative to the Stated Policies 
Scenario from 2019 to 2070. (Source: Modified IEA data, Energy technology perspectives 2020).
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injection, and long-term monitoring to ensure safety and to 
satisfy regulatory requirements.

CGG can support clients and partners to evaluate sub-
surface risk based on its unique capabilities to image the 
subsurface, integrate subsurface data and perform reservoir 
modeling. The company’s teams are involved in new initia-
tives to repurpose its extensive geoscience databases and 
workflows to help clients reduce the time cycle during stor-

age evaluation, speeding up the identification of new poten-
tial CCUS projects, and better assess uncertainty and risk.

For storage screening, for example, CGG’s multiclient data 
and GeoVerse carbon storage screening products (see ref-
erence 3) can help CCUS operators quickly identify suitable 
storage sites in depleted oil and gas reservoirs and aquifers. 
For storage evaluation, the three key areas that require inves-
tigation are containment, capacity and injectivity (Figure 2). 

Assessing containment risk requires evaluation of the cap-
rock and trap integrity using sophisticated geomechanical 
models as well as imaging techniques for fault seal analysis 
and fracture characterization. Integrated reservoir charac-
terization (Figure 3) is also essential to understand reservoir 
capacity by analyzing well data and seismic information for 
reservoir characterization and connectivity to build realistic 
reservoir models. The amount of information available will 
depend on the type of permanent CO2 storage. In the case 
of depleted oil and gas reservoirs, the reservoirs have prov-
en seals and traps, although the reservoir behavior under 
re-pressurization is often unknown.

Understanding injectivity is another key factor to determine 
the number of injector wells required and injection rates. 
This is an important parameter for an economic assess-
ment. Reservoir connectivity and permeability, diagenesis 
and pore system stability as well as geomechanical effects 
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Figure 2. Key technical factors for subsurface evaluation and 
reservoir modeling for CCUS include capacity, injectivity and 
containment. (Source: CGG) 

http://www.hartenergy.com
https://www.hartenergy.com/ep


will determine the operational limits of injection, and this 
can be evaluated using dynamic reservoir modeling. With 
CGG’s seismic imaging methods and integrated workflows, 
the company can estimate the displacement of a CO2 plume 
in the reservoir; the potential reactivation of faults due to 
CO2 pressurization and injection; undesired migration of the 
injected CO2 plume (leading to leakage to the surface); and 
reservoir uncertainty.

CO2 is usually injected as a supercritical fluid, meaning that 
the pressure of CO2 storage reservoirs is high. CGG can ap-
ply its geomechanics expertise using proprietary tools, such 
as its GEOSIM coupled geomechanical reservoir simulator 
to model fracture initiation/propagation and caprock breach 
due to CO2 injection, to help define injectivity, to determine 
safe operating envelopes during injection and design evalua-
tion wells to reduce project- and economics-related risks.

Detailed engineering studies are also critical to ensure wells 
are handled safely to avoid any leakage to nearby reservoirs, 
aquifers or the surface.

Analysis of all these aspects is required to determine wheth-
er geological formations are suitable for CO2 containment 
or not. In many cases, depleted oil and gas wells are good 
candidates for storage as they are already proven containers 
of fluids, which means that the CO2 containment risk is better 
understood.

On the monitoring side, CGG is developing new technolo-
gies and workflows toward the objective of achieving what 
it has branded as “Fit-for-Purpose Monitoring” for CCUS 
(see reference 2). For this, the company can leverage its 
outstanding capacity to process and integrate many different 
types of data and information, ranging from satellite InSAR, 
gravity and electromagnetic measurements, 3D/4D seis-
mic imaging, reservoir models and well data, that will help 
operators meet CCUS regulatory requirements. This also 
includes new options for permanent monitoring services with 
the development of new sensors, acquisition and monitoring 
solutions developed by CGG’s equipment division, Sercel. 
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Figure 3. This schematic integrated workflow  
for CCUS reservoir characterization  
indicates the key steps and range of  
disciplines required. (Source: CGG) 
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Collaboration opportunities

With a close eye on emerging technologies, CGG is keen to 
collaborate and share expertise with other CCUS special-
ists and consortia and has already recently partnered with 
Geoptic to apply its Muon imaging technology to CCS and 
hydrogen storage (see reference 4). 

CCUS has seen a rapid growth in the last five years with 
the announcement of more than 30 new commercial facil-
ities. Projects have diversified to other areas beyond the 
energy sector into industrial hubs, including industries like 
cement, steel and hydrogen facilities. Investment has grown 
from 2017, doubling to potentially US$27 billion in projects 
approaching a final investment decision. This portfolio of 
projects requires huge support from across the geoscience 
disciplines to minimize risk and ensure successful deploy-
ment. CGG believes that, with its proven geoscience capabil-
ities and participation in such initiatives, the company is well 
placed to shape the future of CCS and hydrogen projects 
supporting the growth required to meet net-zero targets.  
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