Assessing European Capacity for
Geological Storage of Carbon Dioxide
Finding CO2 storage opportunities in Europe
According to current scientific insights, large reductions in greenhouse gas emissions will be necessary in the next few decades to keep
climate change within acceptable limits. This presents the EU with a considerable challenge that can not be met by energy efficiency measures
or renewable energy alone. Emissions from the continuing combustion of fossil fuels have to be reduced and geological storage of carbon
dioxide will be an important technological opportunity.
Preparing for the future application of storing carbon dioxide, an extensive assessment of the storage potential across Europe is essential.
The GeoCapacity project produced an inventory of all storage locations across the EU. This project, which elaborated on earlier EU co-funded
projects such as Joule, GESTCO and CASTOR, was the first to assess the pan-European CO2 storage capacity. All stationary sources and
potential sinks in Europe were mapped using GIS software.
This brochure provides a concise and comprehensive overview, convenient for anyone looking for opportunities in CO2 Capture and Storage
(CCS), and it also presents a tool to support stakeholders in designing their investment strategy.
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WHAT DOES GEOCAPACITY OFFER?
The geological studies in GeoCapacity have identiﬁed considerable storage potential
across the EU member states. Geological storage of carbon dioxide (CO2) is a real option in the majority of the countries studied.
The GeoCapacity project has mapped all large CO2 point sources, relevant infrastructures such as existing pipelines, and geological storage possibilities in Europe and in the
province of Hebei in China. With the help of 26 project partners in 21 countries and
many contributions from other organisations most sedimentary basins suitable for geological storage of CO2 have been studied. The data collected have been integrated into
a CCS Geographic Information System (GIS), which makes it easy to access and use
the data.
For an adequate assessment of the geological storage capacity in deep saline aquifers,
oil and gas structures and coal beds, GeoCapacity developed a standardised method for
capacity calculation and site selection. GeoCapacity also created an advanced Decision
Support System (DSS) for CCS projects, which was used to evaluate the economic feasibility for a large number of case studies.
The GeoCapacity activities have supported pioneering CCS work, not only in many European countries but also in China. By delivering a GIS and database, an economic evaluation tool and 23 technical reports, the GeoCapacity project has paved the way
towards a CO2 storage atlas of Europe as well as providing valuable progress towards
mapping CO2 storage in China.

THE GEOCAPACITY GIS
The GeoCapacity GIS allows meaningful access to a wide range of CCS data. Users can
simultaneously view one or more layers of data, for example combining the location of
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the CO2 sources and possible CO2 sinks. It also enables the user to manipulate and perform extensive on-screen analysis on all available data.
The data used by the GIS system includes CO2 emission sources, potential CO2 storage
sites (aquifers, coal ﬁelds and hydrocarbon ﬁelds) and potential CO2 transportation routes. The point location data for the emission sources and potential storage sites for
each country were input to speciﬁcally designed databases, to ensure data consistency.
These databases were then merged to create datasets covering the entire project area
for use in the GIS. The GIS also displays the location of potential CO2 transportation
routes, based on the routes of existing pipelines in all respective countries. Further data
such as the outlines of the aquifers, coal ﬁelds and hydrocarbon ﬁelds are included to
give a visual representation of the extent of these storage sites.
The GIS can provide visualisation of the location of CO2 emission sources and corresponding CO2 storage sites both on screen and through the production of printed maps.
A webGIS system has also been developed to allow partners access to the data via the
GeoCapacity website.

Example map produced by the GIS

OPEX

Above: A hypothetical example of a CO2 network in Denmark. The
tool aligns the network with existing pipelines (purple), which results
in another system than originally designed (inset). Right: Investment
costs (CAPEX) during the lifetime of the CCS project, and operation
and maintenance cost (OPEX), in million €/yr.

STORAGE POTENTIAL ACROSS EUROPE
The inventory of the CO2 storage potential in deep saline aquifers, depleted hydrocarbon ﬁelds and un-mineable coal beds across Europe is based on two approaches: regional assessment and actual storage site calculation. A standardised methodology for site
selection, site ranking and storage capacity calculation ensures that data from individual areas and countries are consistent and comparable.
The GeoCapacity database includes storage capacity of 360 billion tonnes (Gt) of CO2:
326 Gt in deep saline aquifers, 32 Gt in depleted hydrocarbon ﬁelds and 2 Gt in un-mineable coal beds. About one third of the capacities lie onshore. Some of the estimated
storage capacity is within geological trap structures, but a large part is in regional deep
saline aquifers. The largest storage capacities are located within the Norwegian North
Sea area. In order to provide a minimum estimate, all countries have also provided
conservative estimates of storage capacity. The conservative overall storage capacity
for Europe is estimated at 117 Gt: 96 Gt in deep saline aquifers, 20 Gt in depleted hydrocarbon ﬁelds and 1 Gt in
un-mineable coal beds. One
Depleted hydrocarbon fields 17%
should realise that for every
Unminerable coal beds 1%
storage capacity estimate it
Deep saline aquifers 88%
is essential to recognize the
underlying methodology and
to interpret the values critically.
Annual European CO2 emissions, from sources emitting
more than 0.1 million tonnes per year, total approximately 1.9 Gt. When related to the conservative storage
estimates, the European storage potential is sufﬁcient for about 60 years of emissions
at the present level.

THE ECONOMIC TOOL (DSS)
In order to keep investment in CCS sustainable and feasible, consideration must be
given to economic and regulatory requirements. Optimal matching of emission points
and storage sites is necessary. The GeoCapacity DSS tool evaluates the economic feasibility of individual CO2 capture, transport and storage (CCS) projects. The tool can be
applied in the ﬁrst stages of planning CCS projects and helps in ﬁnding options for CCS
throughout Europe. Each element in the CCS chain (capture, compression, transport
and storage) is represented in the tool.
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The geological properties of the subsurface storage reservoirs are key drivers in any
CCS project. Such a project can consist of a number of CO2 sources and sinks, connected by a pipeline network. Given the location of the selected sources and sinks, the
tool computes the optimal network of pipelines using the GeoCapacity database. The
tool also computes economic key performance indicators, such as the total cost (net
present value) of the project. By using a Monte Carlo approach, the uncertainty in any
of the input variables is accounted for. The results can be used to study the sensitivity
of the project’s economics to capture, compression, transport and storage aspects.
As an example of the output, a hypothetical network of a CCS project in Denmark is
presented below, accommodating two onshore sources and three offshore sinks (left
panel). The investment and maintenance costs of a CCS during a lifetime of 30 years
are another output example (right panel). The curves show the uncertainty in the timing of future costs, as well as in the magnitude of costs. Of course the investment
costs at the start of the project are high, due to capture installations, construction of
the ﬁrst elements of the network and development of the ﬁrst sinks. Later investments
(15 to 30 years later) are due to additional network construction and new storage site
developments.

EXAMPLES OF ECONOMIC EVALUATION
The economic DSS tool has been applied to evaluate ﬁfteen different CCS projects in
various eastern and southern European countries, with emissions varying from less
than 0.2 million tonnes of CO2 to over 2.5 million tonnes per year. The CO2 emission
avoidance costs vary considerably between projects, mainly depending on size, distance between source and
storage site and type of
capture technology.
Two examples are presented here.
Estonia - Latvia cross-border
case study
In this Estonian / Latvian
cross-border project, CO2 is
captured from two power
plants, Eesti Elektrijaam
and Balti Elektrijaam, close
to the city of Narva in Estonia. The captured CO2 will
be transported to two anticlinal structures within the

Estonian-Latvian case study. Power plants are shown
by green-blue symbols, while storage sites by red
symbols. Proposed CO2 pipelines (along with natural
gas pipelines) are shown by red line

Map of the Ledvice – Zatec area with the proposed pipeline route from
source (blue icon) to the storage reservoir (red icon).
Cambrian aquifers of Latvia: Luku-Duku and South Kandava (see satellite picture).
These structures have conservative storage capacity estimates of 40.2 and 44 Mt
of CO2 respectively. The power plants, fuelled by Estonian oil shale, emit 7.7 and
3.3 million tonnes of CO2 per year respectively.

Probability distribution of CO2 capture and storage unit costs per tonne of CO2 avoided (left) and
simulated cumulative cost cash ﬂow (right).

Czech case study

Oxyfuel capture technology is applied in this scenario: this involves the combustion of
the fuel with pure oxygen, resulting in a gas ﬂow with a high concentration of CO2.
The estimated pipeline length required for CO2 transportation is about 650–800 km.
With a conservative aquifer storage capacity for 8 to 11 years of emissions, avoidance
costs are rated at 66 Euro per tonne of CO2. Using a more optimistic estimate of 40
years of storage capacity, avoidance costs are signiﬁcantly lower. The development period of the CCS project could take four to six years.

The second scenario concerns post-combustion capture of CO2 from a planned ligniteﬁred power plant at Ledvice. The CO2 would be stored in deep saline aquifers situated
in the Zatec Basin, about 50 kilometres from the source. The Zatec Basin represents
one of the largest potential storage structures in the Czech Republic; its estimated storage capacity is over 90 million tonnes CO2. Future investigations of the structure
should prove its suitability as a storage location.

Besides economics, other critical issues have been identiﬁed, such as public acceptance, ﬁnancing and negotiations with Latvian landlords. It might be necessary to
change Latvian land laws.

In this case study about 0.8 million tonnes of CO2 will be captured and stored annually. Evaluation with the DSS tool shows that the total cost of the project is close to
one billion Euros. The avoidance costs are calculated at 44 to 56 Euros per tonne of
CO2 (see graph).
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The EU GeoCapacity project was initiated and carried out by 26 project partners, mainly from geological research institutions, and was
co-financed by the European Commission (within the Sixth Framework Programme).
The project has been co-ordinated by Thomas Vangkilde-Pedersen, Geological Survey of Denmark and Greenland (GEUS).
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