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1 Executive summary
The objective of the deliverable D5.2 is to describe the CCUS scenarios studied in the eight STRATEGY
CCUS regions located in Ebro basin in Spain, Lusitanian basin in Portugal, Rhône valley and Paris basin
in France, Northern Croatia, Galati area in Romania, West Macedonian area in Greece and Upper
Silesia in Poland.
The report starts with a synthesis of the European short‐ and long‐term carbon targets providing legal
European environmental context for the eight STRATEGY CCUS regional scenarios.
For all these 8 regions, national carbon strategy and global economics of the region are presented
before the description of the different regional CCUS scenarios studied. For all the regions one main
scenario and one alternate scenario until 2050 are proposed by the local teams. In addition, and for
all the 8 regions, different time periods are evaluated: short‐ and medium‐term scenario and long‐
term scenario until 2050.
These scenarios have been elaborated based on two main pillars, on one hand the European
objectives of carbon neutrality in 2050 (including the share of CCUS) and their translation at national
level and, on the other hand, infield data collected in each region by the STRATEGY CCUS project (WP2‐
Mapping CCUS potential) i.e. the existing industrial emissions, existing CO2 transport modes, knowned
CO2 storages, etc.
These scenarios have been prepared in each country and have been presented and discussed at
different meetings of the Regional Stakeholder Committees constituted in each country (WP3 –
Stakeholder engagement).
These scenarios are possible paths (among others) of how emission reductions targets can be achieved
with CO2 capture, use and storage in the different regions. None of the industrial sites cited in this
document has committed at this stage to implement the scenarios presented here.
Some scenarios presented are planning to start handling relatively small quantities of CO2: 1 MtCO2
per year in Paris basin and Lusitanian basin; 1.3 MtCO2 in North Croatia; 1.5 MtCO2 in West Macedonia
basin; and 0.75 MtCO2 in Ebro Basin. Other scenarios are planning to handle bigger quantities of CO2
like 9.35 MtCO2 in Rhone Valley or 10 MtCO2 in Galati region. The Upper Silezia region is a medium
size scenario starting handling 4.27 MtCO2.
Generally, the annual CO2 emission considered in the different CCUS scenarios represent a small
percentage of the national emissions: 0.3% in Paris basin, 1.5% in Upper Silesia, 2.3% in Lusithanian
basin, 2.6% in West Macedonia, 3.2% in Rhone Valley, 4.2% in Ebro basin. Only in two regions the
quantity of CO2 handled are around 1/10 of the national emissions: 8.9% in Croatia, and 13% in Galati.
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As expected, these CCUS scenarios developed in the 8 regions are very different one from each other,
reflecting the regions’ specificities in terms of existing heavy energy industries, land topography,
geographical location of CO2 emitters and CO2 storages, carbon content of energy use…etc. However,
the large variety of these scenarios gives an extremely interesting multi‐case study of possible CCUS
chains deployment.
Some scenarios are quite simple (a few emitters, a transport mode and a few storages) like in the
Lusitanian basin or the Paris basin in the short‐medium term scenario, others are more diversified
with various emitters, various CO2 users, various modes of transport and storage like in Ebro basin.
Sophisticated scenarios bring interest in terms of variety of the actors involved in CCUS and so their
economic interest to participate in the CCUS chain.
Some scenarios are highly constrained by their capability to store captured CO2 as the storage sites
identifies and characterised are lacking, like in France (Rhone Valley) or in Upper Silesia. In contrast,
some regions are limited by the availability of captured CO2 and not by their storage capacity, like in
Romania or Croatia, which opens the floor to intra‐European scenarios.
Galati and North of Croatia include CO2 EOR to launch CCUS scenarios and to accelerate scenario
deployment. These operations of CO2 utilisation are usually employed in hydrocarbon fields planned
to be shutdown as the reservoir will be become depleted. After the CO2 EOR operation, CO2 injection
would be considered as permanently CO2 storage in Depleted Hydrocarbon Fields.
Regions of Southern Europe have most of their emissions linked to industrial facilities other than
power plant. In Portugal, the residual emission, i.e. those linked to the industrial process and
impossible to reduce with current technologies, CCUS would be a good option for industries as the
cement factories. In Ebro basin, a large choice of industries with residual emissions from distinct
sectors are considered, as well as in the Rhone Valley region. The Paris Basin region has the specificity
of attempting to implement CCUS close to an importat town as Paris, to reduce their emissions that
are almost linked to waste to energy plant (incinerators).
These scenarios do not consider the necessary legislation that is missing to frame these scenarios.
All these scenarios will be evaluated in economic terms in the deliverable D5.3 giving more insights of
the different options.
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Business case of each region
Disclaimer
No industry has committed at this stage to implement the scenarios
presented in the deliverable D5.2. The scenarios presented here, while based
on an industrial reality on the ground, are forward‐looking scenarios that
explore the potential of CCUS in each of these regions.

2 Introduction
The objective of the deliverable D5.2 is to describe the CCUS scenarios studied in the eight STRATEGY
CCUS regions located in Spain, Portugal, France (with 2 regions analysed), Croatia, Romania, Greece,
and Poland.
The deliverable D5.2 is divided into nine parts starting with:











A synthesis of the European short‐ and long‐term carbon targets in section "3 European
climate objectives in 2030 and 2050” providing legal European environmental context for the
eight STRATEGY CCUS regional scenarios which are describes in the following parts:
3 ‐ Ebro basin in Spain,
4 ‐ Lusitanian basin in Portugal,
5.2 ‐ Rhône valley in France,
5.3 ‐ Paris basin in France,
6 ‐ Northern Croatia,
7 ‐ Galati area in Romania,
8 ‐ West Macedonian area in Greece and
9 ‐ Upper Silesia in Poland.

Regional scenarios are grouped in 8 standalone parts. For all these 8 regions, national carbon strategy
and global economics of the region are presented followed by a description of the different regional
CCUS scenarios studied. For all the regions one main scenario and one alternate scenario until 2050
have been elaborated. In addition, and for all the 8 regions, different time periods are evaluated:
short‐ and medium‐term scenario (up to 2030‐2040) and long‐term scenario until 2050.
These scenarios have been elaborated based on two main pillars:
14
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the European objectives of carbon neutrality in 2050 (including the share of CCUS) and their
translation at national level and,
on infield data collected in each region in the WP2 of STRATEGY CCUS project i.e. existing
industrial emissions, existing CO2 transport modes, knowned CO2 storages, etc [11]

These scenarios have been prepared for each country and have been presented and discussed at
different meetings of thegathered Regional Stakeholder Committees constituted in each country.
The next deliverable (i.e. D5.3) of STRATEGY CCUS project will be addressing techno‐economic
assessments of these 8 regional CCUS scenarios (described in D5.2).

3 European climate objectives in 2030 and 2050
3.1 Paris Agreement and the Nationally Determined Contributions (NDC) of the
Parties
During the 21st Conference of the Parties (COP 21) to the United Nations Framework Convention on
Climate Change (UNFCCC) in 2015 in Paris, an objective was agreed in the Art. 2 of the Paris Agreement
[1]:


“Holding the increase in the global average temperature to well below 2°C above pre‐
industrial levels and pursuing efforts to limit the temperature increase to 1.5°C above pre‐
industrial levels, recognizing that this would significantly reduce the risks and impacts of
climate change”.

The Paris Agreement was ratified by the European Commission in October 2016.
The Art. 3 of the Paris Agreement expresses that “all Parties (are) to undertake and communicate
ambitious efforts (…) with the view to achieving the purpose of this Agreement (…)”. And in the Art.4
the Parties engaged themselves to “prepare, communicate and maintain successive nationally
determined contributions that it intends to achieve. Parties shall pursue domestic mitigation
measures, with the aim of achieving the objectives of such contributions”.
In line with the Paris Agreement the European Union and its Member States updated its own NDC in
December 2020. In page 6 of the “Update of the NDC of the European Union and its Member
States”[2] document one can read: “The EU and its Member States, acting jointly, are committed to a
binding more ambitious target of a net domestic reduction of at least 55% in greenhouse gas emissions
by 2030 compared to 1990.”

3.2 European climate goals
15
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By the end of 2019, the EU and its Member States have reduced their GHG emissions by 26% on 1990
levels (while GDP has grown by more than 64% over the same period). Average per capita emissions
across the EU and its Member States have fallen by almost 69% from 12 t CO2‐eq in 1990 to 8.3 tonnes
CO2‐eq in 2019.
3.2.1

2030 European Climate goal

In December 2020 the European Council endorsed an EU climate target for 2030 and all policies
adopted will have to achieve by 2030 at least 40% reduction in greenhouse gas emissions as
compared to 1990 levels.
On the 14th of July 2021, the European Commission adopted a series of legislative proposals to
achieve climate neutrality in the EU by 2050, including the intermediate target of an at least
55% net reduction in greenhouse gas emissions by 2030.
3.2.2

2050 European climate goal

In December 2019, the European Council endorsed the objective of achieving a climate‐neutral EU by
2050, in line with the Paris Agreement. This climate neutrality objective was based on the long‐term
low greenhouse gas emission development strategy of the EU (“A Clean Planet for all A European
strategic long‐term vision for a prosperous, modern, competitive and climate neutral economy”).
Different pathways are suggested in the “A Clean Planet for all “to reach 2050 European climate target
but the pathway related to Carbon Capture and Storage technologies expresses (p.15 “Tackle
remaining CO2 emissions with carbon capture and storage”):
“…CCS deployment is still necessary, especially in energy intensive industries and – in the transitional
phase ‐ for the production of carbon‐free hydrogen. CCS will also be required if CO2 emissions from
biomass‐based energy and industrial plants are to be captured and stored to create negative
emissions. Together with the land use sink, it could compensate for remaining greenhouse gas
emissions in our economy.
Considering the lock‐in of fossil fuel technologies (…) the ability to roll out carbon removal technologies
increases the credibility of the EU's long‐term strategy. CCS has not yet reached the commercialisation
stage, hampered by lack of demonstration of the technology and economic viability, regulatory
barriers in some Member States and limited public acceptance. If CCS is to materialise at scale within
the coming decade a much larger research, innovation and demonstration effort will also be needed
to ensure its deployment in conjunction with the options mentioned above, i.e., the energy intensive
industry, biomass and carbon‐neutral synthetic fuel plants. In addition, CCS requires new
infrastructure, including related to transport and storage networks. For CCS to deliver on its potential,
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a coordinated and forceful action is necessary to secure the building of demonstrators and commercial
facilities within the EU as well as addressing concerns of public opinion in some Member States.
Pursuing all these strategic priorities will contribute to making our vision a reality. Nevertheless, the
management of the transition will require a scaled‐up policy effort. An enabling framework is needed
to spur research and innovation, to scale up private investments, provide the right signals to the
markets, and ensure social cohesion so that that no region and no citizens are left behind.”
In conclusion two main GHG emission targets have been set by European Commission:



In 2030: ‐40% GHG emissions compared to 1990 ‐ with a new proposal submitted in 2021
(the “Fit for 55”) to reach ‐55% to stay in line with the Paris Agreement, and
In 2050: climate neutrality European target

Related to the EU GHG projections with additional measures (WAM) (Figure 3‐1) the EU emissions are
not in line with the 2050 trajectory goal.
More climate measures, than the additional adopted ones, are still necessary to reach the 2050 EU
target.

Figure 3‐1 Greenhouse gas emission targets, trends, and Member States MMR projection in the EU, 1990‐
2050
Source :EEA, https://www.eea.europa.eu/data‐and‐maps/indicators/greenhouse‐gas‐emission‐trends‐
7/assessment
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In the “IN‐DEPTH ANALYSIS IN SUPPORT OF THE COMMISSION COMMUNICATION COM (2018) 773, A
Clean Planet for all”, the quantities of CO2 captured and stored underground vary between the
scenarios studied from a minimum of 5 MtCO2 in the Baseline scenario, to a maximum of 298 MtCO2
in year 2050 in the 1.5 Tech scenario (Figure 3‐2).
Most of the scenarios are around 70 – 80 MtCO2 captured and stored underground.

Figure 3‐2 Carbon Capture and Stored underground (MtCO2). IN‐DEPTH ANALYSIS IN SUPPORT OF THE
COMMISSION COMMUNICATION COM (2018) 773, A Clean Planet for all.

At what level may the 8 regional STRATEGY CCUS regions participate to these required additional GHG
reductions until 2050 to help meeting EU GHG neutrality in 2050?
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4 Ebro basin in Spain CCUS scenarios
4.1 National carbon strategy in Spain
In May 21st 2021, the Official State Bulletin of Spain (BOE), published the new Law on Climate Change
and Energy Transition (https://www.boe.es/eli/es/l/2021/05/20/7/con). This document changes the
state of play in the country regarding decarbonization strategy in the near and midterm, until that
point defined by the Spanish Strategy on Climate Change and Clean Energy (2007 – 2012 – 2020).
The Law creates two fundamental instruments regarding action against Climate Change: The National
Integrated Plan for Energy and Clime (PNIEC ‐ https://www.miteco.gob.es/es/cambio‐
climatico/planes‐y‐estrategias/pniec_eae_dea_tcm30‐521885.pdf)
and
the
Long
Term
Decarbonization Strategy for 2050. PNIEC is the main planning tool for guiding of the national energy
and climate policy, and for the public and private investment in this field. In this sense, PNIEC must
assure the accomplishment of the general objectives assumed by the European Union for 2030, linked
to the Paris Agreement of 2015. The first PNIEC will be into force from 2021 to 2030.
PNIEC is funded on three main pillars (Erreur ! Source du renvoi introuvable.), being the first one
increasing efficiency on energy efficiency by 39.5% on 2030, reducing primary energy consumption
and energy self production. Second pillar is the progressive substitution of fossil fuels with the
different sources of renewable energy, reaching a final energy consumption share of 42% for
renewables in 2030.

Figure 4‐1 Three pillars of the Spanish national plans and strategies
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Finally, the third pillar will be the reinforcement of the coordination between the different levels of
Administration in Spain, creating a new National System of Policies, Measures and Projections on
Energy and Climate, which will be able to answer any information obligation that will take place. On
the other hand, there are no specific goals for the industrial sectors, and CCS is only mentioned as an
option for mitigation but with no specific expectation for its deployment.
In order to assure the continuity of the decarbonization policies after the 2030 horizont, the Spanish
Government
also
approved
the
Long
Term
Decarbonization
Strategy
(https://www.miteco.gob.es/es/prensa/documentoelp_tcm30‐516109.pdf) for 2050. This document
is based on the objective of climate neutrality by 2050, i.e. net zero emissions when the second half
of the century starts. To summarize, this document aims these goals for 2050:
‐
‐
‐
‐
‐
‐

Economic growth will be discoupled of energy consumption
Final energy production will be renewable in at least 97%
Electricity will be supplied 100% from renewable sources
Energy dependence from imported sources will be lower than 13%
Electrification of the global national economy will be over 50%
Mitigation actions and natural carbon sinks will lead to a 90% reduction of GHG emissions

In opposition to PNIEC, this long‐term strategy does include industrial sectors as one of the six key
points for decarbonisation, and CCS as the only option to avoid final emissions in the industries where
these emissions are not possible to be substituted by other means (cement, steel, refineries…). On the
other hand, no specific numbers or time schedule is planned for its deployment.

4.2 Global economic presentation of Ebro basin in Spain
Ebro Basin is a geographical area, onshore, located in the Northeast of Spain, covering Tarragona and
Barcelona areas (Comunidad Autonoma (C.A.) de Cataluña), South of Zaragoza and Teruel (C.A.
Aragón), and North of Castellón (C.A. Valencia). It has been defined focus on Tarragona industrial area
and a 150 km radio (Figure 4‐2).
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Figure 4‐2 Ebro Basin area as studied in STRATEGY CCUS is delimited by the yellow circle.

Catalonia, has an area of 32,113 km2. It is the second community in Spain in terms of population
(7,669,999 inhabitants), that is, 17% of total. It has a population density of 239 inhabitants per km2,
much higher than the population density of Spain (92 inhabitants/km2). The unemployment rate is, at
date, of 12.3% of the active population (15,3% Spanish unemployment rate). Its GDP is € 236,814M,
which places it as the second economy in Spain by volume of GDP.
As for GDP per capita, in Catalonia in 2019, it was € 31,119, compared to € 23,690 of GDP per capita
in Spain. This figure means that its inhabitants are among those with the best standard of living in
Spain, since it occupies 4th place in the ranking of GDP per capita of the Autonomous Communities.
Barcelona is the engine of the Catalonia economy, being Tarragona the second one, both based on
the service sector (including tourist) and industry (mainly chemical, textile and food industry). Both
areas are very well communicated by road, train, international airport, and industrial ports
(containers, raw materials and passengers). The industrial area around Tarragona and Barcelona in
one with the highest CO2 emissions from the National inventory of Spain (2019).
Aragon, with an area of 47,720 km2, has a population of 1,331,280 inhabitants, and it is the 11th
Community of Spain in terms of population. With 28 inhabitants per km2, it maintains a very low
density if we compare it with the population density of Spain. The unemployment rate is 10.7% of the
active population, one of the Autonomous Communities with the lowest percentage of
unemployment. Its GDP is € 38,044M, which places it as the 10th economy in Spain by volume of GDP.
As for GDP per capita (2019) was € 28,727, compared to € 23,690 of GDP per capita in Spain and it
occupies 5th place in the ranking of GDP per capita of the Autonomous Communities.
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Zaragoza and Teruel, the provinces of interest, are clearly different: Zaragoza has the 74% of the total
regional population with 56,3 inhabitants per km2, the first economy based on service sector and a
strong automation, engines and instrumental industry; in front of this, Teruel, with less than 10% of
total regional population, a 9,1 inhabitants per km2, and an energy sector in reconversion process
(coal mines and coal power stations). In this area have been identified several structures with potential
of storage CO2.
Finally, Valencian Community with an area of 23,255 km2. It has a population of 5,045,885 inhabitants,
that is, it is the 4th Community of Spain in terms of population. It has a population density of 217
inhabitants per km2. The unemployment percentage is 16.7% of the active population, a rate higher
than the national one. Its GDP is 116,015M € euros, which places it as the 4th economy in Spain by
volume of GDP. As for the GDP per capita (2019) was € 23,206, compared to € 23,690 of GDP per
capita in Spain.
Castellón is smallest province of C.A Valencia with less of 12% of total regional inhabitants. Its local
economy is based on its ceramic industries and primary sector (lemons, orange). The port of Castellón
is ranked as the 3rd highest capacity port for containers in Spain. This is the area with the highest
potential for CO2 storage thanks to the largest storage place and two auxiliary structures.

4.3 Main short‐ and medium‐term scenarios
The base scenario of Ebro Basin has been built based on the objective of to the most extensive CO2
network for capturing and considering the limitations on the storage side in the area, that is, including
the 15 largest emitters in the region, 3 needed storage places, and using the most extensive
transportation net (truck, pipeline and ship).
The scenario base considers 2 clusters (Tarragona Cluster and Barcelona Cluster) and 1 stand alone
starting in 2027. Tarragona cluster, gathering mainly chemical industry, is the first capturing from 2
industries and storing in a near storage place, Reus, (10 km away). This is considered a type of pilot
for the technology CCUS in the Ebro Basin, designed (capture and transport) for 40% maximum of the
CO2 emissions at 2017. The rest of the Tarragona cluster starts at 2038, canalizing the flow throw
Tarragona port and transport by ship to the main hub, at the port of Plana del Vent, to be transport
to final storage at Maestrazgo.
Barcelona cluster, gathering mainly the cement industry, starts capturing at 2038. It is also here
allocated other minor emitters of the area (paper industry, metal industry…). All the flow is collected
at Barcelona port and transported by ship to main hub at Plana del Vent port.

22

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No.
837754

The standalone emitter starts capturing at 2042 as it was not considered a priority the capturing in
power stations. It distances to other selected storage places is enough not to be viable and it was
decided to storage in the nearest storage place, Calpe.
Considering short and medium term, except the pilot case starting at 2027, the capturing technology
is expected to start at the end of 30’ or earlier 40’ pushed mainly from the two key sectors in the area.
The chemical industry, where the key players in the area has yet CCUS technologies ongoing in its
company strategy, and the cement industry, where it is understood that CCUS in a needed solution
for its CO2‐from‐process emissions.

Figure 4‐3 Base Scenario of Ebro Basin
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Figure 4‐4 Timeline of Base Scenario of Ebro Basin

Considering captured volumes until 2050 and assuming constant the 2017 emissions from each
emitter, the base scenario of Ebro Basing could storage around 45% of total potential emissions and
apply CO2 to other uses at 5% of total captured emissions (that is, 2,5% of total potential emissions
until 2050).
4.3.1

Cluster(s) emissions before CCUS

The Ebro basin inventory comprises twenty‐six industrial facilities emitting more than 0.1 MtCO2/y,
and totalling emissions of 17.74 Mt/y in 2017. Power plants, cement and chemical factories are the
dominating sectors, both in the number of facilities and in emissions, accounting for 79%.
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Figure 4‐5 Emissions (Mt/y) and sectors considered of Ebro Basin (2017) (source: D2.2)

The main emitter is a single refinery, at Tarragona, with its 2.29 Mt/y, which emissions make for 13%
of the total emission in the region. There are three other facilities emitting more than 1 Mt/y, notably
two cement plants, both in the Barcelona outskirts, and a chemical plant at Reus. There are other
important sources emitting in the range 0.5 to 1 Mt/y, most of them located in the industrial areas of
Barcelona and Reus (next to Tarragona), with the level of emissions usually decreasing for sources
located further way from these two industrial areas, the exception being a Cement plant at Castellón
(0.78 Mt/y).
Considering sectors, volume of emissions, CO2 source and potential for storage, two clusters resulted
from the spatial distribution of CO2 emission sources in the Ebro basin: i) the Tarragona cluster, and
and ii) Barcelona cluster, with other sources being more dispersed or isolated to results in clusters.
Both Tarragona and Barcelona are coastal areas, at more than 90 km from the relevant CO2 storage
sites (and for the Barcelona cluster, at more than 200 km from most storage sites). The transport
distance is significant and there are topographical and environmental constraints to consider.
Furthermore, some of the most mountainous areas also are natural parks. The railway network
follows roughly along the same corridors, and several sources do have dedicated rail terminals, but
the option of transport by railway can be not really feasible. There are also port facilities in Barcelona
and Tarragona, and although storage is onshore, scenarios can consider transport by ship between
the two ports and final hub, i.e. from Barcelona Port and the Tarragona Port to Plana del Vent Port‐
Hub.
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Figure 4‐6 Initial clustering of CO2 emitters: Tarragona cluster; Barcelona cluster, and others. Blue
polygons are the storage sites (source: D2.2)

4.3.2

Emitters considered for capture technology

The Ebro Basin Base scenario considers 15 emitters with a total emission of 9,73 Million tonnes per
year of CO2 emitted (Mt/y, 2017) and mainly around two clusters: Tarragona cluster (Emitters E1, E2,
E3, E7, E8, E11 and E13, with 5,76 Mt/y CO2 emitted at 2017) and Barcelona cluster (E4, E5, E6, E9,
E12, E14 and E15, with 3,76 Mt/y CO2 emitted at 2017). Out of those, it is a power station which have
been decided, due to the long distance to the two mentions, to define as standalone (0,34 Mt/y CO2
emitted at 2017).
Tree main industrial sector domains the sources type: chemical (including a refinery), cement industry
and power stations. In our case, Tarragona cluster includes mainly the chemical sector and Barcelona,
the cement industry. The power stations, with lower representation, are split between both and in
the stand alone.
The capturing industry, or
industry representatives as
in the chemical industry.
Emitter

Industry
sector

Reported
emission
(Mt/y,
2017)

Start Year
capture

End Year
Capture

Efficiency
(%
captured)

Annual
CAPTURE
rate
(Mt/y)

Tot CO2
captured
(Mt)

E#01

Chemical
s (other)
Chemical
s (other)

1,03

2027

2050

0,4

0,41

9,86

0,84

2027

2050

0,4

0,34

8,08

E#02

26

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No.
837754

E#03
E#04
E#05
E#06
E#07
E#08

Cement
Cement
Cement
Cement
Refinery
Hydroge
n
Power
Power
Power
Chemical
s (other)
Chemical
s (other)
Paper
and pulp
Iron &
Steel

E#09
E#10
E#11
E#12
E#13
E#14
E#15

0,78
1,14
1,10
0,43
2,29
0,38

2033
2035
2038
2040
2038
2038

2050
2050
2050
2050
2050
2050

0,5
0,5
0,5
0,5
0,5
0,5

0,39
0,57
0,55
0,22
1,15
0,19

7,01
9,10
7,12
2,38
14,89
2,47

0,38
0,34
0,34
0,21

2040
2035
2040
2040

2050
2050
2050
2050

0,5
0,5
0,5
0,5

0,19
0,17
0,17
0,11

2,08
2,73
1,86
1,18

0,11

2045

2050

0,5

0,05

0,32

0,19

2040

2050

0,5

0,09

1,02

0,18

2040

2050

0,25

0,05

0,51

Table 4‐1 Emitters list and captured rate at Base Scenario of Ebro Basin

About the power stations, it was not considered a priority due to the existing uncertainty about their
future, starting capturing process at 2040 and at 50% of their capacity.
Assuming no variation of the 2017 reported emissions and applying a capture efficiency no higher
than 50% (that is, the volume percentage of original emissions captured by emitter), the base scenario
of Ebro basin could storage 70 Mt in total at 2050. Compering with total emissions if no CCUS
technologies are applied (292 Mt total from 2021 to 2050), it is almost 25% of total emissions
reduction in the Ebro Basin region.
4.3.3

Transport mode

The network between emitters and storage places have been designed base on the following
principles:

27

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No.
837754

‐

For CO2 transportation rate lower than 0.1 Mt/year, a rented truck of 25 t capacity is
considered. That applies to E13, E14 and E15.

Figure 4‐7 Transportation connexions defined at Base Scenario of Ebro basin

As summary, base scenario of Ebro basin has a transportation network based on more than 300 km of
new pipelines which channels the CO2 to cluster ports and to storage places; 3 ship routes stablished
between clusters ports (Tarragona Port and Barcelona Port) and E3 to the Port‐hub; and three 25 t
capacity truck routes by for distance lower than 6 km.
Start
E#01
E#02
H#13
E#04
E#03
H#09
E#11
H#15
H#16

End
E#02
SU#01
E#11
H#13
H#09
E#11
H#15
H#16
SU#04

Year
2027
2027
2035
2035
2036
2036
2036
2036
2036

Max, Mt/y
0,5
1
3
2
0,5
0,5
8
8
8

Transport type
Pipeline
Pipeline
Ship
Pipeline
Pipeline
Ship
Pipeline
Pipeline
Pipeline
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Pipe ID
P#01
P#02
S#03
P#12
P#03
S#01
P#06
P#13
P#14

E#08
E#07
H#12
E#05
E#15
H#17
E#14
E#12
E#06
E#09
E#13
E#10

E#07
H#12
E#11
H#17
E#04
E#15
E#04
E#06
E#09
H#13
H#12
SU#05

2038
2038
2038
2038
2038
2038
2040
2040
2040
2040
2040
2042

0,5
4
5
0,8
0,8
0,8
0,1
0,1
0,5
1
0,05
0,5

Pipeline
Pipeline
Ship
Pipeline
Pipeline
Pipeline
Truck
Truck
Pipeline
Pipeline
Truck
Pipeline

P#04
P#05
S#02
P#07
P#08
P#15
T#01
T#02
P#09
P#10
T#03
P#11

Table 4‐2 Transportation network at Base Scenario of Ebro Basin

4.3.4




CO2 Utilisation
Although the CO2 utilization technologies, with some exception are mainly in research phase,
there are 4 research lines (mineralization, fertilizers, methanol production and polymers)
where some work is being doing and considered in will be carry out also during the following
years. In the definition of the Base Scenario has been selected 4 possible uses of CO2: CO2 pure
(a product commercialized in the area from many years); methanization and e‐fuels (based on
the current national strategy for moving out of the traditional fossil fuels and the strong
demand of methanol from the chemical industry and for the e‐fuels production; and
mineralization as one of the most promising utilization technologies (and with higher mature
level of this technology) from the cement industry.
The mineralization, considering potential both building materials and carbonation, is a
technology considered the valorisation of waste material (e.g., slags, ashes, kiln dust, tailings,
etc.), or from the construction/demolition sector to create diverse products with CO2 injected
as part of the recycling process. This material could be mixed with raw material and be used
in road foundations or in the preparation of fresh concrete, construction bricks and blocks,
concrete fillers, etc. It is not expected its application until late midterm.

The maximum volume use for utilization has been limited to 5% of total volume captured in each
emitter. In some cases, as mineralization and e‐fuels, has been considered an important improvement
in the technologies and interest from the industry and an increase of the volumes has been considered
late of the considered period, that is close to 2050.
In total, the Base scenario use almost 4 Mt of CO2, that is 2,5 % of total emissions in the area avoided.
USES

U#01

U#02

U#03

U#04
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U#05

Type

METHANOL

CO2 PURE

MINERALIZATION

MINERALIZATION

FUELS

Yearly use (t/y)

150000

30000

15000

50000

50000

Start year

2040

2035

2036

2038

2042

Ramp up year

‐

2038

2046

2045

2045

Ramp‐up, in %

no

0,15

0,5

0,2

0,5

Ramp‐up (t/y)
Source of CO2

150000
E#07

34500
E#01; E#02

22500
E#03

60000
E#04; E#05; E#06

75000
E#12; E#13; E#15

Table 4‐3 Utilization technologies considered at Base Scenario of Ebro Basin

4.3.5



‐

‐

‐

Storage considered in the clusters
All storage sites identified in the Ebro Basin area are onshore Deep Saline Aquifers (DSA) type,
a total of 21 defined by closed structures at an adequate depth and sufficient thickness of the
caprock. Rock volume, pore volume, and CO2 density were estimated to calculate the amount
of storable CO2 in the supercritical state. It is important to mention that the storage capacity
in the area is a limitation since only 2 of these 21 structures has an estimated capacity higher
than 40 Mt of CO2.
Three storage places have been selected in the Base scenario due to its proximity to emitters
and size: Maestrazgo‐2, Caspe and Reus:
Maestrazgo‐2: the largest storage place in Ebro Basin with 123.47 Mt. The storage formation
is a dolomitic series of the Muschelkalk III, sealed by the evaporitic the Keuper clay facies.
There are other 2 identified tramps next to this (Maerstrazgo‐1 and Maestrazgo‐3) which
could be considered in the future for increasing storage capacity in the area. It is located at
Castellón area. It is the main storage area.
Caspe: this storage place is the closest to the E10‐ standalone case. It is an estimated a
capacity of 42 Mt. The storage formation is formed by lower Triassic fluvial series of sands,
conglomerates and clays interbedded of Buntsandstein facies, and covered by Triassic seal
formation in Rot or Cenozoic facies.
Reus: this storage place is 5 km away of the Tarragona cluster and it is the one selected for
the pilot cluster. It has an estimated capacity of 21 Mt. The storage formation is the
carbonated Upper Jurassic (Malm) which is a karstified paleorelief, sealed by red Miocene
clays (Garum facies).

Reus & Onshore

Maestrazgo & Onshore
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Caspe & Onshore

Capacity (Mt)
Start Year
Stored CO2 (Mt) @2050
Associated emitters

(pilot cluster)

(Tarragona and Barcelona clusters)

(standalone)

21,03
2027
17,4
E#01; E#02

103,43
2036
46,5
E#03; E#04; E#05; E#06; E#07; E#08;
E#09; E#11; E#12; E#13; E#14; E#15

41,99
2042
2,7
E#10

Table 4‐4 Storage sites at Base Scenario of Ebro Basin

4.4 Main long‐term scenario 2050
It is expected that the CO2 emissions at long‐term scenario will be considerable reduced not only due
to the efforts to maturity of the CCUS technologies but also for the use of green‐energies (reduction
of fossil fuel use) and modification of some process when that is possible. These required efforts from
the industry must be paved by the administration (national and regional). Assuming this scenario, at
long term Ebro basin could keep similar proposal of storing in Maestrazgo, where all the infrastructure
is in place and still half of the estimated capacity is available, and finalizing the pilot cluster, in which
case E1 and E2 emissions could be join to Tarragona cluster with a single 1 km pipeline, 0,5 Mt/y
capacity. More uncertainty could be on the standalone case as the storage could not support the cost
of this operation.
Possibility of having new storage places offshore are also considered in this scenario.

4.5 Alternative(s) scenario
As alternative scenario is to select industries with CCUS technologies considered in their current
strategy: Repsol, with the petrochemical and refinery on Tarragona Cluster, and the cement industries
most of them in the Barcelona.
In that case, capture starting dates and transport network have been adapted to the new situation
and considering an initial period of 5 years with low capturing and low storage rate and increasing
them later. The Tarragona cluster is still based on the petrochemical industries included and Barcelona
cluster, for the cement industry. In this case, only a storage site is considered (Maestrazgo).
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5 Lusitanian basin in Portugal CCUS scenarios
5.1

National carbon strategy in Portugal

Following the Paris Agreement, in 2016 during the COP Marrakesh, the Portuguese government
established the political commitment to turn the Portuguese economy carbon neutral up to 2050,
placing Portugal as one of the forerunner regions in the ‘climate neutrality goal’.
By July 2019 (RCM107/2019, 2019), it was published the Portuguese Carbon Neutrality Roadmap 2050
(RNC2050), which sets a long‐term strategic approach to carbon neutrality, establishing the main
guidelines and identifying cost‐effective paths to achieve it. To achieve carbon neutrality, Portugal
must reduce its greenhouse gas emissions (GHG) by more than 85% in 2050, compared to 2005 values
(‐75 Mt CO2), and ensure an agricultural and forestry carbon sequestration capacity of around 13 Mt
CO2 to offset remaining emissions (Figure 5‐1). RNC2050 has identified energy efficiency and
renewable electricity and electrification of end‐use demand as the main cost‐effective vectors for
decarbonization.
The manufacturing industry is the sector with the greatest challenges to decarbonization, occurring at
a slower pace compared to other sectors. There is no “silver bullet” for all industries to reduce their
combustion emissions since each industrial sector (e.g., cement, glass, iron & steel), have their own
particularities, dimension, and mitigation capacity. In addition, there is a limited range of technological
options to electrify some of the processes, as well as to reduce intrinsic process emissions themselves.
In their main scenarios, RNC2050 does not identify CCUS as a relevant cost‐effective solution for
Portugal’s carbon neutrality. Four reasons may justify this fact:
1.
2.

3.
4.

the high renewable energy sources (RES) potential of the country and the significant cost
reductions in RES power technologies (e.g., solar PV, onshore wind)
the study considers conservative activity levels for the cement industry, identified as a key
sector for the cost‐effectiveness of CCS in Portugal (Seixas, et al., 2015). This reduction of
activity is justified by optimistic circular economy features, which reduce the sector CO2
emissions and therefore competitiveness of CCS. RNC2050 only focus on mitigation,
neglecting potential changes (including possible increase) in industrial production due to
climate change adaptation (e.g., construction of infrastructures for flood protection or water
management)
possible high costs for CCUS infrastructure / supply chain; and
the absence of biomass emissions capture and storage (BECCS) options due to lack of political
acceptance at the time.
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Alternative scenarios in support of RNC2050 (not publicly available), specifying higher activity for the
cement industry, show CCS as a cost‐effective option to mitigate the sector emissions.
In July 2020, the National Energy and Climate Plan 2021‐2030 (NECP2030) was presented (Ministerial
Resolution 53/2020), setting out the energy emissions policies and measures for the medium‐term.
NECP2030 considers the following main targets for 2030: i) ‐45% to ‐55% GHG in 2030 comparing with
2005 values (Figure 5); ii) 47% of RES on final energy consumption; and iii) ‐35% of primary energy
consumption in comparison with the estimates of the EU Reference Scenario 2007.
NECP2030 sets energy efficiency and RES as strategic priorities for the decarbonisation of the
Portuguese society and, at the same time, to promote a competitive economy and a more resilient,
and self‐sufficient energy system. RES are expected to contribute to at least 80% of electricity
generation by 2030. Growing levels of renewable electricity and higher use of biomass and biogas are
the main decarbonization solutions identified for the industry up to 2030, whereas CCUS is not
recognized as a strategic decarbonization option.

Figure 5‐1 Portugal GHG emissions (CO2e) path per sector towards carbon neutrality up to 2050 (RNC2050).
The black line represents net carbon emissions
Source: authors own development base on the Yellow Jersey emissions scenario from RNC2050
(RCM107/2019, 2019)

Although RNC2050 and NECP2030 do not consider BECCS, the two documents consider the role of
biological carbon sinks in forests and pastures to mitigate and offset CO2 emissions from energy,
industry, and waste. However, as underlined by the European Commission, the carbon stored in
European forests is decreasing since 2010. For Portugal, as a hotspot for climate change, the role of
the offset carbon emissions is subject to high uncertainty. This situation may turn CCUS and BECCS
into important solutions that could lead to policy adjustments.
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In August 2020, the National Strategy for Hydrogen (EN‐H2) (RCM63/2020, 2020). EN‐H2 is in its
essence aligned with RNC2050 vision for the energy system and keeps the targets of the NECP2030.
However, aims to integrate power and gas grids to overcome drawbacks that may arise from an
extremely electrified energy system. These include large stranded assets (e.g., natural gas
infrastructure), technological and cost barriers to full electrification (e.g. in high‐temperature
industrial processes), and the vulnerability of the power system to curtailment and inter‐annual
weather variability. Although still relying on RES electricity, in EN‐H2 large amounts are targeted to the
production of renewable hydrogen and other renewable fuels of non‐biological origin (RFNBO), such
as methane (mainly to inject into the natural gas grid) and aviation kerosene.
EN‐H2 does not address CCUS. However, CCUS is implicit as it is recognised as a technical necessity:
indeed, to produce RFNBO other than simply H2, CO2 must be added to hydrogen. The quantities of
synthetic fuels in EN‐H2 imply the capture of approximately 1 Mt CO2 by 2030 (essentially for
methanation processes) growing further to almost 10 Mt CO2 up to 2050 (Figure 5‐2).

Figure 5‐2: Amount of CO2 (Mt) needed for methanation according to the modelling outcomes that
supported EN‐H2.
Source: DGEG, 2020

5.2 Global economic presentation of Lusitanian basin in Portugal
The Lusitanian basin area studied in the STRATEGY CCUS project is in the western central territory of
Portugal, covering both the mainland and the continental shelf. The area extends latitudinally from
Souselas up to Outão covering the NUTS III regions of Coimbra, Leiria, Médio Tejo, Oeste, Lezíria do
Tejo and Lisbon Metropolitan Area (Figure 5‐3).
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Figure 5‐3: Lusitanian Basin case study location with Coimbra, Leiria, Médio Tejo, Oeste, Lezíria do Tejo and
Metropolitan area of Lisbon NUTS‐III regions outlined.

Red dots show the location of CO2 sources with emissions above 80 Kt/year in 2018.
In the last years, all the six regions have been experiencing economic growth, recovering from the
economic‐financial crisis during 2008‐2014 period. Since then, the gross regional product has been
growing on average from 1.4%/y for Médio Tejo up to 2.8%/y for the Oeste region, the latter above
the national average of 2.2%/y. The economic activity of the six regions, and as observed at the
national level, is mainly supported by the services sector, which represents more than 60% of the
gross value added (GVA), particularly in the Lisbon Metropolitan Area, that presents a share of more
than 85%. Industry, represents on average 25% of GVA, ranging from more than 35% at Leiria to less
than 15% in the Lisbon Metropolitan Area.
The study area has a very heterogeneous population density, varying from 55 inhabitants/km2 in the
Lezíria do Tejo to 163 inhabitants/km2 in Oeste, with a peak in Lisbon Metropolitan Area (952
inhabitants/km2). This compares with the national value of 112 inhabitants/km2 . Overall, since 2011
census, the population of the Lusitanian Basin NUTS III regions has been stable with a marginal decline
of 0.2%. The increase of the population in Lisbon Metropolitan Area (1.5% in the last 9 years)
counteracted the fall observed in the other NUTS III regions, namely in Coimbra and Médio Tejo, which
have decreased by more than 4.5%. Contrary to population, the total employment in the region has
been growing in the last years (+2%/year since 2013), mostly driven by the increase in the number of
jobs in the Lisbon Metropolitan Area. Nonetheless, except the latter region, the employment levels in
the other NUTS III are still below the levels of 2009‐2010.
The energy production mix at the region is dominated by the electricity, around 60% of which is
obtained from coal and gas based thermal power plants. Hydropower plants and wind power parks
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also produce relevant amounts. Heat from cogeneration is important but consumed in the same
industrial facilities that originate it. In the future, a large reduction of thermoelectric power plants
activity is expected (indeed the largest plant, at Pego, will be decommissioned by the end of 2021)
and solar PV plants and wind parks will dominate the energy mix. As regards the energy consumption
mix, it is dominated by road fuels and by natural gas (i.e. mostly fossil methane) in similar amounts,
followed by electricity, and then cogeneration heat. In the future, it is expected that electricity will
largely dominate, while gas will be almost fully decarbonized (a mixture of hydrogen and synthetic
renewable methane), and its use will be reduced, including due to large decreases of the activity of
gas based thermoelectric power plants.
The major industries in the region include cement, lime, glass, paper and pulp, ceramics, and energy
(power and heat production) (Figure 5‐3). From the 68 industrial emission sites identified in the region,
only 20 are considered as potential targets for CO2 capturing, with fossil CO2 emissions ranging from
0.08 Mt/y to 2.79 Mt/y. The joint emissions from those twenty sources are 12.66 Mt/y, representing
97% of total emissions in the region and 42% of the national stationary CO2 emissions in 2018 (APA,
2020). The main emitter in the region, Pego coal‐fired power plant, will be decommissioned by the
end of 2021. The auction of the corresponding grid injection point has already been launched and any
of the installations that may come to be connected there – e.g. biomass or solar PV power plants, H2
or RFNBO production plants – will not emit CO2, declining drastically the GHG emissions of the region.

5.3 Main short‐ and medium‐term scenarios
Due to the ambitious national mitigation targets and the increasing price of CO2 in the EU‐ETS, the
Portuguese industry will have to intensify its decarbonisation efforts, undertaking energy efficiency
measures and energy shifts to lower carbon‐intensive fuels. CCUS would also offer a possible
mitigation path, but at least until 2030, its large‐scale deployment in the study area or elsewhere in
the country is not expected. The technology will have to attain a maturity stage for full‐scale
implementation and the required infrastructure needs to be developed. However, some industries,
particularly cement and glass, confronted with the inexistence, the immaturity, or the high cost of
decarbonisation solution (e.g., electric furnaces in the glass industry) will deploy pilot capture units.
These will and could allow testing the capture technologies, but also other elements of the whole
chain of CCUS processes, including a starting with flexible solutions for initial CO2 transportation until
a cost‐effective solution is developed and a pilot for CO2 injection into an identified geological
formations.
Thus, the deployment of two carbon capture pilot units are expected around 2028 (Figure 5‐4):
1.

Cement company CIMPOR – Indústria de Cimentos, S.A., Souselas Production Center
(E#01/08), which represents one of the biggest cement production units in the country
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2.

Glass company BA Glass, S.A., Marinha Grande factory (E#02/05), which has been
demonstrating interest in CCS and is in close vicinity to the onshore storage locations. It should
be underlined, that alternative technologies, currently in an early development stage, such as
forming CO2 hydrates, are identified as possible cost‐effective options for smaller industrial
facilities such as those of the glass sector, increasing the competitiveness of capture
technologies for sectors with lower CO2 concentration in the flue gases.

Figure 5‐4: Network graph for short and medium‐term perspective (2028 to 2035).

5.3.1

Cluster(s) emissions before CCUS

This section describes the evolution of the industrial sectors identified in the case study and the
expected evolution of its respective CO2 emissions in the short/medium term in the absence of CCUS.
A small increase of cement production in line with the country’s GDP evolution is expected, mostly
linked to the rehabilitation of the housing stock and public infrastructures. The sector has adopted its
own neutrality goal up to 2050, setting an intermediate mitigation objective of ‐36% of CO2 per ton of
cement produced compared to 1990 values. This implies, among other measures, a gradual
replacement of petcoke with alternative waste streams and testing a blend of natural gas and
hydrogen in the transition to higher amounts of hydrogen use by 2030. By 2028, petcoke will only
represent 20 to 30% of the energy consumption of the cement units in the Lusitanian Basin, leading
to a reduction of CO2 emissions. However, reducing significantly process emissions, that represent
about half of the overall emissions, will remain a challenge. As regards lime, similar problems exist
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that call for similar responses. Emission reductions are expected using alternative fuels, such as
biomass and investments in more energy efficient technologies.
At the Paper and Pulp sector, although printing paper demand is expected to reduce, the growing ban
on the use of plastics and the increase of digital commerce will drive an increase in paper packaging
demand, leading to a rise in paper and pulp production. This increase is not directly translated into
CO2 emissions, as the sector has been implementing mitigation measures, including energy efficiency
and fuel substitution. Moreover, several paper and pulp units use co‐generation heat produced by
black liquors – a waste product from its own pulp production process. The Navigator Company, with
two facilities in the Lusitanian Basin (E#13 and E#15), has defined a carbon neutrality goal for all its
industrial facilities by 2035. In 2020 the company has started a new biomass boiler at the Figueira da
Foz industrial complex, reducing its CO2 emissions by 156 kt/year 1. Additional measures such as the
conversion of fuel oil boilers to natural gas are also planned by the company.
At the Glass sector, the rising environmental awareness, and the growing ban on the use of plastics
will lead to an increase of hollow glass packing demand. Until 2028, Gallovidro, S.A. (E#09) is expected
to expand its installed capacity by around 36%, as set in its Environmental Impact Study. Again, such
glass production growth is however not reflected in an increase in energy use and CO2 emissions, due
to the adoption of more efficient furnaces and expansion of glass cullet incorporation in the
production process.
At the Power and Heat sector and as mentioned before, the Pego power plant, the main emitter in
the study area will close its activity until the end of 2021 and will not be replaced by CO2 emitting
facilities. According to all the Portuguese strategic documents (e.g., NECP2030, RNC2050), it is
foreseen a rapid decline of CO2 emissions from power and heat industries until 2030, reaching near
carbon neutrality by 2050.
5.3.2

Emitters considered for capture technology

For the implementation of the carbon capture technologies, the facilities emitting more than 80 kt
CO2/y were selected, with the said exception of power and heat production units soon to be

1http://www.thenavigatorcompany.com/var/ezdemo_site/storage/original/application/da325703afe247

c8f6c30adf81a995f5.pdf [in Portuguese]
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decommissioned. For the short/medium term only two pilots in cement and glass units are expected,
with a capture efficiency between 6 to 10% (Table 5‐1).
Table 5‐1: Emitters considered in the short/medium‐term 2028
Unit ID
Facility name
Industry sector
Reported emissions in
2018/2019 (Mt CO2/y)
Start Year
End Year
Total CO2 emitted if
not captured (Mt)*

E#01
CIMPOR ‐ Centro de Produção de
Souselas
Cement
0.89

E#02
BA Glass, S.A. ‐ Fábrica da Marinha
Grande
Glass
0.09

2028
2038
0.59

2028
2034
0.06

*Relatively to reported emissions

5.3.3

Transport mode

The transport mode for CO2 is highly dependent on the quantities of CO2 to be transported and
distances to be covered. In the short‐term scenario, train is considered for the longer connection
distance and pipelines for the shorter connection distances. Small CO2 quantities from capture pilots
make railway transportation a more flexible solution at an initial stage, while it is also assumed that
the procedures needed to license and build a pipeline could not be executed in a timely manner. It is
foreseen a 100 km CO2 transport distance by railway from Souselas (E#01) up to Marinha Grande train
station, close to E#06 (Vidrala former Santos Barosa ‐ Vidros, S.A.). At the same time, the emissions
from the glass emitter E#02 (BA Glass, S.A.) are transported through a short pipeline to E#6, which
ultimately is connected by pipeline to the storage pilot unit SU#01 (S. Mamede), the pipeline network
have 22.5 km, but individual pipelines would be designed taking into account the CO2 volumes to be
transported in the long‐term scenario.
5.3.4

CO2 Utilisation

As mentioned before for some sectors, the direct use of renewable electricity is still an expensive
solution or subject to numerous technical restrictions such as the case of navigation or facilities that
use some high‐temperature heat. The vision of EN‐H2 is that green H2 would meet some of these fuel
needs, while certain synthetic hydrocarbon fuels, such as methane, methanol, marine fuels and jet
fuels for aviation, produced using RES electricity, green H2 and CO2 would meet the reminder fuel
needs.
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As recognized by the International Energy Agency (IEA, 2019) the market for CO2 use is expected to
be relatively small in the short term, although early opportunities including the CO2 use in greenhouses
and mineralisation may appear. Thus, before 2030, the use of CO2 to produce synthetic fuels does not
happen in the Lusitanian Basin region (it may happen elsewhere in the country). The scenario
considers that 1/3 of the CO2 captured (37.0 kt CO2) would be used in greenhouses in the Oeste
NUTS III region, while the rest would be directed to onshore geological storage. The region has an
important agricultural sector, and it is assumed that an interest in the supply of CO2 as feedstock to
greenhouses would result from the availability of CO2 in the capture pilots.
5.3.5

Storage considered in the clusters

Deep saline aquifers (DSA) are the CO2 geological storage resources identified in the Lusitanian basin
with 17 potential storage units – 4 onshore (reservoir: Upper Triassic Silves Group) and 13 offshore
(reservoirs: Lower Cretaceous, Torres Vedras Group – 8 units, and Upper Triassic, Silves Group – 5
units). The reservoir maturity for the offshore units is at the lowest level, Tier 1 (a regional assessment
leading to theoretical capacities) while the onshore are classified as Tier 2 (a discovery assessment
leading to effective storage capacity of each daughter unit)2. The suitable onshore reservoirs (i.e.,
daughter units) were identified as the Castelo Viegas and Penela Formations belonging to the Silves
Group (Pereira et al., 2021). The total storage capacity of the onshore units is approximately 261
Mt CO2 (central value P50), with an uncertainty interval ranging between 115 Mt CO2 (P90) and
502 Mt CO2 (P10), while the offshore units capacity is approximately 2 900 Mt CO2 (P50) with an
uncertainty interval between 1 500 Mt CO2 (P90) and 5 400 Mt CO2 (P10).
A low storage injection rate of about 73.92 kt CO2/y for the short and medium‐term scenario is
projected, and most of the 17 storage units would have suitable capacity and injectivity. The units to
use for CO2 storage for the short and medium‐term scenario took into account several factors: capacity
using P90 estimate values as a conservative approach, since the storage capacity estimates will
decrease with the rise in maturity tier; the onshore/offshore setting as this may be reflected on the

2 A four‐tier classification was adopted for the maturity of the storage resources, ranging from the lowest
maturity Tier 1 (theoretical capacity) to the highest maturity Tier 4 (matched capacity). For details see
deliverable D2.1 of STRATEGY CCUS: Cavanagh, A.J., Wilkinson, M. and Haszeldine, R.S., 2020. Part 2,
Bridging the Gap. Storage Resource Assessment Methodologies. In: Brownsort, P.A., Cavanagh, A.J.,
Wilkinson, M. and Haszeldine, R.S. 2020. Methodologies for cluster development and best practices for
data collection in the promising regions. EU H2020 STRATEGY CCUS Project 837754, Report, pp 66
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public acceptance and are certainly different in terms of storage induced risks; distance to the pilot
capture facilities and the prospective large‐scale capture facilities and the availability of geophysical
legacy data (e.g., 2D/3D seismic reflection data, wells, etc.) from previous petroleum exploration
activities conducted in this region to enable further characterisation studies. The largest onshore
storage unit S. Mamede (SU#01), with a storage capacity of 57 Mt CO2 (P90 value) (Table 5‐2),
represents the most favourable location and 3D seismic data is available to better characterise this
unit. Although the SU#01 is partly included in the ‘Serra de Aires e Candeeiros’ natural park protected
area, the drilling process and injection facilities can be placed outside the protected area.
Table 5‐2: Storage in the short/medium‐term 2028
Unit ID:
Name & Location
Type
Capacity estimate WP2 (Mt CO2), P90
Start year
Last year

SU#01
S. Mamede & Onshore
Deep Saline Aquifer
57
2028
2035

5.4 Main long‐term scenario
According to the RNC2050, to cope with the severe mitigation targets and carbon neutrality by 2050
the Portuguese industry (manufacturing and energy) must reduce its GHG emissions between 69% to
88% by 2030 and 2050, respectively, comparing with 2005 values (Ministerial Resolution 107/2019).
Moreover, the EN‐H2 foreseen a rise of CO2 demand for RFNBO fabrication. Both will drive the
deployment of large‐scale CO2 capture projects in several industries in the Lusitanian Basin in the
decades after 2030, benefiting from the experience obtained at the CCS pilots and the advances in the
maturity and cost of CCUS technologies.
For the cement sector, the longterm scenario considers that by 2035, the two main cement industries
(SECIL ‐ Companhia Geral de Cal e Cimento, S.A, Fábrica SECIL ‐ Outão (E#03) and CIMPOR – Indústria
de Cimentos, S.A., Centro de Produção de Alhandra (E#04)) and lime (Lusical ‐ Companhia Lusitana de
Cal S.A, Industria Mineral – Produção de Cales não‐Hidráulicas, (E#07)) in the region install CO2 capture
technologies, capturing 85% of its emissions at the time. Simultaneously, the BA Glass, S.A. Fábrica da
Marinha Grande (E#05) replaces its pilot by a large‐scale capturing unit, being followed by former
Santos Barosa ‐ Vidros, S.A. (E#06), one of the biggest glass facilities in the region
The scale of CCS increases in the country as the technologies become more mature and highly
widespread around the world. The demand for CO2 to produce methane and other synthetic fuels in
combination with H2, creates a viable business model for CO2 capture, increasing the competitiveness
of capturing technologies. To guarantee that ultimately the combustion of these synthetic fuels will
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not emit CO2, the CO2 captured and used for assembling such fuels is derived solely from bioenergy
(e.g., biomass), considered carbon neutral.
In 2040 the technology is fully deployed in the cement unit CIMPOR – Indústria de Cimentos, S.A.,
Centro de Produção de Souselas (E#08). Taking advantage of the possibility of creating clusters and
industrial synergies, other industrial units also install the technology in 2040, namely two glass
industries (E#10 and E#09). The former is already part of the Marinha Grande cluster, and the latter
takes advantage of the transport infrastructure (pipeline) needed to link Souselas (E#08) to the
utilisation and storage areas.
Later in 2045, the remaining cement industries in the region (Maceira E#11 and Pataias E#12) also
install capture technology, capturing 85% of its emissions. Due to rising demand of biological CO2,
carbon capture becomes a competitive solution for paper and pulp industries, and thus by 2045
several units in the Lusitanian Basin region start capturing CO2, namely: About The Future‐Empresa
Produtora de Papel S.A. (E#13), sharing with E#03 (Fábrica Secil Outão) the main transport
infrastructure up to the North until it merges with the pipeline backbone; and Celbi (E#14) and
Soporcel ‐ Navigator Paper Figueira (E#15) creating a cluster in Figueira da Foz at a very short distance
from the pipeline backbone. Figure 5‐5 displays the full network of CCUS long‐term scenario.

Figure 5‐5: Network graph for long term perspective (of what to be built from 2035 to 2050).
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5.4.1

Cluster(s) emissions before CCUS

The industrial points in the Lusitanian basin continue their emission reduction trend as described for
the short/medium term scenario. Paper and Pulp industries, as well as Glass industries, implement
fuel substitution and energy efficiency measures, offsetting the increase of emissions caused by a
growth in its activity. Cement industry continues to adopt efficiency measures, including clinker
substitution, and the replacement of the high emitting factor petcoke fuel by alternative fuels with
significant amounts of waste biomass, natural gas with blended H2 from the gas grid or, should the
technology become mature, by more than 20% self‐produced H2. By 2040, petcoke only represents
0% to 5% of the cement energy fuel mix, disappearing in 2045.
5.4.2

Emitters considered for capture technology

In the long‐term, all the high emitter sources in the case study (>80 kt CO2/year) will install capture
technology, except for the energy industries, which have higher cost‐effective alternatives.
Thermoelectric may still exist in the region, supplied by hydrogen and/or synthetic methane, but the
abundance of renewable electricity will push them to a backup role, making carbon capture an
uncompetitive solution. Table 5‐3 and Table 5‐4 show a summary of the capture points for the long
term.

Table 5‐3 Capture points in the long‐term 2035‐2040
Unit ID
Facility
name

Industry
sector
Reported
CO2
emissions
in
2018/2019
(MtCO2/y)
Start Year
End Year
Total CO2
emitted if

E#03
Fábrica
SECIL –
Outão

E#04
Centro
de
Produção
de
Alhandra

E#05
Fábrica
da
Marinha
Grande

E#06
Santos
Barosa –
Vidros,
S.A

E#08
Centro
de
Produção
de
Souselas

E#09
Gallovidr
o, S.A.

E#10
Verallia
Portugal,
S.A.

Glass

E#07
Indústria
Mineral –
Prod
Cales não
Hidraulic
as
Cement

Cement

Cement

Glass

Cement

Glass

Glass

0.84

0.94

0.09

0.14

0.38

0.89

0.08

0.09

2035
2050
11.36

2035
2050
12.79

2035
2050
1.20

2035
2050
1.84

2035
2050
5.23

2040
2050
8.32

2040
2050
0.75

2040
2050
0.83
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not
captured
(Mt)*

*Relatively to reported emissions

Table 5‐4 Capture points in the long‐term 2045‐2050
Unit ID
Facility name

E#11
Fábrica
Maceira‐Liz

E#12
Fábrica Cibra‐
Pataias

E#14
Celbi

E#15
Soporcel
(Navigator
Paper Figueira)

Cement
0.27

E#13
About The
Future‐
Empresa
Produtora de
Papel S.A.
Paper and pulp
1.31

Industry sector
Reported
emission in
2018/2019
(MtCO2/y)
Start Year
End Year
Total CO2
emitted if not
captured (Mt)*

Cement
0.35

Paper and pulp
1.04

Paper and pulp
0.44

2045
2050
1.81

2045
2050
1.36

2045
2050
7.06

2045
2050
5.62

2045
2050
2.38

*Relatively to reported emissions
5.4.3

Transport mode

In the long term, the full deployment of carbon capture technologies makes dedicated CO2 pipelines
the only valid alternative for CO2 onshore transport. A central pipeline with smaller branches connects
the northern, central and southern clusters to the storage site in S. Mamede (SU#01) and the
intermediate storage facilities in Carriço (U#01), where CO2 is to be stored in salt cavities prior to being
utilised for synthetic fuels production. Some hubs are also created to optimise transportation as
shown in Figure 8. A total length of 310 km of CO2 pipeline network is fully constructed by 2045,
transporting an amount of CO2 that ranges between 7.8 to 11.8 Mt CO2/year.
5.4.4

CO2 Utilisation

As envisaged by the EN‐H2, large amounts of CO2 are needed to produce synthetic fuels, mainly
methane, making this the largest destination for CO2 in the Lusitanian Basin. The existence of salt
layers adequate for hydrogen and intermediate CO2 storage, makes the Carriço region (U#02 in Figure
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8) one of the preferable places of the country for synthetic fuels production. As mentioned, only the
CO2 from bioenergy would be directed for such purposes. It is remarked that biomass would be a
substantial part of the energy mix at the cement and paper and pulp industries. Table 5‐5 shows the
amount of CO2 utilised and its comparison with the national CO2 needs according to the EN‐H2.
Table 5‐5 CO2 utilisation in the long‐term
Year
2035
2040
2045

5.4.5

Amount of CO2 utilized to produce methane
(kt CO2/y)
1 969.6
2 907.6
7 959.2

Share of CO2 utilized
relative to the national needs set in EN‐H2
90%
58%
87%

Storage considered in the clusters

Despite the larger amount of CO2 captured, the storage unit SU#01 would have enough storage
capacity, even if P90 estimate is considered. However, the permeability values of the potential
reservoirs of Silves Group (Upper Triassic) are very uncertain at the required depths, and this
uncertainty spreads to the expected reservoir injectivity. Thus, at to take into consideration this
uncertainty, a limit of 1 Mt CO2/year per well was established as the maximum annual injection rate
per well, regardless of the modelling tool indicating that (with the existing permeability data) the
injection rates in each well could be higher. Moreover, it is important to emphasize that the maturity
of the onshore units is classified as Tier 2 (T2), i.e., still quite low, and therefore the decrease of storage
capacity estimates is expected when more detailed characterisation and modelling studies are
conducted. Under these assumptions, an additional storage unit (SU#02) was considered for CO2
injection in the long‐term storage scenario (Table 5‐6). Like in the SU#01, it exists a 3D seismic survey
partially covering the area of the SU#02, which facilitates and decrease costs of characterisation.

Table 5‐6 Table caption in the long‐term 2035‐2050
Unit ID
Name & Location
Type
Cap. estimate WP2 (Mt)
Start year
Last year

SU#01
S. Mamede & Onshore
Deep Saline Aquifer
57 (P90), 136 (P50) and 264 (P10)
2035
2050

SU#02
Alcobaça & Onshore
Deep Saline Aquifer
27 (P90), 64 (P50) and 123 (P10)
2040
2050

5.5 Alternative scenarios
Risks and public perception may favour an offshore setting for the storage component. Thus,
alternative scenarios for the Lusitanian basin assume offshore geologic storage of CO2.
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The offshore storage opportunities present higher theoretical capacity, but lower maturity (i.e. Tier 1).
From previous geological characterisation studies conducted in the Lusitanian basin, it was concluded
that the potential reservoirs of Torres Vedras Group present good characteristics (such as porosity
and permeability) and a better injectivity is expected than for the Silves Group reservoirs. For these
reasons, the storage unit SU#03 (Q4‐TV1) was selected for the first alternative storage scenario (Table
5‐8), taking into account the shallower depth of the reservoir and its small distance to the shore line
and the locations with respect to CO2 capture.
However, even if the Torres Vedras Group presents better reservoir properties, there is considerable
uncertainty about the quality of the caprock, requiring detailed characterisation studies. As such, a
second alternative storage scenario for further economic assessment considers storage is the Silves
Group reservoir, storage unit SU#04 (Q4‐S1), which is known to have excellent caprock (Table 5‐7).
Table 5‐7 Alternative (offshore) scenarios 2028‐2050
Unit ID
Name & Location
Type
Reservoir
Cap. estimate WP2 (Mt)
Start year
Last year

SU#03
Q4‐TV1 & Offshore
Deep Saline Aquifer
Torres Vedras Group (Lower
Cretaceous)
123 (P90), 244 (P50) and 433
(P10)
2028
2050

SU#04
Q4‐S1 & Offshore
Deep Saline Aquifer
Silves Group (Upper Triassic)
93 (P90), 183 (P50) and 335 (P10)

These two alternative scenarios impose also alternative configurations for the transport network as
follows:
Total transport by pipeline. In the short term, the CO2 captured in both pilot units (E#01 and E#05) is
transported by train and from pilot unit E#05 by truck up to E#15 (capture in this facility will only occur
in the Long‐term scenario) and by pipeline to the coastal hub south of Figueira da Foz. From there an
offshore pipeline connects to storage unit “Q4‐TV1 & Offshore” (PT.SU.007). The offshore pipeline has
around 40 km length and transports a maximum of 0.075 Mt CO2/year; both railway connections cover
around 115 km and the onshore portion of the pipeline covers around 3.5 km. In the long term, all the
CO2 captured is transported through a pipeline network in a configuration close to the Base Scenario
totalling 350 km of length.
Mixed transport by pipeline and by ship. The emissions from the southern cluster represented by
E#03, E#04 and E#13 emitters are transported by ship for direct injection in the storage unit “Q4‐TV1
& Offshore” (PT.SU.007). The access by waterway to emitter E#04 has navigability constraints and it
is considered a transport of around 10 km by barge (< 3,000 tons) to a hub located in the Tagus river
46

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No.
837754

estuary for CO2 transfer to a ship. From here, the distance to the offshore storage unit is around
220 km. Both emitters E#03 and E#13 are at around 70 km from the transfer hub.
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6 Two regions studied in France: Rhone valley and Paris basin
6.1 National carbon strategy in France
The National Energy and Climate Plan plans carbon neutrality by 2050. This carbon neutrality requires
carbon sinks to offset residual emissions. The carbon capture and in some extend CO2 utilisations has
consequently a part to play and appears among the Government guidelines to decarbonise the
industry and the energy production sectors. Focusing on these sectors, the total decarbonisation of
the industry by 2050 is not planned for but heavily reduced, while energy production is anticipated to
be virtually carbon‐free by this horizon.
The National Energy and Climate Plan3 for France was passed in mid‐2017. It is based on 2 national
papers dealing with the program and the governance on energy and climate:
The National Low Carbon Strategy4 which defines a path to reduce GHG emissions,
The Multi Annual Energy Plan5 which defines a 10 years roadmap for energy consumption and
production (in coherence with the Low Carbon Strategy).
The National Law Carbon Strategy or “SNBC” defines a path to reduce GHG emissions for the French
territory over the next 15 years: the carbon budgets. These carbon budgets are GHG emissions caps
(expressed in annual average) that must not be exceeded at national level over five‐year periods. The
review cycle of the SNBC is five years. Implemented in 2015, the 1st SNBC (SNBC1) was revised in
2018‐2019 (SNBC2, adopted by Decree6 on the 21 of April 2020). The SNBC2 defines carbon budgets
over 2019‐2023, 2024‐2028 and 2029‐2033 periods. Carbon budgets defined by the SNBC2 are
illustrated in Figure 6‐1

3

https://ec.europa.eu/energy/sites/ener/files/documents/fr_final_necp_main_en.pdf

4

https://www.ecologie.gouv.fr/strategie‐nationale‐bas‐carbone‐snbc

5

https://www.ecologie.gouv.fr/programmations‐pluriannuelles‐lenergie‐ppe

6

https://www.legifrance.gouv.fr/jorf/id/JORFTEXT000041814459
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Figure 6‐1: History and trajectory of net GHG in France between 1990 and 2050

Regarding industry and energy production sectors, which are considered as the most promising
sectors from the perspective of French government about carbon capture, they are respectively
responsible for 17% and 12% of 2017 emissions as illustrated in Figure 6‐2.

Figure 6‐2: Sectorial shares of French GHG emissions in 2017
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The planned decrease in GHG emissions of the industry and the energy production sectors are
presented in Figure 6‐3. For the last carbon budget, emissions are valued at 51 Mt CO2eq for industry
and 30 Mt CO2eq for energy production. Emissions reduction targets, compared to 2015, are thus:



‐35% in 2030 and ‐81% in 2050 for industry,
‐33% in 2030 and ‐100% in 2050 ‐ complete decarbonisation ‐ for energy production.

Figure 6‐3: Sectorial distribution of the next three carbon budgets in MtCO2eq

The total decarbonisation of the industry sector by 2050 is not planned for, given the emissions that
are incompressible by that deadline. Residual emissions in 2050 will need to be offset by the land
sector carbon sink and/or carbon capture facilities. With respect to energy production, virtually
carbon‐free energy production by 2050 is considered by generating negative annual emissions,
particularly ‐ if the conditions can be met ‐ via pairing carbon capture technologies with centralised
biomass combustion facilities, leading to negative annual emissions (about 10 Mt CO2eq by 2050).
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Figure 6‐4: Greenhouse gas sinks and emissions in 2050

It can be seen through Figure 6‐4 that carbon capture facilities are expected to capture at the national
level approximately 67 Mt CO2eq by 2050, all sectors combined. In 2050, CCS will bring the neutrality
for the residual emissions of many French industries. However, the main barriers to deploy CCS in
some industries concern their small‐medium size, i.e. emitting less than 500 kt of CO2 per year, and
their distance to be connected to transport and storage infrastuctures withouth any national support.
In 2018, the database IREP – French register of pollution registered 944 industrial facilities emitting
118 Mt of CO2. The industrial facilities emitting more than 500 kt of CO2 per year corresponds to 45
installations of 944, which represents 59 Mt or 50% of CO2 emissions in France (Figure 6‐5). In total,
up to 50 % of total French emission in 2018 (59 Mt of CO2) came from low‐medium emitters (10‐500kt
of CO2) representing 899 facilities or 95% of the French industrial facilities (Figure 6‐5). Industrial
facilities emitting between 100 and 500 kt of CO2 concerns 170 facilities (18% of emitters) and
represents 30.2% of the total French emissions (Figure 6‐5).
Thirtheen facilities emitting more than 1 Mt of CO2 and contributed to 37 Mt (30 %) of the French
emissions in 2018. These installations are located mainly in three French regions: Hauts‐de‐France (12
Mt of CO2); Provence Alpes Cote d’ Azur (10 Mt of CO2); and Normandie (7 Mt of CO2). Looking at the
other 70% of French emissions (81 Mt of CO2), 70% of these emissions (57.7 Mt of CO2) concern 202
facilities (20% of facilities) emitting between 100 and 999 kt of CO2.
In terms of emissions by Industrial sector in 2018, the waste to energy sector (waste incinerators)
represented 49 facilities for 9 Mt of CO2; the cement and construction industries emitted 13 Mt (34
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facilities); and the chemical industry emittted 8.2 Mt (23 facilities). Higher emitter sectors are the
siderurgy and refinery.
Reducing CO2 emissions in France by geographical location would be a good option. In two French
administrative regions, Hauts de France and Normandie, the CCUS plan can be drawn without
difficulties. The CO2 of these coastal regions could be stored in North Sea. The third region with high
emission from few emitters is the Provence Alpes Cote d’Azur, which the scenario and plan to CCUS
are discussed in the following chapter about “Rhone Valley”. The other eighteen French regions have
different profiles and each one has its strengths and difficulties to elaborate CCUS scenarios. In
STRATEGY CCUS, the other region being studied for the elaboration of CCUS scenarios is the “Ile de
France”, referred as the “Paris basin region”.

Figure 6‐5: Frequency of emitters and its percentage of emissions within the total of registered French
emissions in 2018
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6.2 Rhône valley in France CCUS scenarios
6.2.1

Global economic presentation of Rhône Valley in France

The Rhône Valley is in Southeast of
France, stretched from central
France towards the Mediterranean
Sea. It is an area of 300 km long on
both side of the Rhône river. The
Rhône corridor links Marseille and
Lyon, which are respectively the 2nd
and 3rd biggest cities of France. The
port of Marseille is France’s main
trading seaport and could offer a
shipping route to CO2.
Auvergne‐Rhône‐Alpes,
Provence‐Alpes‐Côte d'Azur, and
Occitanie ‐ to a much lower extent ‐
are the 3 administrative regions
that make up the Rhône Valley.
Some key figures for these 3 regions Figure 6‐6 Location of the Rhône Valley
are presented in Table 6‐1.
Table 6‐1 Key features of the 3 administrative regions making up the Rhône Valley (Source: Insee7)
Region

Auvergne‐
Rhône‐Alpes8

Provence‐Alpes‐Côte
d'Azur9

Occitanie10

France

7 The National Institute of Statistics and Economic Studies website (https://www.insee.fr/en/accueil)
8 https://www.insee.fr/fr/statistiques/4479805
9 https://www.insee.fr/fr/statistiques/4482470
10 https://www.insee.fr/fr/statistiques/4482470
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Population
as of 1st of January
2018
Median Standard of
Living
2018
Poverty rate
2018
GDP
2018
GDP per inhabitant
2018
Unemployment rate
2019
Employment
End 2019
Share of employment
in the industry sector
End 2019

8.0 million
inhabitants

5.0 million inhabitants

5.9 million
inhabitants

64.8 million
inhabitants

22 480 euros

21 350 euros

20 740 euros

21 650 euros

12.7 %

17.3 %

17.2 %

14.8 %

273 billion
euros

166 billion euros

174 billion
euros

2 353,1 billion
euros

34 125 euros

33 200 euros

29 500 euros

36 315 euros

7.3 %

9.7 %

10.0 %

8.4 %

3.5 million

2.1 million

2.4 million

28.5 million

15 %

8%

10 %

12 %

It is important to bear in mind that these 3 administrative regions cover a territory much larger than
the Rhône Valley, which concentrates a lot of economic activities. These key features consequently
do not strictly describe Rhône Valley, especially by its high concentration of industries and population
density.
Yet, there are no CO2 capture and storage projects planned for this region. The positive feedback on
the need for and viability of CCUS in the Rhône Valley is heartening. However, there are some carbon
capture and utilisation initiatives already planned or operating, and a 2013 feasibility study has
explored potential pathways between industrial CO2 emitters and CO2 end users (VASCO project)11.
6.2.2

11

Main Short‐ and medium‐term scenario

https://www.marseille‐port.fr/projets/vasco‐2‐0
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6.2.2.1

Cluster(s)r emissions before CCUS

Four Rhône valley industrial clusters have been identified in the context of the project: Marseille,
Beaucaire, Montélimar and Lyon clusters from south‐to‐north (Figure 6‐7). These 4 clusters of industry
emit 15,4 million tonnes (Mt) of CO2 in 2018 out of 18.6 Mt for Rhône Valley in its entirety.
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3,1
14,0
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1,2
2,8

9,3

4,7

10,8

0,0

Figure 6‐8
Shares of CO2
emissions in Rhône Valley

Figure 6‐7 Identified Rhône valley clusters

The Marseille grouping tops the
emissions chart (Figure 6‐8). This
is somewhat fortuitous given
that big emitters of this cluster
lie within a 10 km zone. The
region’s remaining carbon
emitters are located further
away, so identifying suitable
transport links needs more
work.
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48 emitters are listed under the
project. By far the biggest hitters
(Figure 6‐9) are iron and steel
producers, cementers, and oil
refiners, in that order. The sole
ArcelorMittal iron and steel plant
located in Fos‐sur‐Mer12 in
Marseille cluster emits 7,5 Mt of
CO2 in 2018, that is to say 43% of
the region CO2 emissions. This
quantity of emitted CO2 coupled
to those of 2 refineries cover 94%
of Marseille cluster emissions. The
Figure 6‐9 Sectorial shares of Rhône valley CO2 emissions in 2018
distance between these 3
industrial sites is in the range of a
dozen kilometres13.
6.2.2.2

Emitters considered for capture technology

The choice of sites to be selected for CO2 capture is based on 3 criteria: emission level, industry sector,
and location.
Emission levels of emitters identified in the context of the project are illustrated in Figure 6‐10
(ArcelorMittal iron and steel plant located in Fos‐sur‐Mer excluded for readability purpose).

12 https://flateurope.arcelormittal.com/ourmills/704/fos
13 Refer to Google Earth for more information, https://earth.google.com/web/search/Fos‐sur‐
Mer/@43.43276732,4.89838633,6.93488612a,12245.29906286d,35y,0h,0t,0r/data=CnUaSxJFCiQweDEy
YjYxOTcyMWQ1Y2Y3MmQ6MHhlYTQwMTk3ZDgxOTY5MWQZ58ByhAy4RUAhrd7hdmjIE0AqC0Zvcy1zdXIt
TWVyGAEgASImCiQJhlUKlb6ENEARhlUKlb6ENMAZuA1j0HSLSUAhuw1j0HSLScA
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Figure 6‐10 CO2 emission levels (tonnes) of industries identified in Rhône valley

Plants that emit less than 200 000 tonnes of CO2 per year being first disregarded, emphasis is placed
on industrial sectors responsible for biggest CO2 emissions i.e. iron and steel, cement, and refining.
Level of activities of iron and steel industry along with cement are assumed to be quite constant.
Conversely, the future of refining is undermined in view of the expected decline in oil demand.
Consequently, 2 out of the 3 refineries in operation in Rhône Valley in 2021 are considered
shutdowned in 2050. Thus, no investment is considered in 2 of these 3 refineries. Petroineos refinery
in Lavéra is considered operating for long term given its conversion level ‐ or its ability to produce
valuable refined products – which is higher than those of Esso Fos‐sur‐Mer14 and TotalEnergies

14

https://corporate.esso.fr/Notre‐groupe/Nos‐sites‐industriels/La‐raffinerie‐de‐Fos‐sur‐Mer
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Feyzin15. The hydrogen production unit operated by Air Liquide16 dedicated to feed Lavéra refinery17
is also considered for capture.
The other sites considered for CO2 capture are selected because of their geographic proximity with
biggest emitters ‐ ArcelorMittal Fos‐sur‐Mer (E#01), Petroineos Lavéra (E#02) and its associated Air
Liquide Steam Methane Reformer (E#05). Location is a crucial element in the case of Rhône Valley
due to the availability of existing unused oil pipelines nearby these sites which provide the
opportunity to route the Rhône Valley CO2 towards northern half of France where there are proven
storage capacities (refer to the “Transport mode” and “Storage considered in the clusters” sections).
Everé waste treatment centre18 (E#04) in Fos‐sur‐Mer and Kem One chlorochemical plant19 (E#05) in
Lavéra are thereby considered, as illustrated in Table 6‐2.
Emitters E#01, E#02, E#04, E#05 and E#06 are about 15 kilometres apart, around Fos‐sur‐Mer.
LafargeHolcim cement plant20 (E#03) located in Septèmes‐les‐Vallons is roughly 40 kilometres far from
this hub. The CO2 emitted by emitter E#03 can be injected into the existing oil pipeline considered as
the best suited at this point in the proceedings provided it is carried by train or by truck.
The LCA performed within the framework of the project, in particular, will provide some answers on
the environmental interest of capturing CO2 in LafargeHolcim cement plant (E#03) and carrying it to
Fos‐sur‐Mer by rail or by road. It will likewise reflect the benefit of capturing CO2 emitted by Kem One
chlorochemical plant (E#05) in view of the small amount of CO2 captured.
Table 6‐2 Rhône valley emitters considered for capture technology
Unit ID
Facility name

E/U#01
ArcelorMitt
al FOS

E#02
Petroineos
Manufacturi

E#03
LAFARGEHO
LCIM

E#04
EveRé

E#05
AIR LIQUIDE
HYDROGEN

15https://totalenergies.com/energy‐expertise/transformation‐development/refining‐

petrochemical/inside‐the‐machine
16

https://www.airliquide.com/

17

https://www.petroineos.com/refining/lavera/

18

https://www.evere.fr/?lang=en

19

https://www.kemone.com/en/The‐company/Sites/Lavera

20

https://www.holcim.com/directory
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E#06
Kem One
Lavéra

Unit ID

E/U#01

E#02
ng France
SAS

E#03
CIMENTS ‐ ‐
USINE de La
Malle

Industry sector

Iron & Steel

Refining

Cement

7,46

1,21

2026
2050
0.10

2018 Reported
emission (Mt/y)
Start Year
End Year
Efficiency
Annual emission
rate (Mt/y)
Total CO2
emitted if not
captured (Mt)

E#04

E#05
E SMR
Lavéra

E#06

Energy from
waste

Hydrogen

Chemicals

0,43

0,40

0,18

0,07

2030
2050
0.48

2030
2050
0.38

2040
2050
0.11

2030
2040
0.80

2030
2050
0.20

0,75

0.58

0.16

0.04

0.14

0.01

18.65

12.20

3.44

0.47

1.56

0.28

E/U#01 ArcelorMittal Fos‐sur‐Mer: CO2 capture and utilisation plan corresponds to investments
publicly announced21 by the Company, that is to say a 60 ktpy production unit of ethanol to be
commissioned in 2026 (refer to “CO2 Utilisation” section).
E#02 Petroineos Lavéra: It is considered that about 60% of CO2 emissions are captured from 2030 in
view of the multiplicity of CO2 emission sources the refining sector faces. Such a capture rate is in line
with what is regarded as economically viable for some researchers and some industrialists.
E#03 LafargeHolcim cement plant in Septèmes‐les‐Vallons: the share of captured CO2 is calibrated
based on the technology roadmap22 published by the International Energy Agency in association with
the Cement Sustainability Initiative, where 48% of cumulative CO2 emissions reductions are due to
carbon capture by 2050.

21https://www.nouvellespublications.com/arcelormittal‐veut‐decarboner‐ses‐aciers‐a‐fos‐sur‐mer‐2973.html

https://france.arcelormittal.com/developpement‐durable/co2.aspx
22

https://www.wbcsd.org/contentwbc/download/4586/61682/1
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&

E#04 Everé waste treatment centre: capture rate results from the SNBC2, in the absence of roadmap
for this sector as of July 2021 (upcoming release annouced). It aims to reduce the sector's emissions
by 66% by 2050 compared to 2015. The maturity of C02 capture technologies being prima facie less
advanced than other industries, commissioning is planned in 2040.
E#05 Air Liquide SMR Lavéra: given the high concentration of CO2 in this process discharges, it is
assumed that the full CO2 flow is captured. The shutdown of this SMR in 2040 is motivated by the
decarbonation wave of industrial hydrogen in motion.
E#06 Kem One chlorochemical plant: 25% of 2018 CO2 emissions of this site are considered captured
relying on assumptions based on a publicly available environmental authorisation request23.
In all cases, CO2 capture efficiency is fixed at 80% (w/w). In fact, this average value is the most common
response collected during Rhône Valley interviews performed as part of WP2. Thus, about 1.7 Mtpy
of CO2 is captured while about 1 Mtpy is stored.
6.2.2.3

Transport mode

Rhône valley region takes advantage of all alternatives regarding CO2 transport:
‐
‐
‐

the trading port of Marseille (France’s main trading seaport of “Marseille Fos”24) makes
transport by ship easy,
Rhône river allows shipping CO2 between Lyon and Marseille,
The southeast corner of France being highly industrialised, it presents extensive rail25 and road
networks that allow transporting CO2 particularly from North to South and vice versa,

23https://www.bouches‐du‐rhone.gouv.fr/content/download/31883/184966/file/DDAE%20partie%203%20‐

%20Etude%20d'impact.pdf

24 https://www.marseille‐port.fr/en
25 https://www.sncf‐reseau.com/fr/carte/carte‐interactive‐reseau‐ferre‐francais‐0
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Existing gas pipelines26 and oil pipelines (refer to SPSE27 and SPMR28 websites) cross the region –some
of them traversing eastern France are now unused – and can be repurposed to carry CO2 in gaseous
form. This 40 inches pipeline, owned by the SPSE, links Fos‐sur‐Mer to Karlsruhe in Bade‐Wurtemberg
(Germany). It seems there is no incompatibility to convert this oil pipeline into CO2 pipeline, if the CO2
is dehydrated, in terms of metallurgy and CO2 flowrate (less than < 2 to 3 Mtpy). Also, it seems there
is no need to install compressor station with regards to elevation if this pipeline is partially reused to
carry CO2 in its first 360 kilometres. On the basis that this oil pipeline is reassigned for CO2 transport,
the maximum permissible CO2 flowrate is in line with the one accepted by the gas network that feed
Paris Basin. The reuse of existing oil and gas pipelines to carry CO2 captured in Rhône Valley, and to
store it in storage capacities in Paris Basin can therefore go hand in hand with no pipeline
investment virtually. Finally, it must be noticed that 2 Energy from waste plants (Suez RV Energie in
Vedène29 and the non‐hazardous waste storage facility of Satolas‐et‐Bonce) are “on‐the‐oil‐pipe”.
These emitters are not here considered for capture in view of the choice made to implement a CO2
conditioning facility at the entry of SPSE oil pipeline to transport a stream of CO2 of consistent quality.
Rhône valley Industries can consequently take advantage of multiple infrastructures for CO2 carriage.
6.2.2.4

CO2 Utilisation

The multinational iron and steel producer ArcelorMittal has its sights on converting CO2 to ethanol, as
fuel or solvent, at its Fos‐sur‐Mer plant30. Meanwhile, the French cement and aggregate company,
Vicat, has introduced alternative fuels31 to its operations and an innovative process, which combines

26https://opendata.reseaux‐energies.fr/explore/dataset/trace‐du‐reseau‐grt‐
250/map/?basemap=jawg.streets&location=5,47.23875,1.83413
27 https://www.spse.fr/en/
28 https://www.spmr.fr/
29 https://www.sidomra.fr/index.php/le‐site‐de‐vedene/l‐unite‐de‐valorisation‐energetique
30https://www.nouvellespublications.com/arcelormittal‐veut‐decarboner‐ses‐aciers‐a‐fos‐sur‐mer‐2973.html)
31

https://www.vicat.com/news/vicat‐accelerates‐its‐circular‐economy‐drive‐co2ntainer‐system
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captured CO2 with cement dust to create a lightweight aggregate with interesting insulating
properties.
In addition, the "Jupiter 1000”32 project, hosted by the “Marseille Fos” port, is the first industrial
demonstrator of Power to Gas with a power rating of 1 MWe for electrolysis and a methanation
process with carbon capture. Commissioned in 2020, it is the 1st project of CO2 valorisation from
industrial fumes.
6.2.2.5

Storage considered in the clusters

A key challenge lies in the region’s development of its own geological CO2 storage capacity. Around
86 Mt of onshore storage have been in the shape of four deep saline aquifers, but they lie beneath
the wetland area of Camargue, a protected coastal site of outstanding natural beauty and value.
Offshore storage capacities are foreseen off Marseille but are yet to be fully established.
However, other options do exist, such as sites identified in the Paris Basin area. Making use of these
assets would involve transporting CO2 overland via Lyon and could even support the case for a shared
CO2 transport infrastructure that links the Marseille and Lyon clusters en route to the storage.
A bolder storage proposition could involve the cross‐border transport and injection of CO2 into well‐
known geological stores, such as beneath the North Sea, where the storage process has already been
proven. A Rhône Valley transport corridor could connect the region with neighbouring countries, such
as Italy, Spain and North Africa.
At a glance, CO2 storage is the Rhône Valley challenge. If this challenge can be solved, a fully
operational CCUS network for this region is on way. It is thus crucial to know more about the offshore
storage possibilities near Marseille (where it seems that all geological conditions are met to store CO2).
6.2.3

Main Long‐term scenario

The main long‐term scenario for Rhône Valley is caracterised using 2 CO2 storages from 2030 to
2050.
The first storage site (SU#01) considered is in Les Saintes‐Maries‐de‐la‐Mer. With a capacity of about
14 Mt, SU#01 is assumed the best suited storage of Camargue among those identified in WP2.

32

https://www.jupiter1000.eu/english
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Captured CO2 from E#02 to E#06 can consequently be routed to SU#01 untill 2039 roughly. There is
about 50 km as the crow flies between SU#01 and the focussed Fos‐sur‐Mer industry hub. But this lies
beneath a wetland protected coastal site. It is then preferred to transport the CO2 from Fos‐sur‐Mer
to Les Saintes‐Maries‐de‐la‐Mer by ship (S#01).
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Figure 6‐11 Rhône Valley Main case Scenario Network Graph (2026 – 2039)

Given SU#01 lack of storage capacity, a second storage site must be considered to store CO2 from 2039
to 2050. The one of Donnemarie‐Trias (SU#02) near Puiseaux (H#10 – Loiret) in Paris Basin is preferred,
with a storage capacity of about 69 Mt. The distance from Fos‐sur‐Mer to Donnemarie‐Trias is about
700 km. The reuse of existing oil and gas pipelines is choosen since it is possible to link these 2 cities
in this way. In view of the routing of existing pipelines, it is decided to carry CO2 from Fos‐sur‐Mer to
Saint‐Amour (H#09 ‐ Jura ‐ a town crossed by rail and gas nextworks) by reusing the SPSE oil pipeline
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(P#05). Connection is next envisaged with GRTgaz pipelines33 (P#06) to join Puiseaux, located a dozen
kilometres from SU#02. A new CO2 pipeline (P#07) is considered to link Puiseaux to Donnemarie‐Trias.
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Figure 6‐12 Rhône Valley Main case Scenario Network Graph (2026 – 2050)

This configuration makes perfect sense as soon as it is beared that all indications are that CO2 storage
capacities exist off the coast of Marseille. A “buffer storage” in Camargue used to store Fos‐sur‐Mer
CO2 for a decade takes on its full meaning considering that geological characterization studies off
Marseille are still to be performed.
6.2.4

33

Alternative scenario

https://www.grtgaz.com/en/our‐challenges/our‐vision
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The alternative long‐term scenario for Rhône Valley is caracterised using a single CO2 storage from
2030 to 2050.
The sole storage of Donnemarie‐Trias (SU#01) near Puiseaux (H#10) in Paris Basin is considered to
store CO2 over the whole period. The gas pipelines network being overexploited in northeast corner
of France, another transport mode must be selected to carry CO2 from Saint‐Amour (H#09) to Paris
Basin so long as the decline in gas demand makes itself felt. Transportation by train (T#02) is preferred.
The rail network links Saint‐Amour to Auxy (H#10 ‐ Loiret) passing by Montargis. Then, a dozen
kilometres long new CO2 pipeline (P#06) relies Auxy to SU#01.
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Figure 6‐13 Rhône Valley Alternate case Scenario Network Graph (2026 – 2050)

6.3 Paris basin in France CCUS scenarios
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6.3.1

Global economic presentation of Paris basin in France

The Paris basin, as studied in the STRATEGY CCUS project, is located in the centre‐northern part of
Fance. It is located around the French capital – Paris‐ and it covers the administrative region of Ile‐de‐
France and the Loiret department (Figure 6‐14). It is the most populated region of France with more
than 12 million inhabitants (20% of the French population).
The Paris basin is still largely rural: nearly 11 million people live in the Paris agglomeration, which
represents 24% of the Ile‐de‐France surface area, the rest of the region is made up of agricultural land,
forest and natural spaces. The Loiret department is also largely rural, comprising especially the highly
agricultural region of the Beauce.
The Ile de France department is an economically active region, producing nearly 30% of the French
Gross Domestic Product (GDP). Paris region is a dynamic employment basin, with a growing
population. Lead by tertiary sector, the Paris basin economy also comprises industry sector, yet no
heavy industry.
Emissions of CO2 in the Paris basin amounts to 6 Mt (in 2019). This places the region well behind the
French port regions (Dunkirk, Le Havre, Marseille‐Fos), despite its high population rate. The emissions
pattern is also very different as the 6 Mt CO2 are splitted into more than 40 emitters. Besides, half of
the CO2 emitted comes from the waste industry, consistently with the high‐population pattern of the
region. Likewise, a large part of the emissions comes from the power (heat) sector (9%). However, the
second emission sector of the Paris basin is the chemical industry with 2 plants (a refinery and a
fertilizer factory) representing 26% of 2019 region’s emissions.
The Paris basin region has the characteristic of having potential capacities for carbon geological
storage, while emissions of the region are rather low compared to other French industrial regions or
to other STRATEGY CCUS regions. The scenario for CCUS deployment in the Paris basin is challenging,
as the region has many small‐medium industrial facilities; emitters are in an urban context, but the
region has great geological storage potential. Possibility of storing CO2 from other French regions (see
Rhone Valley) is also considered.
The Paris basin is the largest onshore French sedimentary basin. It has been identified as a major basin
to store CO2 in DSA and present several options for storage in DHF (Figure 6‐14). Since the 90’s, the
CO2 storage capacity in saline aquifers was estimated through a succession of European projects: first
evaluation was performed during the Joule project in 1996; a second evaluation was performed during
the GESTCO project in 2003, which was updated during the EU Geocapacity in 2009. The estimations
of the saline aquifer CO2 storage capacity ranged from 800 Mt up to 27 Gt of CO2 (a factor of 30
between lowest and highest estimations).
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Figure 6‐14: Paris Basin area as defined in STRATEGY CCUS.

Emmiters and storage units in Paris basin (Ile de France around and Centre Val de Loire Region) are
represented by points and dashed lines, respectively. Keuper Nord and Keuper Sud squares represent
the investigated area for reservoir simulation studies of France Nord project.
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6.3.2

Main short‐ and medium‐term scenario

The main scenario of Paris basin region, which includes Ile de France administrative departments,
considers the type of industries in the region and its geographic location. The hypothesis considered
here is geographic based. The storage site being in the South area of the region, emitters included in
the scenario are the biggers (> 100kt of CO2 per year) and likely long‐lasting emissions.
The short‐medium timeframe of CCUS deployement begins in 2025 until 2035. In 2027, emissions from
the Grandpuits fertilizers plant (FR1.ES002) is planned to be stored in a geological reservoir in the
southern part of the Paris basin region (Chailan) and the construction of a hub starts to prepare
transport of CO2 from the Paris agglomeration towards the Keuper Sud storage units. By 2032,
emissions from the 2 largest waste plants (FR1.ES.003 and FR1.ES.004) in the South Paris are captured,
transported southwards, and stored in the storage unit, the Chailan (FR1.SU.001) (Figure 6‐15).

Figure 6‐15: Map with Emitters, storage units, pipelines and projected hubs to collect CO2 for the main CCS
scenario of Paris Basin.
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6.3.2.1

Cluster(s) emissions before CCUS

Emissions of CO2 in the Paris basin amounted to 6 Mt in 2019. However, this quantity is splitted into
more than forty emitters widespread around the Paris region. Many sites are in dense urban areas
with few left spaces for capture installations. Most of them are small emitters, which raises additional
challenge for capture process and its economical feasibility. Only 17 sites emit more than 90 kt of CO2
per year, among them 6 emitters exceeded 350 kt/y in 2019: the Grandpuits refinery (541 kt/y), the
Grandpuits fertilizer plant (646 kt/y), the waste incineration plants in Saint‐Ouen (416 kt), Ivry (572
kt/y) and Issy‐les‐Moulineaux (384 kt/y), and two heating installations in Saint‐Ouen (522 kt/y).
The refinery is not considered in the scenario as its activity has stopped and the site will be converted
to renewable diesel and bioplastic production by 2024.
6.3.2.2

Emitters considered for capture technology

At short and medium term, for the period 2027‐2035, the main scenario bases on 3 of the largest
carbon emitters in South of Paris, since the storage site is located in the southern part of the region
(see 6.3.2.5).
The fertilizers plant in Grandpuits (emitter E#01) emitted 646 kt CO2 in 2019. It is in the south‐eastern
part of the Paris basin region in an agricultural area, in the vicinity of the closing Grandpuits refinery.
The main part of emissions of the plant come from the Steam Methane Reforming (SMR) unit on site,
which produces H2 for ammonia synthesis process. As methane reforming produces a H2/CO2 mix, the
plant already has a carbon capture installation to remove CO2 and produce pure H2. A part of the
captured CO2 is sold to industrial gases companies, but the largest part is released to the atmosphere.
Consequently, approximately 350 kt CO2 would be already available for storage.
The installation in Ivry (emitter E#02) is the biggest waste incineration plant of the Paris area. In 2019,
661 593 tons of waste were “valorized” with the production of 20 393 MWh of electricity and
1 124 190 MWh of vapor injected into the Parisian heating network (CPCU). The corresponding carbon
emissions amounted to 572 kt. However, the plant will be replaced by 2023‐2024 by a new installation
currently under construction on the same site. Anticipating on the waste reduction objectives, this
new plant will have half the capacity of the current one (valorization of 350 000 tons of waste per
year). The carbon emissions of this new facility should broadly amount to 300 kt/y from 2024.
The waste valorisation plant in Issy‐les‐Moulineaux (emitter E#03) is the most recent incineration
plant in the Paris area, as it started up in 2007. It has a capacity of 510 000 tons of waste per year. In
2019, the plant incinerated 469 097 tons of waste, emitted 384 kt of CO2, produced 705 379 MWh of
steam for the CPCU urban heating network and sold 34 016 MWh of electricity.
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Table 6‐3: Summary of CO2 emissions and perspective of CO2 captured in Paris basin area on short‐medium
term (2027‐2035)
Consider
ed
annual
CO2
emission
s (kt)

Capture
rate

Emitter

Type

Location

CO2
emissio
ns in
2019
(kt)

E#01
(FR1.ES.002)

Chemistry

Grandpuit
s

646

350

Not
applicable

350

2027

3,15

Ivry‐sur‐
Seine

572

300

85%

255

2030

1,53

Issy‐les‐
Moulinea
ux

384

384

85%

326

2032

1,30

E#02
(FR1.ES.003)
E#03
(FR1.ES.004)

6.3.2.3

Energy
from
waste
Energy
from
waste

Captured
CO2 (kt/y)

Start
capture
year

Cumulate
d CO2
captured
by 2035
(Mt)

Transport mode

Transport of CO2 from the Paris area or from Grandpuits to the storage site will require crossing the
southern Paris agglomeration and the countryside on long distances. In that case, the transport mode
by pipeline will be the most economic choice. Moreover, the road and rail networks are known to be
already satured in the region, and there is no possible waterway in the storage direction.
Possibility of reusing unused pipelines to save building costs has been raised. However, at this stage,
no information on planned abandonment of gas or oil pipelines is available. So, our scenario considers
building new pipelines, following existing ones in most of the cases to facilitate their implementation.
A first hub (H#08) will be build in the Evry area to collect CO2 coming from East (Grandpuits – E#01)
and from North (Paris area), and to send it to the South for storage. A second hub (H#09) will be build
in the Paris area to collect emissions from E#02 and E#03 and send them to H#08 (see Figure 6‐16).
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Figure 6‐16: Network graph of the main scenario for Paris basin at short and medium term (2025‐2035)

6.3.2.4

CO2 Utilisation

No CO2 utilisation has been identified for the selected emitters in the Paris basin.
6.3.2.5

Storage considered in the clusters

The Paris basin region has great capacity for geological storage of CO2 with possibilities of storing in
Deep Saline Aquifers (DSA) and Depleted Hydrocarbon fields (DHF). To elaborate realistic scenarios,

72

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No.
837754

the storage sites included in the main scenario are those classified as Tiers 2 (Cavanagh et al., 202034).
Tiers 2 resources are practical storage capacities estimated using reservoir simulations studies and
detailed geological models.
Two sedimentary Fm. present known and good reservoir level in the selected area of Paris Basin, the
Dogger Fm. of the Middle Jurassic and the Keuper of the Trias (Veloso, 202135). The Dogger Fm. are
carbonated rocks studied in GESTCO and Geocapacity projects and classified as Tiers1 resources
(theoretical capacity) with a capacity of 4320 Mt (SEF=6%) and 1440 Mt (SEF=2%). In these projects,
the storage efficiency was 6% and 2% (conservative approach) and the density of CO2, 0.48. The
difference between the amounts estimated for the identified traps and the aquifer at large scale are
huge, demonstrating the need for large structures in front of the CO2 productions of the integrated
plants.
Keuper fm. includes Donnemarie, Chaunoy and Boissy sedimentary members and is composed by
silici‐clastic sediments. France Nord project36 (2013) carried out detailed modeling of Keuper fm.
producing more accurate assessments of the storage capacity by: refining geological and dynamic
modeling, especially in the injection areas, testing several scenarii for commissioning of CO2 injectors,
investigating the behavior of the CO2 through the time.
The selected storage site for the Paris basin scenario is a DSA resource located at the South of Paris
town. Silici‐clastic sediments of the Keuper formation of the Triassic period compose the reservoir.
The Keuper Sud is the selected site (Figure 6‐14) having an estimated capacacity of 140 Mt as Tiers 2.
The injectivity and injection rate of the Keuper Sud site could be a challenge for high CO2 incoming
flow. The Donnemarie member is the target for the injection point, as it is at the base of the Keuper
fm. and is largely present in the investigated area. The injection point is between 2200‐2500 m deep
and the reservoir temperature is around 85°C.

34

Cavanagh, AJ, Wilkinson, M and Haszeldine, RS. 2020. Bridging the Gap, Storage Resource Assessment
Methodologies, EU H2020 STRATEGY CCUS Project 837754, Report, pp 67
35

Veloso, F. M. L. 2021. Maturity level and confidence of storage capacities estimates in the promising
regions. Paris Basin section. EU H2020 STRATEGY CCUS Project 837754, Report, pp 125.
36

France Nord project – Rapport Final Confidentiel (2013). Leaflet: https://www.ademe.fr/france‐nord
(acessed on December 2020).
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One injector well is needed for the main short‐medium term scenario (2027‐2040) for a maximun
injection rate of 1 Mt CO2 per year. The long‐term scenario considers the same storage formation, the
Keuper Sud, but using a new injector well. The well equipments, mainly the wellbore completion might
be complex due to the unconsolidated nature of the Kauper sand‐sediments. Likely, sand screen would
be need to the wellbore completion.
6.3.3

Main long‐term scenario

On the long term (2035‐2050), 4 emitters located on the route between Ivry and the storage place are
connected to the CO2 transport pipeline. E#06 is a natural gas‐fired cogeneration plant located in Vitry‐
sur‐Seine for the Parisian heating network CPCU, while E#04, E#05 and E#07 are waste valorisation
plants located in Rungis, Créteil and Vert‐le‐Grand (Evry). Their features and carbon emissions are
gathered in the table below (Table 6‐4).
Table 6‐4: Summary of CO2 emissions and perspective of CO2 captured
Emitter

E#04

E#05

E#06
E#07

Type

Energy
from
waste
Energy
from
waste
Heat and
power
Energy
from
waste

Location

Capacity
per year

Production /
Incineration

Rungis

150 kt of
waste

114 kt of waste
(2020)

Créteil

244 kt of
waste

220 kt of waste
(2018)

Vitry‐sur‐
Seine
Vert‐le‐
Grand

NA

NA

241 kt of
waste

209 kt of waste
(2019)

CO2
emissions in
2019
106 kt

Planned
capture
start
2036

222 kt
(239 kt in
2018)
243 kt

2037

2038

188 kt (2018)

2036

In the long term scenario, between 2036 and 2038 : emitters E#04, E#05 and E#06 are connected to
hub H#09 in the Southern of Paris area, while E#07 is connected to H#08 in the Evry area (see Figure
6‐17).
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Figure 6‐17: Network graph of the main scenario for Paris basin at long term (2035‐2050)

6.3.4

Alternative scenario

The alternative scenario considers a different storage. The captured CO2 is injected into a reservoir
located close to Grandpuits in the Dogger aquifer. The CO2 would come from the same emitters than
described in the main scenario (see Figure 6‐18).
This alternative storage place would considerably reduce transport part for the CO2 coming from the
fertilizer plant and reduce the transport costs for CO2 to launch the scenario. Besides, due to the
presence of the refinery, Grandpuits area is connected to the oil transport network. This could create
opportunities for CO2 transport in case former oil pipelines can be converted to CO2 transport in the
future.
The considered reservoir has not been studied yet for CO2 storage. However, the south‐eastern part
of the Paris basin is well known for hydrocarbons production and geothermal activities since decades.
Geological knowledge in the area enables us to roughly estimate the properties of the reservoir.
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Further characterisation of this reservoir will be performed in the coming years in the framework of
the H2020 PilotSTRATEGY project37.

Figure 6‐18: Network graph of the alternative scenario for Paris basin

NOTA: Some emitters located in the Northern part of the region could be interesting for capture. A
cluster of 7 emitters, made up of waste treatment installations and heat&power production plants,
totals an amount of 1.6 MtCO2/y. Transporting CO2 through the Paris area to the storage site in the
South of the region is not realistic, a priori. An option would be to develop an additional storage site
in the northern part of the region. However, the most important emitters of this cluster are in Saint‐
Ouen, close to the Seine river which offers potential for shipping to the North Sea.

37

The PilotSTRATEGY project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No. 101022664.
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7 Northern Croatia CCUS scenarios
7.1 National carbon strategy in Croatia
There are four key strategies in the Republic of Croatia that address the dimensions of
decarbonisation:
1. Energy Development Strategy of the Republic of Croatia until 2030 with an outlook to 2050
[20]
2. Long‐Term Strategy to Encourage Investment in the Renovation of the National Buildings of
the Republic of Croatia [21
3. Low Carbon Development Strategy of the Republic of Croatia for the Period until 2030, With
a View to 2050 [22]
4. Climate Change Adaptation in the Republic of Croatia for the Period up to 2040 with a View
to 2070 [23]
Guided primarily by the need to reduce greenhouse gas emissions from the energy sector, while
respecting the main guidelines related to security of supply, increasing domestic production from the
potentials available to the Republic of Croatia with emphasis on the use of renewable energy sources
(RES), reducing energy losses and increasing energy efficiency, three scenarios that differ from each
other in the extent of reducing greenhouse gas emissions.
In the short‐term planning period until 2030, scenarios S1 and S2 are very similar in terms of key
indicators, while in the long‐term planning period until 2050, scenario S1 contributes to greater
emission reductions, greater energy renovation of buildings, higher share of electric and hybrid
vehicles in road transport, and a higher share of RES in energy production and consumption (Table
7‐1).
Table 7‐1 Scenarios targets from Energy development strategy of the Republic of Croatia until 2030, with
a view to 2050 [20]

Expected reduction
of GHG
emissions**
Change in final
energy
consumption***

Initial
state
2016./
2017*
21,8%

S0

S1

S2

2030

2050

2030

2050

2030

2050

32,8%

49,3%

37,5%

74,4%

35,4%

64,3%

‐7%

7,3%

‐3,8%

2,6%

‐28,6%

8,1%

‐15%
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Energy renovation
of building stock

Initial
state
2016./
2017*
0,2%

S0

S1

S2

2030

2050

2030

2050

2030

2050

in the
present
range
2,5%

in the
present
range
30%

3%
annually

3%
annually

1,6%
annually

1,6%
annually

Share of electric
1%
4,5%
85%
3,5%
65%
and hybrid vehicles
in total road
passenger
transport activity
Share of RES in
27,3%
35,7%
45,5%
36,7%
65,6%
36,6%
53,2%
gross final energy
consumption
Share of RES in
45%
60%
82%
66%
88%
61%
83%
electricity
production
* the initial state is in 2017, except for greenhouse gas emissions, when 2016 is relevant for the initial state
** in relation to the 1990 emission level
*** in relation to 2005 consumption

Common EU objective is divided into two parts: the first covers large sources of GHG emissions that
are subject to the European Emissions Trading System (ETS sector), and the second sectors outside
the ETS (non‐ETS sectors). The EU common target for the ETS sector is to reduce emissions by at least
43% by 2030 compared to 2005, while for non‐ETS sectors a common EU target has been set by 2030
of at least 30% reduction in emissions compared to 2005, with liabilities ranging from ‐40% to 0% for
different EU member states (‐7% for the Republic of Croatia).
Regarding the RES, Figure 7‐1 depicts graphic information of the data presented in the Table 7‐1 for
both scenarios, share of RES in gross final energy consumption is significant.
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Figure 7‐1: Share of RES in gross direct energy consumption [20]

In addition, share of RES in installed capacities for electricity production for S2 and S1 are presented
in Figure 7‐2and Figure 7‐3 when compared to the fossil fuels is also significant.

Figure 7‐2: Power plant power by 2050 according to scenario S2 [20]
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Figure 7‐3: Power plant power by 2050 according to scenario S1 [20]

In the Integrated National Energy and Climate Plan for the Republic of Croatia, dozens of measures
(decarbonization of agriculture, animals, buildings renovation, use of hydrogen etc.) have been
defined to achieve the national goals of reducing the GHG emissions, and the most important one
related to CCUS is “MS‐8: Establishment of a platform for the collection, use and storage of CO2”.
We have developed a scenario, i.e., one possible way forward, an example of how emission reductions
targets can be achieved in a Northern Croatia region (Eastern Cluster) with CO2 capture, use and
storage (CCUS). The total emissions in region would be 87 Mt until 2050 without CO2 handling, and in
the scenario that we developed for Eastern Cluster 28 Mt would be used and permanently stored until
2050. This example would reduce the emissions in region by 32% in year 2030.

7.2 Global economic presentation of Northern Croatia
The region of Northern Croatia studied in the STRATEGY CCUS project is located in the North‐Eastern
area of Croatia, which borders Hungary to the north, Slovenia to the north‐west, Serbia to the east
and Bosnia‐Herzegovina to the south. Croatia is subdivided into 20 counties and the city of Zagreb.
The region of Northern Croatia covers about 13 of these counties. The land area of the region is 22
338 km2. The region has a population of 2 912 692 or 66.61% of the total Croatian population. The
gross domestic product per capita in the region is 64% of the average European Union GDP. The gross
domestic product (GDP) of the counties of Croatia significantly varies from one county to another as
the economic development of Croatia varies substantially between Croatia's geographic regions. The
Croatian economy is quite centralized, as the bulk of its GDP (31.4%) is generated within the nation's
capital and the most populous city Zagreb. The lowest GDP per capita is recorded in the Virovitica‐
Podravina, Brod‐Posavina and Požega‐Slavonia counties, and these three counties occupy the last
rankings continuously since 2000. In the 2009‐2015 period, unemployment increased in the aftermath
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of the economic crisis in the region. Half of the region's manufacturing companies have closed down
in the last ten years, especially in Slavonia. Since 2016, unemployment has decreased, particularly in
the construction, manufacturing and processing industries, transport, trade and accommodation and
hospitality services.
Most onshore hydrocarbon research, development and production activities are concentrated in
Northern Croatia. The total industrial emissions per country were 8.84 Mt in 2019 and 3.36 Mt in the
region [10].
Ten industrial emission sites were included in the final STRATEGY CCUS WP2 data base. In the Northern
Croatia region, we found it logical to make two clusters: Eastern‐cluster (EC) and Central cluster (CC).
Seven out of ten emitters are in the CC with cumulative 2.51 Mt emissions in 2019, a remaining three
emitters are located in EC. The second largest emitter in the region is cement plant NEXE located in
EC, where CCUS chains are evaluated within the scenarios. NEXE cement factory was entered into the
WP2 database under the name Našicecement, but in the meantime it changed its name to NEXE. In
both clusters, there is storage potential in deep saline aquifers, use and storage potential in depleted
hydrocarbon fields (Figure 7‐4).

Figure 7‐4: Map of Northern Croatia with marked clusters
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7.3 Main short‐ and medium‐term scenario
In 2025 the capture from cement factory NEXE and Combined Heat and Power Plant Osijek start, CO2
is used for CO2‐EOR in Beničanci oil field and storage of remaining CO2 into nearby depleted natural
gas field Bokšić is established. Oil field Beničanci and gas field Bokšić are Tier 2 resource given their
historical hydrocarbon production for more than four decades. By 2025, a capture facility and
pipelines will be built with an estimated construction duration of 3 years. Whenever possible, existing
natural gas routes will be used to build the pipeline for CO2 transport. The pipeline will be built in two
phases as shown in the Figure 7‐5.

Figure 7‐5: Pipeline network graph (green ‐ pipeline that will be built in 2025; orange ‐ pipeline that will be
built in 2030).

7.3.1

Cluster(s) emissions before CCUS

In the Eastern cluster there are three emitters, four storage units and one utilization unit (Figure 7‐2
and Figure 7‐3). One emitter is not considered in the short‐term scenario but only in the long‐term
scenario because this emitter is not located near the existing natural gas pipeline route and has the
lowest emission capacity. In the short and medium term, we are using only one storage location in
depleted natural gas field in parallel with EOR utilization on nearby oil field.
Table 7‐2 Emitters in the cluster
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Facility name
NEXE
TE‐TO OSIJEK
Cogeneration Biomass Plant Uni
Viridas

Industry sector
Cement
Power
Power

CO2 reported (t/year)
645,090
109,982
102,169

Table 7‐3 Storage capacity in the cluster
Storage type
DSA
DSA
DHF
DHF

Name
Drava
Osijek
Beničanci
Bokšić

Storage capacity (Mt)
1939
110
9
14

*DSA ‐ Deep Saline Aquifer; DHF ‐ Depleted Hydrocarbon Field

In 2021, no capture facilities exist in the region, but some CCS projects are under development. We
believe that the NEXE cement factory has the best starting position for the construction of the first
capture plant in Croatia, given that this is a growing industry that does not have the ability to reduce
CO2 emissions, and therefore we consider a scenario involving them to be the main one.
7.3.2

Emitters considered for capture technology

For implementation of capture technology, we have considered only two largest emitters (Figure 7‐2).
We have chosen a 90% capture efficiency for cement factory NEXE (Figure 7‐6) and 70% for Combined
Heat and Power Plant Osijek (Figure 7‐7). Only natural gas is used as fuel for Combined Heat and
Power Plant Osijek, and in NEXE fuel mix natural gas is the main one with a share of over 50%.
Table 7‐4 Facilities considered for capture technology in short‐ and medium‐term scenario
Facility name
Industry sector
Reported emission (Mt/y)
Start Year
End Year
Efficiency
Annual emission rate (Mt/y)
Tot CO2 emitted if not captured
(Mt)

E#01
NEXE
Cement
0.65
2025
2050
0.90
1.258
0.581

E#02
TE‐TO OSIJEK
Power
0.11
2025
2050
0.70
0.045
0.077
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Figure 7‐6:. Cement factory NEXE,
Source: https://www.nexe.hr/

Figure 7‐7: Combined Heat and Power Plant Osijek,
Source:
osijek/1566

7.3.3

https://www.hep.hr/proizvodnja/termoelektrane‐1560/termoelektrane‐toplane/te‐to‐

Transport mode

Considering the distance from emitters to storage and utilisation sites together with a maximum
required flow rate, it was decided that pipeline transport is the most adequate. An onshore hub was
designed to take the captured fluxes from the two emitters using pipelines. From the hub, other
pipelines distribute the captured CO2 to EOR field Beničanci and to depleted natural gas storage site
Bokšić. The transport route passes through one storage location (Deep Saline Aquifer Osijek) that will
be used later in a long‐term scenario. P#01 connect NEXE with planned hub. P#02 and P#05 connects
Combined Heat and Power Plant Osijek with hub crossing over storage location which will be included
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in long term scenario. P#04 transports CO2 from the hub to the utilization site from which the
remaining CO2 is transported to the storage site trough P#06. Maximum flow rate and pipeline length
are presented in Table 7‐5 together with flag for construction timing.
Table 7‐5 Pipeline connection list including short and long term development. (Flag N for what will be built
in the long term i.e., from 2030)
Pipe ID

Start

End

P#01
P#02
P#03
P#04
P#05
P#06

E#01
E#02
E#03
H#01
H#01
SU#03

H#01
SU#02
H#01
SU#03
SU#02
SU#04

7.3.4

Max flow
(Mt/y)
0.97
0.11
0.09
1.16
1.05
1.16

Linear
(Km)
35.01
12.32
44.91
27.87
35.85
8.52

distance

Built in mid‐
term (Y/N)
Y
Y
N
Y
Y
N

CO2 Utilisation

The most promising use for the captured CO2 was found to be CO2‐EOR. The CO2 EOR project is already
being implemented at two oil fields (Ivanić and Žutica), and EOR projects are planned to be
implemented at other oil fields as well. In this cluster and scenario there is one oil field Beničanci and
PVT CO2‐EOR study already exist. Conceptual numerical models for Beničanci oil field are developed
as part of project STRATEGY CCUS using Schlumberger’s compositional numerical reservoir simulator
E300. Detailed static model with detailed data per wellbore was not included because of data
confidentiality but production data and final pressure on a reservoir level were matched with
simulation results. Values presented as maximum utilization capacity in deliverable D2.2 [11] are
significantly higher than those modelled in this scenario because the emission capacity in the cluster
is significantly lower. At the same time, in D2.2, WAG injection was considered, and in the scenario,
after a discussion at the regional stakeholder committee, continuous injection was implemented as
realistic one. The main idea of the scenario is to build the infrastructure for the purpose of
implementing EOR over 15 years, after which the same utilization location is converted into a storage
location, which favours the cost‐effectiveness of storage development.
7.3.5

Storage considered in the clusters

Table 7‐6 lists all storage locations in the eastern cluster. In the short and medium‐term scenario, only
depleted gas reservoir Bokšić is used while Deep Saline Aquifer Drava was not used either in the long‐
term scenario, because it is the furthest from all emitters in the cluster, and by 2050 we will not
completely use even the capacity of the nearby aquifer Drava.
Table 7‐6 Storage units in the Eastern cluster
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Unit ID:
Name & Location
Type
Cap.
estimate
WP2 (Mt)
Start year
Last year

SU#01
DSA Drava &
Onshore
Deep
Saline
Aquifer
1 938.94

SU#02
DSA Osijek &
Onshore
Deep
Saline
Aquifer
109.89

SU#03
Beničanci & Onshore

SU#04
Boksić & Onshore

Depleted Hydrocarbon
Field
8.80

Depleted Hydrocarbon
Field
13.65

2035
2050

2041
2050

2025
2036

7.4 Main long‐term scenario
From 2030 capture will also begin on Cogeneration Biomass Plant Uni Viridas, which means that CO2
capture facilities will then be built at all emitters in the cluster. From 2035, CO2 storage will start in
DSA Osijek, and after the end of the EOR (in 2041) storage at Beničanci will start. Storage for both
storage units will last until 2050.
7.4.1

Capture

New capture site is planned to start at Cogeneration Biomass Plant Uni Viridas from 2030 onwards
with annual emission rate 0.08 Mt (Table 7‐7). The installation of a capture facility at that biomass‐
powered location will bring us 2 Mt of negative emissions by 2050.
Table 7‐7 Additional implemented capture facility in long term scenario
Facility name
Industry sector
Reported emission (Mt/y)
Start Year
End Year
Efficiency
Annual emission rate (Mt/y)
Tot CO2 emitted if not captured (Mt)

7.4.2

E#03
Cogeneration Biomass Plant Uni Viridas
Power
0.10
2030
2050
0.80
0.082
1.72

Transport

Construction of pipeline link from Cogeneration Biomass Plant Uni Virid to the hub (orange pipeline in
Figure 7‐8)
7.4.3

CO2 Utilization

No new use cases will be defined in this time frame.
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7.4.4

Storage

Storage on Beničanci oil field from 2041 and storage into deep saline aquifer Osijek from 2035.

7.5 Alternative scenario
Main difference from main scenario is that Cogeneration Biomass Plant Uni Viridas is excluded from
implementing capture facility even in long‐term scenario. Capture efficiency is increased for
Combined Heat and Power Plant Osijek from 0.7 to 0.8. but capture start is from 2035 and not from
2025 as in main scenario (Table 7‐8). This means that the transport network in the short and mid‐term
will be different than in the main screen, i.e., the pipeline connecting Combined Heat and Power Plant
Osijek will be built in 2035 and not from 2025 as in main scenario (Figure 7‐8).
Table 7‐8 Facilities considered for capture technology in alternative scenario
Facility name
Industry sector
Reported emission (Mt/y)
Start Year
End Year
Efficiency
Annual emission rate (Mt/y)
Tot CO2 emitted if not captured (Mt)

E#01
NEXE
Cement
0.65
2025
2050
0.90
0.581
15.10

E#02
TE‐TO OSIJEK
Power
0.11
2035
2050
0.80
0.088
1.41
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Figure 7‐8: Pipeline network graph for alternative scenario (green ‐ pipeline that will be built in 2025;
orange ‐ pipeline that will be built in 2035).

Because of the lower annual emission rate and different distribution of CO2 connected with different
timing for start and end year of storage operations, injection into Bokšić lasts three years more than
in the main scenario while injection into Beničanci lasts until 2047 what is three years less than in the
case of the main scenario (Table 7‐9). Because of the lower annual emission rate, there is no need to
start storage into DSA before 2048, leaving more storage capacity that can be used even after 2050
and all capital investments.
Table 7‐9 Timing for storage operations in the alternative scenario for Eastern cluster
Unit ID:
Name & Location
Type
Cap.
estimate
WP2 (Mt)
Start year
Last year

SU#01
DSA
Drava
&
Onshore
Deep Saline Aquifer

SU#02
DSA
Osijek
&
Onshore
Deep Saline Aquifer

SU#04
Boksić & Onshore

109.89

SU#03
Beničanci
&
Onshore
Depleted
Hydrocarbon Field
8.80

1 938.94

2048
2050

2040
2047

2025
2039

Depleted
Hydrocarbon Field
13.65
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8 Galați area in Romania CCUS scenarios
1.1 National carbon strategy in Romania
As summarized in the National Energy and Climate Plan (NECP) for 2021‐203038 , Romania has
committed to reduce its ETS emissions with 43.9% compared to 2005 levels. The general trend
regarding the greenhouse gas emissions is clearly descending compared to 1989 levels (reference
year for Romania), as it can be seen from Erreur ! Source du renvoi introuvable.. As detailed in the
4th Biennial Report of Romania to UNFCC
(https://unfccc.int/sites/default/files/resource/BR4_Romania.pdf), submitted by the Ministry of
Environment, Waters and Forests, the largest share from the total GHG emissions belongs to the
energy sector with approximately 66.32%. Agriculture has a share of 17.1 % and Industrial Processes
and Product Use sector 11.58 %. The waste sector has a share of 5% from total emissions without
LULUCF (Land use, Land use change and Forestry). According to the above‐mentioned source, the
net GHG removals/emissions level due to LULUCF is 43.26 % higher in 2018 compared to the base
year level due to the decrease of total emissions.

38

https://ec.europa.eu/energy/sites/ener/files/documents/ro_final_necp_main_en.pdf
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Figure 8‐1: GHG emissions trends by sector and sink categories
Source: https://unfccc.int/sites/default/files/resource/BR4_Romania.pdf

The national CO2 emission trends from 2007 till 2020, according on data of verified emissions from
stationary industrial sources published by the National Agency for Environmental Protection39 , are
clearly descending. In 2007, the total industrial emissions were registered at 69.64 Mt of CO2, while
in 2020, the emission levels reached only 31.89 Mt of CO2. Still, this reduction of emissions with
more than 50% is not mainly due to the implementation of emission reduction technologies and
increase in the share of renewables in the energy production sector, but it is reflecting the industry
decline.
The role of carbon capture and storage is not specified on the National NECP plan until 2030.
However, the potential for CO2 capture relate to the direct emissions from power plants (13.63 Mt in
2020), and from the other major industrial emitters (e.g. cement, steel, chemical, refinery, lime

39

http://www.anpm.ro/schema‐de‐comercializare‐a‐emisiilor‐de‐gaze‐cu‐efect‐de‐sera/
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producers), totalizingm 15.9 Mt in 2020. The distribution of major emissions by sectors in 2020 is
illustrated in Figure 8‐2.

Major CO2 emissions 2020 by sector

Combustion activities

Production of ammonia and nitric acid

Production of cement

Production of lime

Production of pig iron or steel

Production of primary aluminium

Refining of mineral oil

Figure 8‐2: Major CO2 emissions by sector in 2020 in Romania

In STRATEGY CCUS project, we have focused on Galați region which is one of the regions with great
potential for CCS and CCUS implementation. For this region we have developed a scenario, one
possible way forward on how emission reductions targets can be achieved. The total emissions per
region were 4.17 Mt of CO2 in 2020, from which the largest emitter, Liberty Steel Galați, emitted 3.9
Mt.
Liberty steel, the largest emitter in the region (and the largest emitter in Romania in 2020), has
committed to become carbon neutral until 2030
(https://libertysteelgroup.com/ro/company/vision/?lang=en), through change in technology (direct
reduced iron) and fuel use (using natural gas instead of coal derived products and in the future
switching completely to hydrogen). But Liberty Steel cannot become carbon neutral without CCUS.
Recent discussions with representatives of the iron producer and previous discussions from the
regional stakeholder workshops lead us to the idea that at least 25% of the total emissions from
2020 cannot be removed through the proposed technological changes announced by the emitter.
For this reason, in our scenario, we assumed 25% captured rate for Liberty Steel from 2025 to 2050.
We have also included the current plans to build a new combined‐cycle power plant on natural gas
to fuel the processes from Liberty Steel. According to the announcements made in the press, this
power plant will be very close to Liberty Steel, very close to the former coal‐fired power plant,
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Electrocentrale Galați, which became recently bankrupt. This new power plant will be a joint venture
of Romgaz (the largest gas producer in the country) and Liberty Steel
(https://energyindustryreview.com/oil‐gas/mou‐between‐romgaz‐and‐liberty‐for‐the‐development‐
of‐greenfield‐projects/).

Within the scenario, two sub‐clusters are taken into consideration, Galați and Tulcea (Erreur !
Source du renvoi introuvable.), where CO2 flows are independent.

Figure 8‐3: Map of the two analysed sub‐clusters illustrating the emission points, the hubs, the storage and
utilisation sites and the onshore pipelines

1.2 Global economic presentation of Galați (and Tulcea) area in Romania
Galați area studied in the STRATEGY CCUS project is located in the eastern part of Romania and
comprises three counties, Galați, Tulcea and Focșani.
From all these counties, Galați has the largest emissions, as Liberty Steele is the largest emitter
responsible of more than 93% of the emissions in the area in 2020. The total industrial emissions per
country were 31.89 Mt in 2020 and 4.17 Mt in the region.
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Eight industrial emission sites (Figure 8‐4) were included in the final WP2 data base, and out of
these, only three are currently operating in the Galați and Tulcea areas. These are the two sub‐
clusters were CCUS chains are evaluated within the scenarios.
The region is in economic decline, a lot of the industrial facilities being closed. Liberty Steel Galați is
the only profitable emitter under the current economic circumstances. According to the last national
census (2011), in the studied region a yearly population decline of up to 3%/year has been recorded.

Figure 8‐4: Map of Eastern Romania with large emitters in Focșani, Galați (Braila to the south) and Tulcea
regions outlined.

1.3 Main short‐ and medium‐term scenario
The short‐term scenario assumes first of all building the new gas‐fired power plant, named hereafter
CCGT Romgaz (E#2). Second, on the short term, it is imperative to prepare capture of CO2 from
Liberty Steel Galați (E#01) and CCGT Romgaz (E#2), storage in an onshore depleted gas field and
utilisation for CO2‐EOR in an oil field. These are all planned to start in 2025. Apart from building the
capture facilities, a hub (H#01) and pipelines will have to be built connecting all the scenario
elements planned to start operating in 2025. Furthermore, detailed assessment for the storage and
EOR field will have to be done, including characterisation of the fields, well integrity assessments (for
the wells intercepting the reservoirs and the ones to be used in CO2‐EOR operations), drilling the
injection well (for the storage field) and installment of necessary surface installations.
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On the medium‐term, for the Galați sub‐cluster, a new storage site will be opened and CO2‐EOR for
other two oil fields should be prepared. This implies building new pipelines and assessing three more
fields.
Tulcea sub‐cluster will begin operation in 2030. This is included also in our mid‐term scenario, due to
the need of preparing this operation. Two capture facilities will be build, one for Sectia CET;
Instalatia CALCINAREA Al(OH)3 ‐ Alum (E#03) and one for "S.C. Energoterm S.A. Tulcea ‐ C.A.F. Nr.1"
‐ Energoterm(E#04). These two facilities will be connected through an onshore pipeline and the CO2
will be transported to a hub (H#02) located within Tulcea harbor. From there, CO2 will be transferred
with a ship via Danube to the second hub (H#03) of the sub‐cluster which is located within Sulina
harbor. From Sulina, the CO2 will be transported via ship to a deep saline aquifer in the Black Sea,
Venus (SU#05). This deep saline aquifer will require detailed data acquisition and assessment, since
this was poorly investigated (only one exploration well drilled on the structure) due to the fact that it
had no hydrocarbon indications during the 1980’ (when the seismic acquisition was done and the
well was drilled).
All the installations that will have to be built until 2030 are represented in the scenario graph from
Erreur ! Source du renvoi introuvable..
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Figure 8‐5:. Network graph for short‐ and medium‐term perspective (of what to be built until 2030).

We will provide the detailed quantitative input, the timing of the events, and economical and energy
use output at these three perspectives in D5.3.
1.3.1

Cluster(s) emissions before CCUS

As previously described, economic decline in the region has led to 5 out of the 8 identified emissions
sites to be closed down in the last years. 2 of the closed sites are in Focșani, 1 south of Galați (in
Brăila), 1 in Galați (Electrocentrale Galați went recently under bankrupcy) and 1 in Tulcea. For the
current scenario, we are referring only to Galați and Tulcea sub‐clusters. In 2021, no capture
facilities exist in the region, and no CCS projects are under development.
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The emitters identified initially (WP2 database) for Galați cluster were: Liberty Steel Galați,
Electrocentrale Galați and SE Chișcani. For Tulcea cluster, we identified initially 3 emitters: SC
Tremag SA, Alum S.A. – Sectia Cet; Instalatia Calcinarea Al(Oh)3 (further named Alum) and S.C.
Energoterm S.A. Tulcea – C.A.F. Nr. 1 (further named Energoterm).
In our short and medium‐term scenario, we have kept from WP 2 only 3 emitters and added a new
facility, CCGT Romgaz.
1.3.2

Emitters considered for capture technology

In our scenario, from 2025 capture is planned only from Liberty Steel (E#01) and CCGT Romgaz
(E#02). For Liberty Steel (E#01), as explained previously, we have assumed that a small part of 2020
emissions (25%) will be removed through CCUS in order to fulfill company’s vision of carbon
neutrality from 2030. The other 75% of CO2 emissions will be removed through changes in the
technology and changes of fuel. This implies that a capture facility should be built on the short term,
from 2022 to 2025, on Liberty Steel industrial platform, able to capture 0.974 Mt of CO2 (25% from
the emission rate of Liberty Steel in 2020). Regarding CCGT Romgaz (E#02), on the short term, the
plant itself and the capture facility will have to be built from 2022 in order to start operation in 2025.
There is very little information on the new powerplant in terms of capacity, operating hours and
level of emissions. Feasibility studies are planned to be made shortly in order to determine all these
parameters. It is certain though that it will be a high efficiency plant with low level of emissions (half
of the emissions of a coal‐fired powerplant). For this reason, we are assuming in our scenario that it
will be a 400 MW gas plant (covering the needs of Liberty Steel), with 0.2 Mt of CO2 emitted per
year. We have chosen this level of emissions as equal to half of the emissions of Electrocentrale
Galați at its full capacity (maximum 0.4 Mt in the last 8 years). For E#02, the efficiency rate was
chosen as 0.90, resulting in an annual capture rate of 0.18 Mt CO2.
For Tulcea sub‐cluster, capture of CO2 is planned (in our scenario) to start from 2030 from Alum
(E#03) and Energoterm (E#04). This means than on medium‐term, these capture facilities will have
to be built. The efficiency was chosen for both installations to be 0.9, resulting an annual capture
rate of 0.191 Mt for Alum and 0.011 Mt for Energoterm.
The emitters considered for capture technology are presented in Table 8‐1Erreur ! Source du renvoi
introuvable.,including the total emissions without CCUS.
Table 8‐1 Emitters considered for capture technology in Galați region
Unit ID
Facility name

E#01
Liberty Galați SA

E#02
Romgaz CCGT

E#03
Sectia
Instalatia

CET;

E#04
S.C. Energoterm
S.A. Tulcea ‐ C.A.F.
Nr.
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Industry sector
Reported emission
(Mt/y)
Start Year
End Year
Efficiency
Annual
emission
rate (Mt/y)
Tot CO2 emitted if
not captured (Mt)

1.3.3

Iron & Steel
3.9

Power
0.2

CALCINAREA
Al(OH)3
Non iron metals
0.21

2025
2050
0.25
0.974

2025
2050
0.90
0.18

2030
2050
0.90
0.191

2030
2050
0.90
0.011

25.32

4.68

4.01

0.23

Power
0.01

Transport mode

The chosen transport modes are different for the two sub‐clusters. These were selected considering
the distances from emitters to storage and utilisation sites. The input connections for these modes
can be seen in Table 8‐2.
For Galați cluster, an onshore hub (H#01) was designed to take the captured fluxes from the two
considered emitters using pipelines. From the hub, other pipelines distribute the captured CO2 to
EOR fields and to storage sites (depleted gas fields). The pipeline from Liberty Steel and CCGT
Romgaz platform (practicallly the same industrial platform) to the hub will be built, in our scenario,
before 2025. From the hub, pipelines go to the storage units. The first pipelines which will have to be
built are the ones connecting the hub with SU#04 and SU#04 with SU#02. For utilisation starting
with 2025, a pipeline will have to be built connecting the hub with Oprișenești field (U#01). Other
two pipelines will have to be built to enable utilisation through CO2‐EOR from 2030. These pipelines
will connect Oprișenești field (U#01) to Bordei Verde Est field (U#02) and the latest one with
Lișcoteanca field (U#03).
For Tulcea cluster, a pipeline is designed to connect E#03 to E#04 and then to H#02 placed along the
Tulcea harbor. From this hub, ship transport is envisaged to the second hub (H#03) of this cluster,
using smaller vessels. H#03 is placed in Sulina (offshore port) for intermittent storage. Here, larger
ships will transport CO2 to offshore storage 80 km to the south in the Black Sea (Histria Depression).
The onshore pipelines and the hubs will have to be built until 2030, to enable start of operations.
Table 8‐2 Input connection for transport modes in Galați region
Input Connections
Start

End

Start

End

Start

End

Start

End
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Local ID

Local
ID

Year

Year

Latitude, °

Longitude, °

Max,
Mt/y

Transport
type

Pipe ID

E#01

H#01

2025

2050

45.44

45.30

27.99

27.70

1.35

Pipeline

P#01

H#01

U#01

2025

2050

45.30

45.16

27.70

27.55

0.3

Pipeline

P#02

U#01

U#02

2030

2050

45.14

45.06

27.55

27.56

0.25

Pipeline

P#03

U#02

U#03

2030

2050

45.06

45.00

27.56

27.58

0,2

Pipeline

P#04

H#01

SU#04

2025

2050

45.30

45.29

27.70

27.37

1.30

Pipeline

P#05

SU#04

SU#02

2028

2050

45,29

45.24

27.37

27.21

1.15

Pipeline

P#06

SU#02

SU#01

2031

2050

45.24

45.20

27.21

27.08

0.92

Pipeline

P#07

SU#01

SU#03

2035

2050

45.20

45.23

27.08

26.93

0.92

Pipeline

P#08

E#03

E#04

2030

2050

45.18

45.18

28.77

28.78

0.26

Pipeline

P#09

E#04

H#02

2030

2050

45.18

45.19

28.78

28.79

0.28

Pipeline

P#10

H#02

H#03

2030

2050

45.19

45.15

28.79

29.67

0.28

Ship

S#01

H#03

SU#05

2030

2050

45.15

44.57

29.67

29.22

0.28

Ship

S#02

1.3.4

CO2 Utilisation

Screening for utilisation options for the region, the only possible use for the captured CO2 was found
to be CO2‐EOR40. In the scenario, 3 oil fields (Table 8‐3) have been introduced as possible cases,
taking the CO2 from Liberty Steel and CCGT Romgaz (E#01 and E#02). On the medium term, captured
CO2 will be used in CO2‐EOR operations in Oprișenești (U#01) field, planned to be opened in 2025.
Other two fields, Bordei Verde Est (U#02) and Lișcoteanca (U#03) will be used for CO2‐EOR starting
from 2030, using the experience gathered with the first CO2‐EOR project.

40

In the WP2 database the CO2‐EOR are identified with IDs ‘RO.SU.011’, ‘RO.SU.012’ and ‘RO.SU.013’.
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As it can be seen from below table, the first CO2‐EOR project is assumed to end in 2040 (U#01), and
the other ones in 2045 (U#02) and 2050 (U#03).
Table 8‐3. Oil fields to be used for CO2‐EOR in Galati region
Utilization
type
ID
Name
Start year
Last year

EOR

EOR

EOR

U#01
Oprișenești
2025
2040

U#02
Bordei Verde Est
2030
2045

U#03
Lișcoteanca
2030
2050

For Tulcea sub‐cluster, no utilization is included in the current scenario.
1.3.5

Storage considered in the clusters

For Galați sub‐cluster, only onshore storage is chosen in depleted gas fields. Storage will start with
the field closest to hub, which is SU#04 (Balta Albă) and then successively to SU#02 (Ghergheasa),
SU#01 (Roșioru) and SU#03 (Bobocu) – Erreur ! Source du renvoi introuvable.. The development of
these storage units and pipelines relies on the capacity estimate in the sense that next storage unit
will be opened when the previous one is filled. The storage estimates will be assessed using the
storage module of the tool. The storage will start with Balta Albă (SU#04) in 2025 and Ghergheasa
(SU#02) in 2028. The other two fields are planned to begin operations starting with 2031 (Rosioru –
SU#01) and 2035 (Bobocu – SU#03), being considered on the long‐term scenario.
The only storage solution considered in this scenario for Tulcea sub‐cluster is an offshore deep saline
aquifer, SU#05 (Venus). Apart from this, there are other 3 deep saline aquifers (SU#06 ‐ Tomis,
SU#07 ‐ Iris and SU#08 ‐ Lotus) which could be used in other scenarios. Initially, storage for this sub‐
cluster was considered in all these four sites, but given the relatively small quantities to be stored
and the fact that SU#05 has sufficient storage capacity, we have decided to keep only one storage
solution for this cluster.
We have to mention that the capacity estimated using the storage module of the tool is in general
larger than the initial estimates from WP2.
Table 8‐4 Storage units considered in the scenario for Galati region
Unit ID:
Name &
Location
Type

SU#01
Rosioru
& On‐
shore
Depl.
Hydrocar
bon Field

SU#02
Ghergheas
a & On‐
shore
Depl.
Hydrocarb
on Field

SU#03
Bobocu &
On‐shore

SU#04
Balta Albă &
On‐shore

Depl.
Hydrocarb
on Field

Depl.
Hydrocarbo
n Field

SU#05
Venus &
Off‐
shore
Deep
Saline
Aquifer

SU#06
Tomis &
Off‐
shore
Deep
Saline
Aquifer
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SU#07
Iris &
Off‐
shore
Deep
Saline
Aquif.

SU#08
Lotus &
Off‐shore
Deep
Saline
Aquif.

Cap.
estimate
WP2 (Mt)
Start year
Last year

16.93

5.28

4.44

3.24

13.44

2031
2045

2028
2050

2035
2050

2025
2030

2030
2050

7.14

9.24

2.02

1.4 Main long‐term scenario development until 2050
The long‐term scenario assumes continuation of capture from Galați sub‐cluster in 2025 and capture
from Tulcea sub‐cluster from 2030 (see the network graph in Figure 8‐6).
In 2030, the capture will continue from Liberty Steel and CCGT Romgaz. In 2035, all the storage fields
will be opened, as well as all the CO2‐EOR fields (from 2030).
For Tulcea sub‐cluster, the capture and storage will begin in 2030 with two capture units and one
offshore storage field.

Scenario Network Graph to 2050
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Figure 8‐6: Scenario network graph of the capture, hubs, transport, use and storage units in place by 2050.
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1.4.1

Capture

No new capture sites are planned in operation from 2030 and onwards.
1.4.2

Transport

Two more pipelines will link storage unit SU#02 with SU#1, and SU#01 with SU#03.
1.4.3

Utilization

No new use cases will be defined in this time frame, but two more CO2‐EOR operation will begin
from 2030, in Bordei Verde Est (U#02) and Lișcoteanca (U#03).
1.4.4

Storage

For Galați sub‐cluster, two more successive onshore depleted gas fields are planned when the
‘upstream’ oil&gas fields are filled up. These are Roșioru (SU#01) from 2031 and Bobocu (SU#03)
from 2035.
For Tulcea sub‐cluster, three more offshore deep saline aquifers are planned in the vicinity of SU#05
for backup options to reduce risks and offer future growth of CO2 storage in the Black Sea area.

1.5 Alternative scenario
An alternative scenario will be to postpone implementation of CCUS in the region by 2030, due to
the uncertainties related with the technology changes planned at Liberty Steel and with the
construction of the new gas power plant. The storage sites will be open in the same order (but 5
years later than the current year mentioned as start date in the current scenario), as well as the CO2‐
EOR fields.
For Tulcea sub‐cluster, the very small emitter, Energoterm (E#04), can be removed from the
scenario. This removal will not change too much the transport network, since Alum and Energoterm
are located very close to one another and a pipeline is needed to transport the captured CO2 from
Alum to Tulcea harbor.
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9 West Macedonian area in Greece CCUS scenarios
9.1 National carbon strategy in Greece
A key objective in the country's ambitious present strategy is to minimise the share of lignite in power
generation by putting a complete end to its use in 2028. The timeframe for shutting down the lignite‐
fired power plants, currently in operation, will be completed by 2023 (Ministry of Environment and
Energy; Fair and Development Transition Plan Steering Committee (2020), Updated Master Plan for
Fair Development Transition of lignite areas).
The following diagram (Figure 8‐1) shows the withdrawal schedule of the installed lignite power by
2028.

Figure 9‐1 Withdrawal schedule of the installed lignite power by 2028

As a top priority, the lignite phase‐out plan must maintain the current number of jobs and utilise the
expertise and know‐how of human resources in the affected areas. The created jobs will replace the
lost ones. In addition, the RES share will be doubled in electricity conversion through investments in
the construction of new RES units, energy storage, networks, interconnections, energy savings in
buildings, the implementation of innovative solutions such as for the production and use of hydrogen.
The six investments that are changing the energy system of Greece
1. Based on the European Union recovery plan "NextGenerationEU", the Plan "Greece 2.0
National Recovery and Resilience Plan" highlights the six significant investments that are
expected to change the country's energy system are in progress (Next Generation EU (2021):
Great Interconnection of Crete expected to be completed in 2023).
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2. The project of telemetry and the replacement of old Public Power Corporation's (PPC SA)
clocks with "smart" meters.
3. investment in the offshore area of Alexandroupolis, which consists of a floating receiving
station, temporary storage and gasification of Liquefied Natural Gas (LNG).
4. Ultilisation of the almost depleted underwater natural gas field of South Kavala as an
underground natural gas storage facility (UGS).
5. Α new combined cycle gas turbine (CCGT) in Agios Nikolaos, Biotia.
6. Α pump storage in Amfilochia with a total installed capacity of 680 MW (production) and 730
MW (pumping) and annual energy production of approximately 816.00 GWh.

9.2 Global economic presentation of West Macedonian area in Greece
The region of Western Macedonia is situated in north‐western Greece, next to the regions of Central
Macedonia (East), Thessaly (South), Epirus (West), and bounded to the north with the international
borders of Greece with the Republic of North Macedonia and Albania. It covers a total surface of 9,451
km² (3,649 sq mi) (7.2% of the country's total) with a total population of 283,689 inhabitants (2.6% of
the country's total). Ιt is classified as a low‐density populated region (30 per km², as compared to the
country's 81.96 per km² average). This is attributed to the mountainous nature of the region; 82% of
the total surface area is mountainous and semi‐mountainous. Most of the population (56%) lives in
rural areas. The capital of the region is the city of Kozani, with 41,066 inhabitants. Other main towns
are Ptolemaida with 32,142 inhabitants, Grevena with 13,137, Florina with 17,686 and Kastoria with
20,147 inhabitants. Since the early 1950s, the lignite industry has shaped the development course of
Western Macedonia. The intensive exploitation of domestic lignite deposits contributed significantly
to electrifying Greece and consistently supporting the security of the national energy supply. For
decades, more than 25% of the regional GDP of Western Macedonia and more than 22,000 direct and
indirect jobs were based on the needs of local lignite activity.
Table 9‐1 : Unemployment rate in West Macedonian area
Year

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

unemployment
rate (%)

14.2

12.1

12.5

12.4

15.4

23.1

29.7

31.6

27.6

30.7

31.3

29.1

27.0

For every million tons of lignite produced, 185 jobs are maintained in the Mining‐Energy Sector and a
total of 725 jobs are created in the local labour market. This means that in 2028, with zero lignite
production and the absence of solid interventions to halt the effects, jobs in Western Macedonia will
marginally exceed 60 thousand, reduced by 33% compared to 2014. The unemployment rate stood at
27.0% in 2018, one of the highest regional unemployment rates in the European Union (Table 8‐1).
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Western Macedonia recorded for the fourth quarter of 2018 the highest unemployment rate in
Greece, 25.3%. At the same time, it shows the highest unemployment rate among young people (15‐
24 years old) of 60% when the European average is at 15.2%.

9.3 Main short‐ and medium‐term scenarios
Currently, the existing power infrastructure situated in West Macedonia is lignite‐based and to be
retired between 2023 –2025 as dictated by the framework provided from Coal regions in transition41.
The newest power plant, Ptolemaida V, that is under construction, will be ready by 2023 and CCUS
ready. Ptolemaida V was initially destined to use lignite for power conversion. However, due to the
change of the European Environmental Policy reflected in the Green Deal and the upcoming European
climate law, which sets targets to reduce net EU emissions by 55% by 2030 from 1990 levels, the new
plant will be converted to natural gas usage. The latter will reduce the CO2 emissions by 30‐50%, still
making imminent the use of CO2 capture due to Emissions Trading System. Currently, the price of a
metric tonne of CO2 is 53 euros (July 13, 2021). Since no similar project has been developed previously
in Greece, the permit procedure will be lengthy due to multiple stakeholder engagements and a lack
of experience. In addition, the aforementioned may discourage private companies from investing.
Therefore, it is highly anticipated that there will be no CCUS development before 2030, and thus, no
realistic short‐term scenario can be produced. As a result, a dramatic policy change in CCUS needs to
be implemented for CCUS to reach quick market penetration and acceptability from stakeholders.
9.3.1

Cluster(s) emissions before CCUS

Western Macedonia is a heavily industrialised area of northern Greece with two active power plants
based on lignite extraction that emit CO2. In addition, one new power plant (Ptolemaida 5) is currently
under construction, with an estimated operational date of 2022. Therefore, the 2017 year was the last
one with simultaneous operation of all the power plants. Table 9‐2 presents information regarding
the industrial plants in Western Macedonia and their annual CO2 emissions for the 2017 year.
Table 9‐2 . Information on industrial plants in Western Macedonia and their annual CO2 emissions up to
year 2017.
Facility Name

Sector 1

City

Emissions (tCO2/y) 2

Main Fuel

41https://ec.europa.eu/energy/topics/oil‐gas‐and‐coal/EU‐coal‐regions/coal‐regions‐transition_en
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Agios Dimitrios
Amyntaio
Kardia
Meliti
Ptolemaida
Liptol
Ptolemaida V
Amyntaio

Power 1587 MW
Power 600 MW
Power 1200
Power 330 MW
Power 620 MW
Power 43 MW
Power 660 MW
Quicklime

Kozani
Amyntaio
Ptolemaida
Florina
Ptolemaida
Ptolemaida
Ptolemaida
Amyntaio

8,940,000
2,760,000
6,400,000
2,270,000
2540,000
118,000
4,500,000 (estimated)
40,150 (estimated)

Lignite
Lignite
Lignite
Lignite
Lignite
Lignite
Lignite
No Data

Sources: 1 Greek Regulatory Authority for Energy, 2 European Environment Agency, Industrial reporting
database, https://prtr.eea.europa.eu/#/pollutantreleases(accessed on 3 June 2021)

At the current stage, there are two operational power plants in Western Macedonia, Agios Dimitrios
and Meliti (At the current stage there are two operational power plants in Western Macedonia as
Kardia is not active.
Table 9‐3). The Agios Dimitrios power plant has five operating generators, while Kardia closed in 2020
and has currently four inactive generators. Both power plants are much older than Meliti's power
plant, built‐in 2003 and have one operating generator. Agios Dimitrios power plant carried out
desulphurisation operations in 2020 to reduce SO emissions. Based on Public Power Corporation SA
data (2021), SO ranges from 1,120 to 11,400 tonnes, followed by NO2, ranging between 893 and
41,400 tonnes in 2019. Carbon monoxide (CO) emissions (54.5–2180 tonnes) are substantially lower
than SO and NO2.
At the current stage there are two operational power plants in Western Macedonia as Kardia is not

active.
Table 9‐3 Data on the emissions from the operational power plants of the West Macedonia in 2019.
Source: Public Power Corporation SA, 2021)
SES

Emissions (tCO2/y)

CO2 (%v/v)

T (oC)

CO (tn)

SO2 (tn)

NO2 (tn)

151

Flow
rate1
(Nm3/h)
571,8311.00

Agios
Dimitrios
Kardia

6,840,000

12

2180

11,400

4140

2,870,000

10,375

147.52

756,324.67

2000

2960

2260

Meliti

1,410,000

12‐14

65‐69

786,133.61

54.5

1120

893

1

Impurities observed: As, Cd, Cr, Hg, Ni, Pb, PM10, NOx/NO2, SOx/SO2, CO, tn stands for tonne, average
volume flow rate of flue gas.

9.3.2

Emitters considered for capture technology
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Based on the Greek National Energy and Climate Plan (National Energy and Climate Plan (2019), in
Government Council on Economic Policies Decision No.4, Gazette B' 4893/12‐31‐2019: Greece, 2019;
Vol. Decision No.4, pp 55455‐55926) the only remaining operational lignite power plant after 2023
will be the Ptolemaida V starting from 2022 designated as CCS‐ready facility. However, recent rapid
changes in the Greek Energy Sector, from 2018 to 2020, demanded rapid decarbonisation, leaving the
operating future of Ptolemaida V quite questionable. The main crucial thing to be considered is the
type of fuel that will be used in the new power plant. Currently, discussions are held on the use of
natural gas instead of lignite.
9.3.3

Transport mode

For the Greek medium‐term scenario, only one emitter, Ptolemaida V, was taken under consideration.
The power‐plant is approximately 8km southeast of the town (Figure 2). The captured CO2 will be
transported via pipeline.
Figure 9‐2 The transportation map for the medium‐term scenario in Western Macedonia
The Pentalofos Storage Unit (SU #01), selected for the medium‐term scenario, is located

approximately 67km west from
Ptolemaida V. The first Utilisation Site (U#01) of captured CO2 is Air Liquid Hellas facilities located in
Florina, a nearby city 68km north of Ptolemaida V. The transportation of CO2 to Florina will be by train
utilising an existing railway network in this area. Hellenic Petroleum Group, the second Utilisation Site
(U#02), is located in Thessaloniki, the second‐largest city in Greece 166km far from Ptolemaida V. In
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contrast, Agroinvest, the third Utilisation Site (U#03), that was chosen in this scenario is located in
Stylida and is 260km south from the Greek emitter. All the transportation routes with their
characteristics are presented below (Table 9‐4).
Table 9‐4 Representation of all 4 transportation routes.
Input Connections
Start
End
Local Local
ID
ID
E#01
SU#01
E#01
U#01
E#01
U#02
E#01
U#03

9.3.4

Start
Year

End
Year

Start
End
Latitude, °

Start
End
Longitude, °

2030
2030
2030
2030

2040
2040
2040
2040

40.48
40.48
40.48
40.48

21.78
21.78
21.78
21.78

40.2019
40.88
40.78
38.88

21.14
21.50
22.89
22.80

Max,
Mt/y
4
0.5
2
2

Transport
type
Pipeline
Train
Pipeline
Pipeline

Pipe
ID
P#01
T#01
P#02
P#03

CO2 Utilisation

In the medium‐term scenario, three utilisation units were chosen. Two of them belong in the fuel
category, while the other is in the CO2 pure category (Table 9‐5). Each industry unit has Ptolemaida V
(Emitter 1) as a CO2 source, whereas their ramp‐up percentage is based on their prospects for carbon
dioxide use.
Table 9‐5 Utilisation units in the medium‐term scenario.
CO2 use cases for down‐stream value creation
U#01
Type
CO2 PURE
Company
AIR LIQUIDE HELLAS
Longitude
Latitude
Yearly use (t/y)
Start year
Ramp up year
Ramp‐up, in %
Ramp‐up (t/y)
Source of CO2
Last year

21.5
40.88
276120
2030
2036
45%
400374
E#01
2040

U#02
FUELS
HELLENIC
GROUP
22.89
40.78
543750
2030
2034
28%
696000
E#01
2040

PETROLEUM

U#03
FUELS
AGROINVEST S.A.
22.8
38.88
309214
2030
2038
31%
405070.34
E#01
2040

Short description of utilisation units
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U#01 ‐ AIR LIQUIDE HELLAS: Air Liquid uses CO2 pure in many industrial sectors such as oil and gas,
aeronautics, automotive, beverage, chemicals, waste and water management, metal, hospital care,
laboratories, and research centres. In the medium‐term scenario, Air Liquid Hellas will use 276,120
tones CO2 annually with a ramp‐up rate of 45% in the first six years. Ptolemaida V, the main scenario
emitter, will provide this CO2 amount in this utilisation unit.
U#02 ‐ HELLENIC PETROLEUM GROUP: Hellenic Petroleum Group has set as a goal emission reduction
from their processes by 50% until 2030 to contribute to addressing climate change and energy
transition. Hellenic Petroleum Group activities will include innovative technologies such as recycled
CO2 utilisation, renewable energy sources, hydrogen and new raw materials. Its main facilities are
located in Thessaloniki city in Northern Greece. Their distance from the West Macedonia area is about
130km. Hellenic Petroleum Group will use 543,750 tones CO2 annually with ramp up rate 28% in the
first four years in the medium‐term scenario. Ptolemaida V, the main scenario emitter, will provide
this CO2 amount in this utilisation unit.
U#03 –AGROINVEST SA.: Agroinvest is a Greek industrial company with integrated operations in
bioenergy, agribusiness and food. Its facilities are located in Stylida, Central Greece, and they are
about 255 km away from the Western Macedonia area. Agroinvest S.A. will use 309,214 tones CO2
annually with a ramp‐up rate of 31% in the 2038 year in the medium‐term scenario. Ptolemaida V, the
main scenario emitter, will provide this CO2 amount in this utilisation unit.
Utilisation results: for the currently medium‐term investigated scenario and product KPIs are
presented in Figure 9‐3. From 2030 to 2040, 1.46 Mt CO2 will be used in the CO2 pure category while
6.45 Mt in e‐fuels. CO2 usage for this scenario is shown in Figure 9‐3. The maximum CO2 will be utilised
in the medium‐term scenario from 2036 to 2040.
Table 9‐6 Products
Products KPI
CO2 pure (food, …)
Methanol
e‐fuels
greenhouse
Mineralization
HC (EOR)

Mt (total)
1.46
0.00
6.441553812
0
0.00
0

CO2 used/ton
2.5
0.0
1.7
0.0
0.00
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Figure 9‐3: CO2 usage in Greek medium‐term scenario

In Table 9‐7, the total volume to utilisation per year for medium‐term scenarios is presented. The
percentage of utilised raw CO2 is increasing through the years. Moreover, overall, 14 Mt of CO2 will be
used for utilisation in the three industrial units.
Table 9‐7 : Volume to utilisation
Avoided
emissions, t/y
Volume
to
CO2 PURE
Volume
to
FUELS
TOTAL
volume
to
UTILIZATION
% raw CO2 to
utilization
Total tons to
storage after
utilization
(Mt)

9.3.5

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

1851
830
2761
20
8529
64
1129
084

185183
0
276120

185183
0
276120

185183
0
276120

185183
0
276120

185183
0
276120

185183
0
400374

185183
0
400374

185183
0
400374

185183
0
400374

185183
0
400374

852964

852964

852964

112908
4

112908
4

112908
4

100521
4
128133
4

100521
4
128133
4

100521
4
140558
8

100521
4
140558
8

110107
0
150144
4

110107
0
150144
4

110107
0
150144
4

61%

61%

61%

61%

69%

69%

76%

76%

81%

81%

81%

0.722
746

0.723

0.723

0.723

0.570

0.570

0.446

0.446

0.350

0.350

0.3503
86

Storage considered in the clusters

Greece offers opportunities for CO2 storage, such as deep saline aquifers in the Greek Mesohellenic
basin and existing depleted hydrocarbon fields in the Tertiary sedimentary basins of Prinos (Koukouzas
et al., 2021, ). The Pentalofos Formation (Upper Oligocene‐Lower Miocene) part of the Mesohellenic
basin was chosen as storage for the medium‐term scenario. During the work on the project, the
potential for CO2 storage in the Mesohellenic Trough was re‐evaluated from past available data
deploying the USDOE methodology. Pentalofos Formation has an estimated CO2 storage capacity of
1.02 Gt (Koukouzas et al., 2021).
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Concerning the storage scenario for Pentalofos the closed storage unit, CO2 injection will be at the
maximum level for the first three years (2030‐2033), and following these years, the amount of injected
CO2 will gradually begin to be reduced.

9.4 Main long‐term scenario
Same as the medium‐term scenario. The long‐term scenario is an extension of the medium one.
9.4.1

Emitters considered for capture technology

Same as the medium‐term scenario. The long‐term scenario is an extension of the medium one. At
this moment there are no plans for new power plants.
9.4.2

Transport mode

Basic additions in the Long‐term scenario
For the Greek long‐term scenario Ptolemaida V will be the only one operating power plant in the
Western Macedonia region from 2023 and onwards. This scenario extends the Greek medium‐term
scenario by ten years, starting from 2030 and ending in 2050, with some key additions. First of all, a
second storage site was added to the procedure. This second storage reservoir, in Eptachori, is located
10km north of the Pentalofos storage site. Furthermore, two new industrial companies were chosen
for the utilisation process of the captured carbon, in addition to the previous three. HOLCIM – AGET
SA (U#05) in Volos and TEHNOBETON SA (U#04) is located near Ptolemaida V.
Map of transportation
In Figure 9‐4 below, there is a representation of the new map of transportation generated with the
addition of these new sites.
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Figure 9‐4: Map of transportation for the Greek

For the carbon transportation in the current main scenario, seven routes were planned. This is due to
five utilisation sites and two storage locations. Firstly, Pentalofos (SU #01) will have the same
connection with Ptolemaida V as in the medium‐term scenario, meaning an approximately 67 km
pipeline. Eptachori (SU #02) will be connected with Pentalofos (SU #01) via a 10km pipeline. For AIR
LIQUIDE HELLAS(U#01), in Florina, and HELLENIC PETROLEUM GROUP (U#02), the captured carbon
will be transported via train in the Thessaloniki and pipeline, respectively, with the same type of
connections as in the medium‐term scenario. The differences in this scenario are in the fifth utilisation
site, HOLCIM – AGET SA (U#05), in Volos, where the CO2 will be transported via a new 177 km pipeline.
Furthermore, AGROINVEST SA (U#03) will be connected with HOLCIM – AGET SA via a new 52km
pipeline. Finally, the transportation type of CO2 for the fourth utilisation company, TEHNOBETON SA
(U#04), will be by train because there is an existing railroad network in the area and it is located only
14 km far from Ptolemaida V, in the South.
Table 9‐8 Representation of the 7 routes for the transportation of carbon in the main scenario.
Input Connections
Start
End
Local ID Local ID

Start
Year

End
Year

Start
End
Latitude, °

Start
End
Longitude, °

E#01
E#01
E#01

2030
2030
2030

2050
2050
2050

40.48
40.48
40.48

21.78
21.78
21.78

SU#01
U#01
U#02

40.2019
40.88
40.78

21.14
21.50
22.89

Max,
Mt/y
4
0.5
2
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Transpor
t type
Pipeline
Train
Pipeline

Pipe ID
P#01
T#01
P#02

E#01
U#04
E#01
SU#01

9.4.3

U#04
U#03
U#05
SU#02

2030
2030
2030
2030

2050
2050
2050
2050

40.48
39.35
40.48
40.20

39.35
38.88
40.35
40.22

21.78
22.98
21.78
21.14

22.98
22.80
21.80
21.04

2
2
0.5
4

Pipeline
Pipeline
Train
Pipeline

P#03
P#04
T#02
P#05

CO2 Utilisation

In the long‐term scenario, five utilisation units were chosen. Two of them belong in the fuel category,
one in the CO2 pure category and two in the mineralisation one (Table 9‐9). Utilisation units 01, 02 and
03 are identical to the Greek medium‐term scenario. Every industry unit has Ptolemaida V (Emitter 1)
as CO2 source, whereas their ramp‐up percentage is based on their prospects for carbon dioxide use.
Table 9‐9 Utilisation units in the long‐term scenario.
CO2 use cases for down‐stream value creation
U#01

U#02

U#03

U#04

U#05

Type

CO2 PURE

FUELS

FUELS

MINERALIZATION

Company

AIR LIQUIDE
HELLAS

HELLENIC
PETROLEUM
GROUP

AGROINVEST
S.A.

MINERALIZATIO
N
TEHNOBETON
S.A

Longitude
Latitude

21.5
40.88

22.89
40.78

22.8
38.88

22.98
39.35

21.8
40.35

Yearly use (t/y)

276120

243750

309214

276897

123467

Start year
Ramp up year
Ramp‐up, in %
Ramp‐up (t/y)
Source of CO2
Last year

2030
2036
45%
400374
E#01
2050

2030
2034
28%
312000
E#01
2050

2030
2038
31%
405070.34
E#01
2050

2030
2036
27%
351659.19
E#01
2050

2030
2040
33%
164211.11
E#01
2050

HOLCIM – AGET
S.A

Short description of utilisation units
U#04 ‐ TEHNOBETON SA: is a Greek industrial company located in the West Macedonia area. Its
services include production and marketing of ready‐mixed concrete, quarry and cement products,
trade and distribution of bagged cement, building materials, colours –tools and concrete steels. The
company has four modern concrete breweries, with 2 of them located in West Macedonia.
U#05 –HOLCIM‐AGET SA: AGET SA in Volos city is the largest cement production unit of the HERACLES
Group and one of the most important of LafargeHolcim. It produces seven cement, clinker, solid fuels,
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and aggregates available in domestic and international markets. This industrial unit implements a
long‐term program of targeted actions that focus mainly on the environment and its efficiency. In
particular, they include actions to reduce dust and low pollution emissions, reduce carbon dioxide
emissions, conserve natural resources and upgrade plant facilities. Furthermore, to reduce carbon
dioxide emissions, save and gradually replace non‐renewable fossil fuels, the AGET SA plant uses
biomass from residues of cotton and corn crops of Thessaly SRF, RDF and ABI (Dried Organic Sludge).
9.4.4

Storage considered in the clusters

The Mesohellenic basin and its Grevena sub‐basin area offer CO2 storage for the Western Macedonia
industrial cluster due to its 50 km proximity and the deep saline aquifers (Koukouzas et al., 2021).
Therefore, in the long‐term scenario for the West Macedonia area, two molassic‐type geological
formations of the Messohellenic basin are used. The first one is Pentalofos, also used in the medium‐
term scenario and the second one is Eptachori (Uppermost Eocene—Lower Oligocene).
During STRATEGY CCUS, the potential for CO2 storage in the Mesohellenic Trough was re‐evaluated
from past available data deploying the USDOE methodology. Pentalofos Formation has an estimated
CO2 storage capacity of 1.02 Gt, whereas the Eptachori Formation can store 0.13 Gt (Koukouzas et al.,
2021).
Concerning the Eptachori storage unit, in the first five years of the long‐term scenario, the CO2
injection level will be high and after 2035, this rate will be gradually decreased until 2040. From 2040
to 2050, the CO2 injection level will be fixed at 0.1 Mt per year.

9.5 Alternative scenario
In worldwide oil production, hydrogen is examined as one of the essential renewable energy sources
to replace fossil energies. The underground storage of H2 is considered as a most perspective way to
store vast amounts of hydrogen.
The alternative scenario deals with using CO2 as a cushion gas for H2 storage, which may be examined
as a new technique of storing large amounts of CO2 to reduce the climate changes in the atmosphere.
Using CO2 as cushion gas, the density segregation would be relatively firm because, at typical reservoir
conditions, CO2 is very dense compared to hydrogen (Oldenburg, 2003). One of the possibilities to
store hydrogen, which is ideally generated from renewable resources, is via hydrogenation of CO2 to
simple C1‐compounds like methane, methanol, formic acid or formaldehyde (Langer, 2018). Mobility
differences in a gas–gas displacement arise mainly due to different dynamic viscosities. Hydrogen has
a very low viscosity, resulting in a 4 for the system H2‐CO2 mobility ratio. This could result in an
unstable displacement when hydrogen is injected to displace another gas (Ho and Webb, 2006). In
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addition, hydrogen has a minimal molecular mass, resulting in significant density differences
compared to other gases. The effect can have negative influence when the injection aims to displace
another gas, but gravity override occurs. However, the effect can also be used to keep different gases
segregated when CO2 is used as cushion gas (Tek, 1989).
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10 Upper Silesia in Poland CCUS scenarios
10.1 National carbon strategy in Poland
High share of coal in Polish energy balance contributes to large greenhouse gas emission. The CO2
emissions in 2018 amounted to 337.71 million tonnes, mainly from fuel combustion. The sources of
carbon dioxide emissions are given in Figure 10‐1.

Figure 10‐1: Carbon dioxide emission excluding LULUCF by sectors in 2018;
Source : https://unfccc.int/sites/default/files/resource/pol‐2020‐nir‐15apr20.zip

Emission of other greenhouse gas – methane amounted to 48.75 million tonnes of CO2eq. in 2018.
47% of methane emissions were from energy sector (mainly fugitive emissions from fuels), 30% from
agriculture and 23% from waste sector. Large share of emission has place on area of Upper Silesia.
Three strategic documents relate to the Polish strategy concerning greenhouse gas reduction, namely:
National Energy and Climate Plan for the years 2021‐2030 (NECP PL), Polish Energy Policy to 2040
(PEP2040), Polish Hydrogen Strategy.
The "Polish Energy Policy until 2040" (PEP2040) determines the government's long‐term vision for the
energy sector and provides for an evolutionary transformation of the electricity production sector
towards less‐emission direction, at a pace that guarantees energy security and is not threatening
competitiveness of the economy. The goal of the state energy policy is energy security, while ensuring
the competitiveness of the economy, energy efficiency and reducing the impact of the energy sector
on the environment, with the optimal use of its own energy resources. The objectives of PEP2040,
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consistent with NECP PL, assume a reduction of CO2 emissions by 30% by 2030 (compared to 1990),
reduction of primary energy consumption by 23% by 2030, 23% share of RES in gross final energy
consumption in 2030, as well as implementation of nuclear power in 2033 and no more than 56%
share of coal in electricity generation in 2030.

Figure 10‐2: Polish structure of electricity production to 2040 according to NECP

Old hard coal power plants are planned to be shutdown – capacity reduction from 12 GW in 2020 to
3 GW in 2040 (Figure 10‐3). Simultaneously some new hard coal power plants will be constructed –
new capacities in hard coal will reach 4.5 GW in 2040.
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Figure 10‐3:. Structure of electricity capacities in Poland according to NECP

Reduction of carbon dioxide emission will be achieved mainly through actions in energy sector (Figure
10‐4.

Figure 10‐4: Reduction of CO2 emission by sectors to 2040 according to NECP (without LULUCF)
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Other important actions encompass transformation of coal regions, reduction of energy poverty,
development of industry related to RES and nuclear, development of offshore and onshore wind
energy, photovoltaic, nuclear, local and civic energy, transformation of heating systems (coal
withdrawal from individual heating, increasing use of district heating); zero‐emission buildings and
transport.
It was noticed in PEP2040 that potential low‐ or zero‐emission use of coal would enable to continue
partly the use of coal‐fired generating units. Thus, utilisation of new technologies such as coal
gasification as well as carbon dioxide sequestration CCS or utilisation CCUS are considered. However,
implementation of such technologies will depend on economic viability and carbon dioxide prices. In
August 2021, the Polish Minister of Climate and Environment appointed a team for the development
of CO2 capture, storage and use technologies. Hydrogen production using CCS/CCU technology
integrated with steam reforming of hydrocarbons, gasification of coal and biomass has been
considered in the Polish Hydrogen Strategy.

10.2 Global economic presentation of Upper Silesia in Poland
The Silesian Voivodeship is located in the southern part of Poland, adjacent to the following
voivodeships: Opole, Łódź, Świętokrzyskie and Małopolskie, and to the south it borders with the
Moravian‐Silesian Region in the Czech Republic and the Žilina Region in the Slovak Republic.
The area of the Silesian Voivodship covers 12 333km2 which constitutes 3.9% of area of Poland and
population is 4.5 mln of people (11.8% of total population of Poland). The region is highly urbanized –
76.6% of inhabitants live in cities, with high population density 366 people/km2. GDP of the Silesian
Voivodship equals to 260 532 million PLN (12.3% of Polish GDP) in which 78 130 million PLN is related
to industry and 62 437 million PLN related to trade. Despite the high urbanization, it is a region of high
afforestation and rich biodiversity. The forest cover of the voivodship equals to 32.1%.
Upper Silesia region is most industrialized region in Poland with total annual emission of the Silesian
Voivodship exceeding 28 Mt CO2. In the Silesian Voivodship, 27 564 GWh of electricity was consumed
in 2017, which was 16.9% energy consumed at country level. Electricity was consumed mainly in the
industrial sector (11 140 GWh) and the power sector (6 648 GWh). The Silesian Voivodship, along with
Łódzkie and Mazowieckie voivodships, are responsible for over 50% of CO2 emissions in Poland. The
industry of the Silesian Voivodship is diverse. They are represented here almost all branches of the
mining and processing industry, with strong mining industry (16 coal mines) and strong power sector
(about 7 GW of power capacity).
In the Silesian Voivodship 79.5 thousand of people is employed in coal mines, which is a large part of
all 185 thousand people employed in mines in the European Union. The region has already undergone
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an industrial transformation – biggest reduction employment in the mining industry took place in the
years 1990‐2000. However social, economic and spatial problems after the restructuring of the coal
mining industry carried out since the 90's are still felt today. Therefore, the current plans to close the
mines arouse social resistance.
There are large industrial emitters in the region, eg. coal fired power and heating plants, steel mill
(blast furnace, rolling mill, sinter plant), coking plant. The largest 15 emitters cover >90% of total
emission of CO2 from the region. Electricity and heat are produced mainly using hard coal and natural
gas however, there is now rapidly growing share of renewable energy sources. The voivodship is
struggling with the problem of air pollution due to low‐stack emissions and related to the developed
industry sector.

10.3 Main short‐ and medium‐term scenarios
The Polish scenarios in the project STRATEGY CCUS were developed using an expert method,
considering national plans and strategies presented in the described documents as well as
consultation with stakeholders. During the development of the scenarios, the reduction of the share
of coal in the energy mix and the plans to close coal‐fired power plants and the creation of new coal‐
fired or gas‐fired power plants were taken into account ‐ in accordance with the current legal
requirements as capture ready. The possibilities of building an IGCC installation were also considered.
The base scenario considers investments related to the closure of old power plants and their partial
replacement with new coal‐fired or gas‐fired power plants. It was assumed that carbon capture will
take place primarily in new power plants, taking into account the following arguments: coal power
plants, even modern ones, are not able to meet the carbon dioxide emission requirements without
CO2 capture installations and CO2 storage; the assumed pace of decaying from coal in the electricity
generation structure in Poland requires new investments in fossil fuel‐based power plants, thus the
CCUS technology may be a pass to the implementation of these investments; in accordance with the
legal requirements, new installations of combustion of fuels to electricity of power ≥300 MW should
be constructed as CCS ready – capture of carbon dioxide from such plants should be more optimal –
with higher efficiency and lower cost. It should be noticed that in Poland underground storage of CO2
is allowed only for demonstration projects (concession is required). Detailed requirements for
underground storage of carbon dioxide are specified in the regulation of the Minister of the
Environment of December 8, 2017 on mining plant operation plans. Carbon dioxide transport is
regulated by the Act of 10 April 1997 Energy Law.
The baseline scenario assumes the capture of carbon dioxide in 6 installations, use in two methanol
plants and transport and injection into two deep saline aquifers (DSA). There are two hubs where the
pipelines connect. The first one connecting the pipelines from Rybnik P#05 and Łaziska P#07 could be
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located near the city of Żory, from where CO2 would be transported further south to DSA SU#01. The
second hub would connect the pipelines from Jaworzno and Dąbrowa Górnicza to transport CO2 north
to DSA SU#02. In addition, the methanol plant U#02 is planned to be connected to this hub by a
pipeline in order to enable the transfer of CO2 to the storage site in the event of a breakdown or
interruption in the operation of the methanol plant located in JSW. Figure 10‐5 and Figure 10‐6 show
the location of the emitters and pipelines adopted in the baseline scenario.

Figure 10‐5: Baseline scenario: location of the emitters, transport, storage sites and utilisation

According to the baseline scenario, capture of CO2 from emitters in Upper Silesia could start from
2025‐2027. The share of captured CO2 from flue gas was assumed at the level of 0.25‐0.9 depending
mainly from the limited capacity of storage. At the initial stage of the investment implementation, it
will be necessary to better characterize the storage sites. Area is poorly recognized by boreholes ‐ an
increase in potential storage capacity is possible after obtaining promising reservoir parameters in
additional wells. It will be necessary to perform model tests for the Częstochowa field.
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Figure 10‐6: Baseline scenario network graph

10.3.1 Cluster(s) emissions before CCUS
As mentioned earlier, the region of Upper Silesia is characterized by very high emissions of carbon
dioxide into the air ‐ the annual emission exceeds 28 Mt CO2. The most important emitters have been
identified and characterized under WP2 and are presented in the Figure 10‐7. In most cases the energy
system is based on obsolete (created in the 1970s and 1980s) large power units managed centrally.
Thus, the energy system is currently undergoing constant transformation. Annual emission increased
after construction of the new coal power plant ‘Nowe Jaworzno’ (910 MW) in 2020 and reached even
35 Mt, however currently decreased after shutdown of two energy blocks in Rybnik (450 MW) in 2021.
At Rybnik it is planned to launch a new CCGT unit with a capacity of 800 MW from 2027.
Although in the region there are over 100 carbon dioxide emitters covered by the EU ETS, over 90%
of emissions come from c.a. 15 large power plants and hard coal heat and power plants owned by
companies: Tauron, CEZ and PGE GiEK, as well as from the coke and metallurgical complex
(ArcelorMittal, JSW Koks, TAMEH).
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Figure 10‐7: Most important emitters of CO2 in the region

Source: EU H2020 STRATEGY CCUS Project 837754
There are no capture facilities in the region, but some CCS projects have been implemented:
•

•

TAURON Wytwarzanie SA Łagisza Power Plant – adsorption DR‐VPSA (Dual‐Reflux
Vacuum‐Pressure Swing Adsorption), hard coal, fluidized bed boiler for supercritical
parameters 460 MWe, 100 m3n/h of flue gas, 13% CO2, capture rate 90%, years 2013‐
2014. Funding National Centre for Research and Development, Research Task no 2 of
the strategic program „Advanced energy technologies” realized in years 2010‐2015 by
Częstochowa University of Technology, Eurol Innovative Technology Solutions Sp. z
o.o., TAURON Wytwarzanie S.A.
TAURON Wytwarzanie SA Łaziska Power Plant. A Pilot Amine‐Based CO2 Capture Plant
Funding from industry: TAURON Polska Energia and TAURON Wytwarzanie S.A.. Two
directions of research: CO2 capture: Funding National Centre for Research and
Development, Research Task no 1 of the strategic program „Advanced energy
technologies”, hard coal, pulverised bed boiler 200 MW, 200 m3n/h of the flue gas,
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•

13.5% CO2, capture rate 90%; CO2 conversion: KicInnoEnergy CO2‐SNG project
conversion of carbon dioxide captured from flue gas and hydrogen produced by
electrolyzer to synthetic natural gas (SNG).
Jaworzno III – the mobile installation created in Łaziska Power Plant was utilized in
Jaworzno power plant for investigation of capture processes on fluidized bed boiler
(years 2018‐2019).

Currently lack of CCS projects under development in the region.
10.3.2 Emitters considered for capture technology
Due to the strong concentration of emission, the scenarios were limited to seven key emitters – five
already existing and two planned (E#04, E#07) (Table 10‐1). Regional energy system is currently
transformed, which was considered in the scenarios.






In 2020, a new hard coal‐fired power plant ‐ Nowe Jaworzno (E#03), with a capacity of 910
MW, started operation in the region. It is also planned to close the old coal‐fired power plant
in Rybnik (900 + 875 MW) ‐ very important in the national power system, and to build a new
power plant, gas‐fired, with a capacity of 800 MW in its place (E#04). In addition, the scenarios
include a possibility of construction of an IGCC installation in Łaziska Górne (E#07) with a
capacity of 250 MW and emissions of about 1 Mt CO2/year. It was assumed that these power
plants will be equipped with a system of capture of carbon dioxide, which will then be
transported via pipelines to storage sites ‐ two DSA near Skoczów and Częstochowa. The
degree of capture was assumed to match the amount of CO2 to the limited capacity of the
deposits.
In the baseline scenario, a calculation was made of the costs related to carbon dioxide capture
at the Tychy CHP plant (E#01), rail transport to the nearby Synthos Chemical Plant and
methanol production.
In addition, carbon capture at power plant (E#05) and CHP plant (E#06) supplying the coking
plant along with on‐site methanol plant were assumed.

Table 10‐1 Emitters considered for capture technology – baseline scenario
Unit ID
Facility
name

E#01
Elektrociepłown
ia Tychy (Tauron
Ciepło Sp. z o.o.)

E#02
Zakład
Wytwarzani
a Nowa

E#03
Nowe
Jaworzn
o

E#04
Nowy
Rybni
k

Industry
sector

Power

Power

Power

Powe
r

E#05
Elektrowni
a
Koksowni
Przyjaźń
Power

E#06
ELEKTROCIEPŁOWN
IA
KOKSOWNI
PRZYJAŹŃ

E#07
IGCC
Łazisk
a

Power

Power
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Reporte
d
emissio
n (Mt/y)
Start
Year
End Year
Efficienc
y
Annual
emissio
n rate
(Mt/y)
Tot CO2
emitted
if
not
capture
d (Mt)

0.20

3.34

4.70

2.00

0.23

0.13

1.00

2025

2027

2027

2027

2025

2025

2030

2050
0.90

2047
0.25

2047
0.25

2050
0.50

2050
0.90

2050
0.90

2050
0.75

0.183

0.835

1.175

1.000

0.211

0.114

0.750

4.77

17.53

24.68

24.00

5.50

2.95

15.75

10.3.3 Transport mode





Due to large volumes of captured carbon dioxide, pipeline must be the primary means of
transport. Therefore, the scenarios assume the construction of new pipelines.
Rail transport was considered for one capture installation from the Tychy heat plant to the
Synthos Plant. The capacity of the tank wagon was assumed to be 80 t CO2 with 40 wagons in
one train set. Relatively low amount of CO2 and well‐developed rail network in the region
make rail transport feasible.
The last option considered was river transport from Gliwice Port (class III) along the Gliwice
Canal, then along the Odra River to the port in Świnoujście (Baltic Sea), where an LNG terminal
is currently operating, and then the possibility of transport to a storage site located at sea or
in the ocean. Due to the lack of a potential offshore storage site as well as risk of transport
interruptions due to low water level, finally the river transport wasn’t assessed.

Table 10‐2 Transportation routes for carbon dioxide in the baseline scenario
Start Local ID
E#01
E#02
E#03
H#01
E#04
U#02

End Local ID
U#01
H#01
H#01
SU#02
H#02
H#01

Start Year
2025
2027
2027
2027
2027
2025

End Year
2050
2047
2047
2047
2050
2050

Max, Mt/y
0.2
0.8
1.2
2.1
1
0.3

Transport type
Train
Pipeline
Pipeline
Pipeline
Pipeline
Pipeline
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Pipe ID
T#01
P#01
P#02
P#03
P#04
P#05

E#07
H#02

H#02
SU#01

2030
2027

2050
2050

0.75
1.75

Pipeline
Pipeline

P#06
P#07

10.3.4 CO2 Utilisation
Construction of two methanol production plant in Upper Silesia where considered in scenarios as the
possibility of CO2 utilisation:




For the first one (U#01) transport of CO2 by train‐tanker was assumed from heating plant at
Tychy (E#01) to chemical plant Synthos located ca. 30 km away and producing chemical raw
materials, incl. rubber and polystyrene.
The second methanol plant (U#02) was included in the scenario as a result of consultation
during a meeting with stakeholders. For the purposes of the scenario, CO2 capture from power
plants and CHP plants producing electricity and heat for coking plant was assumed (E#05,
E#06). Transport of CO2 was not considered, as the production of methanol would take place
in the vicinity of the capture installation.

Table 10‐3 Utilisation units in the long‐term baseline scenario
U#01

U#02

Type

METHANOL

METHANOL

Company

Synthos

JSW

Longitude

19,26527

19,340949

Latitude

50,13509

50,344878

Yearly use (t/y)

183421

325088

Start year

2025

2025

Source of CO2

E#01

E#05; E#06

Last year

2050

2050

10.3.5 Storage considered in the clusters
Four possible storage places have been identified in the region (Figure 10‐8) with the following
capacity:





Uneconomic coal bed Studzienice Miedzyrzecze 6.96 Mt
Uneconomic coal bed Pawlowice Mizerów 8.34 Mt
Deep saline aquifer Cieszyn, Skoczów Czechowice 46.2 Mt
Deep saline aquifer, Częstochowa 50 Mt – distance ~100 km
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Total estimated capacity in the region estimated at 111.5 Mt. All potential storage locations are
located onshore, at distances from the CO2 sources varying from less than 10 km to the UCB targets
to more than 100 km from the southern sources to the DSA in the Jurassic Czestochowa District (JCD).
Since the capacity is insufficient for storage of CO2 for long period when comparing it to emission
reported in the region, it was necessary to select only few emitters for CCS scenarios and limit the
level of capture.

Figure 10‐8: Location of storage places

The most adequate conditions are present in deep saline aquifers in the Miocene deposits of the
Dębowiec Beds which is located to the west of Bielsko‐Biała between Cieszyn and Czechowice‐
Dziedzice. Storage capacity has also been identified in DSAs in marine deposits of the Jurassic
Czestochowa District (PL.SU.2). Estimated storage capacity for the two UCB areas located in the
Pawłowice‐Mizerów and Studzienice‐Międzyrzecze is relatively small, however it can be exploited by
the local industry along with methane extraction (ECBM).
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Considering low storage capacity of UCB areas, only storage of carbon dioxide in DSA has been
included in the scenario. For the SU # 01 brine level (Skoczów area), it will be necessary to further
confirm the injection parameters with borehole tests. It has been assumed that the such studies will
take about 3 years, and CO2 injection will be possible from 2025. Additional model studies will be
required for the SU#02 saline aquifer near Częstochowa, thus CO2 injection can be considered from
2027.
Table 10‐4 Characteristic of DSA considered in baseline scenario
Unit ID:
Name & Location
Type
Cap. estimate WP2 (Mt)
Start year
Last year

SU#01
Upper Silesian Coal Basin (USCB)
& Onshore
Deep Saline Aquif.
46.2
2027
2050

SU#02
Jurassic Częstochowa District (JCD)
& Onshore
Deep Saline Aquif.
50.0
2027
2047

Figure 10‐9: Location of the CO2 emitters and storage sites in Upper Silesia, Poland:

(1) Studzienice‐Międzyrzecze site (UCB), (2) Pawłowice‐Mizerów site (UCB), (3) Upper Silesian
Coal Basin (DSA), (4) Jurrasic Czestochowa District (DSA)
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10.4 Main long‐term scenario
Long‐term scenario assumes continuation of actions described in the short‐ and medium‐term
scenario, i.e. capture, utilisation and storage from 2030 to 2050. Decommissioning costs are not
included in the evaluation. No new capture sites, pipelines, use cases nor storage places are planned
in operation from 2030 and onwards. Figure 10‐10 presents total annual CO2 emissions in the region
to 2050 with and without implementation of CCUS.

Figure 10‐10: Comparison of CO2 emission in the region with and without CCUS

10.5 Alternative scenario
Scenario was developed using an expert approach after consideration of national plans and strategies
and were consulted with stakeholders. However, the future actions in power industry related to plans
of power plants shutdown / construction are highly uncertain. Thus, alternative scenarios assuming
the future without new IGCC nor CCGT power plants were considered. Following changes were
assumed in alternative scenarios:
01 Increased capture from Nowe Jaworzno power plant, scenario without the power plant IGCC
Łaziska
02 Transport via pipeline instead of rail from the heating plant at Tychy to methanol plant Synthos
03 Increased capture from Nowe Jaworzno power plant, scenario without power plants: IGCC Łaziska
and CCGT Rybnik
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11 Conclusion
The aim of the deliverable D5.2 is to explain and detail the different CCUS deployment scenarios
prepared by the eight regional teams. These scenarios are planned until 2050 with a specific
intermediate time step per region, around 2030.
These scenarios, as already mentioned in the document, are possible paths (among others) of how
emission reductions targets can be achieved with CO2 capture, use and storage in the different
regions. None of the industrial sites cited in this document has committed at this stage to implement
the scenarios presented here.
These regional CCUS scenarios are strongly linked with the 2050 national CO2 reduction targets and to
national energy policies in place in each region.
Despite of the relatively low planned CO2 to be captured in West Macedonia and Upper Silesia, today
in 2021, these regions are the higher emission regions of STRATEGY CCUS with the power as the
dominant sector. In both regions, employment sector is directly and indirectly linked to coal mine and
coal‐fired and lignite power plant. National energy policies for these regions are very ambitious and
CCUS is not clear mentioned. Without CCUS national targets become more ambitious; therefore,
scenarios in these both regions consider first the CO2 capture in new planned power plants. Galati and
North of Croatia include CO2 EOR to launch CCUS scenarios and to accelerate scenario deployment.
These operations of CO2 utilisation are usually employed in hydrocarbon fields planned to be
shutdown as the reservoir will be become depleted. After the CO2 EOR operation, CO2 injection would
be considered as permanently CO2 storage in Depleted Hydrocarbon Fields.
Regions of Southern Europe have most of their emissions linked to industrial facilities other than
power plant. In Portugal, although emissions should reduce with the shift of energy supply from fossil
fuel to renewables sources, the residual emission, i.e. those linked to the industrial process and
impossible to reduce with current technologies, CCUS would be a good option for industries as the
cement factories. In Ebro basin, a large choice of industries with residual emissions from distinct
sectors are considered, as well as in the Rhone Valley region. The Paris Basin region has the specificity
of attempting to implement CCUS close to an importat town as Paris to reduce their emissions that
are almost linked to waste to energy plant (incinerators).
Some scenarios presented are planning to start handling relatively small quantities of CO2: 1 MtCO2
per year in Paris basin and Lusitanian basin; 1.3 MtCO2 in North Croatia; 1.5 MtCO2 in West Macedonia
basin; and 0.75 MtCO2 in Ebro Basin. Other scenarios are planning to handle bigger quantities of CO2
like 9.35 MtCO2 in Rhone Valley or 10 MtCO2 in Galati region. The Upper Silezia region is a medium
size scenario starting handling 4.27 MtCO2.
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With regard to industrial sector other than energy, cement and chemical (including refining) are the
most important sectors of reported emissions. The iron and steel sector represented important
amount of CO2 emitted, although it concerns a few numbers of facilities.
Generally, the annual CO2 emission considered in the different CCUS scenarios represent a small
percentage of the national emissions: 0.3% in Paris basin, 1.5% in Upper Silesia, 2.3% in Lusithanian
basin, 2.6% in West Macedonia, 3.2% in Rhone Valley, 4.2% in Ebro basin. Only in two regions the
quantity of CO2 handled are around 1/10 of the national emissions: 8.9% in Croatia, and 13% in Galati.
As expected, these CCUS scenarios developed in the 8 regions are very different from each other,
reflecting the specificities of the regions in terms of existing heavy energy industries, terrain
topography, geographical localisation of CO2 emitters and CO2 storages, carbon content of energy
use…etc. However, the large variety of these scenarios gives an extremely interesting multi‐case study
of possible CCUS chains deployment.
Some scenarios are quite simple (a few emitters, a transport mode and a few storages) like in the
Lusitanian basin or Paris basin in the short‐medium term scenario, others are much more diversified
with various emitters, various CO2 users, various mode of transport and storages like in Ebro basin.
Sophisticated scenarios bring interest in terms of variety of the actors implicated in CCUS and so their
economic interest to participate in the CCUS chain.
What can be said at this stage of the scenarios is generally the scenarios are highly constraints by the
capability of a region to store their CO2 capture, like in France or in Upper Silezia where the storage
sites identifies and caracterised are lacking, but some regions are in contrast limited not by their
storage availability but mostly by the availability of CO2 captured like in Romania, Croatia or Greece
opening the floor to intraeuropean scenarios.
All these scenarios will be evaluated in economic terms in the deliverable D5.3 giving more insights
of the different options.
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