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Abstract
The objective of work package 1 was to produce inventories for CO2 emissions and infrastructure, which
were to be compiled into a Geographical Information System (GIS). This included identification of existing
data by all partner countries and collation into a specified fixed standard format so data could be ready to
input into the project GIS. Data specification and format was developed and produced by BGS based on
lessons learned from the GESTCO project. The source sink GIS was developed using existing data from
Europe and extending this to all new member states.
Maps of emissions and storage sites to help source-sink matching have been developed and produced by
GEUS.
This report summarises the methodology of building the GIS for the EU GeoCapacity project. It also
includes information regarding the data included in the GIS for each country including details about the
copyright of the data.
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1

INTRODUCTION

The objective of the GeoCapacity GIS is to produce a Geographical Information System that
would incorporate the wide range of data provided by the project partners and allow meaningful
access to the data. This was the basic methodology developed in the GESTCO project and will
be further developed to provide large scale European mapping covering 25 countries. The GIS
also provides input for the DSS economic evaluations (Work Package 5).
The GIS allows users to simultaneously view one or more layers of data including the location
of the CO2 sources and possible CO2 sinks. It also enables the user to perform extensive
onscreen analysis on all the available data.
Geoscience datasets included in the GIS comprise:
•

CO2 sources locations

•

potential aquifer storage sites

•

potential aquifer injection points

•

hydrocarbon field locations

•

hydrocarbon field injection points

•

coal fields

•

potential coal field injection points

•

existing pipelines and pipeline terminals

•

natural sources of CO2

Copyright information is also a feature of the GIS. Users must agree to abide by the copyright of
the data before the GIS will open fully and there is also the ability to access the copyright
information from within the GIS should users wish to read it again.
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2

PROJECT GIS

The project GIS has been developed by BGS, who have provided data specification and format
guidelines for all data that has been included.

2.1

Data collection and collation

The methodology for collecting the data from project partners involved the distribution of blank
database templates to the countries providing new country evaluations and for the countries
involved in the GESTCO and CASTOR projects the data from these projects was uploaded to
the databases and returned for updating and checking.
The database templates were developed in Microsoft Access 2003 and included forms designed
to guide the user through the data input procedure. A user guide was also produced for each
database to assist the user, an example of which can be found in Appendix 1. Using database
templates also enabled the ability to ensure a consistency in the data provided from each country
and meant that data could be easily merged.
Once the databases and vector data had been returned by each country these were then
stringently quality checked to ensure there had been no mistakes generated during the input of
the data to the databases. A standard set of checks were performed on each individual database
and partners were contacted for clarification and databases were returned for further work as
necessary. The vector data (lines and polygons) were also checked to ensure the correct attribute
naming conventions had been used and attributes had been populated correctly. In cases where it
was not possible for project partners to supply the data in the project projection (detailed in
section 2.3) then the data would be transformed to the correct projection within BGS.
The EU sources and sinks injection point data from the MS Access databases was then merged
to generate a single database for each of the individual data category (CO2 sources, Aquifer
injection points etc). The Chinese point data was not part of the merging procedure as this data
was to be kept separate from the EU data due to projection differences. These databases were
then used to generate ESRI feature classes for use in the GIS and were also passed to TNO for
use in the DSS. The line and polygon vector data from each EU country were also merged to
create EU wide datasets for use within the GIS and for the generation of the storage and
emissions maps. It was not necessary to merge the Chinese data as this is stored in a separate
geodatabase specific to China.
The datasets are described in the following sections.
2.1.1

Base map data

The base map data within the project includes country boundaries, major urban areas, lakes,
rivers, roads and railways, these Chinese province boundaries are also included.
The base map data is mainly from within the public domain, for example the country boundaries
are taken from the Digital Chart of the World (DCW) 1:1 million data. However, partners were
asked to provide more detailed data if they had such data available. Some countries have
therefore supplied more detailed country boundaries, roads, and towns for inclusion in the
project as these have therefore been used to replace the DCW data with more accurate data.
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2.1.2

CO2 Emission Sources

The CO2 emission sources database includes data from sources with emissions of 0.1 Mt
(Megatonnes) of CO2 per year and above. The database for the storage of this data was based on
the set of attributes defined by EcoFys for the GESTCO project. In consultation with EcoFys it
was established that the attributes defined for the GESTCO project were still applicable and the
most relevant for use within the GeoCapacity project, it was also decided to add attributes that
would allow the user to input the type of fuel used at the emission source. A Microsoft Access
database was then developed for use within the project; this differed from the GESTCO project
where data was input to Microsoft Excel spreadsheets. The decision to move to Microsoft
Access was made as it allowed greater control over data entry procedure and Microsoft Access is
also directly compatible with ESRI GIS software. Databases were then distributed to all the
partners, either blank for those not previously involved in the GESTCO or CASTOR projects or
with the old data uploaded to allow partners who had previously supplied this type of data to
update their data.
The CO2 emission sources database contains information on the location of the emissions source
such as geographical coordinates used for plotting the data in the GIS as well as details on the
city, country and region where the emission source is located. The plant name and the name of
the owning company can also be input to the database to provide extra background information
on the emission source. More detailed information about the plant and the emissions can then be
entered into the database. Information on the type of plant i.e. cement and the status of the plant
i.e. operational can be input along with information on the year the plant opened and the
anticipated closure year. Data for the reported CO2 emissions and the year the emissions data
was reported should then be entered as this information is crucial for the project. The database
then allows the user to input further details about the emission source such as concentration of
CO2 in the flue gas, yearly amount of production, full load hours, capacity, emission factor,
technology and fuel type. The database also allows the user to enter information on the source of
the information they have input to the database.
To ensure consistency in the database certain attributes are populated via drop down lists in the
database. For example the attributes for Sector, status, production and capacity units as well as
the type of fuel are all populated in this way. This ensures that each user enters their data using
the same terminology and therefore avoids possible confusion and data complications.
Due to data availability differences between the partner countries it was not possible for the
database to be fully populated by each partner. Certain attributes were defined as essential and
partners were encouraged to ensure they obtained this data, however, in some cases this was not
possible. As a result the final emissions sources database and GIS feature class represents the
partner’s best efforts to obtain as much information as was possible for their countries.
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Figure 2.1: CO2 Emissions Sources data entry forms

Figure 2.2 : European CO2 emissions sources data displayed in the GIS
2.1.3

Aquifer injection points

The aquifer injection point database contains the data relating to the possible point of injection
of CO2 into an aquifer. Potential aquifers for CO2 storage were identified by the project partners
for their individual countries and then a possible point of injection into the aquifer would be
defined. The point of injection could either be an existing borehole or well or just a theoretical
point of injection defined by the project partner. Details of this injection point were then entered
into the database so that the data could be used in both the GIS and the Decision support system.
The attribute set used within the aquifer injection point database was originally defined in the
GESTCO project but has been extensively modified within the GeoCapacity project to include
many additional attributes. A Microsoft Access database was developed for the collection of this
data which was originally collected in Microsoft Excel spreadsheet in previous projects. The
database includes all of the original attributes from the GESTCO project as well as additional
D8
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attributes for the collection of the standard deviation and distribution type information for many
of the numerical attributes within the database. These additional attributes were defined in
consultation with TNO as they were developing the decision support system (DSS) to ensure the
best possible data was provided for use within the DSS. Including details on the standard
deviation and distribution type has meant that it will be possible to do a stochastic analysis in the
DSS.
The information contained within the database includes the name of the aquifer injection point
along with the geographical coordinates that will allow the point to be plotted in the GIS. The
database also requires the user to input details of the volume of the aquifer that the injection
point is injecting CO2 into, along with the CO2 storage capacity of the aquifer. The Sweep
efficiency of the aquifer is also required. Some basic geological details are requested and
although these are not essential they do add to the overall background information for the
aquifer. The user can also input general details for the aquifer such as depth, height and radius
along with more specific details of the reservoir such as pressure, porosity, permeability and
rock compressibility.
For many of the numerical attributes default values have been introduced so that that database
can be populated with a generalised value where the partner was unable to obtain data. These
defaults are populated automatically and the user has the option to modify the default values
with more appropriate realistic values if they wish.
Due to the differing availability of data within the individual partner countries it was not
possible for every partner to completely populate the databases. Certain attributes were defined
as essential and partners were encouraged to ensure these were populated. Partners were also
informed they should include as many details as possible in the database to allow them to be able
to use the DSS to obtain the best possible results. The final database and GIS feature class
represents the best possible efforts of each partner to populate the databases.
This database was not completed by the following countries as there is no suitable aquifer
storage availability in these countries: Estonia and Luxembourg

Figure 2.3: Aquifer injection point database data entry forms
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Figure 2.4: Chinese aquifer injection points
2.1.4

Hydrocarbon field injection points

The hydrocarbon field injection point database contains the data relating to the possible point of
injection of CO2 into a hydrocarbon field. Potential hydrocarbon fields for CO2 storage were
identified by the project partners for their individual countries and then a possible point of
injection into the aquifer would be defined. The point of injection is generally an existing well
but in some instances can be a theoretical point of injection defined by the project partner.
Details of this injection point were then entered into the database so that the data could be used
in both the GIS and the Decision support system.
The attribute set used within the hydrocarbon field injection point database was originally
defined in the GESTCO project but has been extensively modified within the GeoCapacity
project to include many additional attributes. A Microsoft Access database was developed for
the collection of this data which was originally collected in Microsoft Excel spreadsheet in
previous projects. The Access database includes all the original attributes from the GESTCO
project as well as extra details relating to the reservoir, the standard deviation and distribution
type information for many of the numerical attributes. These additional attributes were defined
in consultation with TNO as they were developing the decision support system (DSS) to ensure
the best possible data was provided for use within the DSS system. Including details on the
standard deviation and distribution type has meant that it will be possible to do a stochastic
analysis in the DSS.
The information contained within the database includes the name of the hydrocarbon field
injection point along with the geographical coordinates allowing the point to be plotted in the
GIS. The database then allows the user to input details about the hydrocarbon field such as the
content, discovery well and status along with general geological details such as lithology of the
reservoir rock. Information regarding the proven ultimate recovery for the field along with the
totally estimated CO2 storage capacity are required and the user also has the option to input any
proven CO2 storage information along with the CO2 density although these details are not
essential. The user is then able to input further details regarding the ultimate recovery such as the
expected recovery and details on the reservoir rock such as permeability and porosity. General
details about the reservoir can also be entered such as the height and depth as well as the trap
radius and pressure.
D8

Copyright © EU GeoCapacity Consortium 2006-2009

Page 9

For many of the numerical attributes, default values have been introduced so that that database
can be populated with a generalised value where the partner was unable to obtain data. These
defaults are populated automatically and the user has the option to modify the default values
with a more appropriate realistic value if they wish.
Due to the differing availability of data within the individual partner countries it was not
possible for every partner to completely populate the databases. Certain attributes were defined
as essential and partners were encouraged to ensure these were populated. Partners were also
informed they should include as many details as possible in the database to allow them to be able
to use the DSS to obtain the best possible results. The final database and GIS feature class
represents the best possible efforts of each partner to populate the databases.
This database was not populated by the following countries as there is no suitable hydrocarbon
field storage availability in these countries: Belgium, Bosnia-Herzegovina, Estonia, Latvia,
Luxembourg, Macedonia and Spain.

Figure 2.5: Hydrocarbon injection point database data entry forms
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Figure 2.6: European Hydrocarbon injection points displayed in the GIS
2.1.5

Coal field injection points

The coal field injection point database contains the data relating to the possible point for
injection of CO2 into a coal field. This database has only been populated by approximately half
of the project partners due to the lack of potential storage opportunities in many of the partner
countries. For those countries that were able to populate this database they first selected potential
coal field storage sites and then selected either an existing borehole to represent the injection
point or chose a theoretically possible location for the injection point. The details of this
injection point were then entered into the database.
The attribute set for this dataset was defined during the GESTCO project and has not been
modified. A Microsoft Access database has been developed during this project to allow the
collection of this data in a more consistent form. This dataset is not required for the decision
support system and is therefore solely represented in feature class format in the GIS.
The database requires information on the injection point name as well as the injection point
location coordinates. The user is then able to enter details about the coal field such as the depth
below surface, volume of coal and volume of mined coal as well as general geological details on
the coal field. The user is also able to enter details on the void storage capacity as well as the
aggregated void storage capacity for CO2.
Due to the differing availability of data within the individual partner countries it was not
possible for every partner to completely populate the databases. Certain attributes were defined
as essential and partners were encouraged to ensure these were populated. The final database and
GIS feature class represents the best possible efforts of each partner to populate the databases.
The database was not populated by the following countries due to a lack of appropriate coal field
storage availability: Albania, Denmark, Estonia, Greece, Latvia, Lithuania, Luxembourg,
Macedonia, Norway, Romania, Slovenia.
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There is no Chinese coal field storage data included in the project as a decision was made not to
include this in the GeoCapacity project

Figure 2.7: Coal field injection points database data entry form

Figure 2.8: European coal field injection points displayed in the GIS
2.1.6

Natural CO2 sources

The natural CO2 sources database contains information relating to the location of natural CO2
seeps within the project area. This was a new dataset which was included in the CASTOR
project but not in the GESTCO project and it was decided that it would be of interest to the GIS
user to have this dataset included in the GeoCapacity project. The majority of the data has been
provided as point locations except for Germany who felt it more appropriate to provide polygons
defining the areas of their natural CO2 seeps.
For the data that was to be provided as single point locations a Microsoft Access database was
developed to allow users to easily input any data they might have. The attribute set was initially
defined within the CASTOR project and was still deemed appropriate by the project partners for
use within the GeoCapacity project. This dataset is not required for the decision support system
and is therefore solely represented in feature class format in the GIS.
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The database requires information on the name of the natural CO2 source, the location of the
seep (both the name of the area and the location coordinates), the user can also input information
on the amount of CO2 emitted, the type of source (point or areal) and whether the source is used
for commercial purposes. The German natural CO2 sources contain information solely on the
age of the rock and a description of the site.
This dataset was provided buy the following countries that have natural CO2 sources: Germany,
Greece, Czech Republic, Poland, Romania, Italy, Luxembourg and Macedonia

Figure 2.9: Natural CO2 sources database data entry form

Figure 2.10: European natural CO2 sources displayed in the GIS
2.1.7

Pipeline and pipeline terminals data

This data was requested for the project so that we could represent the location of existing
pipelines and pipeline terminals which would therefore represent the potential routes for new
pipelines and easy access on and offshore for those pipelines.
The pipeline terminals dataset is a set of points which locate the terminals on the map. Partners
were expected to provide this dataset in either ESRI shapefile or ESRI feature class format
D8
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wherever possible. Alternatively the data could be provided in MS excel spreadsheet format due
to the limited number of attributes present in the dataset and the fact that there were unlikely to
be any consistency issues with the data being provided in this format. This excel spreadsheet
could then be imported into MS Access and converted into an ESRI feature class. The pipeline
terminals dataset includes information on the name of the terminal, location coordinates and the
type of terminal i.e. gas terminal.

Figure 2.11: Pipelines and pipeline terminals
The pipeline dataset is a line dataset which displays the route of the pipelines across the partner
countries. Partners were expected to provide this dataset in ESRI shapefile or ESRI feature class
format wherever possible. Due to copyright issues in Hungary and Slovenia it was not possible
to include the vector data so raster images were provided which were georeferenced so they
could be displayed in the correct geographical location within the GIS.
The vector pipeline dataset includes information on the name of the pipeline, the operator, the
fluid conveyed, whether the pipeline is on or offshore and more specific details on the pipe such
as the diameter, whether it is exposed and whether it is in a bundle.
To allow this data to be used within the DSS system the pipeline dataset was converted into a set
of points representing the route of the pipeline, this allowed the data to be imported and used
within the DSS system. The data is represented as linework in the GIS.
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Figure 2.12: European pipeline dataset
2.1.8

Polygon datasets

The polygon datasets included in the GIS were added to assist in the visual representation of the
storage sites both within the GIS and for the maps. The polygons can visually represent the
extent of the storage site and contain some basic information about the storage site as well as the
name of the associated injection point. It was expected that each partner would provide relevant
polygon datasets containing a standard set of attributes and that the data should be provided in
ESRI shapefile or ESRI feature class format. Each partner was informed of the precise details of
the attributes that should be included at the start of the data collection period. Information
regarding the attributes associated with the polygon categories are detailed below:
2.1.8.1 Aquifers
There are two separate aquifer polygon datasets included in the project, for countries that were
able to provide fairly accurate polygon extents for their aquifers there is a detailed polygons
dataset and for those countries where a more general set of polygons is more appropriate there is
a regional aquifers dataset. It was anticipated that each partner that had provided an aquifer
injection point database would also provide an aquifer polygon dataset
Both the above mentioned datasets have identical attributes associated with them. These
attributes allow the user to include information such as the aquifer name, lithology, age, depth
and the associated injection point.
It should be noted that all information relating to the storage capacity of the aquifer is detailed in
the injection point associated to the aquifer polygon and is not stored in the aquifer polygon
attribute table.
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Figure 2.13: European regional and detailed aquifers
2.1.8.2 Hydrocarbon fields
There is a single polygon dataset which includes all the hydrocarbon field polygons provided for
the project. It was anticipated that each partner that had provided a hydrocarbon field injection
point database would also provide a hydrocarbon field polygon dataset.
The attributes that are included in the polygon dataset allow the user to include the name of the
hydrocarbon field, the type of hydrocarbons present in the field, the status of the field and the
operator along with the associated hydrocarbon field injection point.
It should be noted that all information relating to the storage capacity of the hydrocarbon field is
detailed in the injection point associated to the hydrocarbon field polygon and is not stored in the
hydrocarbon field polygon attribute table.

Figure 2.14: Croatian, Slovenian and Hungarian hydrocarbon fields
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2.1.8.3 Coal fields
There is a single polygon dataset which includes all the coal field polygons provided for the
project. It was anticipated that each partner that had provided a coal field injection point
database would also provide a coal field polygon dataset.
The attributes that are included in the polygon dataset are slightly more detailed that those
included in the aquifer and hydrocarbon field datasets and allow the user to enter information
such as the depth of the coal seam, the thickness of the coal seams and the spacing between
them. Information on the permeability, methane content and recovery factor can also be included
along with details on the amount of CO2 storage possible both in total and per km2
Unlike the aquifer and hydrocarbon field polygon datasets there are some details regarding the
CO2 storage for the coal fields within the polygon attributes, however the user should also
ensure they look at the information stored within the associated coal field injection point to get a
fuller picture of the data available.

Figure 2.15: UK, Belgian and Dutch coal fields
2.1.9

Additional Vector data

All partners were offered the opportunity to add extra data, specific to their countries, to the GIS.
This data could take the form of geological maps, reservoir contours or anything else the partner
felt would be appropriate and would add value to the GIS. The data was added to the GIS in the
exact format in which it was provided to the BGS and it was assumed that the providing partner
had carried out all necessary checks before supplying the data. Some data has also been supplied
as raster images and these have been linked into the GIS via the hyperlink function therefore
allowing the user to click on a feature on the map and open any images associated with the
feature.

2.2

GIS development

The GeoCapacity GIS has been developed using ESRI’s ArcGIS 9.2 software and all available
project data is accessible via the GIS either as viewable data or through links from the GIS to
external files.
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To emphasise the need to protect the copyright of the data the GIS is programmed to request the
user to agree to abide by the data copyright before the GIS will fully open. If the user does not
agree to abide by the data copyright the GIS will close and the data will not be viewable. This is
shown in figure 2.2.

Copyright information

Buttons to accept or decline agreement
to abide by the copyright of the data

Figure 2.16: GIS copyright statement
The vector data for the GIS is stored in feature class format within personal geodatabases. Due
to the fact that the data for the project covers two distinct geographical areas (Europe and China)
the data for China is stored in a separate geodatabase to that of the European data. Within the
GIS the European and Chinese data is also separated by using two separate data frames, this
allows the user to view all the European data in a map view set to an appropriate projection for
the European data and then to switch data frames and view the Chinese data in a projection more
suitable for China. All the data has been loaded to the GIS and appropriate symbology for each
dataset has been defined to allow the user to easily view and manipulate the data.
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Standard ESRI toolbars

GeoCapacity toolbar

Table of contents
showing the two data frames

Map view

Figure 2.17 : GeoCapacity GIS layout (European data frame)
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Figure 2.18: GeoCapacity GIS layout (Chinese data frame)
A new toolbar was also developed for the GeoCapacity GIS to enable users the ability to view
the attribute description documents and the copyright statement whilst also viewing data within
the GIS (see Fig. 2.19). The tool bar generates a link to the relevant word document and opens
the document for the user to read.

GeoCapacity toolbar

Selection options for viewing attribute
documentation

Figure 2.19: GeoCapacity toolbar
Links to external images have also been set up in the GIS, this allows the user to view images
that are not georeferenced (and therefore cannot be displayed in the correct geographical
location in the GIS). The GIS allows the user to click on a point within a country of interest and
a list of available images will be displayed. The user can then select an image which is of
interest and the image will open in an appropriate image viewer. There are also links to partner
websites and other websites that may be of interest, as with the images, the user can select a
point in the country of interest and then choose a website from the displayed list. More details on
the specific functionality of the GeoCapacity GIS can be found in the GIS User Manual –
Deliverable D9.
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2.3

Project projection

Two different projections have been used for the data within the GeoCapacity project. For the
European data the Lambert conformal conic projection used within the GESTCO project was
again employed as it was deemed the most appropriate for the geographical area being worked
on. This projection is summarised in Table 2.1. For the Chinese data the Xian 1980 3 degree
Gauss Kruger 117E projection was used following advice from Chinese partners and BRGM
(project leaders for WP6 International Co-operation). This projection is summarised in Table
2.2.
Table 2.1 Projection details for European data
Projection:
Parameters:
False_Easting:
False_Northing:
Central_Meridian:
Standard_Parallel_1:
Standard_Parallel_2:
Scale_Factor:
Latitude_Of_Origin:
Linear Unit:
Geographic Coordinate System:

Lambert_Conformal_Conic
0.000000
0.000000
20.000000
60.000000
30.000000
1.000000
0.000000
Meter (1.000000)
GCS_WGS_1984

Table 2.2 Projection details for Chinese Data
Projection:
Parameters:
False_Easting:
False_Northing:
Central_Meridian:
Scale_Factor:
Latitude_Of_Origin:
Linear Unit:
Geographic Coordinate System:
Datum

2.4

Gauss Kruger
500000.000000
0.000000
117.000000
1.000000
0.000000
Meter (1.000000)
GCS_Xian 1980
D Xian 1980

Case study data

Many case studies have been carried out for the project and the data from these has been
included in the written reports. As this data has been provided in many different formats and is
specific to particular case studies this data has not included in the GIS. It has also been decided,
due to their size, not to link the case study reports to the GIS as this would not be a practical way
of viewing the documents.

2.5

Web enabled GIS

As part of the project a web enabled GIS has been developed using ESRI’s ArcIMS software.
The webGIS was initially developed to allow project partners to view and check their data in a
GIS system whilst the project GIS was still under development. However it has now been
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decided to keep the webGIS available for project partners for as long as the software is
supported by BGS.
All the project data except the raster data has been loaded to the webGIS system and the
symbology has been developed to be as similar as possible to the main project GIS (ArcIMS has
limited symbology options so this was not always possible). The webGIS is accessible from the
partners’ only area of the GeoCapacity website.
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3

MAPS OF STORAGE AND EMISSIONS

Detailed maps of large CO2 point sources and potential storage sites have been produced for
each country represented in GeoCapacity to help enable the process of source sink matching.
The maps are presented together with detailed country information in the following sections. In
addition five regional maps (see Figure 3.1-3.5) have been produced to provide an overview of
potential matching of sources and sinks in areas with intense industry in Europe. The five
regions are:
•
•
•
•
•

Northwest Europe
Northeast Europe
Central East Europe
Southwest Europe
Southeast Europe

The GeoCapacity GIS database is the data source for all of the maps and details about data are
described in the following sections. All data management and processing has been carried out by
BGS and the design and production of the maps have been carried out by GEUS.
The legend used on the maps is different from the legend in the GIS system. In the GIS the user
can turn individual layers on and off and zoom in and out etc. depending on what he or she
specifically wants to show. The legend for the maps has been designed to emphasize the
emission sources and storage sites by using bright colours and by toning down the pipelines and
excluding other infrastructure as cities and roads etc.
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Figure 3.1: Regional source-sink map for Northwest Europe.
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Figure 3.2: Regional source-sink map for Northeast Europe.
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Figure 3.3: Regional source-sink map for Central East Europe
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Figure 3.4: Regional source-sink map for Southwest Europe.
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Figure 3.5: Regional source-sink map for Southeast Europe.
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4

COUNTRY SPECIFIC INFORMATION

4.1

North East Group

4.1.1

Slovakia

4.1.1.1 Industrial CO2 sources
Data on industrial CO2 sources was taken from the National Allocation Plan of the Slovak
Republic for the 2005 - 2007, published by the Ministry of the Environment of the Slovak
Republic. Additional information was gathered from the websites of the operators of individual
facilities.
Localisation of sources was prepared by State Geological Inst. of Dionyz Stur, so all data
provided to the GIS and project database are protected by copyright; the State Geological Inst. of
Dionyz Stur holds all the rights.
Table 4.1: CO2 emission in the Slovak Republic
CO2 emissions

Year(s)

Total CO2
emissions (Mt)

CO2 emissions from large point sources in database

2005

23

Total CO2 emissions

2005

45,5

4.1.1.2 Pipelines
Data on pipelines was taken from archive materials stored in the State Geological Inst. of
Dionyz Stur map archive and from resources open to the public (Internet). All data provided to
the GIS and project database are protected by copyright; the State Geological Inst. of Dionyz
Stur holds all the rights.
4.1.1.3 Coal fields
Data on coal fields was partly taken from archive reports stored in the State Geological Inst. of
Dionyz Stur archive (Bratislava- Geofond) and from literature public-available, partly purchased
exclusively for the purposes of the project and partly newly originated within the project. All
data provided to the GIS and project database are protected by copyright; the State Geological
Inst. of Dionyz Stur holds all the rights.
4.1.1.4 Hydrocarbon fields
Data on hydrocarbon fields was partly taken from archive reports stored in the State Geological
Inst. of Dionyz Stur archive – Geofond Bratislava, from literature open to the public, and partly
newly created within the project. All data provided to the GIS and project database are protected
by copyright; the State Geological Inst. of Dionyz Stur holds all the rights.
4.1.1.5 Saline aquifers
Data on saline aquifers was partly taken from archive reports stored in the State Geological Inst.
of Dionyz Stur and partly newly created within the EU GeoCapacity project. All data are
protected by copyright; the State Geological Inst. of Dionyz Stur holds all the rights.
4.1.1.6 Case study data
Case study data was partly taken from archive reports stored in the State Geological Inst. of
Dionyz Stur, partly newly created within the EU GeoCapacity project and partly comes from the
National Allocation Plan of the Slovak Republic for the 2005 - 2007, published by the Ministry
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of the Environment of the Slovak Republic. All data are protected by copyright; the State
Geological Inst. of Dionyz Stur holds all the rights.
There are no case study data included in the GIS.

Figure 4.1: Map of CO2 sources, potential storage and infrastructure in Slovakia
4.1.2

Estonia

4.1.2.1 Industrial CO2 sources
In 2005 nine large sources produced 11.5 Mt of CO2 in Estonia. The stationary sources included
in the European Emission Trading Scheme (ETS) produced 12.7 Mt of CO2 (41 sources). With
CO2 emissions per capita amounting to 14.1 tonnes Estonia is one of the highest emitters in
Europe and in the world. The high green house gas emission rate in Estonia results from the
application of oil shale for power production. Main CO2 sources are located in the northeast of
the country, close to the oil-shale deposits. The largest CO2 sources in the Baltic countries are
“Eesti” and “Balti” Power Stations producing 7.7 Mt and 2.25 Mt of CO2 in 2005 respectively.
The Kunda Nordic cement plant produced 0.746 Mt of CO2 in 2005. The other concentration
occurs in the Tallinn region.
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Emissions data were collected by IGTUT from http://ec.europa.eu/environment/ets/.
Geographical coordinates were mapped by IGTUT. A number of total CO2 emissions of Estonia
were taken from National Inventory Report of Estonia to the UNFCCC secretariat.
Table 4.2: CO2 emissions in 2005 in Estonia.
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2005

11.5

Total CO2 emissions

2005

20.9

4.1.2.2 Pipelines
Copyright of pipelines data is owned by Eesti Gas AS.
Estonia has natural gas pipeline system built during Soviet times. It connects the Russian natural
gas pipelines system from the north-eastern border of Estonia at Narva town with Tallinn,
central part of Estonia, southern Estonia and Inčukalns UGS (underground gas storage) in
Latvia. These pipelines connect the biggest CO2 sources in Estonia with Latvia and the
prospective for CO2 storage structures in Latvia.
4.1.2.3 Saline aquifers
Estonia does not have much prospect for CO2 storage saline aquifers. All aquifers available in
Estonia are too shallow and include mainly drinking water of low salinity. The highest salinity
of the mineral waters in Estonia is 19-21 g/l.
4.1.2.4 Case study data
The Estonian-Latvian case study is the only one which crosses national borders in the EU
GeoCapacity project. The CO2 storage potential in Estonia is limited by a lack of hydrocarbon
fields and favourable saline aquifers, whereas the potential for CO2 storage in Latvia is greater.
The viability of such a case is proved by successful application in the Latvian Inĉukalns
Underground Natural Gas Storage, over the last 40 years, providing Estonia with natural gas
when necessary.
Oil shale is the main fuel for power generation in Estonia which results in large CO2 emissions.
The two largest Estonian power stations “Eesti” and “Balti” produced 7.7 and 2.25 Mt of CO2
respectively in 2005 (both plants are owned by AS Narva Powerplants). CO2 emission from oil
shale combustion is significantly higher by comparison with other fossil fuels as energy sources.
That is why CO2 emissions per capita in Estonia is about two times higher than the average
value in Europe and is 16th highest in the World (2006 data). Large emissions produced in the
Estonian power sector are also the highest in the Baltic region. These two power stations as the
largest industrial CO2 emitters in Estonia and in the Baltic region are taken for the case study.
The owner of the power plants is the main Estonian Power Company – Eesti Energia is planning
to build two new CFB (circulating fluidized bed combustion technology) units to Narva
Powerplants (2012-2017).
Two anticlinal structures in Latvia Luku-Duku and South Kandava are offered by LEGMA for
the case study. Their total conservative capacity in the Cambrian aquifer is about 84 Mt of CO2,
this is the equivalent of about 8 and 11 years of the storage at two sites correspondingly, while
the maximum estimated capacity (374 Mt) of CO2 could provide storage for about 40 years. The
negative aspect is the distance of transportation by pipelines which is estimated as 800 km. This
factor and possible high prices of using private land in Latvia can increase price of CO2 storage
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making it uneconomic. Public acceptance in both countries is another critical factor for project
implementation.

Figure 4.2: Map of CO2 sources, potential storage and infrastructure in Estonia
4.1.3

Latvia

4.1.3.1 Natural CO2 Sources
Such sources are absent in Latvia.
4.1.3.2 Industrial CO2 sources
In 2007, the Latvian Register of Greenhouse Gas Emission Units incorporated 91 stationary
sources of CO2 emissions. The emissions of CO2 from those sources was 2.94 Mt in 2007,
including six CO2 sources with considerable emissions.
Copyright statements: Data on CO2 emission sources: Ministry of Environment, State
Environmental Service.
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Table 4.3: CO2 emission in Latvia
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

SJSC „Latvenergo,TEC-1”

2005

0.42

SJSC „Latvenergo,TEC-2”

2005

0.63

JSC „Rigas siltums”

2005

0.21

JSC “CEMEX”

2005

0.36

JSC „Liepajas metalurgs”

2005

0.36

„Liepajas siltums” Ltd.

2005

0.10

2005

2.08

Total
Total CO2 emissions

2.94

4.1.3.3 Pipelines
The total length of the gas pipeline system in Latvia is over 1400 km. All the gas pipelines are in
operation. Joint Stock Company “Latvijas Gaze” is the operator of all the gas pipelines.
Joint Latvian - Russian Company “LatRosTrans” Ltd. is the operator of the oil pipeline Polock Ventspils. It should be mentioned that: the pipeline for the transportation of oil products is in
operation and the pipeline for the transportation of crude oil is idle at the time of writing.
A part of the oil pipeline Polock-Mazeikiai is located in Latvia, it is operated by the Lithuanian
company “Mazeikiu Nafta”AB.
Copyright statements: Joint Stock Co. "Latvijas Gaze".
4.1.3.4 Coal fields
There are no coal fields suitable for CO2 storage in Latvia.
4.1.3.5 Hydrocarbon fields
There are no hydrocarbon fields prospective for CO2 storage in Latvia.
4.1.3.6 Saline aquifers
Only localised highs in the Cambrian aquifer are prospective for the storage of CO2 in Latvia. At
the moment, based on the geological criteria 16 of the best prospects have been singled out:
Aizpute, Blidene, N.Blidene, Degole, Dobele, Edole, Kalvene, Liepaja, Luku-Duku, N.Kuldiga,
N. Ligatne, S. Kandava, Snepele, Usma, Vergale, Viesatu.
Copyright statements: Latvian Environment, Geology and Meteorology Agency (LEGMA).
4.1.3.7 Case study data
Two objects were selected as case studies: Blidene and Dobele.
The Blidene and N. Blidene structures are the largest CO2 traps, with an estimated storage
capacity of approximately 132 Mt. It is situated in Western Latvia. One of CO2 sources the
Broceni cement plant is located nearby.
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The Dobele structure has been studied better than other Latvian objects. Its location is the most
favourable in relation to the CO2 sources – at the distance of approximately 20-80 km from the
objects. CO2 storage capacity is estimated at 56 Mt.
Copyright statements: Latvian Environment, Geology and Meteorology Agency (LEGMA).

Figure 4.3: Map of CO2 sources, potential storage and infrastructure in Latvia
4.1.4

Lithuania

4.1.4.1 Natural CO2 Sources
There are no natural sources of CO2 in Lithuania.
4.1.4.2 Industrial CO2 sources
All the major industrial stationary sources of CO2 in Lithuania exceeding 6,000 tonnes of CO2
per year report their emissions to the Environmental Agency of Lithuania
(http://aaa.am.lt/VI/index.php). A total of 94 sources were listed in the CO2 trading system of
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Lithuania in 2005. The data from this year was collated to produce a database of Lithuanian
emissions from industrial sources exceeding 0.1 Mt of annual emissions.

Fig.1. CO2 emissions from industrial sources (94 sources, year 2005) of Lithuania.
Table 4.4 Structure of CO2 emissions in Lithuania (year 2004)
CO2 emissions, Mt
Energy (combustion)
Industry (combustion)
Transport (combustion)
Other combustion
Industry (processes)
Discharges (oil and gas)
Agriculture

Mt
5.636
1.199
3.887
1.144
1.456
0.025
4.355

Total

17.677

The total emissions of CO2 in Lithuania were evaluated as large as 17.7 Mt in 2005, which is 4.9
tonnes per capita. Such a low rate of gas emissions is related to production of electricity from
nuclear power plant that covered more than 80% of the country’s market. The industrial sources
produced 6.6 Mt of CO2 (Ekostrategija, 2006). Sixty-two percent of emissions were produced
from heat and energy supply source points. The largest Mazeikiai oil refinery (1.87 Mt)
contributed 19% of the total industrial emissions and Akmene cement plant (0.78 Mt) produced
11% of emissions. The rest of the industrial sources are significantly smaller. 10 sources were
identified as emitting more than 0.1 Mt of CO2 per year. These are an ammonia plant, two
cement plants, oil refinery and the rest are power and heat producers. In total they produced 5.5
Mt of CO2 in 2005.
Presence of several major producers implies that CCS technology can be effective for reducing
gas emissions in Lithuania by about 30%. It should be however noted that the Ignalina nuclear
power plant will stop operating in 2010 that will increase the production of greenhouse gas
(GHG) emissions. Yet, no definite strategy has been developed so far as a replacement of the
nuclear plant by alternative energy sources, therefore the CO2 emission structure after 2010
remains unclear. It is suggested that closing of the Ignalina plant will increase CO2 annual
emissions by at least 0.62 Mt (Ekostrategija, 2006) and might be significantly larger if the
electricity is provided for Lithuania from the combustion of oil shales in Estonia.
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Table 4.5: CO2 emission in Lithuania
CO2 emissions

Year

Total CO2 emissions (Mt)

CO2 emissions from large point sources in database

2005

5.5

CO2 emissions from stationary sources

2005

6.6

Total CO2 emissions

2005

17.7

M.Nageviciaus konsultacine inzinerine imone "Ekostrategija". 2006. LIETUVOS
NACIONALINIS APYVARTINIU TARŠOS LEIDIMU PASKIRSTYMO 2008-2012 M. PLANAS.
Vilnius.
M.Nageviciaus konsultacine inzinerine imone "Ekostrategija". 2006. Mokslinio tiriamojo darbo
Energetikos ūkio įmonių prekybos apyvartiniais taršos leidimais 2005 m. rezultatų analizė ir
Europos Komisijos papildomų rekomendacijų dėl leidimų paskirstymo planų Europos Sąjungos
išmetamųjų teršalų prekybos schemos 2008-2012 m laikotarpiu integravimo, paskirstant
apyvartinius taršos leidimus energetikos ūkio įmonėms parengimas. Vilnius.
4.1.4.3 Pipelines
Lithuania has a well developed network of onshore pipelines. Data were collected from Lituvos
dujos (http://www.dujos.lt/lt.php). The pipeline system is linked to the pipeline networks of
Latvia, Belarus, and Russia, it is important this is taken into consideration due to the lack of the
geological capacity in Lithuania for CO2 sequestration.
4.1.4.4 Coal fields
There are no coal fields in Lithuania.
4.1.4.5 Hydrocarbon fields
UK hydrocarbon field polygon shapefiles and associated data are collected from numerous
industrial reports.
4.1.4.6 Saline aquifers
Structures in the saline aquifers, shapefiles of aquifers are provided by Institute of Geology and
Geography Lithuania.
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Figure 4.4: Map of CO2 sources, potential storage and infrastructure in Lithuania
4.1.5

Poland

4.1.5.1 Natural CO2 Sources (PBG)
There are eight such seeps located in southern part of the country – two mofettes and six springs,
mostly associated with spas. One of the mofettes emission estimates are about 10.95 kt/year.
Information about approximate location, type of source and (if applicable) utilization and
emission data was gathered from the Internet and papers of journal of the state geological survey
“Geological Review”.
4.1.5.2 Industrial CO2 sources
The emissions data were gathered from local authorities, first National Plan of Allowances for
CO2 emissions and the Internet (websites of government agendas, energy companies, and
individual installations). The basis for the emissions dataset were lists of major industrial
emission sources provided by local authorities – provincial governments (collected by MEERI),
as stated for the year 2004 (for a few installations they had only data for year 2003). These data
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were also supplemented with information from the first NPA of Ministry of Environment (which
included emission figures for year 2002) in several cases local authorities provided no emission
data but we knew these installations listed in the NPA still existed. Localization of all these
installations was found on the Internet (address and then coordinates from an internet map
website), as well as production, fuel, technology, capacity, etc. (by PBG). Information on the
type of fuel, the technology used and the combined heat and power plants came from the
publication of Energy Market Agency – EMITOR (Emisja Zanieczyszczeń Środowiska w
Elektrowniach i Elektrociepłowniach Zawodowych, ISSN 1232-2547 – information gathered by
MEERI).
In total 163 industrial sources were characterized and included in the database. These emission
sources exceeded 0.1 Mt either in 2004 or in 2002.
Table 4.6: CO2 emission in Poland
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2004

188,12

Total CO2 emissions (excluding LUCF)

2004

325,38

4.1.5.3 Pipelines
The network of national gas pipelines were digitised (by PBG) from a 1: 1 000 000 map from a
publication of the Polish Oil and Gas Company (Karnkowski, 1993 Złoża ropy i gazu ziemnego
w Polsce, GEOS Publ. Kraków) and updated and supplemented with information from POGC
websites. Localization of international pipelines is based on information gathered from the
internet, as is information on compressor stations and other relevant installations
4.1.5.4 Coal fields
Coal field polygons (27 polygons) were produced (by PBG) after Infogeoskarb database
(http://baza.pgi.waw.pl/igs/) of state geological survey, copyright of Polish Geological institute
and Warnet sp. z o.o. Information on the geometry of coal bearing formations, coal properties,
methane content within coal beds and ash and moisture content was gathered from publications
(papers,
atlases) by the Polish Geological Institute and (Polish) Central Mining Institute.

4.1.5.5 Hydrocarbon fields
Hydrocarbon field polygons (31 polygons) were produced (by PBG) after Infogeoskarb database
(http://baza.pgi.waw.pl/igs/) of state geological survey, copyright of Polish Geological institute
and Warnet sp. z o.o.
Information on the properties of hydrocarbon fields was gathered from POGC reports on
hydrocarbon fields available in public archives and other POGC publications and PGI publications
(e.g., statistics on hydrocarbon resources and reserves for particular fields published by PGI every
year).
4.1.5.6 Saline aquifers
The outlines of regional Mezozoic aquifers (Lower Cretaceous, Lower Jurassic and Lower
Triassic) were produced (by MEERI PAS) after Atlas of Oil Geosynoptic (Sokołowski eds.
1985). Maps were modified (by MEERI PAS) on the basis of data from deep boreholes and
publications.
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Within the regional Mezozoic aquifers MEERI PAS placed the injection points. Reservoir
properties of tectonic structures within these aquifers were produced after data from geological
documentation of boreholes (the Central Geological Archives - PGI), publications of MEERI
PAS, Polish Geological Institute and various geological reports available in public archives. The
MEERI PAS have got the permission (from Director of Polish Geological Institute as an
authorized representative of the State Treasury, which have the right to manage information
obtained as a result of carrying out the geological works) to use the data from the Central
Geological Archives for the EU GeoCapacity project.
4.1.5.7 Case study data (MEERI & PBG)
Same as for saline aquifers (model of the possible storage complex for the case study was not
included in the project GIS) and hydrocarbon fields.

Figure 4.5: Map of CO2 sources, potential storage and infrastructure in Poland
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4.1.6

Czech Republic

4.1.6.1 Natural CO2 Sources
The provided data on natural CO2 sources was taken from resources open to the public, e.g. the
Internet.
4.1.6.2 Industrial CO2 sources
Data on industrial CO2 sources was taken from the National Allocation Plan of the Czech
Republic for 2005 to 2007, published by the Ministry of Environment of the Czech Republic,
and from the National Integrated Pollution Register of the Czech Republic, which is operated by
the Czech Environmental Information Agency. Additional information was gathered from the
websites of the operators of individual facilities.
Data on the amounts of CO2 emitted refers to real emissions in 2005 and was taken from the
“Report on assessment of facility operators in relation to fulfilment of the EU-level obligation”
published by OTE – the Czech national operator of the electricity market.
General information on the country’s green house gas emissions come from the Czech National
Inventory Reports for the United Nations Framework Convention on Climate Change (UNFCC).
Table 4.7: CO2 emission in the Czech Republic
CO2 emissions

Total CO2 emissions
(Mt)

Year(s)

CO2 emissions from large point sources in database

2005

78

Total CO2 emissions

2006

128

4.1.6.3 Pipelines
Data on pipelines were taken from archive materials stored in the CGS map archive and from
resources open to the public (Internet). All data provided to the GIS and project database is
protected by copyright; the Czech Geological Survey holds all the rights.
4.1.6.4 Coal fields
Data on coal fields were taken from archive reports stored in the CGS archive and from publicly
available literature, and data purchased exclusively for the purposes of the project and newly
originated within the project. All data provided for the GIS and project database is protected by
copyright; the Czech Geological Survey holds all the rights.
4.1.6.5 Hydrocarbon fields
Data on hydrocarbon fields were taken from archive reports stored in the CGS and CGSGeofond archives, publicly available literature, and newly originated data within the project.
Hydrocarbon field extents were taken from the Czech Register of Mineral Resources operated by
CGS-Geofond (http://www.geofond.cz). All data provided for the GIS and project database is
protected by copyright; the Czech Geological Survey holds all the rights.
4.1.6.6 Saline aquifers
Data on saline aquifers were taken from archive reports stored in the CGS archive and newly
originated data within the EU GeoCapacity project. All data is protected by copyright; the Czech
Geological Survey holds all the rights.
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Figure 4.6: Map of CO2 sources, potential storage and infrastructure in the Czech Republic

4.2

Central East Group

4.2.1

Hungary

4.2.1.1 Industrial CO2 sources
The emission source database is publicly available and originates from the Hungarian Ministry
of Environment and Water. Total emissions come from 2006 database, whereas point-source
emissions are from 2005.
Table 4.8: CO2 emission in Hungary
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2005

23

Total CO2 emissions

2006

78.6
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4.2.1.2 Pipelines
Data presented in the report comes from the database of the Ágoston Tóth Cartographic Institute.
Pipeline data could only be given in raster format and was digitised by BGS. Publishable in map
format only.
4.2.1.3 Coal fields
Data presented in the report is publicly available and comes from the Hungarian Mining and
Geological Bureau, and was partly generated by ELGI. Publishable in map format only.
4.2.1.4 Hydrocarbon fields
Data of hydrocarbon mining areas come from the Hungarian Mining and Geological Bureau.
Publishable in map format only
4.2.1.5 Saline aquifers
Data presented in the report is generated by ELGI. Publishable in map format only.
4.2.1.6 Case study data
Data presented in the report comes partly from the Hungarian Ministry of Environment and
Water, the Hungarian Mining and Geological Bureau, publicly available web-based data and is
partly generated by ELGI. Publishable in map format only.
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Figure 4.7: Map of CO2 sources, potential storage and infrastructure in Hungary
4.2.2

Romania

Copyright of any data relating to Romania is the responsibility of National Institute of Marine
Geology and Geoecology unless otherwise stated.
4.2.2.1 Natural CO2 Sources
Copyright of the natural CO2 sources is the responsibility of National Institute of Marine
Geology and Geoecology.
Forty-eight sites have been identified and included in the GIS database.
4.2.2.2 Industrial CO2 sources
Information about the CO2 sources is from the Ministry of Environment and Waters
Management. The majority of emissions are from combined heat and power stations. Also
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included in the database are details from cement works, chemical plants, steel works, refineries
and paper mills that all emit more than 0.1 Mt of CO2 per year.
Table 4.9: CO2 emission in Romania
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2003

78.21

Total CO2 emissions

Figure 4.8: Map of CO2 sources, potential storage and infrastructure in Romania
4.2.3

Bulgaria

4.2.3.1 Natural CO2 Sources
In Bulgaria the natural CO2 sources are very poor, presented by only few mineral water springs
with a very small content of dissolved CO2.
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4.2.3.2 Industrial CO2 sources
The industrial CO2 emissions in Bulgaria from all 42 large point sources (>0.1 Mt/year) are 52.2
Mt/y (estimation in 2006).
Total number of monitored combustion plants (CP) in the country is about 130. However, most
of them have yearly CO2 emissions less then 0.1 Mt per year and their total CO2 amount is not
more than 4-5 % per year.
There are 7 industrial groups of CO2 emissions:
Group
I
II
III
IV
V
VI
VII

Industry Type
Power
Power & Heating
Refineries
Iron & Steel
Cement
Ammonia & Chemicals
Others (lime & ceramics)

No. of plants
5
13
1
4
5
10
4

The Energy sector, incorporating the first two groups, gives the largest portion of country CO2
emissions - 33.7 Mt/y or almost 65 %. The thermal power plants produced 25.3 Mt/y (48.5 %)
and combined power & heating plants – 8.4 Mt/y (16.1 %). For thermal power plants, the basic
fuel is coal mostly from local mines, while the combined power & heating plants use mainly gas.
There are 7 large CO2 emitters in Bulgaria, including all 5 thermal power plants, the refinery
near to Bourgas and the steel plant near to Sofia. They produce a total of 36.7 Mt/y CO2 or 70 %
from all industrial CO2 emissions.
In Bulgaria there are 4 zones with a high concentration of industrial CO2 sources and emissions they produced a total of 46 Mt/y CO2 which equates to 88 % of all CO2 emissions. The highest
CO2 concentration (20.1 Mt/y or 38.5 %) related with the largest in the country producing coal
field “Maritza East”. There are 3 of the thermal power plants located here as well as some other
industrial sources. The 3 other zones are Sofia–Pernik, Varna and Bourgas, where there is a high
concentration of industrial sources.
In general the amount of CO2 produced in Southern Bulgarian is much larger than in northern
part of the country. The total average CO2 emissions in Bulgaria during the last few years are
about 65 MT/y.
Origin of data: The info-sources are: State Energy and Water Regulatory Commission
(SEWRC); National Statistical Institute (NSI); National Electrical Company; Ministry of
Economics and Energy; Personal data
Copyright statements: CO2 industrial emissions are © Ministry of Environment and Water.
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Table 4.10: CO2 emission in Bulgaria.
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2006

52.2

Total CO2 emissions

2006

68

4.2.3.3 Pipelines
Bulgaria has a large gas pipeline grid, including an International and National system.
The International grid is connected with Russia through Ukraine and transports gas to Turkey,
Greece and Macedonia, and in the future possibly to Serbia. The basic parameters are: length 936 km, capacity – 18.7 BCMG/y, and there are 6 compressor stations.
The National grid satisfies industrial and domestic needs. The basic parameters are: length 1804 km, capacity – 8 BCMG/y, 4 compressor stations.
Origin of data: The info-sources are: National gas company “Bulgargas EAD” (owner of gaspipeline system and compressor stations) and private company “Overgas”.
Copyright statements: ©National gas company “Bulgargas EAD”
4.2.3.4 Coal fields
Most un-mined coal reserves in Bulgaria occur at shallow depths, this is not favourable for safe
injection of CO2. Deeper occurrence of coal-bearing formations (>800 m) suitable for CO2
storage exists only in two fields – Dobrudja (located in NE part of the country) and Bobov Dol
(located in SW part of the country).
In GeoCapacity project the first evaluation has been made of geological conditions in order to
assess CO2 storage feasibility and capacity in coal seams within these the two fields.
Origin of data: The info-sources are: Sofia University - Department of Geology, Published data
and .Ministry of Economics and Energy.
Copyright statements: ©Sofia University - Department of Geology.
4.2.3.5 Hydrocarbon fields
The assessment of CO2 storage capacity in the Bulgarian hydrocarbon fields is based on
evaluation of all 12 economic fields. However most of them are not within the suitable depth
interval for effective CO2 storage, which is 800 – 2500 m. Only two gas fields – Tchiren and
Galata, are in the depth window. Tchiren was converted into sub-surface gas storage in 1974 and
still operating.
So, only one field, the Galata gas field (located offshore) was considered suitable for storage.
Although the field is small, it may provide a good opportunity for CO2 storage (excellent
reservoir parameters and depth). However there is a big interest for conversion of this field after
depletion into sub-surface gas storage.
Origin of data: The info-sources are: OGEP Co (BG), Personal data
Copyright statements: ©Sofia University - Department of Geology.

D8

Copyright © EU GeoCapacity Consortium 2006-2009

Page 46

4.2.3.6 Saline aquifers
The assessment of CO2 storage capacity in deep saline aquifers in Bulgaria is based on 2
individual structures and 6 local zones, well known from a large number of exploration wells
and various seismic surveys. They are related respectively with Devonian, Lower Triassic,
Middle Jurassic, Upper Jurassic - Valanginian and Middle-Upper Eocene reservoirs spreading.
Origin of data: The info-sources are: OGEP Co (BG), Personal data
Copyright statements: ©Sofia University - Department of Geology, but for Galata Gas field ©Melrose Resources plc.
4.2.3.7 Case study data
Origin of data: The info-sources are: OGEP Co (BG), Personal data
Copyright statements: ©Sofia University - Department of Geology

Figure 4.9: Map of CO2 sources, potential storage and infrastructure in Bulgaria
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4.2.4

Albania

4.2.4.1 Natural CO2 Sources
In Albania there are not any natural CO2 sources.
4.2.4.2 Industrial CO2 sources
The data for the industrial CO2 sources come from the Albanian Geological Survey and they are
originally derived from the Ministry of Environment. Therefore the copyright belongs to both
the Survey and the Ministry.
The year of emissions reported is 2006. In Albania there were (in 2006) four static major point
source emissions amounting a total of 284,472 tonnes of CO2 per year. Two of the sources are
operating power plants using heavy oil as fuel, and two are refineries. In the GeoCapacity
project a cut off value of 0.1 Mt was applied to the CO2 emissions database. Only one of the
sources exceeded this cut-off limit. This is the power plant of FIER city operated by ACE which
emits 181,384 tonnes of CO2 per year.
At present there are four more power plants being planned.
Table 4.11: CO2 emission in Albania
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2006

0.181

Total CO2 emissions

2006

0.284

4.2.4.3 Pipelines
In Albania there is a small network of pipelines transporting gas and oil. The data is derived
from the Geological Survey of Albania which holds the copyright.
4.2.4.4 Coal fields
Coal occurs in Albania under the form of lignite. Hard coal does not exist. The data for the
Albanian lignites were prepared by Albanian Geological Survey and IGME.
For the purpose of CO2 storage (ECBM) the lignite seams of Albania are not suitable due to
small reserves and future use for power generation.
4.2.4.5 Hydrocarbon fields
The data for the hydrocarbon fields of Albania is supplied by the Albanian Geological Survey
which retains the copyright. IGME processed the data and produced the polygons and injection
points for the hydrocarbon reservoirs shapefiles.
4.2.4.6 Saline aquifers
There are not any saline aquifers suitable for CO2 storage in Albania.
4.2.4.7 Case study data
The data for the case study is from the Albanian Geological Survey which retains the copyright
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The case study for Albania refers to CO2 storage in a big salt dome in Dumre area in south
central part of the country (the data for the dome is derived from the following published work:
‘Underground natural gas storage project in the evaporate region of Dumrea, Albania, by: Z.
Leskaj, A. Gjika, J. Sota, 2006.’).
The CO2 source is a power plant emitting 180,000 t/year, and is located close to Fier city which
is found about 50 km SW of Dumre dome.
The salt dome is of Triassic (Carnian) age and has been emplaced in limestones of Ionian zone.
The dimensions of the dome on the surface exposure are 12 by 18 km and the vertical thickness
exceeds 6 km.
4.2.5

FYROM

4.2.5.1 Natural CO2 Sources
The data for the natural CO2 Sources of FYROM is from MAGNA which holds the rights for the
data.
One natural CO2 field is known in the south part of FYROM close to the Greek borders and is
the north extension of the Florina natural CO2 occurring in north Greece. Both CO2 fields
develop in Miocene sediments filling the long graben extending in a N-S direction. There is no
information on volumes of CO2, but bearing in mind the production of Florina field it must have
been in the region of tens of thousand tonnes of CO2. The gas is very pure, with a content of CO2
greater than 98 % and is operated by LIDT.
4.2.5.2 Industrial CO2 sources
The data for the industrial CO2 Sources of FYROM come from MAGNA which holds the rights
for the data.
In this country there are a lot of point emissions (389) with a total of 5.5 Mt of CO2 for the year
2006. After the application of the cut-off of the project this amount is limited to 3.88 Mt from 7
point sources (6 power and 1 steel plants).
Table 4.12: CO2 emission in FYROM
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2006

3.88

Total CO2 emissions

2006

5.5

4.2.5.3 Pipelines
The data for the network of pipelines of FYROM come from MAGNA which holds the rights
for the data.
There is an extensive network of gas and oil pipelines in the country. It is connected with
Bulgaria and Albania for the transport of Russian gas.
4.2.5.4 Coal fields
The data for the coal fields of FYROM come from MAGNA which holds the rights for the data.
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There are two big Tertiary sedimentary basins hosting the most important lignite deposits in the
country. They are the basins of Bitola – Prilep in the west to central part and the small Kicevo
basin in the north west part. In those two basins are 2 big power plants fuelled by lignite. In the
Bitola basin there is one power complex with 3 plants with an installed capacity of 220 MWe. In
Kicevo town there is one lignite fired plant with an installed capacity of 125 MWe.
The most important lignite deposits are the one located in the Bitola Neogene basin with
reserves amounting to hundreds of million tonnes. It is xylitic and develops at shallow depths,
some hundreds of meters below surface. Mining is by open pit and lignite is the fuel for the
nearby power plant of Zevojno.
Because both deposits are currently used for power generation the CO2 storage potential in coal
has not been estimated.
4.2.5.5 Hydrocarbon fields
There are not any hydrocarbon fields in FYROM.
4.2.5.6 Saline aquifers
The data for the saline aquifers of FYROM comes from MAGNA which holds the rights for the
data.
There are two sufficiently big sedimentary basins for potential CO2 storage. They are of Tertiary
age and are the basins of Bitola – Prilep in the west to central area and the Kavadarci – Negotino
basin in the east to central area. The Bitola - Prilep basin hosts lignite deposits which are
currently being mined and is therefore not suitable for CO2 storage.
4.2.5.7 Case study data
The data for the FYROM case study comes from MAGNA which holds the rights for the data.
The case study refers to the Negotino power plant as a source and the Negotino - Kavadarci
sedimentary basin as a sink. The exploration borehole KR-1 was chosen as the injection point.
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Figure 4.10: Map of CO2 sources, potential storage and infrastructure in Albania and FYROM

4.3

South Group

4.3.1

Croatia

4.3.1.1 Natural CO2 Sources
There are no natural CO2 sources data included in the GIS.
4.3.1.2 Industrial CO2 sources
Industrial CO2 emissions primarily originate from the energy sector (mainly fossil fuel
combustion) and some industrial processes (e.g. cement production facilities, one fertilizer
plant). Data for the GIS were taken from the two publicly available reports:
•
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Republic of Croatia - Ministry of Environmental Protection, Physical Planning and
Construction: "National Inventory Report for the Period 1990 - 2003"; prepared by
EKONERG – Energy Research and Environmental Protection Institute, Zagreb, July
2005
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•

Republic of Croatia - Ministry of Environmental Protection, Physical Planning and
Construction: "Croatian greenhouse gas inventory for the period 1990 - 2004"; prepared
by EKONERG – Energy Research and Environmental Protection Institute Zagreb,
September 2006

Perspectives and fluctuations were considered as explained in:
•

Republic of Croatia - Ministry of Environmental Protection, Physical Planning and
Construction: " Republic of Croatia - Projections of Greenhouse Gas Emissions";
prepared by EKONERG – Energy Research and Environmental Protection Institute
Zagreb, July 2003

The largest point sources of CO2 in Croatia are associated with 7 coal, gas and/or oil power
plants, operated by the state-owned national power-supply company HEP (Hrvatska
elektroprivreda). According to the HEP public data (www.hep.hr/en/publications/index.html ),
total power plant emissions in 2003 were 5.478 Mt CO2/yr (24% of total CO2 emissions in
Croatia). There is one more significant stationary source of CO2 that belongs to the oil industry
sector and that is NGPP Molve (Natural Gas Processing Plant, operated by the national oil
company INA) that emitted 0.684 Mt CO2 in 2003 (www.ina.hr ). Power plant emissions in 2004
are given in the GIS, and it reaches a total of 4.320 Mt CO2. Including NGPP Molve the total
comes to 5.004 Mt CO2. These large variations are not caused by the diminished electricity
consumption but rather by milder winters or by increased precipitation because the country has
an opulent capacity of hydro-electrical power plants installed.
Table 4.13: CO2 emission in Croatia
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2003

5

Total CO2 emissions

2003

23

4.3.1.3 Pipelines
Although Croatia has a dense network of onshore pipelines; only selected regional objects have
been included in the GIS. This data is © INA (Croatian national oil company).
4.3.1.4 Coal fields
Contours for one coal field from Croatia have been digitized from the Geological map of SFR
Yugoslavia (Scale 1:500.000) published by the Federal Geological Institute in Belgrade in 1970.
Data pertaining to that object were compiled from the old literature:
•

Nikolić, P. & Dimitrijević, D. (1981): Ugalj Jugoslavije. Zavod za udžbenike i nastavna
sredstva, Beograd, 417 p.

4.3.1.5 Hydrocarbon fields
The Croatian hydrocarbon field polygons were digitized from the subsurface reservoir maps that
are © INA (Croatian national oil company) as well as the associated data that are derived from
the internal reports of the company.
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4.3.1.6 Saline aquifers
Contours were drawn and properties of the saline aquifers estimated based on the regional
subsurface geological data. This is all © University of Zagreb – Faculty of Mining, Geology and
Petroleum Engineering, apart from what has been derived from the published sources:
•
•

•
•
•

Royden, L.H. & Horváth, F. (eds.) (1988): The Pannonian Basin – A Study in Basin
Evolution.- AAPG Memoir 45, 394 p.
Saftić, B., Velić, J., Sztanó, O., Juhász, Gy. & Ivković, Ž. (2003): Tertiary subsurface
facies, source rocks and hydrocarbon reservoirs in the SW part of the Pannonian Basin
(northern Croatia and south-western Hungary).- Geologia Croatica 56/1, 102-122,
Zagreb.
Lučić, D., Saftić, B., Krizmanić, K., Prelogović, E., Britvić, V., Mesić, I. & Tadej, J.
(2001): The Neogene evolution and hydrocarbon potential of the Pannonian Basin in
Croatia.- Marine and Petroleum Geology, 18, 133-147.
Prelogović, E. & Kranjec, V. (1983): Geološki razvitak područja Jadranskog mora.
Pomorski zbornik 21, pp. 387-405
Zelić, M., Mlinarić, Ž. & Jelić-Balta, J. (1999): Croatian Northern Adriatic Ivana gas
field ready for development (Reservoir characteristics and gas inflow conditions into the
well), Nafta, 50, 1, pp. 19-37

4.3.1.7 Case study data
There is no case study data from Croatia included in the GIS.
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Figure 4.11: Map of CO2 sources, potential storage and infrastructure in Croatia
4.3.2

Spain

4.3.2.1 Industrial CO2 sources
Industrial sources information is extracted from the State Contaminant Emissions and Sources
Register (EPER), publicly available information from the Spanish Ministry of Environment.
Selecting only those sources with an emission rate over 0.1 Mt of CO2 per year, 227 sources are
listed with an overall emission of 151.5 Mt in 2006. At this time total CO2 emissions were in the
order of 423 Mt, according to the Ministry of Environment data.
Table 4.14: CO2 emission in Spain
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2006

151.5

Total CO2 emissions

2006

423
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4.3.2.2 Pipelines
All data is publicly available but remains the property of the Spanish Ministry of Industry, Trade
and Tourism.
4.3.2.3 Coal fields
All data is the property of the Spanish Geological Survey (IGME). It originates from the
documentary fund of the IGME and is also kindly supplied by coal companies (Hunosa, Uminsa,
HVL, Encasur)
4.3.2.4 Hydrocarbon fields
Data supplied to D17 is the property of the oil and gas companies that operates the fields (Repsol
YPF, Northern Petroleum)
4.3.2.5 Saline aquifers
All data is a property of the Spanish Geological Survey (IGME).
4.3.2.6 Case study data
All data is a property of the Spanish Geological Survey.
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Figure 4.12: Map of CO2 sources, potential storage and infrastructure in Spain
4.3.3

Italy

4.3.3.1 Natural CO2 Sources
A database including 14 natural CO2 sources has been compiled for the GeoCapacity project.
Data have been kindly provided by the University of Rome, Prof. Lombardi’s team. All the 14
sources are located in the central part of Italy, all in the area of Rome and Viterbo. Unfortunately
the quantity of CO2 emitted is not available.
4.3.3.2 Industrial CO2 sources
A total of 247 sources for the year 2004 have been included in the database, each of them with a
total emission higher than 0.1 Mt per year. The information has been taken from the publicly
available APAT-INES register. All industrial sectors are represented in this database; most of
the data (with quite large emissions) are related to power plants. 58 sources emit more than 1
Mton of CO2 per year.

D8

Copyright © EU GeoCapacity Consortium 2006-2009

Page 56

Table 4.15: CO2 emission in Italy
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database (> 1
Mt/year)

2004

140.162689

Total CO2 emissions

2004

212.09004

4.3.3.3 Pipelines
There are 23 pipeline terminals in the database, some of which are gas terminals, though most
are compressor stations. A shapefile including all the pipelines in Italy has been provided;
property of the entire network reported is SNAM’s. This network is used to transport gas in Italy
onshore.

4.3.3.4 Coal fields
An extent polygon for a coal field in Sardinia Island has been kindly provided by Carbosulcis,
with the related information about the injection point. The volume of coal is available, but the
void storage capacity is still to be studied and estimated.
4.3.3.5 Hydrocarbon fields
There are 14 hydrocarbon fields, located in Lombardia region, Emilia Romagna, Marche and
Basilicata, hydrocarbon injection points have been provided for each field. They are mostly gas
fields; only one produces both oil and gas. CO2 storage capacities have been estimated for each
field.
4.3.3.6 Saline aquifers
There are 14 aquifer injection points in the database. Every injection point corresponds to an
aquifer polygon. Polygons are located in Lombardia region, Emilia Romagna, Marche, Abruzzo,
Basilicata, Calabria and Sicilia. The CO2 storage capacity has been estimated for each aquifer
structure. Input data have been taken from a public source (well data and seismic lines).
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Figure 4.13: Map of CO2 sources, potential storage and infrastructure in Italy
4.3.4

Slovenia

4.3.4.1 Industrial CO2 sources
A minimum industrial stationary source emission of 0.1 Mt CO2 per year was taken into account.
Under such criteria, seven stationary sources have been identified: three thermal power plants
and four industrial entities (cement manufacturers, paper mill and non-iron metal-work) (see
Table 4.15). The data on yearly emissions in 2005 originate from Agencija Republike Slovenije
za okolje (Environmental Agency of the Republic of Slovenia) (see details below):
Stationary source 1-6:
Agencija Republike Slovenije za okolje. 2005; Porocilo o izpolitvi obveznosti za leto
2005 (http://rte.arso.gov.si/CommonCode/Modules/Porocilo%20o%20izpolitvi
%20obveznosti%20za%20leto%202005.pdf)
Stationary source 7:
Agencija Republike Slovenije za okolje. 2006; pers. comm., Ljubljana.
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Copyright © 2008 Geoinzeniring d.o.o.
Table 4.16: CO2 emission in Slovenia
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

TE Sostanj

4,623

TETO Ljubljana

2005
2005

TE Trbovlje

2005

0,671

Salonit Anhovo

2005

0,433

Lafarge cement

2005

0,344

Vipap

2005

0,231

Talum

2005

0,246

Total CO2 emissions

2005

7,406

0,858

4.3.4.2 Pipelines
Data on pipeline network and its details originate from Geoplin d.o.o. (company trading and
transporting natural gas in Slovenia). The owner of the data only permitted raster data to be
included into database.
Copyright © 2008 Geoplin d.o.o.
4.3.4.3 Coal fields
Data on coal fields have been compiled from both published and unpublished sources . Internal
reports from the Archive of Geological Survey of Slovenia were resumed. Additionally,
companies’ annual reports and statistical yearbooks were used, as well as other publicly
available sources. Three most relevant entries are:
Cesmiga, I., 1959; Rudarstvo LR Slovenije. Zalozba Nova proizvodnja, Ljubljana.
Ministry of the Economy, 2004; Statisticni letopis energetskega gospodarstva Republike
Slovenije 2004. Ministrstvo za gospodarstvo, Ljubljana.

Mars, M., 2005; geodetic and mining data for Zagorje mine (pers. comm.), Zagorje.
Copyright © 2008 Geoinzeniring d.o.o.
4.3.4.4 Hydrocarbon fields
Most data originates from
Kranjec, V., 1994; Atlas naftnih, naftnoplinskih i plinskih polja u juznim predjelima
Panonskog bazena (starija polja). P.48 – 55.Rudarsko - geolosko – naftni fakultet,
Zagreb.
Ministry of the Economy, 2004; Statisticni letopis energetskega gospodarstva
Republike Slovenije 2004. Ministrstvo za gospodarstvo, Ljubljana.

Other sources, particularly internal reports from the period 1986-1990 from the Archive of
Geological Survey of Slovenia have been used. However, much information in the database are
extrapolated or assumed, which reduces its accuracy.
Copyright © 2008 Geoinzeniring d.o.o.
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4.3.4.5 Saline aquifers
To obtain data on saline aquifers, numerous sources have been used: internal reports from the
period 1956-1990 from the Archive of Geological Survey of Slovenia, internal reports from the
Archive of Geoinzeniring (1956 - 2007), as well as basic geological information from:
several authors, 1967 - 1988; Osnovna geoloska karta SFRJ. (Basic geological map of
SFRY). 23 sheets. Zvezni geoloski zavod, Beograd.
Skerlj, Z. et al., 1975 - 1996; Kataster vrtin Slovenije (Cadastre of boreholes in
Slovenia). 11 sheets. Internal reports, GZL- IGGG, Ljubljana.
Geological Survey of Slovenia; GIS database on geological profiles (.tif format) (2005)
(42730C5B-C9B6-11D4-9F3A-0050DA4891D6)
Geological Survey of Slovenia; GIS database on deep boreholes (2005)
(42730C5E-C9B6-11D4-9F3A-0050DA4891D6)
The most significant data for identification of potential storage structures originate from
investigations for underground natural gas storage in sealed dome structures of porous
sediments. These investigations were accomplished by IGGG (former Geological Survey of
Slovenia and Geoinzeniring) in the years 1983 – 1991.
Copyright © 2008 Geoinzeniring d.o.o.
Copyright © 2008 Geological Survey of Slovenia
4.3.4.6 Case study data
The same origins as per saline aquifers were used. In particular, internal reports focused on
selected areas were utilized.
Copyright © 2008 Geoinzeniring d.o.o.
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Figure 4.14: Map of CO2 sources, potential storage and infrastructure in Slovenia
4.3.5

Bosnia-Herzegovina

4.3.5.1 Natural CO2 Sources
There are no natural CO2 sources data included in the GIS.
4.3.5.2 Industrial CO2 sources
Large stationary CO2 sources in Bosnia and Herzegovina are mostly in the energy sector (4 coal
fired power plants) with some industrial sources (2 cement plants, 1 steel works, 1 paper mill
and 1 refinery).
Out of these 9 sources, only 6 reported their yearly CO2 emissions, and only 3 have given the
year (2001 or 2006). This makes the data per country incomplete, but this is the best that could
be obtained in the given circumstances. Attempts were made to make use of any source
available, ranging from the public reports of the national power supply company (Report
"Quotes of CO2 emissions in JP EP BIH for the 2001- 2007 period”) to the IEA reports,
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estimates made by local power supply companies and also personal communication with the
management of the listed enterprises, as commented in the database.
Table 4.17: CO2 emission in Bosnia and Herzegovina (partial, see text above)
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2006

9.215 +

Total CO2 emissions

4.3.5.3 Pipelines
Routes of existing pipelines were digitised from public data (Federation of Bosnia and
Herzegovina, Ministry of Energy, Mining and Industry
http://www.fbihvlada.gov.ba/bosanski/izdvajamo/SPP-SAZETAK/SPPSAZETAK%20FINALNI.pdf)
4.3.5.4 Coal fields
Contours for the coal fields from Bosnia and Herzegovina were digitized from the Geological
map of SFR Yugoslavia (Scale 1:500.000) published by the Federal Geological Institute in
Belgrade in 1970. Data attributed to these objects were compiled from the following published
works:
•
•
•
•

Nikolić, P. & Dimitrijević, D. (1981): Ugalj Jugoslavije. Zavod za udžbenike i nastavna
sredstva, Beograd, 417 p.
Hrvatović, H. (2000): Postorogenic intramontane basins.- In: Pamić, J. & Tomljenović,
B. (eds.) Pancardi 2000 Fieldtrip guidebook, Croat. Geol. Soc., Vijesti 37/2, 73-74.
Geological Institute Sarajevo (1971): Basic geological map of Yugoslavia, scale
1:100.000, sheet Zenica.- Fed. geol. inst., Beograd.
Čičić, S., Mojičević, M., Jovanović, Č., Tokić, S. & Dimitrov, P. (1990): Basic
geological map of Yugoslavia, scale 1:100.000, sheet Tuzla.- Fed. geol. inst., Beograd.

4.3.5.5 Hydrocarbon fields
There are no hydrocarbon fields for Bosnia and Herzegovina included in the GIS.
4.3.5.6 Saline aquifers
Contours of the Sarajevo-Zenica aquifer were digitized from the Geological map of SFR
Yugoslavia (Scale 1:500.000) published by the Federal Geological Institute in Belgrade in 1970.
Data pertaining to that object were compiled from published works:
•
•

Nikolić, P. & Dimitrijević, D. (1981): Ugalj Jugoslavije. Zavod za udžbenike i nastavna
sredstva, Beograd, 417 p.
Hrvatović, H. (2000): Postorogenic intramontane basins.- In: Pamić, J. & Tomljenović,
B. (eds.) Pancardi 2000 Fieldtrip guidebook, Croat. Geol. Soc., Vijesti 37/2, 73-74.

4.3.5.7 Case study data
No case study data is included in the GIS.
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Figure 4.15: Map of CO2 sources, potential storage and infrastructure in Bosnia-Herzegovina

4.4

Far East

4.4.1

China

Copyright of data relating to China is the responsibility of Tsinghua University and Chinese
Academy of Sciences unless otherwise stated.
4.4.1.1 Industrial CO2 sources
The CO2 emissions for the industrial plants have been estimated using the emission factor by
Tsinghua University.
Table 4.18: CO2 emissions in China
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2004

220

Total CO2 emissions

2005

600
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4.4.1.2 Pipelines
Pipeline data was obtained from the map "Energy Map of China 2008", copyright of The
Petroleum Economist Ltd, London.
4.4.1.3 Hydrocarbon fields
Twenty five hydrocarbon fields have been selected from the Huabei complex (or Petroleum
Province), fifteen by IGGCAS and an additional set of ten by INET. Outlines of oil and gas
fields in China have been obtained from the map "Energy Map of China 2008', copyright of The
Petroleum Economist Ltd, London.
4.4.1.4 Saline aquifers
The major aquifer systems of the Jizhong depression are located in the karstic fractured
carbonates of the “Buried Hills” (Ordovician, Cambrian and Jixian-Wumishan group reservoirs)
and in the sandstones of the Tertiary clastic deposits.

4.5

Country Updates

4.5.1

Germany

4.5.1.1 Natural CO2 Sources
There are data from Zaepke (2003) about acidulous wells in Germany, provided as figure
4.4.1.1. There is also a map of CO2 emitting areas in the Rhoen area from the NASCENT
project. (CO2 blowout areas and CO2 deposits, figure 4.4.1.2).

D8

Copyright © EU GeoCapacity Consortium 2006-2009

Page 64

Figure 4.4.1. 1: Acidulous wells in Germany (Zaepke 2003)
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Figure 4.4.1. 2: CO2 deposits and blowout areas in the Rhoen area (NASCENT project)
Copyright statement:
(1) acidulous wells: Zaepke, M. (2003): Heil-, Mineral- und Thermalwässer. – BMUNR (Hrsg.):
Hydrologischer Atlas von Deutschland (HAD), 3. Lfg., Tafel 5.5, Bonn/Berlin.
(2) map data of the Rhön area: NASCENT project
4.5.1.2 Industrial CO2 sources
In Germany CO2 emission data of individual facilities are not publicly available, so the data was
taken from the EU EPER website. Emissions reported are from the year 2004.
Copyright statement:
EU EPER website: www.eper.cec.eu.int
Table 4.19: CO2 emissions in Germany
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2004

465,3

Total CO2 emissions

2004

863,6

4.5.1.3 Pipelines
Pipeline and pipeline terminal data are taken from the GESTCO GIS dataset.
Copyright statement:
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Obtained from the map "Gasversorgungsnetze in Deutschland" (1998), copyright of Verlag
Glückauf, Essen.
4.5.1.4 Coal fields
Coal field data and potential injection points are taken from the GESTCO GIS dataset.
Copyright statement:
Juch, D., Roos, W.-F. and Wolff, M. (1994): Kohleninhaltserfassung in den westdeutschen
Steinkohlenlagerstätten. – In: Juch, D. (ed): Fortschritte in der Geologie von Rheinland und
Westfalen / Geologisches Landesamt Nordrhein-Westfalen 38 (1994): 189 – 307.
4.5.1.5 Hydrocarbon fields
There is a new polygon and injection point dataset for gas fields, provided by LBEG. The
injection points are not real wells but fictive points for calculation purposes in the framework of
the Economic Analysis Tool provided with the GeoCapacity GIS.
Copyright statement:
Landesamt für Bergbau, Energie und Geologie, Hannover
4.5.1.6 Saline aquifers
Onshore, the old GESTCO data set is taken. Additionally, a new dataset for the German part of
the North Sea has been created. It is described in a separate report (Willscher 2007). There are
also new injection points connected to the potential storage sites in the German sector of the
North Sea. The injection points are only fictive points for calculation purposes.
Copyright statement:
Willscher, B. (2007): Die CO2-Speicherkapazität in salinaren Aquiferen in der deutschen
Nordsee. - Bundesanstalt für Geowissenschaften und Rohstoffe, 24 pp. (unpublished).
4.5.1.7 Case study data
The storage site “Greifswalder Bodden” was a case study in the GESTCO project. The data has
been taken from May et al. (2004). The storage site “Loecknitz” has not been described within
the framework of an EU project. The data for this site has been taken from Diener et al. (1984)
and Wormbs (1989).
Copyright statement:
Diener, I., Katzung, G., Kühn, P., Oelsner, C., Hurtig, E., Gläser, S., Schneider, D., Zschernig,
J., Helmerich, K., Dorst, S. (1984): Geothermie-Atlas der Deutschen Demokratischen Republik.
– Zentrales Geologisches Institut, 11 pp.
May, F., Krull, P., Gerling, J. P. (2004): CO2 Storage Scenarios in North Germany. GESTCO
Project Case Studies. – Bundesanstalt für Geowissenschaften und Rohstoffe, 50 pp.
(unpublished).
Wormbs, H. (1989): Abschlußbericht geothermische Ressourcen im Nordteil der DDR (II): Blatt
Neubrandenburg/Torgelow. – Zentrales Geologisches Institut, 46 pp. (unpublished).
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Figure 4.16: Map of CO2 sources, potential storage and infrastructure in Germany
4.5.2

The Netherlands

4.5.2.1 Industrial CO2 sources
An inventory of main CO2 emitters in The Netherlands was made in the EU GESTCO project in
2003 [TNO-NITG., 2003], which included all sources emitting more than 0.1 Mt CO2 per year.
This list was updated, using data from the EPER database1 and cross-checking with the
Netherlands national emissions data centre PRTR2. The database contains power stations,
cement plants, steel plants, etc. The total emission from the sources listed in the database (about
90 Mt/yr) is about half of the total CO2 emissions reported for The Netherlands (about 180 Mt/yr
in 2003)3.

1

See http://eper.eea.europa.eu/eper/.
See http://www.emissieregistratie.nl/erpubliek/bumper.nl.aspx.
3
See http://www.rivm.nl/bibliotheek/rapporten/773201009.pdf.
2
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Table 4.20: CO2 emission in The Netherlands.
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2004

92

Total CO2 emissions

2003

180

4.5.2.2 Pipelines
Pipeline data for The Netherlands are available at www.nlog.nl. The copyright of these data lies
with N.V. Nederlandse Gasunie, for the onshore part.
4.5.2.3 Coal fields
The coal field storage capacity data were derived from studies performed by TNO-NITG. The
copyright of these data lies with TNO-NITG.
4.5.2.4 Hydrocarbon fields
Storage capacity data for hydrocarbon fields were derived from studies performed by TNONITG. The copyright of these data lies with TNO-NITG.
4.5.2.5 Saline aquifers
Storage capacity data for deep saline aquifers were derived from studies performed by TNONITG. The copyright of these data lies with TNO-NITG.
4.5.2.6 Case study data
No case study data for the Netherlands is included in the GIS.
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Figure 4.17: Map of CO2 sources, potential storage and infrastructure in The Netherlands
4.5.3

France

4.5.3.1 Natural CO2 Sources
In the Western part of the French South Eastern basin, natural CO2 sources are located in a zone
called the peri-Alpine carbo-gaseous belt, characterized by hydrothermalism with abundant free
CO2. Eight natural CO2 reservoirs were discovered during oil exploration in the 1960s (Figure
4.18).
The natural sources weren’t documented in the Geocapacity GIS, because of the lack of data
concerning the quantity of CO2 emitted.
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Figure 4.18: France’s carbogaseous province. © BRGM im@gé
4.5.3.2 Industrial CO2 sources
The search for CO2 emission sites was carried out using documents of varied origins. The old
GESTCO data of emission were obtained from:
•
•
•

An inventory of CO2 emission sites conducted by the Centre Interprofessionnel
Technique d’Etudes sur la Pollution Atmosphérique (Interprofessional Technical centre
of Studies on Atmospheric Pollution – CITEPA);
A similar inventory prepared by ECOFYS for the GESTCO project;
Energy data published by the French Ministry of Industry.

New French data about CO2 emissions came from the ULCOS project (Ultra Low CO2
Steelmaking) for steel mills, from the IREP database, which is the French Pollutant Emission
Register and from the EPER (European Register). For more than 70% of the data, the years of
report are 2001, 2003 and 2004.
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Table 4.21 Number of CO2 sources in France between 1990 and 2004
Year

CO2 sources

1990

2

1996

12

1997

14

1998

34

1999

7

2000

1

2001

41

2003

87

2004

44

Total

242

The old GESTCO data of emission were updated and 109 new sources were added.
Table 4.22 Information sources for CO2 emissions in France
Information sources
GESTCO

75

GESTCO updated with EPEREU

40

GESTCO updated with IREP

9

GESTCO updated with IREP and
EPEREU

9

ULCOS (new data)

4

EPEREU (new data)

23

IREP (new data)

61

Several sources of new data

21

Stationary emissions of CO2 in France higher than 1Mt/year are listed in Table 4.23.
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Table 4.23 Stationary CO2 emissions in France greater than 1Mt/y
Sites

Co2 emissions
(Mt/y)

Year

Sector

Dunkirk Plant

8.4

2004

Iron&Steel

Florange Plant

3.2

2004

Iron&Steel

FEUQUIERES-EN-VIMEU

1.7

2004

Iron&Steel

GRANDE-SYNTHE

5.9

1997

Refineries

Gonfreville l'Orcher

3.1

1999

Refineries

Port Jerom

1.5

1999

Refineries

Usine de Dunkerque

1.5

1997

Refineries

LA MEDE

1.4

1999

Refineries

COUR. DE RAFFINAGE

1.4

2001

Refineries

RAFFINERIE DE DONGE

1.3

2001

Refineries

FEYZIN

1.2

1999

Refineries

FOS-SUR-MER

1.1

1999

Refineries

EMILE-HUCHET

3.6

2001

Power

GARDANNE

3.0

1998

Power

PREDEMBOURG WORKS

2.9

1997

Power

LOIRE-SUR-RHONE

2.5

1998

Power

VITRY

1.4

2003

Power

GONFREVILLE REFINERY

1.2

2003

Power

CREIL

1.1

1998

Power

YAINVILLE

1.1

1998

Power

GENNEVILLIERS

1.1

1998

Power

SIMOREP &CIE-SCS
MICHELIN

2.3

2001

Other

CRAY VALLEY

1.9

1997

Other

ARKEMA

1.8

2003

Other

LAVERA

1.7

2003

Other

Gonfreville

1.1

2001

Other

BIGANOS

1.1

2004

Other

CARLING

1.1

2001

Other

COURTENAY

1.1

2004

Other

Total CO2 emissions

61.5
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4.5.3.3 Pipelines
There is a dense gas pipeline system in France. The French network of existing gas pipelines
was produced from data published by GDF (Gaz de France) and updated with data published by
the French Ministry of Industry.
4.5.3.4 Coal fields, Hydrocarbon fields and Saline aquifers
Two types of data were required:
Polygons:

- Aquifers (extent)
- Hydrocarbon fields
- Coal fields
- Licence blocks

Points: - Aquifer Injection point
- Hydrocarbon Injection point
- Coal field Injection point
For France, these data result from data published in GESTCO project, updated:
-

-

For the Lower Liassic reservoir with ULCOS project (Ultra Low CO2 Steel
Making), with the conclusions from the geothermal investigation4 and the
interpretation of 22 deeper boreholes,
For South-East reservoir according to the scientific work from Baudrimont and
Dubois5, from Jonathan Pearce and the analysis of deeper boreholes,
And for the Paris basin with data from PICOREF project (“Piégeage du CO2 dans
les réservoirs géologiques en France” – ANR 05 - CO2 - 005).

For Hydrocarbon fields, IFP (http://www.ifp.com) added data for the Paris Basin, The Aquitaine
and the Alsace.
4.5.3.5 Case study data
The case study concerns the Liassic reservoir located in the Normandy region of the north-west
France, which was described during geothermal investigation in the Paris Basin in 1976, 1983.
We have re-interpreted 22 deep wells crossing the reservoir for the bottom and top of the Upper
Triassic sandstone, Hettangian, Sinemurian, and upper Liassic marls. And we have constructed a
very simple 3D model of four horizons with property models of porosity and permeability (©
EarthVision software), in order to perform volumetrics calculations.

4

Housse, B. - Maget, 1976. Potentiel géothermique du Bassin parisien - Rapport de fin de contrat DGRST, BRGM
et Elf Aquitaine, Rapport n° 74.7.0990.
5

Baudrimont, A. et Dubois, 1977. Un bassin mésogéen du domaine péri-alpin : le Sud-Est de la France. Bull.
Centre Rech. Expl. Prod. Elf-Aquitaine, 1, 1, p.261-308.
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Figure 4.19: Map of CO2 sources, potential storage and infrastructure in France
4.5.4

Greece

4.5.4.1 Natural CO2 Sources
In Greece there is one natural CO2 field located in the Florina area in north Greece close to the
border with FYROM. It occurs in a secondary reservoir formed in sandstone lenses occurring in
alternating beds of Miocene clays, silts and sandstones. Its origin is believed to be the deep
seated primary CO2 field. The gas is very clean, containing more than 99.5% CO2.
It occurs in the long sedimentary basin of Kozani – Ptolemais – Florina which continues as
Bitola – Prilep basin across the border into FYROM.
The French company Air Liquide extracts the gas at a rate of about 30,000 tonnes per year. It is
used in the food industry and some medical applications.
The natural mixing of this CO2 with groundwater flows on the earth surface in some springs and
produces the mineral water of Xino Nero which is bottled and sold commercially.
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4.5.4.2 Industrial CO2 sources
The data for CO2 emissions of Greece come from the Ministry of Environment which holds the
copyright. The main emission sources with other data are shown in Figure 4.20.
Table 4.24: CO2 emission in Greece
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2005

69

Total CO2 emissions

2005

110

4.5.4.3 Pipelines
The data for the pipelines come from the Ministry of Development.
The network of gas pipelines is limited although quite long extending from the Bulgarian
borders in the North to South Greece. At present there are development plans to connect the west
branch network with Italy and the European gas network. There are also plans to construct a
network of oil and gas pipelines from Burgas (Bulgaria) to Alexandroupolis in order to transport
Russian oil to Greece.
4.5.4.4 Coal fields
The origin of the data is the database of IGME.
The known coal deposits in Greece are only of lignite and peat grade. They are used extensively
in power generation providing 65% of electricity of the country. All are currently being mined or
are planned to be exploited in the future. Therefore they are not available for CO2 storage
(ECBM).
4.5.4.5 Hydrocarbon fields
The data for the hydrocarbon fields of Greece comes from published sources and IGME.
4.5.4.6 Saline aquifers
The data for the saline aquifers come from IGME.
There is little change to the storage potential of saline aquifers in Greece since work was initially
produced for the GESTCO project. The update included more refined estimations due to the new
standards established in GeoCapacity project.
4.5.4.7 Case study data
The case study (Loudias – ENTHES) data originates from IGME.
The case study refers to a structural trap (Loudias structure) as sink and some CO2 sources in the
immediate and more remote neighbourhood.
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Figure 4.20: Map of CO2 sources, potential storage and infrastructure in Greece
4.5.5

United Kingdom

4.5.5.1 Natural CO2 Sources
There are no natural sources of CO2 in the UK.
4.5.5.2 Industrial CO2 sources
All the major industrial point sources of CO2 in England and Wales, Scotland and Northern
Ireland that emit >10,000 tonnes of CO2 per year report their emissions to the National
Atmospheric Emissions Inventory (NAEI), the Scottish Environmental Protection Agency
(SEPA) and the Northern Ireland Department of the Environment respectively. The 2005 data
from these agencies was collated to produce a database of UK emissions from industrial sources,
where this wasn’t available the original GESTCO data has been used from the 2003 emissions
inventory.
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Total UK CO2 emissions in 2005 amounted to approximately 555 Mt (million tonnes). The total
CO2 emissions from all reporting industrial sites were 265 Mt (49% of total emissions). The
GeoCapacity emissions database only includes sources emitting more than 0.1 Mt of CO2 per
year; for the year 2005 this amounted to 258 Mt CO2 from 207 industrial sites. Most of the major
sources of CO2 are power plants, although the UK’s three integrated steel plants and the larger
refineries/petrochemicals complexes are also important sources. The 4000 MWe coal-fired
power plant at Drax, Yorkshire is the largest single source, it emitted >20 Mt CO2 in 2005.
The database of UK industrial sources of CO2 shows that CCS technology could make a
significant reduction in UK emissions if it was applied to a relatively small number of industrial
plants. For example, fitting the 20 largest power plants for CCS could reduce UK emissions by
approximately 20%.
Table 4.25: CO2 emission in the United Kingdom
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2003/2005

258

Total CO2 emissions

2005

555

4.5.5.3 Pipelines
The UK has a dense network of onshore and offshore pipelines; this data is © BERR and
HMSO.
4.5.5.4 Coal fields
The coal field polygons and associated data have been produced by BGS. The data provided
only locates the coal fields as there is not enough information to provide CO2 storage
calculations.
4.5.5.5 Hydrocarbon fields
UK hydrocarbon field polygon shapefiles are © BERR and HMSO. The associated data are
derived from the following published work:
Abbots I.L. (editor) United Kingdom Oil and Gas Fields, 25 Years Commemorative Volume.
Geological Society, London, Memoir 14.
Gluyas J G and Hichens H M (editors). 2003. United Kingdom Oil and Gas Fields,
Commemorative Millennium Volume. Geological Society, London, Memoir 20.
J.R.Parker (editor), Petroleum geology of Northwest Europe: Proceedings of the 4th Conference.
The Geological Society. Volume 2, Pages 823-833.
4.5.5.6 Saline aquifers
Structures in the saline aquifers are provided by BGS (© BGS). The structures in the Bunter
Sandstone Formation of the Southern North Sea were identified from structure contour maps
supplied by BERR. The structures identified in the Ormskirk Sandstone Formation of the East
Irish Sea Basin were identified from the following BGS map:
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British Geological Survey. 1994. East Irish Sea (Special Sheet Edition). 1:250000. (Edinburgh,
Scotland, British Geological Survey).
4.5.5.7 Case study data
No case study data for the UK is included in the GIS.

Figure 4.21: Map of CO2 sources, potential storage and infrastructure in the UK
4.5.6

Denmark

The copyright statement below concerns all GIS data supplied by GEUS, Geological Survey of
Denmark and Greenland.
1. Proprietary rights and copyrights
The GIS DVD contains data and documentation which are the exclusive property and copyrights
of the Geological Survey of Denmark and Greenland (GEUS). GEUS transfers the proprietary
rights only to this copy of the DVD to the user. No proprietary rights, copyrights or other rights
contained on the DVD are transferred to the user.
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2. User’s rights
The user has the right to use the data for internal purposes only, including the right to process the
data and the right to data extraction from the data set.
3. Redistribution
The user is not entitled to copy, publish, resell, lend or rent samples of the data or part hereof or
otherwise redistribute the data (original as well as processed data) without the prior written
consent of GEUS.
4. Liability
GEUS warrants that data are in accordance with GEUS’ databases at the time of production of
this DVD. Data are collected and interpreted in accordance with the scientific practice at the
time of the data collection. However, GEUS disclaims any responsibility for the quality of the
data and the applicability of the Data to the user’s purposes. Therefore, GEUS does not assume
any liability in respect of the consequences of the user’s use of the data, whether the
consequences are caused by defects or shortcomings of the data, the user’s handling or use of the
data, or by any other reason.
For further information contact:
Karen Lyng Anthonsen
Geologist, GIS-development
Department of Stratigraphy
Geological Survey of Denmark and Greenland • Department of Stratigraphy
Telephone: +45 3814 2731 • E-mail: kla@geus.dk
4.5.6.1 Natural CO2 Sources
None
4.5.6.2 Industrial CO2 sources
Most of the emission data are supplied by the Danish Energy Agency. Supplementary data are
collected by GEUS from the individual industrial CO2 sources. For most of the sources the
emissions in the database are an average of the years 2000-2005. In principal only sources with
emissions above 0.1 Mt/year should have been included, but 6 industrial sources with emissions
between 0.05 and 0.1 Mt/year have also been included. In total 42 industrial sources are included
for Denmark, of which 27 are power plants and 15 are from other industries. The total annual
emissions from the large point sources included in the database are 28.4 Mt or c. 55 % of the
annual CO2 emissions for Denmark (51.5 Mt). Eleven of the sources have yearly emissions
above 1 Mt and account for 21 of the annual 28.4 Mt of CO2 emissions from large point sources,
corresponding to c. 75 %. Copyright by GEUS.
Table 4.26: CO2 emission in Denmark
CO2 emissions

Year(s)

Total CO2 emissions
(Mt)

CO2 emissions from large point sources in database

2000-2005

28.4

Total CO2 emissions

2000-2005

51.5
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4.5.6.3 Pipelines
Data on the Danish pipelines have been supplied by DONG Energy A/S and Energinet.DK and
GEUS has edited and formatted data for the GIS. All copyrights are reserved by DONG Energy
A/S. and Energinet.DK.
4.5.6.4 Coal fields
None
4.5.6.5 Hydrocarbon fields
For the Danish hydrocarbon fields publicly available data from the Danish Energy Authority
have been supplemented with data provided by GEUS. Some information has been obtained
from the discovery wells and some data have been estimated. The outline of the hydrocarbon
fields has been modified due to confidentiality of data. Copyright by GEUS.
4.5.6.6 Saline aquifers
Data on the Danish saline aquifers have been provided by GEUS. The outline of the individual
structures have been established as the deepest closed contour line based on depth structure
maps of the Danish Basin. For 7 structures the Geological map of Denmark, 1:400 000 ‘Top
Triassic’ and the Jurassic-Lower Cretaceous by Peter Japsen & Carsten Langtofte, 1991, Map
series no. 30, have been used. For the remaining 4 structures unpublished depth structure maps
based on existing seismic data have been used. Old exploration wells are drilled into 8 of the
structures providing some database information. Other input to the database has been estimated.
For the remaining 3 structures information have been extrapolated from nearby wells and
estimated. Copyright by GEUS.
4.5.6.7 Case study data
Two Danish case studies from the GESTCO project have been included in the GeoCapacity
database, the Havnso aquifer and the Roar gas field. Simulation data and reports are included as
excel and word files respectively.
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Figure 4.22: Map of CO2 sources, potential storage and infrastructure in Denmark
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Appendix 1 Aquifer injection point database user guide
The data you have already provided for the project has now been loaded into the new style
database required by the DSS. It is now possible for changes to be made to this data – either to
modify existing data or to amend the default values which will have been automatically
populated when the data has been loaded to the new database.
To open the database double click on the database name
(<your country>_Aquifer_Injection_Point_DSS.mdb). The database will automatically load the
data entry form as it opens.

1. Search
box

Data
displayed
in the form

2. Record selector
3. Buttons to Save,
Add or Delete records
When the form opens it will display the data for the first injection point in the table of data.
1.Using the search box
The search box will allow you to go direct to a specific injection point and display the data in the
form. To use it click the arrow at the side of the list box and select the required Injection point
name. This will then display the data for the selected injection point in the form

Click the arrow to display the list
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Select the required injection
the list

point from

2. Using the record selector
This allows you to move to the next injection point in the list or back to a previous injection
point. Use can use this instead of the search selection box if you want to move to the next
injection point rather than to a specific injection point.

Move to first
Injection
Point in the list
Move to previous
Injection point

Move to last injection
point in the list
Move to next
injection point

3. Saving, Adding or Deleting Injection points
These buttons are exactly the same as they were in the original database. The Save button will
save any data you have entered, the add button will add a new injection point record and you can
then add the relevant details to the form and the delete button will delete an injection point from
the database (when using the delete button ensure the details for the injection point you wish to
delete are displayed in the form)

Due to the requirements of the new database and the way I have had to design it I have had to
remove the functionality to enter data directly into the table. The form works in exactly the same
way as before and I hope the removal of this functionality will not cause you any problems.
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Additional pages on the form
There is 1 additional page on the form which can be accessed by clicking on the tab

This
forms
allow
you to
add
further
details
about
the
aquifer

therefore please ensure you also use this form otherwise you will not have completed your work
on the database.
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