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Figure 1: Workflow of the data compilation process for the data acquisition from the EUTL and the 

respective geolocations of all identified CO2 emitters in Europe. 

Furthermore, the national emission data repository of Spain was utilized for the performed studies, 
since it provides substantially more data points and information, such as emission type (CO2, NOx, etc.), 
emission quantity and energy requirements, per reported and registered installation (PRTR Spain, 
2024). The same approach was employed for the case study of Germany (PRTR Germany, 2024). Apart 
from that, other georeferenced datasets are employed (e.g. road and rail infrastructure, existing gas 
network and storage infrastructure, major ports and data of geological surveys for the identification 
of suitable storage sites and hence regional study clusters). Potential geologic storage sites for CO2 
have been compiled from European projects (e.g. CO2StoP, ESTMAP, Hystories, GSEU) and national 
projects (e.g. ALGECO2 in Spain). The datasets were updated with data from national geological 
surveys and include suitable formations for long-term trapping of CO2 in supercritical state. Data on 
transport infrastructures is employed for the evaluation and assessment of CO2 transport 
pathways/vectors (will be considered for transportation costs in the next version). All national non-
georeferenced and georeferenced datasets employed in the present study are compiled in Table 1 
alongside their general classification and origin. 

Table 1: Employed datasets of the conducted studies. 

Dataset description Source Ref. 
year 

Georef. 
(yes/no) Reference 

CO2 emitters in the EU (quantities, 
locations and main industrial activities) 

EUTL (extended by own data collection 
and synthesis according to Figure 1) 2022 yes* (EU ETS, 2024) 

Complementary emission data Spain PRTR repository Spain 2024 yes (PRTR Spain, 2024) 
Complementary emission data Germany PRTR repository Germany 2024 yes (PRTR Germany, 2024) 

CO2 emitters with offshore locations ENI, TNO, Norskpetroleum 2024 yes* (ENI, 2023), (NP, 
2024), (TNO, 2023) 

Salt structures in Northern Germany BGR (German Federal Institute for 
Geosciences and Natural Resources) 2015 yes (BGR, 2015) 

Porous storage units and known 
geological traps in Europe EU Project CO2StoP 2014 yes (CO2StoP, 2014) 

Basic vector map backdrop data (world) Natural Earth 2024 yes (Natural Earth, 2024) 
Natural gas pipeline infrastructure 

Germany (pipeline diameters) DIW 2015 yes (DIW, 2017) 

Natural gas storage infrastructure 
Germany GSE (Gas Storage Europe) 2021 no* (GSE, 2024) 

Natural gas storage infrastructure Spain GSE (Gas Storage Europe) 2021 no* (GSE, 2024) 
Porous storage units and known 

geological traps in Spain ALGECO2, national geological surveysa 2010 yes (IGME, 2010) 

Rail network Germany BKG (German Federal Agency for 
Cartography and Geodesy) 2023 yes (BKG, 2024) 

Road network Europe Natural Earth 2024 yes (Natural Earth, 2024) 
Major shipping ports Europe Natural Earth 2024 yes (Natural Earth, 2024) 
Global power plant database World Resources Institute 2021 yes (WRI, 2021) 

Transmission grid network Germany SciGRID 2016 yes (SciGRID, 2024) 
Transport, transmission and pipeline 

infrastructure Spain IGN Spain 2024 yes (IGN, 2024) 

Saline formations in Spain IESDB (Iberian Evaporite Structure 
Database) 2022 yes (González-Esvertit, 

2022) 
* respective georeferenced data was collected manually as a part of this study; 
a plan de selección y caracterización de áreas y estructuras favorables para el almacenamiento geológico de CO2 en España. 
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Figure 2: Collected geolocations of all stationary emitters reported in the EUTL framework according 

to their respective main industrial sector (EU ETS, 2024). 

2.1.1 Selection criteria 

Two specific criteria have been set for applying CEEGS technology within the scope of the project. 
Focused on the contribution to the reduction of CO2 emitted to the atmosphere, a minimum amount 
of CO2 coming from specific hard-to-abate industries has been considered. Such industries are mainly 
iron, steel, chemical and petrochemical production (IRENA, 2024). A more detailed list of sectors is 
provided by (DOE, 2024) as a part of their plan for large scale CCS deployment, which includes: Cement, 
Refining and Petrochemicals, Ammonia, Iron/Steel, Aluminium, Glass, Lime, Pulp and Paper, Soda Ash, 
and Liquefied Natural Gas (LNG). 

The collected emission data is screened with respect to the amount of emitted CO2 and the related 
industrial activities as well as the general sectors of its industrial application. Hard-to-abate 
sectors/activities are characterized by CO2 emissions, which are integral to the involved processes, 
feedstock chains as well as product and/or by-product outputs. These industrial sectors are usually 
characterized by a high energy demand, strong growth and a projected increase in product demand in 
the upcoming decades, further complicating measures for emission reductions within an already 
challenging application framework for CCS/CCU/CCUS technologies. Despite the described general 
situation of hard-to-abate industries, slight improvements with respect to energy demand and CO2 













 

 

CEEGS DELIVERABLE 6.2 
 

 
CEEGS_D.6.2                 Page 16 / 48 

2.2.2 Geological sites for Spain 

At present, potential storage sites in Spain are still being studied. Two types of sites are being 
considered, deep saline aquifers (DSA) and salt formations. 

2.2.2.1 Deep saline acuifers (DSA) 

Spain, as part of the Iberian Peninsula, has four main geological domains related to potential 
formations for DSA geological storage are (Figure 5) Cantabrian Range and Duero Basin (CD); Pyrenees 
and Ebro Basin (PE); Iberian Range, and Tajo and Almazán Basins (IT); and Betic Cordillera and 
Guadalquivir Basin (BG). 

The highest potential for geological storage is in Triassic (Buntsandstein Facies) and Jurassic deposits 
formed by Lias, Dogger and Malm series, but also storage potential has been identified in Cretaceus 
formation (Utrillas and Carbonates formations). In the Guadalquivir basin, Guadalquivir Sands 
Formation (Tortonian-Messinian, Neogene) are relevant due to high presence of gas commercial 
accumulations. 

 
Figure 5: Overview of Spanish geological domains with potential for geological storage. ALGECO2 
project. Base map from (IGME, 2004). Cantabrian Range and Duero Basin (CD); Pyrenees and Ebro 
Basin (PE); Iberian Range, and Tajo and Almazán Basins (IT); and Betic Cordillera and Guadalquivir 

Basin (BG). 

The Triassic Sedimentary basins have sequences that generally range from the Triassic to the Neogene, 
with depths exceeding 3,000 m. The main potential is identified in saline aquifers. There are also 
identified onshore and offshore oil and gas fields in the Guadalquivir basin (gas), Ebro basin (oil and 
gas), and Cantabrian Range and Duero Basin (oil and gas). 

The main source of data considered is the ALGECO2 project, carried out by the IGME in 2010 with the 
objective of identifying geological structures with potential for CO2 storage. A great effort was made 
to collect existing information of subsurface and its reinterpretation following the guidelines of the 
transposition of Directive 2009/31/CE on the CO2 storage law approved by Law 40/2010 of 29th 



http://www.cores.es/
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emissions of 18.76 Mt (18.36 %) from 35 emitting installations, and the production of lime, or 
calcination of dolomite/magnesite with 8.41 Mt (8.23 %) from 46 emitting installations. The production 
of bulk chemicals is characterized by total CO2 emissions of 6.15 Mt (6.02 %) from 27 reporting 
emitters. The remaining 20.3% of the industrial emitters (126 installations) sum up 20.74 Mt, which 
individually represent less than 5 % of the total reported amount each. The geographical distribution 
of the emitters according to their main industrial sector and annual emission quantity is shown in 
Figure 6. 

 
Figure 6: Location and emission quantity (in kilotons) of hard-to-abate emitters grouped by industrial 

sectors for Germany and the year 2022. 

Although the majority of industrial emitters from hard-to-abate sectors is more or less uniformly 
scattered across the country, there are specific regional emitter conglomerates, such as in North Rhine-
Westphalia (close to Cologne), Northern Germany (Bremen and Hamburg), Northern Saxony/Saxony-
Anhalt/Lower Saxony (from Leipzig to Hannover), Bavaria (between Munich and Nuremburg) as well 
as the Rhine-Main area (northwest of Stuttgart). Except for the numerous emitters in the area of 
Leipzig and Saxony-Anhalt, the emitter density in Eastern Germany is considerably lower when 
compared to the western part of the country. However, there are still large-scale emitters present, 
especially in the Berlin/Brandenburg region with the cement production plant in Rüdersdorf, the steel 
works in Frankfurt (Oder) and PCK refinery in Schwedt. 

3.1.2 Storage sites 

Relevant storage sites from DSA and salt structures for Germany are displayed in Figure 7. Porous 
storage units are predominantly found in the northern German basin as well as offshore in the North 
and Baltic Sea. Known geological traps of porous units from established and/or depleted oil and gas 
fields are also found in the northern part of Germany and to large parts in the Northern Sea. Despite 
the clear accumulation of porous storage space in the north of Germany, there are numerous other 
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potential storage regions throughout the country, such as in Thuringia & northern Bavaria, Rhineland-
Palatinate, the upper Rhine valley as well as the southern edge of the country. 

In contrast, potential storage sites featuring salt caverns would be exclusively situated in North 
Germany due to the isolated occurrence of suitable salt pillows and diapirs in the north German basin. 

 
Figure 7: Potential CO2 storage areas in Germany for a) DSA and known geological traps (depleted oil 
or gas fields and other aquifers) and b) onshore and offshore salt structures (salt pillows & diapirs). 

However, the potential storage formations depicted in Figure 7 are not yet screened by the respective 
storage formation depth. This is crucial for the operation of the CEEGS system due to the requirement 
of CO2 at supercritical state, which only can be ensured at sufficient storage depths and hence 
pressures. The depths of the identified DSA storage sites (Figure 7 a)) largely lie beneath 800 m and 
deeper. Nonetheless, further detailed depth screening will be required and conducted in preparation 
of the final version of this deliverable until the end of task T6.2. 

3.1.3 Clustering and scenarios 

Utilizing the DBSCAN clustering algorithm introduced in Section 2.1.2, a total of 6 emitter clusters was 
identified based the national emission data of Germany, accompanied by a number of outliers (distant, 
isolated emitters). The identified outliers or noise points will be excluded from subsequent analyses. 
However, it might be worthwhile to include some of the isolated emitters into the identified clusters 
with respect to future transport network planning and analysis (pipelines, road and rail), as long as the 
specific emitter is large enough, thus leading to potential techno-economic incentives for later 
inclusion. The determined emitter clusters are displayed in Figure 8. 

The largest emission cluster is cluster 2 (magenta bubbles) with an approximate emission quantity of 
39.8 Mt CO2 in the year 2022 emitted by 90 installations. Cluster 2 is mainly located in the historical 
industrial heartland of the Ruhr area in the federal state of North Rhine-Westphalia, predominantly 
north and around Cologne. Other large industrial emitter clusters were computed for the regions of 
central Bavaria (cluster 1 indicated by dark blue bubbles; between Munich and Nuremburg; approx. 6 
Mt from 21 installations) and in Central/East Germany (cluster 4 indicated by light blue bubbles; 
between Leipzig and Hannover; approx. 17.3 Mt from 52 installations). Other smaller emitter clusters 
were determined around Hamburg (cluster 6 indicated by red bubbles; approx. 4.9 Mt; 11 
installations), the Saarland (cluster 5 indicated by yellow bubbles; approx. 6.3 Mt; 9 installations) as 
well as between Karlsruhe and Frankfurt am Main (cluster 3 indicated by green bubbles; approx. 8.3 
Mt; 31 installations). 
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Figure 8: Location and emission quantity (in kilotons) of the identified emitter clusters (based on the 

DBSCAN algorithm) for Germany and the year 2022. 

Given the predefined emission threshold of 50 kt/year, total considered CO2 emissions approx. 82.5 
Mt were determined for clusters 1 to 6 combined, comprising 214 single industrial installations. 
Outliers account for approx. 19.7 Mt CO2 emissions originating from 60 isolated emitter locations. It 
has to be noted, that the applied DBSCAN methodology does not account for other relevant 
infrastructure in relation to the collected emitter locations. In other words, already existing transport 
infrastructure (pipelines, rail and road) might elevate some isolated emitter locations into the already 
identified emitter clusters as previously stated in the introductory paragraph of this section. A brief 
overview over existing transport infrastructure for Germany in relation to the locations of the emitter 
clusters will be given later. A detailed summary of the presented emitter clusters for Germany with 
respect to their industrial sectors, main activities, installation numbers and ultimately emissions 
quantity is tabulated in Table 10. 

An overlap of the regions of potential DSA storage in Germany with the locations and quantities of the 
previously identified emitter clusters is shown in Figure 9. As already outlined in Section 3.1.2, 
potential DSA storage sites will be most likely situated in North Germany due to the widespread 
presence of suitable storage units. Potential storage spaces outside the northern part of the country 
are found in the central (Thuringia) and southern/south-western (Alpine foreland, Rhine valley, etc.) 
part of Germany. Due to their vicinity to potential DSA storage areas, emitter clusters 1, 3, 4, 5 and 6 
are identified as most beneficial study locations and hence assessment conglomerates as they are 
supposed to be characterized by minimized CO2 transport costs, potentially aiding CEEGS process 
economics. 

Although cluster 2 and its largest single emitters will most likely be discarded prior to the final 
assessment due to its relative geographic isolation from DSA storage regions, single emitters of its 
north-eastern sub-cluster coincide with DSA locations. This means that this sub-cluster could be 
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included within a single regional assessment, if the overall emission quantity and complementary CO2 
network studies (transport pipeline layout based on minimum-cost heuristic methods, such as the 
node valency transfer metaheuristic as featured by Yeates et al.) indicate a beneficial economic 
framework (Yeates, 2021). However, extended network studies are not part of task 6.2 and this 
deliverable and will therefore be addressed in future research projects focussed on the CEEGS 
technology and its regional deployment. 

Except for cluster 6, all remaining DSA-linked emitter clusters are at least composed of some single 
emitter sites with no direct access to DSA storage space. However, their relative vicinity to said DSA 
locations is considered to not negatively affect the overall economic performance of a hypothetical 
CEEGS storage system based on the current knowledge of the authors, as some means of CO2 transport 
infrastructure and associated costs will always be included in the regional assessment cases. Isolated 
sites within the positively screened emitter clusters could also be excluded subsequently in future 
studies. A preliminary storage site/emitter cluster pair quality assessment based on the locational data 
shown in Figure 9 and Figure 10 is compiled in Table 9. 

 
Figure 9: Location and emission quantity (in kilotons) of the identified emitter clusters in relation to 

potential DSA CO2 storage sites for Germany. 

An equivalent assessment was carried out for salt formations present in the northern German 
subsurface space. Figure 10 depicts salt pillows and slat diapirs in relation to the identified emitter 
clusters. It is evident that DSA formations in Northern Germany coincide with salt formations. The 
overlap reveals, that only cluster 6, cluster 4 (with some limitations regarding isolated emitters and 
hence transportation infrastructure required) and cluster 2 (with larger limitation regarding isolated 
emitters and hence transportation infrastructure required) can be potentially used within a salt-
cavern-based setup. These clusters also feature already existing storage infrastructure, which would 
have to be re-purposed from NG to CO2. Emitter clusters 1, 3 and 5 will not be considered within an 
assessment scenario employing salt formations as CO2 storage formations. 
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Figure 10: Location and emission quantity (in kilotons) of the identified emitter clusters in relation to 

potential CO2 storage sites in salt formations for Germany. 

The comparative and preliminary storage site/emitter cluster pair quality assessment is summarized 
Table 9. 

Table 9: Preliminary comparative storage site and emitter cluster pair quality assessment. 

Cluster DSA storage units Salt formation units 
1 + -- 
2 - o 
3 ++ -- 
4 ++ + 
5 + -- 
6 ++ ++ 
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Table 10: Detailed emission data (only emitters with quantities 50 > kt CO2 per year) of the retrieved emission clusters in Germany for 2022. 

Sector Main activity 
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Outliers 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

Refineries Refining of mineral oil 3 2.08 5 7.69 1 2.62 2 2.33 - - 4 1.89 3 5.63 

Iron and Steel, 
coke, metal ore 

Production of coke - - 3 2.75 - - - - 1 1.02 - - - - 
Metal ore roasting or sintering - - 1 0.06 - - - - - - - - - - 
Production of pig iron or steel 1 0.12 8 12.83 1 0.10 2 3.77 5 5.04 - - 5 4.02 

Other metals 
(incl. aluminium) 

Production or processing of ferrous 
metals - - 6 0.41 1 0.06 2 0.36 3 0.19 1 0.08 5 0.50 

Production of primary aluminium - - 3 0.39 - - - - - - 2 0.49 - - 
Production of secondary aluminium - - 1 0.24 - - 1 0.12 - - - - - - 

Production or processing of non-
ferrous metals - - 1 0.15 - - 1 0.06 - - 1 0.15 3 0.30 

Cement and Lime 
Production of cement clinker 4 2.19 12 5.22 4 1.54 5 3.64 - - 1 0.96 9 5.22 

Production of lime, or calcination of 
dolomite/magnesite 5 0.73 11 3.45 4 0.77 16 2.22 - - - - 10 1.24 

Other non-
metallic minerals 

Manufacture of glass 1 0.07 10 0.94 2 0.12 5 0.61 - - - - 12 1.07 
Manufacture of ceramics 1 0.05 - - - - - - - - - - 1 0.06 

Manufacture of mineral wool 1 0.11 1 0.07 - - 2 0.14 - - - - - - 
Production or processing of gypsum 

or plasterboard - - - - - - - - - - - - 1 0.07 

Pulp and Paper Production of pulp - - - - 1 0.12 2 0.14 - - - - - - 
Production of paper or cardboard 3 0.20 9 0.99 5 0.41 5 0.45 - - - - 7 1.19 

Chemicals 

Production of carbon black - - 2 0.52 - - - - - - - - - - 
Production of nitric acid - - - - 1 0.11 - - - - - - 1 0.16 
Production of adipic acid - - - - - - 1 0.08 - - - - - - 

Production of glyoxal and glyoxylic 
acid - - - - - - - - - - - - - - 

Production of ammonia - - 1 0.35 2 1.05 2 1.74 - - - - - - 
Production of bulk chemicals 1 0.36 13 3.29 7 1.05 3 1.07 - - 1 0.17 2 0.21 
Production of hydrogen and 

synthesis gas 1 0.08 2 0.30 2 0.33 1 0.24 - - 1 1.14 1 0.06 

Production of soda ash and sodium 
bicarbonate - - 1 0.14 - - 2 0.31 - - - - - - 

Sum of all stationary installations 21 5.98 90 39.79 31 8.27 52 17.29 9 6.25 11 4.89 60 19.72 
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and 6 also have numerous and already established large-volume storage sites with a reasonable 
distance to their single emitter locations. All relevant NG storage sites reported by Gas Storage Europe 
are summarized in Table 11 (GSE, 2024). 

Table 11: Established commercial NG storages in Germany based on the GSE database (GSE, 2024). 

NG storage type Number of stores Storage capacity (TWh) 
Salt caverns 44 159.8 

Depleted fields 11 94.3 
Aquifers 6 4.4 

Total 61 258.5 

 

Figure 12 depicts the existing rail, road and port (overseas shipping) infrastructure for Germany. All 
emitter clusters exhibit a very good access to the German rail and road infrastructure. However, 
clusters 2 and 6 stand out tin this regard due to the presence of high capacity inland waterways and 
ports (river Rhine) and major overseas ports (port of Hamburg), respectively. Cluster 5 lacks relevant 
high-capacity internal waterways and ports and can therefore be considered more isolated in 
comparison to the other clusters. 

 
Figure 12: Rail and road network including major overseas shipping ports in Germany. 

Figure 13 shows the emitter clusters in relation to the locations of all relevant renewable power plants 
in Germany. At the time of writing of this report, 735 solar, 112 hydro, 25 wind and 53 biomass power 
plants are in operation in Germany as retrieved from the Global Power Plant Database (WRI, 2021). A 
clear concentration of renewable power plants in East Germany and Bavaria can be observed, whereas 
other regions lack renewable generation capacities (e.g. lower Saxony). From an energy-supply point 
of view, emitter clusters 1 and 4 exhibit a substantial locational advantage over the other emitter 
clusters, especially regarding potential large-scale CEEGS systems. Clusters 3 and 5 also feature 
adequate renewable generation capacities in their vicinity, specifically with regards to their lower 
overall CO2 emission quantity to be handled (8.3 Mt and 6.3 Mt, respectively). Emitter cluster 2 will 
most likely be excluded from further analyses due to the lack of installed renewable capacity close by. 
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Figure 13: Locations of renewable power plants (solar, hydro, wind and biomass) in Germany. 

 

 
Figure 14: High-voltage (HV) transmission network (approximated paths) for voltages from 220 to 

450 kV and respective locations of substations in Germany. 
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Potential grid-infeed nodes and the availability of the respective HV transmission network is of 
paramount importance to future renewable energy systems including large-scale energy storage 
technologies, such as CEEGS. Therefore, Figure 14 displays a basic approximation of the German HV 
transmission network alongside the locations of potential grid-infeed nodes or substations 
(transmission voltages ranging from 220 kV to 450 kV grouped into two transmission capacity groups). 
Almost all identified emitter clusters, as presumed potential areas of CEEGS deployment, feature a 
well-established access to the national HV transmission grid. Only a few single emitters within the 
clusters show some sort of isolation from HV lines or substations. However, the current HV network 
situation most likely will improve due to large-scale grid extension projects by the likes of SuedLink. 

A summary of the infrastructural assessment is compiled in Table 12. 

Table 12: Quality of infrastructure availability with respect to the identified emitter clusters. 

Cluster NG network and 
NG stores 

Rail, road and 
shipping ports 

Renewable 
power plants 

HV transmission 
network 

1 ++ + ++ + 
2 ++ ++ o ++ 
3 ++ + + ++ 
4 + + ++ + 
5 - o o ++ 
6 o ++ + + 

 

3.1.5 National greenhouse gas balance 

The CO2 emissions from hard-to-abate industries, which potentially can be employed as feed stream 
to future CEEGS systems, are put into relation to the national greenhouse gas balance of Germany of 
the year 2022, as reported by the European Environmental Agency (EEA, 2024 a). The shown GHG 
balance excludes emissions or emission reductions from biomass, waste treatment, international 
bunkers (aviation and navigation), CO2 capturing as well as land-use, land-use change and forestry. 

The total German CO2 emissions of 2022 (stationary and non-stationary emitters; see Figure 15) 
amount to 671.47 Mt, of which 627.98 Mt are attributed to energy provision, 40.95 Mt to industrial 
processes and product use and 2.54 Mt to agriculture. Only 114.78 Mt of the energy-related CO2 
emissions are caused by fuel combustion (provision of heat and/or electricity) for the manufacturing 
and construction sector. This means, that industrial CO2 emissions from the manufacturing and 
construction sector amounts to 155.73 Mt for all involved stationary and non-stationary emitters (23.2 
% of the total CO2 emissions). Further details on the emission composition for industrial processes and 
product use can be found in Figure 15 c). As indicated in Section 3.1.1, 110.02 Mt of CO2 emissions of 
the manufacturing and construction sector originate from 732 stationary installations of hard-to-abate 
industries (without the 50 kt/year threshold) based on the EUTL emission repository. 

 
Figure 15: Composition of a) the national total greenhouse gas (GHG) balance, b) the specific GHG 

emissions of the energy sector and c) the specific GHG emissions from industrial processes and 
products use for Germany in 2022. 
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Mt (6.35 %), both with 11 emitters. The rest of the industrial activities make up approx. a quarter of 
the selected emissions, which individually represent less than 5 % of the total hard-to-abate emissions 
(75 installations). The geographical distribution of the emitters according to their main industrial sector 
and annual emission quantity is shown in Figure 18. 

 
Figure 18: Location and emission quantity (in kilotons) of hard-to-abate emitters grouped by 

industrial sectors for Spain and the year 2022. 

The largest single emitter is the steel plant of Avilés, near Gijón. Refineries and chemical industries are 
mainly located in the ports, where oil and gas are received from ships and pipelines, so they have a 
peripheral distribution. These are La Coruña, San Sebastián and Bilbao, on the north coast; Tarragona, 
Castellón and Cartagena, on the east coast; and Algeciras and Huelva in the South. A particular case is 
that of Puertollano, in the south-central area of the peninsular interior, where the industry is linked to 
former exploitation of coal and shale oil. The cement and non-metallic industries are more dispersed, 
but conditioned by areas of production and consumption. 

3.2.2 Storage sites 

Figure 19 a) shows 95 suitable geological structures for CO2 storage from previous works. This database 
includes 4 saline aquifers in depleted hydrocarbon fields, one of them offshore. Next step will be a 
selection of the most suitable traps according to the mandatory criteria of D2.4. Figure 19 b) shows 
the map with 151 evaporite structures proposed as the most suitable for developing storage in salt 
cavities. Unlike DSA, this layer may include structures above the depth for keeping CO2 in supercritical 
state. Additional selection will be made according to the criteria in D2.4 for salt cavities. Both DSA and 
evaporite formations are located in the sedimentary basins, which occupy the central and eastern part 
of the Iberian Peninsula (see Figure 5 in Section 2.2.2). Therefore, no suitable sites can be found in the 
western part, dominated by an ancient Palaeozoic basement. 
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Figure 19: Potential CO2 storage areas in Spain for a) DSA and known geological traps (depleted 

oil/gas fields or aquifers) and b) saline formations (evaporite structures). 

3.2.3 Clustering and scenarios 

Clustering of the emitters, using the DBSCAN algorithm, reveals 7 groups., located in the main 
industrial areas near the ports in Gijon (Asturias), Bilbao (Basque Country), Tarragona-Barcelona 
(Catalonia), Valencia-Castellon and Huelva (Andalusia). Also, clusters in the inner main cities of Madrid 
and Zaragoza can be seen (Figure 20). 

 
Figure 20: Location and emission quantity (in kilotons) of the identified emitter clusters (based on 

the DBSCAN algorithm) for Spain and the year 2022. 

The largest emission clusters appear to be clusters 6 (6.92Mt), 4 (6.76Mt) and 3 (6.72Mt). Cluster 3 has 
only 7 facilities but its high volume of emissions is due to the large steel plant that represents more 
than 70% of the emitted CO2 of the cluster. However, clusters 4 and 6 are made up of 26 and 17 
facilities respectively. Clusters 5 and 6 have less relevance as to the amount emitted. Cluster 7 has an 
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intermediate value (see Table 15). Outliers represent a significant amount of hard-to-abate emissions, 
especially from some refineries and cement plants. 

 
Figure 21: Location and emission quantity (in kilotons) of the identified emitter clusters in relation to 

potential DSA CO2 storage sites for Spain. 

Overlapping the clusters with the storage sites, shows that while most of the industrial clusters are in 
coastal areas, storage sites are mostly located in the interior of the country. Promising areas for 
defining scenarios are located around the cities of Madrid and Zaragoza, where both DSA and salt 
formations coincide with clusters 5 and 2, respectively (Figure 21). Other possible places are DSA 
overlapping clusters 4, 3 and possibly cluster1. Clusters 6 and 7 have storage sites in their vicinity, 
although they are somewhat far away, but given the number of facilities and the amount of CO2 
emitted, it would be advisable to do a thorough analysis of the transportation possibilities. Cluster 2 
will surely be discarded. 
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Figure 22: Location and emission quantity (in kilotons) of the identified emitter clusters in relation to 

potential CO2 storage sites in salt formations for Spain. 
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Table 15: Detailed emission data (only emitters with quantities 50 > kt CO2 per year) of the retrieved emission clusters in Spain for 2022. 

Sector Main activity 
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Outliers 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

No. of 
em. 

CO2 
(Mt) 

Refineries Refining of mineral oil 1 1.47 - - - - 1 2.08 - - 2 2.05 1 1.24 4 6.71 

Iron and Steel, 
coke, metal ore 

Production of coke - - - - - - - - - - - - - - - - 
Metal ore roasting or sintering 1 0.16 - - - - - - - - - - - - - - 
Production of pig iron or steel 1 0.07 1 0.05 1 4.81 5 0.39 - - 1 0.15 - - 2 0.28 

Other metals 
(incl. aluminium) 

Production or processing of ferrous 
metals - - - - - - 1 0.05 - - - - 1 0.06 - - 

Production of primary aluminium - - - - - - - - - - - - - - 1 0.57 
Production of secondary aluminium - - - - - - - - - - - - - - - - 

Production or processing of non-
ferrous metals - - - - - - 1 0.07 - - - - - - 2 0.18 

Cement and Lime 
Production of cement clinker 2 0.86 1 0.28 2 1.08 5 1.54 3 1.40 3 1.98 3 1.59 7 2.91 

Production of lime, or calcination of 
dolomite/magnesite 2 0.30 2 0.15 1 0.54 4 0.82 1 0.10 1 0.09 - - 2 0.18 

Other non-
metallic minerals 

Manufacture of glass 2 0.12 2 0.17 2 0.21 3 0.30 1 0.11 2 0.12 4 0.34 1 0.12 
Manufacture of ceramics - - - - - - - - - - - - 16 1.49 - - 

Manufacture of mineral wool - - - - - - 1 0.05 - - - - - - - - 
Production or processing of gypsum 

or plasterboard - - - - - - - - - - - - - - - - 

Pulp and Paper Production of pulp - - - - 1 0.09 2 0.20 - - - - - - 1 0.14 
Production of paper or cardboard - - 5 0.76 - - 1 0.06 1 0.12 1 0.14 - - 2 0.18 

Chemicals 

Production of carbon black - - - - - - 1 0.13 - - - - - - - - 
Production of nitric acid - - - - - - - - - - - - - - 1 0.39 
Production of adipic acid - - - - - - - - - - - - - - - - 

Production of glyoxal and glyoxylic 
acid - - - - - - - - - - - - - - - - 

Production of ammonia 1 0.42 - - - - - - - - - - - - - - 
Production of bulk chemicals 1 0.16 - - - - - - - - 6 2.09 1 0.11 3 0.47 
Production of hydrogen and 

synthesis gas - - - - - - - - - - 1 0.30 - - 2 0.54 

Production of soda ash and sodium 
bicarbonate - - - - - - 1 1.06 - - - - - - - - 

Sum of all stationary installations 11 3.57 11 1.41 7 6.72 26 6.76 6 1.72 17 6.92 26 4.84 28 12.65 

 

 



 

 

CEEGS DELIVERABLE 6.2 
 

 
CEEGS_D.6.2                 Page 38 / 48 

3.2.4 Emitter locations in relation to infrastructure units 

There is an evident relationship between gas and oil pipelines and the industrial clusters (Figure 23). 
Gas pipelines connect ports, where regasification plants inject gas from LNG vessels to the pipeline 
network. In addition, gas from North Africa through gas pipelines is also injected. This network is 
arranged with a North-South orientation, so both industrial clusters and ports are connected from one 
side of the country to the other. Also, one branch runs along the eastern coast and connects with the 
main network. In this way, all the emitter clusters could reuse NG pipelines for CO2 transport or use 
new specially built gas pipelines along oil and gas pipeline corridors. 

There are only 3 onshore NG storage sites, with a total capacity, of 3700 Mm3. They are located far 
from the emitter clusters. However, connection through existing pipelines could allow the use of the 
Marismas site for cluster 1, Yela site for cluster 6 and Serrablo site for cluster 2. 

 
Figure 23: NG and oil pipeline network alongside established commercial NG subsurface storages in 

Spain. 

There is also a good connection between emitter clusters and the rail and road infrastructure and ports 
(Figure 24). Major cities and industries are located in transportation nodes. The clusters are also near 
the main ports, except for clusters 2 and 5. 

In Spain the main renewable power plants comprises 342 wind, 243 solar, 124 hydro and 1 biomass 
(WRI, 2022) (see Figure 25), with a total capacity of 31.92 GW. Wind generation is widespread all over 
the country, although areas with higher capacity are in the northern part in a NW-SE orientation and 
in the eastern side in a N-S orientation. Hydraulic power is concentrated in mountainous zones, far 
from industrial areas. Solar generation has the main capacity in the southern half, although here 
thermal solar generation is especially relevant, which includes 49 operating facilities in the country 
with a capacity of 2.3 GW (Protermosolar, 2024). Biomass is not relevant. Clusters 2, 3, 4, 6 and 7 would 
benefit more from wind power generation and cluster 1 from solar, though clusters 3 and 4 could also 
use a mix with hydro generation. Cluster 5 is in disadvantage for the use of renewables. Further analysis 
should be done in terms of proximity and energy needs by cluster in order to choose the most adequate 
renewable power source. 
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Figure 24: Rail, road and highway network including major overseas shipping ports in Spain. 

 

 
Figure 25: Locations of renewable power plants (solar, hydro, wind and biomass) in Spain. 

With respect to the transmission infrastructure, Figure 26 shows that all the clusters are well 
connected to the HV network. 
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Figure 26: High-voltage (HV) transmission network for voltages from 100 to 400 kV and respective 

locations of substations in Spain. 

3.2.5 National greenhouse gas balance 

In this section, a comparison between hard-to-abate emissions and GHG balance from (EEA, 2024 b) is 
shown, excluding the emissions and emission reductions from biomass, waste treatment, international 
bunkers (aviation and navigation), CO2 capturing as well as land-use, land-use change and forestry. 

The total Spanish CO2 stationary and non-stationary emissions for 2022 amount to 234.66 Mt, of which 
218.09 Mt are attributed to energy provision, 16.18 Mt to industrial processes and product use and 
0.39 Mt to agriculture. Emissions related to fuel combustion for heat and electricity for the 
manufacturing and construction sector are 36.82 Mt. Hence, industrial CO2 emissions from the 
manufacturing and construction sector amounts to 53.0 Mt for all involved stationary and non-
stationary emitters (22.6 % of the total CO2 emissions). Further details on the emission composition 
for industrial processes and product use can be found in Figure 27 c). 

 
Figure 27: Composition of a) the national total greenhouse gas (GHG) balance, b) the specific GHG 

emissions of the energy sector and c) the specific GHG emissions from industrial processes and 
products use for Spain in 2022. 

The detailed composition of the CO2 emissions from fuel combustion in the manufacturing and 
construction sector (36.82 Mt according to Figure 27 b) alongside sector-specific emission quantity 
assessments can be found in Figure 28. 
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Figure 28: Detailed composition of a) the overall GHG emissions from fuel combustion in 

manufacturing and construction industries (according Figure 27 b)), b) the specific GHG emissions of 
iron and steel producers and c) the specific GHG emissions of non-metallic minerals producers for 

Spain in 2022. 

A detailed CO2 emission assessment of industrial processes and product use (16.18 Mt according to 
Figure 27 c)) according to all relevant sub-industries (mineral, metal and chemical as well as non-energy 
products from fuels and solvent use) is depicted in Figure 29. 

 
Figure 29: Detailed composition of the overall GHG emissions from industrial processes and products 
use (according Figure 27 c)) for a) the mineral industry, b) the metal industry, c) the chemical industry 

and d) non-energy products from fuels and solvent use for Spain in 2022. 

Comparison of EUTL emission data and national GHG balance reveals that manufacturing and 
construction sector represents only 22.59 % of the GHG total balance (Table 16). Selected emitters 
over 50 kt/year are responsible of the 19 % of the emissions (132 industries), but 84.11 % with respect 
to the hard-to abate subset. By cluster distribution, clusters 3, 4 and 6 stand out in terms of emissions 
share both in GHG balance and GHG subset, followed by clusters 7 and 1. Clusters 5 and 2 are less 
relevant. Considering the number of emission points, cluster 3 represents 12.68 % of the GHG subset 
emissions with only 7 installations, due to the weight of one of the industries (see Section 3.2.3). 
Emissions in the other clusters are better distributed. 
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Table 16: Summary and comparison of emission data from the national GHG balance, the EUTL 
repository and the outcome of the regional emitter clustering for Spain in 2022. 

CO2 emission class Emission 
quantity (Mt) 

Number of 
installations (-) 

Share of total 
GHG balance 

Share of total 
GHG subset 

GHG balance total 234.66 - 100 % - 
GHG balance subset 

(manufacturing and construction sector) 53.0 - 22.59% 100% 

Stationary EUTL emitters 
(with threshold of 50 kt/year) 44.58 132 19.00% 84.11% 

Emitter cluster 1 3.57 11 1.52% 6.74% 
Emitter cluster 2 1.41 11 0.60% 2.66% 
Emitter cluster 3 6.72 7 2.86% 12.68% 
Emitter cluster 4 6.76 26 2.88% 12.75% 
Emitter cluster 5 1.72 6 0.73% 3.25% 
Emitter cluster 6 6.92 17 2.95% 13.06% 
Emitter cluster 7 4.84 26 2.06% 9.13% 

Outliers 12.65 28 5.39% 23.87% 
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4 Conclusions and outlook 
In this report, a compilation of data of point CO2 emitters and suitable formations for CO2 storage has 
been done. Also, a common methodology for selection for further scenario definition has been 
outlined. Verified emissions for year 2022 have been considered. They have been filtered by industrial 
activity for considering only hard to abate emissions, and a minimum amount of CO2 emitted has been 
set in 50kt/year. Emitters have been grouped into clusters by density/proximity and have been 
overlapped to the proposed formations in order to rank the clusters for later scenario definition. 

For Germany, a total of hard-to-abate emissions from the filtered 274 industries sums up 102.18 Mt, 
with the production of pig iron or steel and refining of mineral oil the being the main emitters, 
accounting for the 47.09 % of the emissions, and reaching 48.12 Mt for 40 emitters. Next, the 
production of cement clinker with 18.76Mt, which represents 18.36 %, with 35 emitters, and 
production of lime, or calcination of dolomite/magnesite with 8.41 Mt (8.23 %), with 46 emitters. 
Production of bulk chemicals reaches 6.15 Mt with 27 industries. The remaining emissions of the 
activities sums up approx. 21 Mt, which individually represent less than 5 % of the total CO2 emissions. 
The clustering and proximity analysis revealed 6 potential industrial emission clusters. 

For Spain, the 132 filtered emitters sum up 44.58 Mt, most of which are related to the refining of 
mineral oil and production of cement, accounting for the 56.50 % of the hard to abate emissions, 
reaching 25.18 Mt for 35 emitters. Next, the production of pig iron or steel with 5.75 Mt, which 
represents 12.89 %, and production of bulk chemicals with 2.83Mt (6.35 %), both with 11 emitters. 
The rest of the activities sums up a quarter of the selected emissions, which individually represent less 
than 5 %. The clustering analysis revealed 7 potential industrial clusters for the national case of Spain. 

Proposed storage sites are deep saline aquifers and saline formations. For both countries, formation 
maps and databases with formation attributes have been collected for further selection. For this 
purpose, selection criteria from deliverable D2.4 will be applied and a ranking of the most suitable 
ones will be used together with the industrial clusters to define scenarios. 

A first analysis revealed some possible scenarios. For the 6 identified clusters for Germany, the most 
favourable emitter clusters (including an average feasibility judgement for available infrastructures) 
are clusters 1, 3, 4 and 6 (in conjunction with DSA storage) and clusters 4 and 6 (in conjunction with 
salt formations). Despite offering the largest emission quantity and ideal infrastructural circumstances, 
cluster 2 will be discarded a priori due to its relative isolation to suitable storage sites for both DSA and 
salt formations. 

For Spain, clustering reveals the concentration of the main industrial activities on the coastline, around 
the main ports. However geological storage is mainly inland. Promising areas for defining scenarios are 
located around the cities of Madrid and Zaragoza, where both DSA and salt formations coincide with 
clusters 5 and 2, respectively. Other possible places are DSA overlapping clusters 4, 3 and possibly 
cluster1. Clusters 6 and 7 would need to be studied in depth since they are somewhat far from storage 
sites. Cluster 2 would surely be discarded. 

The purpose of this report is to draw some preliminary conclusions with the data available. As more 
data comes from other tasks in the project, more refined analysis will be performed and a final version 
of the document will be submitted at the end of the project. Some recommendations for 
improvements on the document are given in the next section. 

  





 

 

CEEGS DELIVERABLE 6.2 
 

 
CEEGS_D.6.2                 Page 45 / 48 

6 Nomenclature 
Abbreviations 

AHP  Analytical hierarchy process 
BG  Betic Cordillera and Guadalquivir Basin 
BGR  Bundesanstalt für Geowissenschaften und Rohstoffe 
BKG  Bundesamt für Kartographie und Geodäsie 
CCS  Carbon capture and storage 
CCU  Carbon capture and utilization 
CCUS  Carbon capture, utilization and storage 
CD  Cantabrian Range and Duero Basin 
CEEGS  CO2-based Electrothermal Energy and Geological Storage 
CO2  Carbon dioxide 
CSIC  Consejo Superior de Investigaciones Científicas 
DBSCAN  Density-based spatial clustering of applications with noise 
DIW  Deutsches Institut für Wirtschaftsforschung 
DSA  Deep saline aquifer 
EEA  European Environmental Agency 
EGR  Enhanced gas recovery 
ENI  Ente Nazionale Idrocarburi 
ETC/ACM European Topic Centre on Air Pollution and Climate Change Mitigation 
ETC/CME European Topic Centre on Climate Change Mitigation and Energy 
ETS  Emissions Trading System 
EU  European Union 
EUTL  European Union Transaction Log 
FAIR  Findable, Accessible, Interoperable and Reusable 
GHG  Greenhouse gas 
GIS  Geographic information system 
GM  Google Maps 
GSE  Gas Storage Europe 
GSEU  Geological Service for Europe 
HTML  Hypertext Markup Language 
HTTPS  Hypertext Transfer Protocol Secure 
HV  High-voltage (transmission lines) 
HZDR  Helmholtz-Centre Dresden-Rossendorf e.V. 
ID  Identification 
IESDB  Iberian Evaporite Structure Database 
IGME  Instituto Geológico y Minero de España 
IGN  Instituto Geográfico Nacional 
IT  Tajo and Almazán Basin 
LBEG  Geological Survey of Lower Saxony 
LNG  Liquefied natural gas 
NACE  Nomenclature statistique des activités économiques dans la Communauté européenne 
NG  Natural gas 
NGB  North German Basin 
OSM  Open Street Map 
PE  Pyrenees and Ebro Basin 
PRTR  Pollutant Release and Transfer Register 
SMB  South German Molasse Basin 
TNO  Toegepast Natuurwetenschappelijk Onderzoek 
URG  Upper Rhine Graben 
WRI  Word Resources Institute 
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