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Abbreviation

Definition

AAP

Advanced Amine Process

BF

Blast furnaces

BF-BOF route

basic oxygen furnace

CapEx

Capital expenditures

CCfDs

Carbon Contracts for Differences

CCS

Carbon capture and storage

CCU

Carbon capture and utilization

CCUS

Carbon capture, utilisation and storage

CDR

Carbon dioxide removal

CHP

Combined Heat and Power

EAF

Electric arc furnace

ECBMR

Enhanced Coal Bed Methane Recovery

EGR

Enhanced Gas Recovery

EOR

Enhanced oil recovery

EU ETS

European Union Emissions Trading System

EUTL

European Union Transaction Log

GHG emissions

Greenhouse gas emissions

KAPS CO2

National Administrator of Underground Carbon Dioxide Storage Sites

NECP

National Energy and Climate Plan

OPEX

Operating expenses

PEP 2040

Energy Policy of Poland until 2040

RED II

Renewable Energy Directive

RES

Renewable energy sources

SNG

Synthetic Natural Gas

URE

Energy Regulatory Office
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Chapter 1. CCS and CCU: current state and
past experiences in Poland
Annual CO2 emission in Poland amounts to approximately 340 million tonnes (227 billion m 3).1 Compared to the
emissions in the European Union, Poland was ranked as the fourth country with the largest greenhouse gas emissions (GHG) in 2018.
Figure 1. Total emissions in 2018 in the EU (net)

Source: WiseEuropa based on EEA greenhouse gas data2

Regarding the state of preparation of individual countries for the implementation of carbon capture and storage
(CCS) technology on a large scale, the Global CCS Institute evaluates the progress as part of the CCS Readiness
Index. According to the latest data from 20193, Poland received a total of 42 out of 100 points.4 In the assessment
of individual components included in the overall index, out of 100 points, Poland was rated subsequently 7 points
1

https://www.inig.pl/magazyn/nafta-gaz/Nafta-Gaz_2020-12_4.pdf
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
3
https://CO2re.co
4
Ibidem
2
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in terms of CCS policy readiness, 51 points in terms of the regulatory environment, 68 points in terms of readiness
for CO2 storage and 70 out of 100 points in terms of CCS inherent interest.5
Such a low result in terms of policy readiness is due to insufficient policy measures and direct support for CCS
which was assessed in this section. As we will see in section 1.4, despite having relatively high legal and regulatory
indicators, Poland still needs legislative solutions to implement CCS projects on a large scale. High scores related
to storage reflects sufficient storage potential relatively to national emissions and preliminary assessment of potential storage sites. Inherent interest indicator assesses a country’s reliance on fossil fuels representing the importance of CCS technology for the national socio-economic environment, which with carbon-intensive energy
generation and industry is one of the highest in Europe.

CCS Readiness Index 2019

42
out of 100 points

CCS Policy Indicator

CCS Legal and Regulatory
Indicator

Storage Indicator Database

CCS Inherent Interest

7

51

68

70

out of 100 points

out of 100 points

out of 100 points

out of 100 points (2018)

1.1. Description of relevant domestic economic sectors
This section outlines the largest carbon-intensive sectors in Poland and their potential for implementing CCS/CCU
(carbon capture and utilization) technologies. Energy generation alone accounted for almost half of Polish annual
emissions of 378 Mt CO2 eq in 2019. Industrial emissions constitute almost 15% of total GHGs emissions in Poland.
Both of these sectors are characterized by concentrated carbon dioxide emissions from industrial installations,
which have a potential application of CO2 capture technologies.

5

The specific data available only for 2018. https://www.globalccsinstitute.com/wp-content/uploads/2020/04/CCS-Readiness-Index-2018_digital-1.pdf
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Figure 2. Gross GHG emissions in Poland by sector in 2019 in Mt CO2eq
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Source: WiseEuropa based on EEA greenhouse gas data6
Depending on the adopted methodology for estimating greenhouse gas emissions and the method of dividing into
sectors, the reported emissions in individual sectors differ considerably. As the CCS technology is applied to point
emission units, the share of emissions of individual sectors was presented using the data reported in the European
Union Emissions Trading System (EU ETS).
When discussing industry decarbonisation, it is important to distinguish between emissions from electricity, heat
and steam production used in the industrial processes and process emissions. In this section, the data presented
are specific to process emissions in line with the EUTL (European Union Transaction Log) classification7, except
power generation and heat and CHP generation sections. It should also be noted that some industries may not
only be an emitter of CO2, but also its consumer as a feedstock, which is an additional factor that increases the
potential and improves the economics within a particular sector.
Table 1. Share of emissions of Polish stationary installations under EU ETS in 2019.

6
7

EUTL activity

Mt CO2 eq

Share of PL total
annual
emissions*

Share of emissions in PL EU
ETS

Share of emissions in PL
EU ETS excl. combustion

20 Combustion of fuels

145.07

38.4%

79%

-

29 Production of cement clinker

11.33

3.0%

6.2%

29.3%

21 Refining of mineral oil

4.46

1.2%

2.4%

11.6%

https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://www.eea.europa.eu/data-and-maps/dashboards/emissions-trading-viewer-1
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42 Production of bulk chemicals

4.15

1.1%

2.3%

10.8%

24 Production of pig iron or steel

3.40

0,9%

1.9%

8.8%

30 Production of lime, or calcination of
dolomite/magnesite

2.01

0,5%

1.1%

5.2%

28 Production or processing of non-ferrous metals

1.89

0,5%

1.0%

4.9%

36 Production of paper or cardboard

1.75

0.5%

1.0%

4.5%

31 Manufacture of glass

1.69

0.4%

0.9%

4.4%

23 Metal ore roasting or sintering

1.52

0.4%

0.8%

3.9%

22 Production of coke

1.51

0.4%

0.8%

3.9%

41 Production of ammonia

1.31

0.3%

0.7%

3.4%

32 Manufacture of ceramics

1.1

0.3%

0.6%

2.9%

25 Production or processing of ferrous
metals

0.89

0.2%

0.5%

2.3%

38 Production of nitric acid

0.57

0.2%

0.3%

1.5%

44 Production of soda ash and sodium
bicarbonate

0.48

0.1%

0.3%

1.2%

33 Manufacture of mineral wool

0.33

0.1%

0.2%

0.9%

34 Production or processing of gypsum
or plasterboard

0.12

0.0%

0.1%

0.3%

37 Production of carbon black

0.1

0.0%

0.1%

0.3%

*Polish total annual emissions from EEA data: 378 Mt CO2 eqSource: WiseEuropa based on EUTL data

1.1.1. Carbon-intensive sectors of the Polish economy
Power generation
Electricity generation accounted for around 30% of total GHG emissions in Poland in 2019.8 Polish electricity generation is dominated by solid fossil fuels, which accounted for 73.6% of total production in 2019. It is a significant
decrease of 4.8 p.p. compared to 20189 and according to the Polish strategic document Energy Policy of Poland
until 2040 (PEP2040) coal share should continue to decrease to 37-56% in 2030 and 11-28% in 2040 (exact
8

https://www.eea.europa.eu/data-and-maps/indicators/overview-of-the-electricity-production-3/assessment and https://ec.europa.eu/eurostat/web/energy/data/energy-balances
9
https://forum-energii.eu/pl/polska-transformacja-energetyczna
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numbers depend on EUA price). On the other side, generation from natural gas will increase significantly even to
33% of total generation as well as from biomass and biogas (4%).
According to PEP2040, in case of high price EUA scenario, between 2020 and 2040, old generation units will be
replaced by almost 8 GW of new gas capacity for electricity production, 3 GW of combined heating and power
(gas CHP), over 3 GW of gas peaking PP (Power Plant), and over 400 MW of biomass and biogas CHP and PP
capacities. European Union requires new power units to be CCS ready i.e. installation should be prepared to connect CCS/CCU installations.
While natural gas is treated as a transitional solution to achieve climate neutrality, it is considered that some of
the existing natural gas capacity will be still used for the security of the grid and power supply even after 2050.
These units should be considered for the installation of carbon capture, even if this is not required by law.
Figure 3. Projections of electricity generation in Poland by source

Source: PEP2040

Figure 4. Electricity generation and its emissivity 2011-2019
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Source: WiseEuropa based on EUROSTAT, EEA and PSE data

Heat and CHP generation
Fuel combustion units that supply district heating systems account for almost 10%10 of Poland’s GHG emissions.
Polish district heating networks are among the largest in numbers in Europe with 21 701.20 km11 of district heating
pipes. Most of those systems are obsolete, inefficient and are supplied mainly by coal-fired heat installations which
is the result of years of underinvestment. Polish heating systems require thorough modernization and decarbonisation of this sector is one of the most important objectives for achieving climate neutrality in Poland.
Figure 5. Heat production by fuel in 2002 and 2019

Source: URE – Energetyka cieplna w liczbach (2019) 12

Revised in 2018 Renewable Energy Directive (RED II) is imposing a certain increase in share of renewable sources
of on average 1.3%13 annually in the entire heat and cooling sector, which covers both district and individual
heating. The dynamics of how this obligation should be fulfilled is still uncertain, but it is possible that the investments in renewables sources in district heating system will not be a priority as there are possibly available more
Forum Energii, Ciepłownictwo w Polsce Edycja 2019 [https://forum-energii.eu/public/upload/articles/files/Ciep%C5%82ownictwo%20w%20Polsce.%20Edycja%202019.pdf]
11
URE https://www.ure.gov.pl/pl/cieplo/energetyka-cieplna-w-l/9009,2019.html
12
URE: https://www.ure.gov.pl/pl/cieplo/energetyka-cieplna-w-l/9009,2019.html
13
The RED II is currently subjected to revision and draft proposal increases this value to 1.5 percentage points
10
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short-term cost-effective solutions in other areas such as: energy efficiency improvement of district heating, building renovation, investments in greening of the individual heating (electrification, renewables), connecting new endusers to a heating grid or biomass co-firing.
Current high prices of ETS allowances and additional investment support may speed up the process of greening
district heating systems, however, in the long-term perspective, significant reductions of GHG emissions will be
necessary. The current direction in district heating promoted by the government is investments in new capacities
based on gas cogeneration. Cogeneration will significantly reduce emissions in the short-term which, in combination with a good regulatory environment and subsidies, is a viable option from heating companies’ point of view.
Part of long-term solution towards climate neutrality will be also decentralizing the heating source to many small
renewables/electrical sources. A major barrier to the application of carbon capture, utilization and storage (CCUS)
is the local character of district heating systems as many Polish cities have small heating systems and hence small
combustion units. Therefore, in the short-term, the use of CCUS is prospective for the largest cities with large units
that have very extensive networks and high heat demand, where fitting centralized biomass/biofuel/gas boilers
with CCS may be the best solution.
Metallurgy industry
Metallurgy industry includes the processing of ores extracted from the ground to obtain pure metal from them,
metal refining, their heat and chemical-thermal treatment (hardening, etc.), casting, production of alloys. 14 Metallurgy installations under EU ETS (EUTL activities: 23, 24, 25,28) emit 7.7 Mt CO2 eq, which account for over 2% of
total GHG emissions in Poland in 2019 and 4.19% of emissions in Polish EU ETS. Metal production is highly dominated by iron and steel producing nearly 10 Mt annually.
Figure 6. Production of steel in Poland between 20052019

Figure 7. Metallurgy industry GHG emissions in Poland’s
EU ETS between 2013-2019
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Source: GUS - Gospodarka materiałowa w roku 201915

14

Source: EUTL (2019)16

Sektor metalurgiczny w Polsce: https://www.paih.gov.pl/files/?id_plik=17189
https://stat.gov.pl/obszary-tematyczne/przemysl-budownictwo-srodki-trwale/przemysl/gospodarka-materialowa-w-2019roku,6,15.html
16
https://www.eea.europa.eu/publications/air-quality-in-europe-2019
15
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Key GHGs emissions of the sector are generated in blast furnaces with basic oxygen furnace (BF-BOF route) which
is the most common method of obtaining ore-based steel.17The second most common method is using an electric
arc furnace (EAF). This method typically uses steel scrap for recycling and produce much less CO2, however, due
to the impurities it’s typically used to produce lower quality steel than the one from the BF-BOF route.18 In Poland,
around 53% of steel comes from BF-BOF route, and 47% from EAF route. 19Although EAF process is far less energy
and CO2 intensive, the demand for high-quality steel is still high.20
There are several ways of decreasing CO2 emissions in the primary steel process. One of them is increasing the
efficiency of the process, but the blast furnaces already operate close to their economical/thermodynamical limits.
The most promising technology is to use hydrogen to produce direct reduced iron which combined with EAF and
electricity from renewable sources can provide a 90% reduction compared to the classic BF-BOF route.21
Many methods of low-emission alternative steel production are developed in parallel. CCS/CCU is getting attention
due to the possibility of significant reduction of CO2 emissions from already existing installations without changing
the furnace and hence lowering the CAPEX of the whole investment.22
There are two working blast furnaces (BF) in Poland, both are located in Dabrowa Gornicza and are owned by
ArcelorMittal (AM) Poland. AM had a third BF located in the steel plant in Cracow which was phased-out in 2020
due to economic reasons caused by a pandemic outbreak (according to AM). The latest AM decarbonization plan
in Europe aims at a 30% reduction of GHGs emissions by 2030. Among others, it sees CCS and CCU technologies
as one of the measures to achieve this goal.
Coke industry
Coke production is closely related to the metallurgical industry, where it is most widely used (nearly 88% of coke
production in 2019 was consumed by this sector).23 Coke production installations under EU ETS (EUTL activity: 22)
emit 1.51 Mt CO2 eq, which account for 0.4% of total GHG emissions in Poland in 2019 and 0.8% of emissions in
Polish EU ETS. Poland is mainly an exporter of coke with 6.2 million tonnes, or around 70% of annual production,
being exported in 2019.24 The main source of emissions in this sector is the coking coal sintering process in coke
ovens.
There are eight coking plants in Poland, producing a total of about 8.8 million tons of coke, which translates into
23.7 Mt CO2 eq25 emissions from the production annually in the EU ETS.
The application of CCUS technology in this area will depend mainly on domestic coke demand and export, unit
size and other economic aspects.
Cement industry

17

https://www.eurofer.eu/about-steel/learn-about-steel/what-is-steel-and-how-is-steel-made/
https://bellona.org/news/climate-change/2021-03-hydrogen-in-steel-production-what-is-happening-in-europe-part-one
19
Based on steel production data from GUS - Gospodarka materiałowa w 2019 r. https://stat.gov.pl/obszary-tematyczne/przemysl-budownictwo-srodki-trwale/przemysl/gospodarka-materialowa-w-2019-roku,6,15.html
20
Pathways for Low-Carbon Transition of the Steel Industry—A Swedish Case Study: https://www.researchgate.net/publication/343249325_Pathways_for_Low-Carbon_Transition_of_the_Steel_Industry-A_Swedish_Case_Study
21
https://www.mdpi.com/2075-4701/10/7/922/htm
22
CO2 emissions in steel industry: https://hrcak.srce.hr/file/56088
23
https://stat.gov.pl/obszary-tematyczne/srodowisko-energia/energia/gospodarka-paliwowo-energetyczna-w-latach-2017-i2018,4,14.html
24
https://stat.gov.pl/obszary-tematyczne/srodowisko-energia/energia/gospodarka-paliwowo-energetyczna-w-latach-2017-i2018,4,14.html
25
As for 2019, EUTL, EU ETS
18

BUILDING
THE BUILDING
MOMENTUM
MOMENTUM
FOR
FOR
THETHE
LONG-TERM
LONG-TERM
CCSCCS
DEPLOYMENT
DEPLOYMENT
IN THE
IN THE
CEECEE
REGION
REGION

Cement is used to produce concrete, the most widely used construction material in the world. In Poland, between
13 and 19 million tonnes of cement were produced each year since 2005. Increasing demand for cement is linked
to high demand for new constructions and infrastructure. Installations for cement and lime production under EU
ETS (EUTL activities: 29,30) emit 13.34 Mt CO2 eq, which account for 3.5% of total GHG emissions in Poland in
2019 and 7.26% of emissions in Polish EU ETS.

Figure 8. Production of cement between 2005-2019

Figure 9. Cement and lime production GHG emissions
in Poland’s EU ETS between 2013-2019
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Source: GUS - Gospodarka materiałowa w roku 2019, EUTL (2019)

Although some of the cement production emissions are relatively easy to avoid (due to changes in heat supply
sources) the overall global CO2 intensity slightly increased mainly due to increased clinker-to-cement ratio.26 This
sector remains difficult for further emissions cutting due to its process emissions that cannot be eliminated. Clinker
is an intermediary product of Portland cement that is obtained by calcinating limestone in high temperatures and
CO2 is a product of this reaction. Around 63% of GHG emissions from cement production is associated with this
process.27 Portland cement is used in 98% of concrete worldwide.
Cement industry may be one of the sectors with big potential in upcycling CO2 such as using it for curing precast
concrete materials or using it to produce concrete aggregates.28
Due to the volume of cement produced, high carbon and energy intensity and process emissions that cannot be
easily eliminated, cement production sector is one of the most promising for implementing CCUS technologies.
There are several abatement GHG emissions pathways with significant potential, including: energy efficiency (although existing cement plants are already highly efficient), material efficiency, new types of cement, material substitution, but analyses show that for achievement of climate neutrality, CCS will be necessary as a cost-effective
measure.29
Polish cement is produced by 9 groups in 13 factories30:

26

https://www.iea.org/reports/cement
https://www.polskicement.pl/wp-content/uploads/2020/10/Raport-Wplywu-EY-SPC.pdf
28
https://www.nature.com/articles/s41586-019-1681-6.pdf
29
https://www.frisch.uio.no/publikasjoner/pdf/2020/Report-Working-paper-1-2020-Cement-and-CCS.pdf
30
https://www.polskicement.pl/wp-content/uploads/2020/05/Biuletyn-SPC-2020-www.pdf
27
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1.
2.
3.
4.
5.
6.
7.
8.
9.

Górażdże Cement SA – Cementownia Górażdże,
Ekocem sp. z o.o.,
Lafarge Cement SA – Zakład Kujawy, Zakład Małogoszcz;
Cement Ożarów – Zakład Ożarów, Zakład Rejowiec;
Cemex Polska sp. z o.o. – Zakład Chełm, Zakład Rudniki, Zakład Gdynia;
Cementownia WARTA SA
Dyckerhoff Polska sp. z o.o. – Cementownia Nowiny,
Cementownia ODRA SA,
Cementownia Kraków – Nowa Huta sp. z o.o.

Chemical industry
Due to the wide range of products the chemical industry may cause problems in methodology of data collection
considering GHG emissions due to the variety of products and overlapping with the refining sector (petrochemicals)31. Chemical industry installations under EU ETS (EUTL activities: 37, 38, 41, 42, 44) emit 6.61 Mt CO2 eq, which
account for 1.74% of total GHG emissions in Poland in 2019 and 3.6% of emissions in Polish EU ETS. Major emitters
in chemical industry ale Grupa Azoty and Grupa Orlen (which is oil refining company).

31

https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter10.pdf
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Figure 10. Chemical industry GHG emissions Poland’s EU ETS between 2013-2019.
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Source: EUTL (2019)

Standard ammonia production starts with deriving hydrogen from hydrocarbons, often natural gas, in the process
called steam methane reforming. Obtained hydrogen is then synthesised with nitrogen (in the Haber-Bosch process) to produce ammonia.
Usage of hydrocarbons for ammonia production was primarily due to economic reasons, however, currently new
alternatives are emerging. One of them is to substitute hydrocarbons with hydrogen from electrolysis to use it as
a feedstock. However, similarly to cement and steelmaking sector, applying CCUS to already existing plants is
potentially less expensive than other alternatives for chemical industry which may be sufficient encouragement
for some companies.32
In 2008 and 2009 there was a significant reduction in N2O (one of the GHGs) emissions from nitric acid production
due to improvements in the production technologies (up to 70-90%).33
CCS/CCU technologies have been recognized as one of the important directions for the development of the chemical sector in the strategic document Industrial Policy of Poland34 prepared by the Ministry of Development, Labour
and Technology.
Oil refining
In 2019, Poland extracts only 1 million tonnes of crude oil, which translates into 3.6% of its consumption. 35 A key
source of emissions in refining mineral oil comes from combustion units for heat production, which is necessary
for processing the oil (distillation, cracking). Process emissions are associated mainly with the regeneration of
32

https://www.iea.org/reports/ccus-in-clean-energy-transitions/ccus-in-the-transition-to-net-zero-emissions
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter10.pdf
34
https://www.gov.pl/web/rozwoj-praca-technologia/polityka-przemyslowa-polski
35
https://stat.gov.pl/obszary-tematyczne/srodowisko-energia/energia/gospodarka-paliwowo-energetyczna-w-latach-2017-i2018,4,14.html
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catalytic converter, gasification of heavy oil, hydrogen production.36 For the refining industry, there are some difficulties in reporting emissions due to the integration of combustion units and overlap with the petrochemical sector.
Installations for oil refining under EU ETS (EUTL activity: 21) emit 4.46 Mt CO2 eq, which account for 1.2% of total
GHG emissions in Poland in 2019 and 2.4% of emissions in Polish EU ETS. Oil refining industry is playing a key role
in CCS/CCU development, although mostly outside the EU, as it is the only sector that uses CO2 on a big scale.
Enhanced oil recovery is a process where CO2 is injected underground for oil extraction and provides the biggest
market for CO237. Oil refining installations in Poland are owned by two companies: Grupa Orlen and Grupa Lotos
which are in the process of merging into one group.
Oil companies are interested in the production of alternative fuels of biological and non-biological origin. The
former is produced by biogas reforming which with CCS installed would theoretically result in negative net emissions. The latter would provide significant demand for CO2 utilization. Orlen's strategy is to reduce GHG emissions
from existing refining and petrochemical assets by 20% and energy assets by 33%. It also wants to develop recycling technologies as well as biomaterials, biofuels and hydrogen. Orlen has also declared a commitment to
achieve net climate neutrality in 2050.38
Glass industry
The glass industry contribution to GHGs emissions in Poland is relatively small. The main source of emissions is
from the combustion of fuel for heat production (glass furnaces needs a temperature between 1300 and 1500°C).
The process constitutes 15-25% of emissions generated by the decomposition of carbonates in the batch.39 Installations for glass production under EU ETS (EUTL activity: 31) emit 1.69 Mt CO2 eq, which account for 0.4% of total
GHG emissions in Poland in 2019 and 0.9% of emissions in Polish EU ETS.
Figure 11. Float glass production between 2005-2019

Figure 12. Glass industry GHG emissions in Poland’s
EU ETS between 2013-2019.
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Source: GUS - Gospodarka materiałowa (2019), EUTL (2019)

Significant reduction in emissions can be obtained by switching to electric melting (or hybrid), which is yet to be
demonstrated in large-scale production (these technologies are already being used in small-size production). A
considerable amount of electricity needed for the process, immaturity of the technology and quality of obtained
36

https://ec.europa.eu/clima/sites/clima/files/ets/allowances/docs/bm_study-refineries_en.pdf
https://www.researchgate.net/publication/224922222_Jumpstarting_CCS_using_refinery_CO2_for_enhanced_oil_recovery
38
https://www.orlen.pl/PL/OFirmie/Strategia/Strony/default.aspx
39
https://www.glassallianceeurope.eu/images/para/gae-position-paper-on-decarbonisation-june-2019_file.pdf
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glass (due to lower temperatures) are main barriers for this technology. Alternatives are switching to biogas or
using CCUS, that could also decrease the process emissions, which is not possible by changing the fuel. The biggest
barrier to the application of CCUS technology seems to be currently the cost, which may turn out to be too high
for the relatively small combustion units used in the glass industry.
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Pulp and paper industry
Most of GHGs emissions in paper and pulp industry come from fuel combustion providing thermal energy to the
process. Installations for paper production under EU ETS (EUTL activity: 36) emit 1.75 Mt CO2 eq, which account
for 0.5% of total GHG emissions in Poland in 2019 and 0.9% of emissions in Polish EU ETS
In recent years, the paper industry records significant emission reductions compared to other industrial sectors,
mainly due to the reintroduction of biomass, generated during the process of paper production, as a fuel to provide
heat. Biomass combustion units with CCS can result in negative CO2 emissions.
The Polish pulp and paper industry is relatively large with 73.9% of paper products being exported.40
Figure 13. Paper and cardboard products production between 2005-2019

Figure 14. Paper and pulp industry GHG emissions in
Poland’s EU ETS between 2013-2019
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Source: GUS - Gospodarka materiałowa (2019), EUTL(2019)

1.1.2. Major CO2 emitters in Poland
By installation
Coal-fired combustion for electricity and heat generation have a great majority in total GHG emissions. , They
constitute the majority of big-sized units. 16 out of 20 Polish EU ETS installations with the largest emissions in 2019
are qualified as combustion units, 12 of which are commercial, conventional power or power and heat plants.41
Polish power sector is dynamically changing and coal-fired units are being or going to be replaced by other sources
such as renewables (wind, solar), gas, biomass and nuclear. Many of those units are planned to phase out in the
near future. 70 out of 90 units that are connected to the Polish electricity grid exceeded their planned lifespan.42
As mentioned in the previous subsection, part of base load and peaking power will come from new gas plants.
The most advanced large-scale projects include two gas units at the Dolna Odra power plant. A new gas block is
also planned at the Ostrołęka power plant, in place of the cancelled construction of a coal-fired unit.

40

Gospodarka materiałowa GUS: https://stat.gov.pl/obszary-tematyczne/przemysl-budownictwo-srodki-trwale/przemysl/gospodarka-materialowa-w-2019-roku,6,15.html
41
EUTL, https://ec.europa.eu/clima/ets/
42
Forum Energii, as for 2019, https://forum-energii.eu/pl/analizy/elastycznosckse

BUILDING
THE BUILDING
MOMENTUM
MOMENTUM
FOR
FOR
THETHE
LONG-TERM
LONG-TERM
CCSCCS
DEPLOYMENT
DEPLOYMENT
IN THE
IN THE
CEECEE
REGION
REGION

Excluding fuel combustion installations, five largest Polish emitters in EU ETS are presented in the table below.
Table 2. Largest Polish emitters in EU ETS excluding combustion.
Installation name*

Company

Activity

Emissions 2019 [kt CO2 eq]

Rafineria

Polski Koncern Naftowy ORLEN S.A.

Refining of mineral oil

2798.4

GÓRAŻDŻE CEMENT SPÓŁKA
AKCYJNA

Górażdże Cement S.A.

Production of cement clinker

2669.4

WIELKI PIEC STALOWNIA ARCELORMITTAL DĄBROWA
GÓRN.

ArcelorMittal Poland

Production of pig iron and
steel

2257.9

Zakłady Azotowe Puławy S.A.

Grupa Azoty Zakłady
Azotowe Puławy S.A.

Production of bulk chemicals

2164.7

CEMENT OŻARÓW S.A. -Zakład Cementownia Ożarów

Cement Ożarów S.A.

Production of cement clinker

2037.5

Source: WiseEuropa based on EUTL data

39 units with annual emissions above 1 Mt CO2eq constitute 70% of total emissions of Polish installations covered
by EU ETS.
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By type of activity
Figure 15. Emissions of units in EU ETS by type of activity in Poland.

Source: WiseEuropa based on EUTL data
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Figure 16. Total EU ETS GHG emissions in Poland in
2019

Figure 17. EU ETS GHGs emissions in industrial installations (excl. combustion) by sectors in Poland in 2019
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Figure 18. CO2 Emission’s point sources in Poland.
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Source: Based on EUTL and EUETS.info data

By company

The largest emitters of greenhouse gases are potentially the ones with sufficient technological and investment
potential that should drive the deployment of CCUS technologies in Poland. The largest capital groups emit 142
Mt CO2 from stationary installations representing 76% of total emissions in Polish installations covered by EU ETS.
Energy and heating companies can achieve their reductions through various alternatives, however, as indicated in
the previous sections, most likely part of the gas capacities in the energy sector, but also current development of
gas cogeneration capacities, will make carbon dioxide capture the most economically viable or even necessary
option. Companies from industrial sectors (oil refining, chemicals, cement, metallurgy) have even greater potential,
because the high number of process emissions have fewer economically feasible alternatives or alternatives with
a lower development phase (TRL). Companies in the oil refining sector may be interested in using carbon dioxide
to produce alternative fuels.
Figure 19. Largest emitters in EU ETS by capital group and main activity in Poland.
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1.2. Assessment of geological potential for CCS
Appropriately selected geological formations will play an important role in the development of CCS technologies.
The selection of the optimal geological structure for CO2 storage should ensure both an adequate storage capacity
and its safety, preventing CO2 leakage. Specifically, they need to meet many conditions, such as depth, volume,
thickness of the insulating overburden, tank tightness, permeability and porosity of rocks.43
Generally, there are three main types of structures suitable for geological storage of carbon dioxide that are considered in Poland44:
o

o
o

storage in deep saline aquifers - Polish grounds cover a large part of the biggest Permian-Mezozoic basin
in Europe which is perspective for carbon storage45 but their management must be preceded by a thorough diagnosis and there are possible conflicts of interest with geothermal energy;
storage in exhausted hydrocarbon deposits or the possibility of supporting oil recovery (EOR), possibly
also natural gas (EGR) - structures are well recognised, but their storage potential is relatively small;
deep, unexploited coal seams with assisted extraction of methane (Enhanced Coal Bed Methane Recovery
ECBMR) - generally poor identification, low potential, and possible conflicts of interest regarding the future
use of these coal seams.

The identification of geological structures for underground carbon dioxide storage in Poland has been carried out
as a part of many projects.
The first comprehensive estimates of the carbon dioxide storage potential for Poland were made as part of the
European projects: CASTOR and GeoCapacity, implemented in the years 2004-2008. Studies indicated that most
of Polish CO2 storage potential is in aquifers, especially from the Mesozoic era. Rough estimates on a regional
scale were calculated (in Mt of CO2): Lower Cretaceous – 7647 Mt, Lower Jurassic – 43826 Mt, Lower Triassic –
26494 Mt (77966.7 Mt in total).46
In addition, the authors determined 18 structures in saline aquifers with capacity estimated for 3522.2 Mt (conservative estimate of 1761 Mt). The capacity of depleted hydrocarbon fields calculated based on 1:1 volumetric
replacement of hydrocarbons with supercritical CO2 equalled 764 Mt. Potential in coal seams for Upper Silesian
Coal Basin for 27 individual fields was assessed at 415 Mt. 47,48

1.2.1. The National Programme Assessment of formations and structures suitable for safe CO2 geological storage
including the monitoring plans
In 2008 most comprehensive study to date was conducted. The National Programme "Assessment of formations
and structures suitable for safe CO2 geological storage including the monitoring plans" commissioned by the Ministry of the Environment was aimed at identifying geological structures for CO2 storage throughout the country.
Specifically, eight regions were taken into account for the analysis, focusing on saline aquifers, coal seams, options
43

www-arch.polsl.pl/wydzialy/RG/Wydawnictwa/Documents/kwartal/5_1_1.pdf
http://31.186.81.235:8080/api/files/view/22757.pdf
45
https://skladowanie.pgi.gov.pl/twiki/pub/CO2/WebHome/Krajowy_Program.pdf
46
Estimations from GeoCapacity final report: http://www.geology.cz/geocapacity/publications/D42%20GeoCapacity%20Final%20Report-red.pdf
47
https://www.researchgate.net/publication/262688927_WP2_Report_-_Storage_capacity_EU_GeoCapacity_project_-_Assessing_European_Capacity_for_Geological_Storage_of_Carbon_Dioxide
48
https://www.researchgate.net/publication/242126865_CO2_storage_capacity_of_deep_aquifers_and_hydrocarbon_fields_in_Poland-EU_GeoCapacity_Project_results
44
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for CO2 storage concerning exhausted oil and gas deposits. These regions were selected based on known prospects of geological storage but also location related to the proximity of emitters (mainly energy) drew from previous studies49:

49

•

The Permian-Mesozoic formations: Bełchatów, Warsaw, Greater Poland Voivodeship - Kujawy and NW
Poland;

•

The Palaeozoic formations of Upper Silesian Coal Basin and its surroundings;

•

The Palaeozoic formations of the Lublin (and Podlasie) region;

•

the Palaeozoic formations of the Łeba Elevation together with the adjacent area of the Polish economic
zone of the Baltic Sea;

•

Mesozoic formations and Palaeozoic basement of the marginal zone of the Carpathians and the Carpathian Foredeep)

•

depleted and uneconomical hydrocarbon deposits, mainly in western and SE Poland;

•

deep unexploited coal seams, mainly in the Upper Silesian Coal Basin.

https://skladowanie.pgi.gov.pl/twiki/pub/CO2/WebHome/seq-summ.pdf
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Figure 20. Possibilities of geological CO2 sequestration in Poland

Source: Polish Geological Institute (2013); Map legend regarding brine structures: light green, blue and purple
denote the structures in the saline horizons of the Mesozoic (potential landfills); blue with a red border indicates
structures (potential landfills) in saline horizons near Bełchatów; a light green area with a dashed line marks the
Cambrian aquifers in the Polish sea area and on land; yellow with a red border is the object in the area of
Skoczków-Czechowice and the Miocene structures; orange area - objects in the area of the Carpathian front
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(ground); gray denotes an area in the Lublin region (carbon); the red areas delineate the structures in the Permian aquifers.50
Storage capacity estimation standards and storage potential pyramid
The National Programme has adopted standard of estimation of geological storage capacity developed by
CSLF51 and previously used in GeoCapacity project52. This standard differentiates following categories of storage
capacities, which reflect the increasing reliability of the estimate:
-

Theoretical capacity – estimation of total CO2 amount that can be theoretically stored in the volume of
a geological unit with the considered depth range (not considered in the National Programme study)
Effective (static) capacity – is defined as theoretical capacity taking into account depth, pressure, porosity, irreducible formation water and storage efficiency.
Practical (dynamic) capacity – is defined as effective capacity taking into account technical, economic
and legal criteria. The dynamic capacity is equivalent to practical without including economic analysis.
Used capacity – is defined as volume of CO2 (not considered in the National Programme study)

Source: Graph prepared by WiseEuropa

Estimations presented in this subsection refer to the static capacity, i.e. including volumetric CO2 storage capacity
and capacity resulting from the dissolution of CO2 in the formation water.

50

https://skladowanie.pgi.gov.pl/twiki/bin/view/CO2/WynikiPrac
Carbon Sequestration Leadership Forum
52
https://www.researchgate.net/publication/222521645_Assessing_European_Capacity_for_Geological_Storage_of_Carbon_Dioxide
51
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Saline aquifers
The table below presents the results of the study for eight regions in terms of capacity and reliability of obtained
data.
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Table 3. Storage capacity estimations and their reliability concluded in National Programme.
Region
Bełchatów

USCB
53

Mazovia

Period

Carpathian
overthrust
front/foredeep

Lublin,
Podlasie

Greater Poland Kujawy

NW

ŁebaBaltic,
offshore,
NE Poland

Nb of
structures

[Number of structures, reliability level]

Capacity
[Mt]

Miocene

-

1 high

-

n/a high
***

Creataceous

-

-

6
high**

-

-

4, n/a
**

-

-

10

2486

Jurassic

4
high/variable*

4 high

2 high

-

2 high

4
high

-

16

6452

Triassic

1 low

-

-

-

-

1 high

6
high

-

7

1460

Permian

-

-

-

-

-

3 high

-

-

3

1014

C3

-

-

-

-

high

-

-

-

n/a

193

C3-D2

-

-

-

2 low

-

-

-

-

2

176

-

low***
*

-

-

low****

n/a

2645

Cambrian

-

-

-

-

-

-

-

7

69

Nb of struc5
1
10
9
n/a
10
10
n/a
tures
Capacity
2169
44
2649
253
1008
3584
2958
1637
[Mt]
High/variable/low refers to reliability of the estimate
* variable depending on the structure because of quantity and quality of available geophysical data
** further assessment of safety required - the caprock is composed of carbonate-clastic rocks
*** small volumes that can be used only with nearby depleted gas deposits
**** reliability low but rather underestimated
C3 and Cambrian are regional aquifers, not defined structures, hence no data on number of structures

Source: Polish Geological Institute, The National Programme Assessment of formations and structures suitable for safe CO2
geological storage including the monitoring plans (2014)

The reliability of estimations for most capacities is relatively high. The regional Cambrian (V, VIII) and Carboniferous
(V) aquifers have an estimated capacity of 2.838 Gt. In total for 45 structures (I, II, III, IV, VI, VII) estimated capacity
is 11.657 Gt (9.171 Gt if the Lower Cretaceous structures with safety concerns of impermeability of cap rock layer
made of carbonate-clastic rocks are excluded). In region VIII one regional saline aquifer is located off-shore with
the capacity of 0.861 Gt.

Hydrocarbon deposits
For hydrocarbon deposits two cases were considered in the study: using CO2 for enhanced oil/gas recovery or the
storage of carbon dioxide in the largest amount possible (I.e. exhausted large gas deposits). The fields were assessed in terms of deposit availability, size, depth, pressure, temperature, and history of exploitation.54

53

Upper Silesian Coal Basin
PIG, The National Programme Assessment of formations and structures suitable for safe CO2 geological storage including the
monitoring plans (2014)
54
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On their basis, 38 fields were selected as potential CO2 storage sites. Depleted hydrocarbon deposits are located
in two areas: the south-east and west part of the country. There is only one depleted oil field in the Baltic Sea (B3)
assessed. The capacity of four gas fields is over 50 Mt which makes them especially suitable for carbon storage.
Table 4. Largest hydrocarbon deposits assessed in the study
Name

Region

Type

Static capacity [Mt]

Przemyśl-Husów-Albigowa-Krasne

the
Carpathian
front/foredeep

Gas

279.8

Żuchlów

Southern Greater Poland / Lower
Silesia

Gas

91.2

Załącze-Wiewierz

southern Greater Poland / Lower
Silesia

Gas

82.9

Bogdaj-Uciechów

southern Greater Poland

Gas

53.5

Barnówko-Mostko-Buszewo

NW Poland

Oil and gas

33.2

B3

Baltic

Oil and gas

7

overthrust

Source: Polish Geological Institute, The National Programme Assessment of formations and structures suitable for safe CO2
geological storage including the monitoring plans (2014)

Hydrocarbon deposits on Baltic Sea
In the framework of the National Programme, only the B3 field was taken into consideration. In 2009 Lotos
Petrobaltic S.A. (Polish oil company) made a preliminary assessment of their fields on the Baltic Sea with the
following conclusions55:
•

The B3 and B8 oil field is a potential underground CO2 storage tank and, at the same time, a site suitable
for EOR after the reservoir pressure drops below the saturation pressure.

•

The B4 and B6 natural gas fields may become potential underground CO2 reservoirs at the end of their
operation.

•

In order to make binding decisions, it is necessary to perform many analyses and simulations, especially
in the field of reservoir engineering, CO2 impact on rocks and reservoir media, monitoring and project
economics.

Coal seams
Injection of CO2 into unsettled coal deposits has been investigated for the Upper Silesian Coal Basin. Selection of
the sites was based on prevalence of coal bed methane seams below a depth of 1000 m, the parameters such as
thickness, the methane content, permeability, water saturation, tectonics, the presence of impermeable Miocene
caprock above Carboniferous, distance from the active coal mines, and a degree of urbanization and environmental issues such as vicinity of regional potable aquifers or status of protected area. According to the study, other
Polish coal basins (Lower Silesian Coal Basin, Lublin Coal Basin) seems not to be appropriate for CO2 storage

55

http://www.komitetlegnica.agh.edu.pl/wp-content/uploads/file/20090114/10_Domzalski.pdf
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either due to safety reasons or exploration of CBM resources. Three deposits suitable for the application of CO2ECBMR have been selected:
•

Pawłowice-Mizerów site in the central part of the USCB, east of “Pniówek” coal mine;

•

Studzienice-Międzyrzecze site in central part of the USCB;

•

Bzie-Drogomyśl site in south-western part of the USCB, south of “Pniówek” coal mine.

The study shows that these deposits can store about 5-8 Mt of CO2 each. Maximum theoretical capacity of this
area was estimated at 100 Mt and was based solely on the hypothetical USCB area.
Case studies
In the second part of the study, a detailed analysis of several regions has been made, assessed according to the
guidelines in Annex 1 of the Directive 2009/31/EC on the geological storage of carbon dioxide (CCS Directive). For
each site dynamic (practical) capacity which takes into account the technical criteria were estimated based on
injection modelling results.
Table 5. Dynamic capacity estimates of capacity of potential CO2 storage locations assessed in second part of the
National Programme
Potential location

Type

Budziszewice-Zaosie

Dynamic
capacity
[Mt of CO2 storage]
50-120

Skoczów-Czechowice

20-25
Saline aquifers

Choszczno-Suliszewo

100

Poznan basin

11-25

Nosówka oil field

0.55

Wilków gas field

Oil structures

Łąkta gas and condensate field with the underlying saline layer
Central-southern part of the Upper Silesian Coal Basin

11.3
4-8

Object in coal seams

8.3 [static, effective]

Source: PIG, The National Programme Assessment of formations and structures suitable for safe CO2 geological storage including the monitoring plans (2014)

Summary
Summing up the static capacities obtained from the research carried out under the National Programme project,
the estimated potential of carbon dioxide storage in Poland is between 10.1 Gt (if we exclude cretaceous saline
aquifers structures with uncertain safety status and two regional aquifers without defined structures) and 15.5 Gt,
with almost all potential – maximum of nearly 14.5 Gt in saline aquifers (Figure 21. presents maximum estimated
potential assessed during National Programme project) Most of the assessed capacities are located onshore,
however, there is one regional saline aquifer located offshore and some hydrocarbon deposits that can be used
either for underground storage or EOR.
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Figure 21. CO2 storage capacity potential estimate in Poland
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Source: A. Wójcicki. (2012) „Postępy realizacji krajowego programu „Rozpoznanie formacji i struktur do bezpiecznego geologicznego składowania CO2 wraz z ich planami monitorowania” Biuletyn Państwowego Instytutu Geologicznego.56

Taking into account the emissions from the national economy, in particular the installations with the potential to
capture CO2 (as defined in the previous section: part of the generating power capacity, the district heating sector
and industry), these capacities should be considered relatively large. Nevertheless, it should also be noted that the
potential dynamic (practical) capacities calculated in the second, more detailed part of the project, are lower than
the static capacities (see Storage capacity estimation standards and storage potential pyramid box).
Authors of the study highlight, that in the National Programme project the formations and structures, where CO2
storage would be possible, have been identified. These formations and structures, even for the ones from more
detailed case studies, require further assessment carried out under an appropriate permit before choosing the site
and possibly obtaining a final storage permit decision.

56

https://geojournals.pgi.gov.pl/bp/article/view/29089/20757
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1.3. Description of implemented and planned projects
1.3.1. Past projects
Abandoned demonstration projects
Table 6. Summary of Polish abandoned demonstration CCS projects
Project name

Project promoter(s)

Timeframe

Estimated costs

Bełchatów
CCS
demonstration plant

PGE S.A. (Polish Energy
Group – PGE)

2009-2013 (was to be completed in 2015)

CAPEX – EUR 624 million (capture:
EUR 378 million, transport: EUR
117 million, storage: EUR 129 million)57
OPEX – EUR 800 million per 10
years (EUR 65-70 per tonne of removed CO2)58

Zero-Emission Power &
Chemical
Plant
in
Kędzierzyn-Koźle

Grupa Azoty S.A., Tauron
S.A.

2007-2011 (was to be completed in 2015)

CAPEX – ca. EUR 1.8 billion (capture: EUR 560 million, transport:
EUR 950 million, storage: EUR 264
million)59
OPEX – ca. EUR 190 million per
year (capture: EUR 44 million,
transport: EUR 122 million, storage:
EUR 23 million )60

Energy Policy of Poland until 2030 provided for the implementation of up to 2 CCS demonstration projects on the
condition that necessary funds will be given by the European Union. Since obtained finance turned out to be insufficient, none of the projects was ultimately successful.

Bełchatów CCS demonstration plant
The Bełchatów project was the most advanced Polish full-scale CCS project since it comprised:
•
•
•

a carbon capture plant integrated with the new 858 MW lignite-fired unit,
a transport of compressed CO2 via pipeline,
and the injection of pressurized CO2 into the ground,

which accounts for a full CCS value chain.
The carbon capture component was based on technology of post-combustion amine-based chemical CO2 absorption (AAP - Advanced Amine Process). Carbon capture efficiency was estimated at above 85%, which means that
1.8 million tonnes of CO2 per annum could be captured.61

57

https://stowarzyszenie-zmijewski.pl/sites/default/files/materialy/skowronski_pawel_pge.pdf
Ibid.
59
http://elektroenergetyka.pl/upload/file/2010/8/energetyka%2008-2010%20-%20PKE.pdf
60
Ibid.
61
https://pgegiek.pl/Ochrona-srodowiska/CCS/CCS-demonstration-plant2
58
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The project was cancelled after the final location of the storage site was chosen (deep saline aquifers in Wojszyce)
and the project of a 140 km pipeline was accepted. The project was cancelled because of:
1)

2)

3)

insufficient financial support – despite EUR 180 million subsidy from the EU funds (within the framework
of the European Energy Programme for Recovery) and EUR 134 million grant from Norwegian Financial
Mechanism, PGE was seeking additional funding of EUR 340 million from New Entrant Reserve 300 (a
mechanism within the EU Emissions Trading System) in order to cover remaining CAPEX. Since the government did not provide a pre-financing guarantee and because of other social and legal risks the project
was refused to receive this subsidy. Then, difficulties with closing a financial plan emerged and the project
had to be stopped because of the lack of financial feasibility;
low public acceptance for CO2 pipeline and storage – this problem emerged when the geological structure
in Wojszyce village (in the north part of the Łódzkie voivodeship) was selected as the most appropriate
CO2 storage site. This location was the most remote from Bełchatów among the three that were under
consideration, therefore, the longest route for CO2 pipeline had to be adopted, resulting in more possible
conflicts with landowners and local stakeholders, reducing funding opportunities;
lack of regulations regarding CO2 transport networks that would have facilitated the expropriations and
minimised the threat posed by the resistance of landowners.

Zero-Emission Power & Chemical Plant in Kędzierzyn-Koźle62
The 308 MW coal-fired power station was to produce synthesis gas, through the gasification of hard coal (IGCC –
integrated gasification combined cycle), which would be used for power and heat generation or production of
chemicals. 92-93% of carbon dioxide released during the gasification process would be captured in a pre-combustion process (2.5 million tonnes of CO2 per year) and then either stored in natural geological reservoirs or used as
a raw material for chemical products: 72% of the captured CO2 was to be stored in porous rocks at a depth of
more than 1 km (saline aquifers in central Poland or in Upper Silesian Coal Basin and/or depleted gas reservoir
Załęcze-Wiewierz) and 28% was to be sequestrated in chemical products, including methanol and urea. With the
use of up to 10% biomass in the combustion process, negative emissions were also planned to be achieved.
The project, however, faced financial difficulties, due in part to the low emission allowances price. Since the project
developers have unsuccessfully applied for EU funds the project had to be cancelled.
Realized carbon capture projects
Table 7. Summary of Polish carbon capture projects
Project name

Start of operation

Pilot carbon capture
plant at the Łaziska
Power Station

2013

Pilot carbon capture
plant at the Łagisza
Power Station

2013

Carbon capture technology
Post-combustion
amine-based chemical
absorption
Pressure swing chemical adsorption

Efficiency
200 m3 CO2/h

ND

CAPEX
63

PLN 8.8 million (EUR
1.95 million)64

PLN 2.5 million (EUR
0.55 million)65

ND – no data

62

http://elektroenergetyka.pl/upload/file/2010/8/energetyka%2008-2010%20-%20PKE.pdf; Polisa na niezależność energetyczną.
Mapa drogowa CCS dla Polski, Bellona, 2011 (https://www.cire.pl/pliki/2/Polen_web_final.pdf)
63
https://orka2.sejm.gov.pl/INT9.nsf/klucz/ATTBUNJ66/%24FILE/i11640-o1.pdf
64
https://media.tauron.pl/pr/240281/ruszyla-pierwsza-instalacja-do-usuwania-co2-w-tauronie
65
Information provided by a stakeholder
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Both projects were developed by Tauron Wytwarzanie S.A.: however, the Łaziska plant was implemented in cooperation with the Institute for Chemical Processing of Coal (Instytut Chemicznej Przeróbki Węgla – IChPW) and
Silesian University of Technology (Politechnika Śląska), whereas the Łagisza plant was realized with scientific support of Częstochowa University of Technology (Politechnika Częstochowska).
The two installations are mobile, which provided the opportunity to test the capture process in various locations.
At the beginning, the Łaziska facility was transported and connected to the 225 MW unit at the Łaziska Power
Station, where 550 hours of tests were conducted. In 2014 it was moved to the Jaworzno Power Station for further
tests which have proved that amine-based solvents can be effectively used for carbon dioxide capture in coal-fired
power plants and allowed to determine how to improve the efficiency of carbon capture without consuming much
energy. It is not known whether the plant initially integrated with a 460 MW unit at the Łagisza Power Station was
moved to other power plants.
The overarching aim of the project was to compare the efficiency of different chemical carbon capture technologies. However, Tauron did not publish the results of this comparison. CO2 captured within these projects was
neither transported, nor stored66; it is not known whether it was further used in the industry.

Realized carbon storage projects
Table 7. Summary of Polish carbon storage projects
Project name

Project promoter(s)

Timeframe

Type of storage site

Industrial installation
for capturing and depositing acid gases
(H2S, CO2) in Borzęcin

Instytut
Nafty
i
Gazu (Oil and Gas
Institute – INiG),
Polskie Górnictwo
Naftowe
i
Gazownictwo
(Polish Oil Mining
and Gas Extraction
– PGNiG)

1996 – probably ongoing

Gas field

CO2 injection in Kaniów
within the RECOPOL
research project68

Główny
Instytut
Górnictwa (Central
Mining Institute GIG)69

2004-2005
months)

Coal seams

(11

Tonnes of CO2 injected
3400 (until 2012 – no
recent data available)67

76070

Industrial installation for capturing and depositing acid gases (H2S, CO 2) in Borzęcin
It was the first Polish carbon capture and underground carbon storage project that aimed at purifying natural gas
extracted in the Borzęcin gas field near Wrocław – through separation of acid gases, i.e. CO2 and H2S – and at
enhancing the natural gas recovery (Enhanced Gas Recovery – EGR) through compression and reinjection of separated CO2 and H2S into the deposit.

66

http://www.gdos.gov.pl/files/artykuly/24009/DS_TAURON_BEDZIN_2013.pdf
https://pgnig.pl/documents/29748/961630/KGZ+Borz%C4%99cin.pdf/0d74702f-bc90-4835-b55e-49573d2609aa
68
Cf. “Research and development projects”
69
Participant of an international consortium: https://cordis.europa.eu/project/id/ENK5-CT-2001-00539/pl
70
E. Solik-Heliasz, Possibilities of underground CO2 storage in the Upper Silesian region (http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.baztech-article-BPZ1-0058-0023/c/httpwww_min-pan_krakow_plwydawnictwagsm263solik-heliasz.pdf)
67
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CO2 injection in Kaniów within the RECOPOL research project
The RECOPOL project aimed to investigate the technical and economic feasibility of storing CO2 permanently in
subsurface coal seams: carbon dioxide was injected at the Upper Silesia mine in Kaniów into three hard coal seams
occurring at the depth of about 1000 m, which proved that carbon dioxide can be safely stored in deep, unmineable
coal seams and that this technology can be applied in the Upper Silesian Coal Basin. However, although CO2
storage in unmineable coal seams in the Upper Silesian Coal Basin was proved to be technically feasible, one
should bear in mind that geological potential for this storage method is still very low in Poland (for details see:
Assessment of geological potential for CCS).
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Realized carbon utilization projects
Table 8. Summary of Polish carbon utilization projects
Project name
CO2 methanation system for
electricity storage through
SNG production at the Łaziska Power Station

CO2 capture, concentration
and purification in a sodium
carbonate production process

Project promoter(s)

Timeframe

Carbon utilization method

Tauron Wytwarzanie S.A.

2015-2018 (completion of the
methanation
plant)/2020
(completion of the pilot studies)

CO2 methanation

Instytut Chemicznej Przeróbki Węgla (Institute for
Chemical Processing of
Coal – IChPW), CIECH S.A.

2017-2021

CO2 reused in a sodium carbonate production

71

CO2 methanation system for electricity storage through SNG production at the Łaziska Power Station
CO2-SNG methanation facility was designed, constructed and executed by the international consortium at the
Łaziska Power Station. It converted carbon dioxide captured from flue gas (with the use of the carbon capture
plant from 2013) and hydrogen produced by electrolyzer to Synthetic Natural Gas (SNG), which was later used as
a vehicle fuel. The capacity of the methanation plant was up to 500 m3 of SNH per hour.72 Total amount of SNG
produced during the pilot studies is however not known.

CO2 capture, concentration and purification in a sodium carbonate production process 73
IChPW developed an innovative method of capturing, concentrating and purifying carbon dioxide in a sodium
carbonate production process: carbon dioxide released during the process is captured and reused in sodium carbonate production. The technology that allows CO2 circulation was implemented by CIECH, Polish leading chemical
producer, in a production plant in Inowrocław, resulting in the CO2 emissions’ reduction by at least 5 thousand
tonnes per year; moreover, the effectiveness of the sodium carbonate production process was increased.

71

Participant of a consortium: Instytut Chemicznej Przeróbki Węgla (Institute for Chemical Processing of Coal – IChPW), AGH
University of Science and Technology, ATMOSTAT, CEA (French Alternatives Energies and Atomic Energy Commission), Exergon
Sp. z o.o., Rafako S.A., West Technology and Trading
72
https://www.gramwzielone.pl/trendy/32679/tauron-polaczy-oze-i-i-co2-w-planie-produkcja-500-m3-sng-na-godzine
73
http://www.ichpw.pl/blog/2021/02/15/modelowy-przyklad-wspolpracy-nauki-z-przemyslem/
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1.3.2. Planned or potential projects
Table 9. Summary of planned Polish CCS projects
Project name

Project promoter(s)

Project scope

Implementation date

CHP station in Przemyśl

Polskie Górnictwo Naftowe
i Gazownictwo S.A. (Polish
Oil Mining and Gas Extraction – PGNiG)

Carbon capture and storage

2022 at the earliest

Poland EU CCS Interconnector

ND

Carbon transport

2025-2026

Projects announced in the
social agreement between
the government and mining
unions

ND

Carbon capture and storage

2026-2029

CCS-ready power plants

NA

Carbon capture, transport and
storage

Potential project

ND – no data
NA – not applicable

Carbon capture and storage in Przemyśl gas-fired combined heat and power (CHP) station74
CHP gas-fired station in Przemyśl (with the installed capacity of 11 MWt and 5 MWe) is currently under construction
and is to be completed at the end of 2021. The plant is located in the Subcarpathian natural gas extraction cluster,
which provides easy access to fuel, but PGNiG wants to have additional benefits from nearby gas reservoirs and
considers the implementation of CCS facility: carbon dioxide captured in the CHP station could be reinjected either
into depleted gas reservoirs or into the gas fields, where production is still ongoing, which could enhance gas
recovery. PGNiG is experienced in that technology, as it was already applied in Borzęcin (for details see: “Realized
carbon storage projects”), so the perspectives for its successful implementation in Przemyśl are promising. The
economic feasibility of the CCS project is however still being verified and it is not clarified yet whether it will be
realized, but analyses were already made and prospective carbon storage sites were selected, as a representative
of PGNiG declared.75

Poland EU CCS Interconnector76
This is a project of a cross-border carbon dioxide (CO2) transport network, submitted as a candidate for the fifth
EU list of Projects of Common Interest, which is to be adopted in October 2021. The project objective is to connect
the main industrial CO2 emitters in Gdańsk and hinterland to the geological carbon storage sites in the North Sea
basin.
An open access multi-modal liquid CO2 export terminal is to be established in the Port of Gdansk with related CO2
transport infrastructure from the facilities of emitters (roads, railways, pipelines and ships, in future also possibly
by a river with inland barges). Liquefied CO2 will be transported to the North Sea by ships. In the long term, the
alternate storage sinks at the Baltic Sea will be investigated for connection.
74

https://www.energetyka24.com/pgnig-planuje-wychwyt-co2-z-powstajacej-elektrocieplowni-w-przemyslu
Ibid.
76 https://ec.europa.eu/energy/sites/default/files/detailed_information_regarding_the_candidate_projects_in_CO _network.pdf
2
75
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The project is scheduled to transport 2.7 million tonnes of CO2 per year between 2025-2030 and 8.7 million tonnes
of CO2 per year between 2030-2035. The start-up of the first facilities is planned for 2025 – 2026. The estimated
cost of the investment is however unknown to the public to date.

CCS projects announced in the social agreement between the government and mining unions77
Social agreement between the government and mining unions outlines how hard coal mining phase-out in Poland
should be carried out by 2049. In place of coal mining new industries are to be developed, including CCU/CCS:
•

Coal gasification installation with the use of IGCC technology and carbon dioxide capture installation for
a 250 MWe power unit
Timeframe: 2023-2029
Estimated CAPEX: PLN 5.3 billion (EUR 1.17 billion)

•

CO2 transportation to the underground storage site (probably linked to the coal gasification installation
mentioned above)
Timeframe: 2023-2029
Estimated CAPEX: PLN 550 – 950 million (EUR 122 – 210 million)

•

Construction of underground carbon dioxide storage sites and adaptation of already existing underground
storage sites to carbon dioxide storage (probably linked to the coal gasification installation mentioned
above)
Timeframe: 2023-2026
Estimated CAPEX: PLN 500 million (EUR 110 million)

•

Industrial-scale installation of coal gasification to synthetic natural gas with the potential use of carbon
dioxide capture installation
Timeframe: first facility with the capacity of 1 billion m3 of SNG is to be completed between 2023 -2028
Estimated CAPEX: PLN 5 billion (EUR 1.1 billion)

The government declared to choose locations of particular projects and enable their implementation by mid-2020.
The projects are to be realized between 2023 and 2029 and they will be financed from national and European
sources, but no specific details on finance are given, which puts the implementation of these projects at risk.

CCS-ready power plants
Due to the implementation of the EU CCS Directive, every new combustion plant with a rated electrical output of
300 megawatts or more must be assessed with regard to its CCS-readiness, i.e. whether:

77

•

retrofit for carbon capture is technically and economically feasible,

•

CO2 transport facilities are technically and economically feasible,

https://www.cire.pl/item,216277,1,0,0,0,0,0,media-dotarly-do-projektu-umowy-spolecznej-dot-wygaszania-kopaln-do-2049-r.html
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•

suitable carbon storage sites are available.

Among Polish combustion plants commissioned after the implementation of the CCS Directive at least three units
are CCS-ready:
•

1075 MW hard coal-fired unit in Kozienice power station (commissioned in 2017).

•

Two 905 MW hard coal-fired units in Opole power station (commissioned in 2019).

•

910 MW hard coal-fired unit in Jaworzno power station (commissioned in 2020).

Moreover, it is worth remembering that 858 MW unit in Bełchatów, a part of the abandoned Bełchatów CCS
demonstration project, still remains ready for the development of CCS installation.

1.3.3. Research and development projects
Polish research institutes, universities and enterprises (both private and state-owned) are actively participating in
CCS R&D projects. There are nearly 50 projects which have involved many Polish entities for the last 15 years. This
figure is based upon the CORDIS database78, lists of projects for which funds were granted by the Polish National
Centre for Research and Development (Narodowe Centrum Badań i Rozwoju)79 and information provided by the
stakeholders. Although this number might be impressive, it is worth to note that the overwhelming majority of
these projects has been realized in international consortia and the contribution of Polish participants is sometimes
limited.
The scope of these projects includes, inter alia, the development of carbon capture and utilization technologies,
the identification of possibilities of geological carbon storage or the assessment of plausible hazards and environmental risks associated with carbon storage. The most interesting ones and those in which the development of
CCS in Poland was a particular concern are presented below.

Past R&D projects
Table 10. Summary of the most important past Polish R&D projects in the CCS sector
Project name

Polish entity/ies involved

Timeframe

Brief description

Reduction of CO2 emission
by means of CO2 storage in
coal seams in the Silesian
Coal Basin of Poland (management of greenhouse gas
emissions) - RECOPOL

Główny Instytut Górnictwa
(Central Mining Institute),
Metanel S.A.

2001-2005

Cf. “Realized carbon storage projects”.

Monitoring and verification
of CO2 storage and ECBM in
Poland (MOVECBM)

Główny Instytut Górnictwa
(Central Mining Institute)

2006-2008

The project was focused on the recovery of
methane (enhanced coal bed methane recovery - ECBM) produced in the RECOPOL
project as a result of the absorption of CO2

78

https://cordis.europa.eu/search?q=contenttype%3D%27project%27%20AND%20relatedRegion%2Fregion%2FeuCode%3D%27PL%27%20AND%20(%27CCS%27)&p=1&num=10&srt=Relevance:decreasing
79
https://archiwum.ncbr.gov.pl/wyniki-wyszukiwania/?tx_kesearch_pi1%5Bpage%5D=616&tx_kesearch_pi1%5BsortByField%5D=title&tx_kesearch_pi1%5BsortByDir%5D=desc&tx_kesearch_pi1%5Bsword%5D=&cHash=1c5f236f4b7f71d41416d0baba445eab
; https://archiwum.ncbr.gov.pl/fileadmin/Miedzynarodowe/norway/polnor/2019_CCS/EN_lista_po_decyzjach_CCS.pdf
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by coal. The composition of this gas was
continuously monitored to define the actual
adsorption of CO2 that was injected.
CO2 Sorption and Flow in
Shale
Reservoirs
(CO2SHALESTORE)

Politechnika Śląska (Silesian University of Technology)

2011-2014

The objectives of this research were assessing the possibilities of CO2 storage in
gas bearing shale in Poland and investigating the possibility of enhanced shale gas recovery by CO2 injection.

Sub-seabed CO2 Storage:
Impact on Marine Ecosystems (ECO2)

Uniwersytet Gdański (University of Gdańsk), LOTOS
S.A.

2011-2015

The project assessed the likelihood of leakage and impact of leakage on marine ecosystems; a potential storage site located in
the Polish sector of the Baltic Sea was studied.

Physicochemical effects of
CO2 sequestration in the
Pomeranian gas bearing
shales (SHALESEQ)

Państwowy Instytut Geologiczny – Państwowy Instytut Badawczy (Polish
Geological Institute – National Research Institute),
Uniwersytet
Warszawski
(University of Warsaw),
Uniwersytet
Wrocławski
(University of Wrocław),
Politechnika Śląska (Silesian University of Technology)

2014-2017

The main objective was to provide a comprehensive, multi-scale approach to estimate the CO2 storage capacity of the shale
structures in Poland as well as the effectiveness of CO2 as the gas recovery medium.

Impact of potential leakage
from the sub-seabed CO2
storage site on marine environment at relevant hydrostatic pressure (CO2MARINE)

Uniwersytet
Gdański
(University of Gdańsk),
Gdański Uniwersytet Medyczny (Medical University
of Gdańsk)

2014-2017

The project assessed the impact of increased CO2 levels because of potential
leakage from the sub-seabed reservoir on
geochemical processes and benthic biota at
the hydrostatic pressure relevant to the potential CO2 storage site in the Baltic Sea.

Economically efficient and
socially accepted CCS/EOR
processes

Politechnika Śląska (Silesian University of Technology), Poltiechnika Częstochowska
(Częstochowa
University of Technology)

2014-2017

The objective of the project was to determine the optimal configuration of the whole
Polish CCS chain, including Enhanced Oil
Recovery (EOR). Therefore, feasibility study
for offshore EOR systems for CO2 utilization
were carried out.

Ongoing R&D projects
Table 11. Summary of the most important ongoing Polish R&D projects in the CCS sector
Project name

Polish entity/ies involved

Timeframe

Brief description

Biological routes for CO2
conversion into chemical
building
blocks
(BioRECO2VER)

PKN Orlen S.A.

2018-2021

The project aims to investigate the capability of microorganisms to convert captured
carbon dioxide into compounds used in the
production of valuable chemical products,
i.e. isobutene and lactate.
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Strategic planning of regions
and territories in Europe for
low-carbon energy and industry
through
CCUS
(STRATEGY CCUS)

Główny Instytut Górnictwa
(Central Mining Institute)

2019-2022

The project will design economic evaluations at regional and national scales for
CCUS deployment in seven southern and
eastern EU Member States.

Advanced Gas and Carbon
Dioxide Storage in Aquifer
(AGaStor)

Akademia
Górniczo-Hutnicza w Krakowie (AGH
University of Science and
Technology)

2020-2023

The main objective of the project is to facilitate the implementation of advanced Underground Gas Storage (UGS) using dynamic support of Carbon Dioxide Cushion
(CDC) in saline aquifers. The location of this
storage will be selected in the proximity of
industrial CO2 source, LNG receiving terminal and “Baltic Pipe” gas interconnector
NO-PL.

Negative CO2 emission gas
power plant (NEGATIVECO2-PP)

Politechnika
Gdańska
(Gdańsk University of Technology)

2020-2023

The main goal of the project is to design and
build two demonstration installations for
gasification of sewage sludge, combustion
of the obtained fuel and carbon capture,
which would result in negative emissions.
This would be the first power plant of this
type.

Modular system based on
Molten Carbonate Fuel Cells
with
tailored
composite
membranes designed for
specific flue gas compositions oriented into CCS integration with an industrial
power plant (MOLCAR)

Politechnika Warszawska
(Warsaw Univeristy of
Technology), Fuel Cell Poland Sp. z o.o.

2020-2023

The project intends to develop a modular
system of CO2 separation from flue gases
with the application of molten carbonate
fuel cell (MCFC) technology. The MCFC technology will convert the captured CO2 into a
form that could be directed straight to a Sabatier reactor, if needed, to produce synthetic fuel that could be fed into the natural
gas network.

Innovative moving bed adsorption process for CO2 capture in coal-fired power
plants operated under variable load (InnCapPlant)

Politechnika
Krakowska
(Cracow Univeristy of Technology)

2020-2023

The project is aimed at creating innovative
methods of capturing CO2 from flue gases
generated in the process of burning hard
coal dust in a power boiler.

CO2 Geological Pilots in Strategic Territories (PilotSTRATEGY)

Główny Instytut Górnictwa
(Central Mining Institute)

2021-2026

Pilot-STRATEGY will increase the maturity
and confidence level of understanding of
deep saline aquifer storage resources of Upper Silesia, based on newly available data,
reprocessing of old data and conduct new
dynamic simulation studies. The project will
allow to start planning storage resources.

1.3.5. Summary and lessons learnt – what could be done to foster the development of CCU/CCS projects in Poland?
Analysis of the obstacles met by Polish CCS projects and stakeholders’ observations give the following insights
into the future of CCS in Poland:
•

As the example of Bełchatów demonstration project shows, capture plants and storage sites should be
located as close to each other as possible – in order to minimize the threat posed by the resistance of
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landowners and local stakeholders against CO2 pipelines. This could also promote the creation of local
CCU/CCS clusters;
•

Strategic activities should be conducted to gain public support for CCU/CCS;

•

The most ambitious Polish CCU/CCS projects had to be abandoned due to the low emission allowances
price. Since it is rising, the exploitation costs decrease, creating the opportunity for CCU/CCS installations;

•

In spite of that fact, implementation of CCU/CCS projects still requires significant CAPEX; therefore the
government, banks or the EU should provide adequate financing; especially the European Union should
be more eager to finance CCS projects, as the failure of the 2 planned Polish CCS demonstration proved
that EU funds might be essential;

•

The number and scale of Polish carbon storage projects is very limited; since the regulations limit carbon
dioxide storage sites to one offshore area, no inland project could be developed over the last few years.
Moreover, due to the fact that since 2013 regulations (acts implementing the CCS Directive) allow for
offshore demonstration storage projects only, pilot storage projects could not be developed, especially
the industrial ones – as one of the stakeholders states, it is very difficult to exceed the capacity threshold
of 500 kilotonnes per year (kt/y) stored CO2, required for industrial demonstration projects (3.4 kt of CO2
were injected underground in 16 years within the most developed Polish carbon storage project in Borzęcin). For this reason, no small-scale experiments aimed at developing new technologies of carbon storage could be carried out and, as a result, storage technologies are unbeknown to Polish stakeholders.
Hence, there might be a need to import technologies and skilled staff from abroad;

•

No CO2 pipeline transport project was realized in Poland, which can have a negative impact on the development of CO2 transport network in the future.

1.4. Legislation and regulation relevant for CCS deployment
1.4.1. Role of CCU/CCS in national planning documents
The CCU/CCS technology is referred to in Polish national strategic documents, such as:
▪
▪
▪
▪

National Energy and Climate Plan (NECP),80
Energy Policy of Poland until 2040 (PEP 2040),81
Polish Hydrogen Strategy until 2030 with an Outlook until 2040 (the final version of which is still under
preparation),82
Social agreement between the government and mining unions.83

However, CCU/CCS does not play a major role in any of these documents.
NECP mentions the CCU/CCS as a part of the research, innovation and competitiveness dimension, and refers to
“Directions of energy innovation and development”, a strategic document published by the Ministry of Energy in
May 2017, where CCS technology is described as “very difficult to apply (at least at this stage)”. This document

https://www.gov.pl/web/aktywa-panstwowe/krajowy-plan-na-rzecz-energii-i-klimatu-na-lata-2021-2030-przekazany-do-ke
https://www.gov.pl/web/klimat/polityka-energetyczna-polski-do-2040-r-przyjeta-przez-rade-ministrow
82
https://www.gov.pl/web/klimat/rozpoczely-sie-konsultacje-publiczne-projektu-polskiej-strategii-wodorowej
83 https://wiadomosci.radiozet.pl/Polska/Radio-ZET-dotarlo-do-projektu-umowy-spolecznej-dot.-wygaszania-kopaln-do-2049-r
80

81
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recognizes greater potential in the development of CO2 processing technologies and for this reason, advises developing CCU technology.
In the PEP 2040 CCU/CCS is presented as a technology serving gradual decrease of coal share in the Polish energy
mix, stating that every Polish coal power plant is CCS-ready. The document declares that CCS and CCU technology
will be researched and implemented, CCU/CCS is also referred to as a technology potentially accompanying clean
hydrogen production from natural gas. Prognoses are made for the prices of energy generated from fossil fuels
with the use of CCS, as for the estimated costs of implementation and operation of CCS. Nevertheless, according
to the Policy, CCS installations will not be a profitable option for Polish power plants until the CO2 emission allowance price is above EUR 50 per tonne. Probably this is the reason why the Energy Policy of Poland does not provide
an in-depth strategy describing how CCU/CCS will be developed in Poland (no specific target and timeline is set
out). According to the document, in the years 2021-2025, CCS in Poland is to be financed from Connecting Europe
Facility. However, the sum of PLN 40 million (EUR 8.8 million), provided by this source, will be also shared between
other energy infrastructure projects, suggesting that financial support of CCS will be quite limited. Hence, provisions of the Energy of Policy of Poland can be claimed not to aim for the fast development of CCU/CCS in Poland.
The draft Polish Hydrogen Strategy develops the idea presented in the Energy Policy of Poland of harnessing
CCU/CCS as a technology enabling the production of clean hydrogen from natural gas. The document states that
until 2030 an installation producing hydrogen from natural gas (via methane pyrolysis) with the use of CCS shall
be put into operation. The Strategy, however, is now being processed by the Polish government after public consultations which lasted until February 14, 2021. Therefore, it is worth noting that the final version of the document
may include this target.
Social agreement between the government and mining unions (not legally binding) outlines how hard coal mining
phase-out in Poland shall be carried out by 2049. In place of coal mining new industries are to be developed,
including CCU/CCS:
•

coal gasification with the use of IGCC technology and carbon dioxide capture installation,

•

transport of captured carbon dioxide to the underground carbon dioxide storage site,

•

construction of underground carbon dioxide storage sites and adaptation of already existing underground
storage sites to carbon dioxide storage,

•

coal gasification to synthetic natural gas with the use of carbon dioxide capture installation.

The government declared to determine final locations of particular projects until Q1 2022. They are to be realized
between 2023-2029 and they will be financed from national and European sources, but no specific details are
given, which puts the implementation of these projects at risk.

1.4.2. Summary of legislation and regulations relevant to CCU/CCS deployment
Key Polish legal acts in the field of CCU/CCS are:
▪
▪

84
85

Act of 27 September 2013 amending the Geological and Mining Law Act and certain other acts, 84
Geological and Mining Law Act and ensuing Regulations:
o Regulation of the Minister of Environment on the detailed requirements to be met by a prefeasibility plan for an underground carbon dioxide storage site,85

https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20130001238
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20140000591
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Regulation of the Minister of Environment on the areas on which locating an underground carbon
dioxide storage complex is admissible,86
o Regulation of the Minister of Environment on the detailed requirements regarding the operation
of the underground carbon dioxide storage site, the composition of the carbon dioxide stream
injected into the underground carbon dioxide storage site and carrying out monitoring of the underground carbon dioxide storage complex, 87
o Regulation of the Minister of Environment on the financial security and the performance deposit
related to underground carbon dioxide storage. 88
Energy Law Act89
o Act of 3 October 2008 on access to information on the environment and environmental protection,
o

▪

public participation in environmental protection and environmental impact assessments 90:
o

Regulation of the Council of Ministers on projects that may have a significant environmental impact.91

In the Act of 27 September 2013, which implemented the Directive 2009/31/EC of the European Parliament and of
the Council of 23 April 2009 on the geological storage of carbon dioxide (so-called "CCS Directive")92, necessary
amendments resulting from the implementation of this directive were made to, inter alia, Geological and Mining
Law Act, Energy Law Act and Act on access to information on the environment and environmental protection,
public participation in environmental protection and environmental impact assessments – these amendments are
presented in details in paragraphs below. There are, however, two additional, autonomous regulations in this Act
which should be discussed separately.
Firstly, the obligation to conduct an assessment of readiness for capturing CO2 of every new fossil fuel-fired power
station, which stems from the amended regulations of the environmental law, also applies to the plants built prior
to the date of this Act coming into force. Based on these ecological surveys Energy Policy of Poland until 2040
stated that every Polish coal power plant is CCS-ready. Having these surveys done, it is possible to assess the
current Polish demand for CCU/CCS in the power generation sector and plan the development of these technologies in Poland.
Moreover, the minister competent for the environment is obliged by this Act to submit a report on implemented
CCS demonstration projects. The report should include remarks on the effectiveness and safety of the CCS technology. The minister will also present recommendations for further actions regarding the implementation of CCS
in Poland on an industrial scale. The document will be submitted to the Council of Ministers until December 31,
2024. Therefore, it appears that the minister’s report will be the basis upon which the state will formulate its further
strategy towards commercial CCU/CCS projects in Poland.
The Geological and Mining Law Act sets out the rules and conditions for undertaking, carrying out, and terminating
the activity in the field of prospecting or exploring an underground carbon dioxide storage complex and storing
carbon dioxide underground. It is necessary to emphasize that the Act applies to CCS demonstration projects only.
However, it seems to be in general appropriate for commercial CCU/CCS projects.

86

https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20140001272
http://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20150001840
88
http://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20150002144
89
http://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu19970540348
90
http://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20081991227
91
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20190001839
92
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02009L0031-20181224
87
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Criteria for CCS demonstration projects
Legally admissible CCS demonstration projects in Poland must meet the following criteria:
•

•
•
•
•
•

Minimum capacity threshold:
➢ 250 MW (applies to power plants),
➢ 500 kilotonnes per year (kt/y) stored CO2 (applies to industrial plants);
Each project has to implement the full chain (capture, transport and storage);
Each demonstration project must implement heat integration for the capture component of the process;
The capture rate has to be at least 85% of CO2 from the flue gases to which capture is applied;
Each project has to contain an independent research block related to safety of storage sites and improvement of monitoring technologies especially in the field of brine migration, its possible pathways and impacts;
The project is implemented for the purpose of verifying:
➢ effectiveness and usefulness of application of the technology of carbon dioxide capture and storage in the scope
of carbon dioxide emission limitation,
➢ safety of application of the technology of carbon dioxide capture and storage for human health and life and for the
environment,
➢ the need and grounds for admitting to application the technology of carbon dioxide capture and storage on an
industrial scale.

The Geological and Mining Law Act states that the activity in the scope of prospecting or exploring of an underground carbon dioxide storage complex can be carried out upon obtaining a concession, and sets out rules for
granting these concessions (e.g. submitting a prefeasibility plan for an underground carbon dioxide storage site
with a copy of the decision of its approval; the plan must meet the requirements specified by the Regulation of the
Minister of Environment on the detailed requirements to be met by a prefeasibility plan for an underground carbon
dioxide storage site).
The Act also defines areas where underground carbon dioxide storage complex can be located:
▪

only in the offshore area set out in the regulation issued by the minister competent for the environment
(Regulation of the Minister of Environment on the areas on which locating an underground carbon dioxide
storage complex is admissible), which currently includes one depleted hydrocarbon field with surroundings
in the Baltic Sea within the Polish exclusive economic zone.

Moreover, the Act outlines obligations of an entrepreneur pursuing activity in underground CO2 storage and determines, through the Minister’s Regulation, the detailed criteria for carbon dioxide stream transported via the CO2
transport network (for details see: Energy Law Act) and the underground carbon dioxide storage site (Regulation
of the Minister of Environment on the detailed requirements regarding the operation of the underground carbon
dioxide storage site, the composition of the carbon dioxide stream injected into the underground carbon dioxide
storage site and carrying out monitoring of the underground carbon dioxide storage complex).
Activities regarding underground carbon dioxide storage are inspected by the competent authority of mining supervision. Besides, the Act creates the function of the National Administrator of Underground Carbon Dioxide
Storage Sites (KAPS CO2 – Krajowy Administrator Podziemnych Składowisk Dwutlenku Węgla) which is entrusted
to the Polish Geological Institute – the National Research Institute. The Administrator takes over responsibility for
the underground carbon dioxide storage site in the case of withdrawal of the concession for underground carbon
dioxide storage or its expiry and can either close the underground carbon dioxide storage site, or maintain its
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readiness to operate until a new concession for underground carbon dioxide storage in a given underground carbon dioxide storage site is granted, if there exists technical possibility and economic viability of continuing the
carbon dioxide injections into the underground carbon dioxide storage site.
The Act also includes criminal provisions and stipulates that a person who performs activities in prospecting or
exploring underground carbon dioxide storage complex or storing carbon dioxide underground without a required
concession or in breach of conditions provided for in the concession, shall be liable to detention or a fine. Furthermore, the one who also causes major damage to property or serious harm to the environment or triggers a direct
risk of these events, should be fined, or imprisoned for a maximum of 3 years.
The Energy Law Act is applied as far as carbon dioxide pipeline transport is concerned. The Act lays down the
conditions for carrying on and controlling the activity consisting in the transport of carbon dioxide for the purpose
of its underground storage aimed at implementing a CCS demonstration project.
CO2 shall be transported upon prior connection to the CO2 transport network on the basis of an agreement on
transport services. The CO2 transport network is built, financed and administered by the CO2 transport network
operator which is responsible for obtaining a concession for CO2 transport and then, designated by the Chairman
of Energy Regulatory Office (URE – Urząd Regulacji Energetyki), needs to operate the network system. The operator
is required to grant non-discriminatory access to the network system (third-party access). However, installations
that are to be connected to the network system must fulfil technical conditions. The minister competent for the
energy shall determine these conditions by a regulation which is still under preparation. For requirements regarding
the composition of the carbon dioxide stream transported via the CO2 transport system see the Regulation of the
Minister of Environment on the detailed requirements regarding the operation of the underground carbon dioxide
storage site, the composition of the carbon dioxide stream injected into the underground carbon dioxide storage
site and carrying out monitoring of the underground carbon dioxide storage complex.
It is worth mentioning that according to the Act, the unbundling rules does not apply to CCU/CCS infrastructure.
Therefore, activities consisting of carbon capture, transport, storage and further utilization can be performed by
one entity. Moreover, the CO2 transport network operator does not have to avoid cross-subsidization (i.e. business
activity consisting in CO2 transport can be financed with profit achieved by the operator in other sectors, which is
not admissible for heat, natural gas and electricity) and no tariffs or payments shall be determined for the supply
of carbon dioxide via the CO2 transport network, excluding those agreed in a contract between the operator and
CO2 supplier.
The Act of 3 October 2008 on access to information on the environment and environmental protection, public
participation in environmental protection and environmental impact assessments applies to CCU/CCS with regard
to conditions upon which it is possible to obtain environmental permits necessary to grant concessions for prospecting or exploring of an underground carbon dioxide storage complex, underground carbon dioxide storage
and carbon dioxide transport. Obligation to obtain the environmental permit for these projects is imposed by the
Regulation of the Council of Ministers on projects that may have a significant environmental impact, enacted on
the basis of the Act.
If the environmental permit is given to fossil fuel-fired power stations of installed capacity greater than 300 MW,
then it should include an assessment of CCS-readiness (amendment made in the Act of 27 September 2013 implementing the CCS Directive).
From the stakeholders’ perspective the implementation of the Renewable Energy Directive (RED II) could introduce
regulations describing who and how should count the CO2 emissions and which entities are going to be obliged to
pay for CO2 reintroduced to the economy (secondary fuels from CCU). Nevertheless, the implementation deadline
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for RED II is June 30, 202193, therefore the actual impact of the directive on Polish conditions regarding CCS/CCU
technology is not known yet (the directive is not implemented yet, as of August 2021).
Table 12. Summary of key Polish legal provisions relevant to CCU/CCS.

Legal act
Act of 27 September 2013 amending the Geological
and Mining Law Act and certain other acts (implementing the Directive 2009/31/EC of the European
Parliament and of the Council of 23 April 2009 on the
geological storage of carbon dioxide)

Key provision(s)

▪

Polish CCU/CCS regulations apply to demonstration projects only.

▪

CCS-readiness of Polish power plants will be
evaluated.

▪

Concessions are required for prospecting or exploring an underground carbon dioxide storage
complex.

Geological and Mining Law Act

▪

One must pay charges for performing activities
in the scope of prospecting or exploring an underground carbon dioxide storage complex and
underground carbon dioxide storage.

Regulation of the Minister of Environment on the areas on which locating an underground carbon dioxide
storage complex is admissible

▪

Underground carbon dioxide storage complex
can be located in selected locations in the Baltic
Sea only.

▪

Establishing regulatory frameworks for the CO2
transport network system (CO2 pipelines);

▪

Providing non-discriminatory access to the CO2
transport network system;

▪

CO2 transport via pipelines can be performed
only upon obtaining a concession;

Energy Law Act

▪

▪

93

CO2 transport via pipelines is exempt from tariffs and other payments for the supply of CO2
(excluding fees agreed in a contract between
the CO2 transport network operator and CO2
supplier);
Rules on unbundling and avoiding cross-subsiding do not apply to the CO2 transport network
system.

https://wiecejnizenergia.pl/aktualnosci/jak-dyrektywy-unijne-moga-pomoc-w-przyspieszeniu-rozwoju-oze-w-polsce/
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▪

Regulation of the Council of Ministers on projects
that may have a significant environmental impact

Environmental permits under the Act on the access to information on the environment and environmental protection, public participation in
environmental protection and environmental
impact assessments are required for carbon
capture, transport and storage installations, and
for prospecting or exploring of an underground
carbon dioxide storage complex.

1.4.3. Regulatory hurdles
Polish law recognizes CCS demonstration projects only, that result in the following regulatory hurdles:
▪

activity consisting underground carbon dioxide storage for purposes other than carrying out a demonstration project of carbon dioxide capture and storage is prohibited. This is a substantial regulatory obstacle
as currently the majority of CCS projects cannot be legally developed;

▪

activity consisting a prospecting or exploring underground carbon dioxide storage for purposes other than
carrying out a demonstration project of carbon dioxide capture and storage is also prohibited. Therefore,
Polish geological potential for CCS industrial-scale commercial projects cannot be even properly assessed

▪

(art. 21 paragraph 1a of the Geological and Mining Law Act);
Some industrial projects (e.g. pilot and experimental ones) cannot be developed, as the minimum capacity
threshold for an industrial demonstration project is 500 kilotonnes per year (kt/y) stored CO2, which is hard
to achieve as one of the stakeholders claims.

Development of inland carbon dioxide storage projects is impossible due to the fact that the regulation by the
Minister of Environment allows for offshore storage only.
Concession is required to perform underground carbon dioxide storage. It is granted on condition that financial
security is established, which secures financing the cost of CO2 storage monitoring, corrective and preventive
measures, emissions’ accounting in the case of CO2 leakage, and compensations for the emerged losses until CO2
storage closure. Establishing financial security may decrease the profitability of CCS projects. Operation of the
underground carbon dioxide storage is however accompanied by other fees which may further discourage potential entrants into the CCS market:
▪

▪
▪

performance deposit which must be established upon obtaining a concession for underground carbon
dioxide storage and which is to finance the performance of the tasks of the National Administrator of
Underground Carbon Dioxide Storage Sites after the underground carbon dioxide storage site has been
transferred to him,
one-off charge for the activities in the scope of exploration of an underground carbon dioxide storage
complex,
charge for the quantity of carbon dioxide injected into the underground carbon dioxide storage complex
(in 2021 it was defined as PLN 5.83 (EUR 1.29) per tonne) which is paid every six months.

Obligations under the concession. One of the stakeholders points out that the most burdensome obligation arising
from the concession for an entrepreneur pursuing activity in the field of underground carbon dioxide storage is the
obligation to carry out monitoring of the underground carbon dioxide storage complex for the period no shorter
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than 20 years after the closure of the underground carbon dioxide storage site. Monitoring is too expensive and
can make the investment unprofitable.
Moreover, there are substantial regulatory gaps in the Polish CCU/CCS regulatory framework:
▪
▪
▪

utilization of captured carbon dioxide is not covered by any regulations,
some important regulations are not enacted yet, e.g. Regulation on the technical conditions which must
be satisfied by an installation before connecting to the CO2 transport network system,
lack of regulations regarding the classification of the so-called negative carbon dioxide emissions in relation to e.g. the EU-ETS.

No financial support provided by the state and insufficient incentive policies. Polish law does not outline any financial support scheme for entrepreneurs willing to launch CCU/CCS project.
Constraints for CO2 transport network development. Stakeholders have pointed out that the need to obtain a
concession for CO2 pipeline transport is a significant regulatory hurdle. The development of CO 2 pipelines is also
hampered by the fact that the Act on the preparation and implementation of strategic investments in the field of
transmission networks (so-called “corridor act”)94 does not apply to CO2 transmission. Therefore, entrepreneurs
cannot benefit from simplified procedures and an accelerated path to obtain necessary decisions.
Other obstacles include the requirement of obtaining a concession even for demonstration projects and uncertainty
regarding CO2 emissions regulations.

1.4.4. Potential regulatory solutions
Third-party access to the CO2 transport network system implies that regulations on the technical specification of
CO2 pipelines should be passed, establishing easily accessible and united pipeline system.
Stakeholders also claim that the state should bear some costs linked to the operation of an underground carbon
dioxide storage complex, especially in terms of CO2 storage monitoring.
As unrealized Polish CCU/CCS projects prove, and which is also highlighted by the stakeholders, a long-term financial support scheme should be established, including contracts for difference for power and industrial plants willing
to install carbon capture infrastructure, preferential loans, state guarantees and tax exemptions.

1.4.5. General overview of Polish CCU/CCS regulatory frameworks in European and international context
Polish regulatory framework relevant to CCU/CCS to a large extent repeats the provisions of the EU CCS Directive
and for this reason, is generally similar to the CCU/CCS legislation of other Member States. It is however worth
mentioning that some regulations regarding the CO2 transport network system result from autonomous will of
Polish legislators and provide important exemptions fostering the development of CCU/CCS infrastructure in Poland, eg. exemption from tariffs for CO2 transport network system users (for details see the paragraph on the
Energy Law Act).

1.4.6. Imminent changes to national frameworks95
Ministry of Climate and Environment plans some important changes to the Geological and Mining Law Act relevant
to CCU/CCS. The draft version of this Act should be available for public consultations shortly (so far no specific

94

https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20150001265
Based on the statements from the conference opening the CCUS.pl project entitled "Strategy for the development of technologies for the capture, transport, utilisation and storage of CO2 in Poland and the pilot of the Polish CCUS Cluster"
[https://www.gov.pl/web/rozwoj-praca-technologia/projekt-ccus]
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date was given). With the proposed regulatory changes, the ministry hopes to facilitate the development of
CCU/CCS in Poland.
First of all, regulatory frameworks are to be adapted to the needs of commercial industrial projects. Therefore, no
limits regarding the quantity of carbon dioxide that might be injected into the underground carbon dioxide storage
complex will be set.
Ministry of Climate and Environment also aims to facilitate and promote activities regarding prospecting or exploring of underground CO2 storages:
▪
▪

▪

regulations that stipulate charges for the activities in the scope of prospecting or exploring of an underground carbon dioxide storage complex are to be repealed,
a concession for prospecting or exploring of an underground carbon dioxide storage complex will no
longer be required. The ministry wants that these activities could be performed just upon the approval of
a geological works plan. The plan is submitted for approval to the geological administration authority.
This procedure should be more convenient for an entrepreneur than the concession granting procedure,
since there are fewer requirements and conditions to be met before obtaining the approval for the geological work plan. Obligations arising from concession will also not apply to the holders of the approved
geological work plan;
the entity willing to prospect or explore an underground carbon dioxide storage complex in a given area
will not need an agreement establishing mining usufruct.

Another regulatory package is to increase opportunities to develop carbon dioxide storage in Poland:
▪

▪

▪

▪

▪
▪

Regulation of the Minister of Environment on the areas on which locating an underground carbon dioxide
storage complex is admissible, is to be revised, so that not only indicated offshore areas could be eligible
for performing underground carbon dioxide storage;
reliefs from some financial burdens imposed on carbon dioxide storage: charge for the quantity of carbon
dioxide injected into underground carbon dioxide storage complex is to be based on a preferential rate of
charge;
whoever, as a result of carrying out geological works, explored an underground carbon dioxide storage
site should have an exclusive right to apply for a concession for underground carbon dioxide storage with
priority over others within 5 years;
the grant of a concession for underground carbon dioxide storage in a quantity equal to or greater than
100 kt will require an opinion from the European Commission – this is also a measure which may speed
up some proceedings, as currently every concession for underground CO2 storage requires an opinion
from the European Commission;
a joint concession for extraction of hydrocarbons from a deposit and for underground carbon dioxide
storage is to be allowed for a fixed period no shorter than 30 years and no longer than 50 years;
operational availability of the mining plants (in charge of CO2 storage) subject to decommissioning (due
to the expiry or revocation of the concession) is to be maintained for five years until a concession for
underground carbon dioxide storage is granted.

Some changes to environmental permits relevant to CCU/CCS installations are also being considered.
As far as CO2 transport network systems are concerned, some changes to the Energy Law Act are also under
consideration, but they are in a preparatory and analytical phase. Possible regulatory improvements may include:
▪

establishment of a “direct CO2 transport network”, similar to “direct [natural gas] pipeline” (already existing in Polish law), allowing CO2 transport directly to the underground storage site, without using the CO2
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▪

transport network system and accelerating the development of Polish CO2 transport pipelines since no
concession would be required for CO2 transport via the direct pipeline; moreover, its owner would be
exempt from the obligations of the operator of CO2 transport network system, and, last but not least, no
fees could be charged for the access to the direct pipeline and for the CO2 supply;
obligation to draw up development plans for CO2 transport networks.
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Chapter 2. Poland's outlook for CCS and
CCU
2.1. Summary of stakeholder engagement
The project brought together experts from government, industry, non-governmental organisations, academic and
research institutions. Stakeholders were engaged through the workshop, interviews, and surveys. In total, 19 relevant stakeholders were identified. The majority represent academic institutions that conduct research on the
CCU/CCS technology and/or participate in already existing projects on the topic. Most of the actors' relevance on
the subject matter is perceived as high as they are actively promoting the technology. Moreover, it appears that
all stakeholders are supporting the development of the CCU/CCS technology.
Figure 22. Stakeholder engagement.
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Source: WiseEuropa.

On 28th April 2021, WiseEuropa organised a workshop that brought together experts from government, industry,
academic and research institutions, and non-governmental organisations. The event facilitated the exchange of
knowledge regarding CCU/CCS technology in Poland. In total there were 24 attendees representing 15 different
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institutions. The main conclusion from the group discussions was that CCS in Poland is facing many regulatory
obstacles especially in terms of CO2 storage. The attendees pointed out the necessity to create cooperation between different key actors, to facilitate public debate on the topic and to create new financial opportunities for the
development of the CCS technology. Participants also stressed the need for regional cooperation as an opportunity
for the development of CCU/CCS in Poland and CEE, which can create common infrastructure, reducing the unit
cost and increasing market integration. Enhancing cooperation in the development of solutions should be based
on the combined potential of the involved countries (development of R&D and industry), as well as facilitate faster
and more effective implementation of technologies, based on the experience and know-how of Norway. Detailed
conclusions from the group discussions can be found in Table 13 below.

Table 13. Conclusions from group discussions.
Group discussions - conclusions

What stages of the investment process do you
identify as so-called bottlenecks in the context of
the implementation of CCS / CCU technology in
your company (feasibility study, applications for
funding, financial support, financial engineering,
business plan, etc.)?

1.
2.
3.
4.
5.
6.

1.
According to you, which of the high-emission
sectors in Poland can benefit from the implementation of CCU/CCS technology and how?

What do you think are the main regulatory obstacles facing CCU/CCS? What provisions would
significantly facilitate the implementation of
CCU/CCS technology in Poland?

Do you know possible sources of financing for investment projects related to CCU/CCS? What
model of financing this type of enterprise would
you prefer? What should be the scope of public
funding (national and EU)?

Insufficient financing opportunities for the CCS projects.
The availability of technology and the high cost of CO2 capture.
Problematic issues regarding technical aspects of CO2 capture and
storage.
Lack of support from the government.
Problematic issues regarding the transport of CO2.
Lack of strategic thinking from the Polish Government regarding
the EU goal of climate neutrality until 2050.
High-emission sectors that can benefit from the CCU/CCS technology (sorted by size of benefits):
• Cement plants.
• Steel industry.
• Chemical industry.
• Energy sector.
• Waste incineration plants.

Regulatory obstacles:
1. The need to obtain a concession for pipeline transport of CO2 under the Energy Law.
2. The regulation on permitted CO2 storage sites indicates only areas
under the sea, which is disadvantageous for inland emitters.
3. The Geological and Mining Law of Poland limits the possibility of
CO2 storage to demonstration projects only.
4. Need to obtain a storage concession even for demonstration projects.
Solutions:
1. Cooperation of enterprises, industries, academic and research institutions could help to promote the technology and improve financing opportunities.
1. Innovation Fund
2. The National Recovery and Resilience Programme and the Cohesion Fund do not provide support for CCS / CCU.
3. Public funding is a condition for achieving the scale of the project.
1. It is necessary to implement a CCU/CCS programme at the national level.

BUILDING
THE BUILDING
MOMENTUM
MOMENTUM
FOR
FOR
THETHE
LONG-TERM
LONG-TERM
CCSCCS
DEPLOYMENT
DEPLOYMENT
IN THE
IN THE
CEECEE
REGION
REGION

In your opinion, should there be a general support system for CCU/CCS? If so, what would it be
based on? What do you think about the mechanism of CCfDs adjusted to the capabilities of
CCS?
In your opinion, what are the main narratives related to CCU/CCS in Poland?

1.

Low awareness of CCfDs but there is potential interest.

1.

Reactive approach and lack of prioritization of deep CO2 reduction.
The development of CCU/CCS technologies in the transition period must be closely related to the development of hydrogen
technologies.

2.

Source: WiseEuropa

The involved stakeholders were also invited to give interviews on the topic of CCU/CCS technology. The interviewed
stakeholders represented both the private and public sector. In total 11 people were interviewed, representing 10
institutions.
Complementary surveys were distributed to Akademia Górniczo-Hutnicza w Krakowie (AGH University of Science
and Technology). The number of all respondents amounts to a total of 9 people.
Below you can find a list of involved stakeholders and through what means they were engaged. The list was split
by type of stakeholder.
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•AGH University of Science and
Technology123
•GIG Research Institute1
•Instytut Automatyki Systemów
Energetycznych Sp. z.o.o. 1
•Institute for Chemical Processing
of Coal12
•Polish Geological Institute
National Research Institute2
•Mineral and Energy Economy
Research Institute of the Polish
Academy of Sciences12
•Krajowy Ośrodek Bilansowania i
Zarządzania Emisjami KOBiZE1
•Częstochowa University of
Technology 1

other stakeholders

•CEMEX Polska12
•CIECH Soda Polska S.A.1
•EIT KIC InnoEnergy2
•Grupa Lotos S.A. i Lotos
Petrobaltic S.A. 2
•Jastrzębska Spółka
Węglowa1
•PKN Orlen S.A. 1
•Tauron Wytwarzanie S.A. 23

academic and research institutions

•Ministry of Climate
and Environment 1
•Ministry of
Economic
Development,
Labour and
Technology12

private sector

institutional stakeholders

Figure 23. List of engaged stakeholders.

1
2

Source: WiseEuropa

•Association of
Polish
Papermakers1
•Konfederacja
Lewiatan2

- Stakeholder participated in the workshop
- Stakeholder participated in the interview
3
- Stakeholder participated in the survey
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Moreover, other stakeholders that were not involved in the project due to communication difficulties or lack of
interest in cooperation, but have some experience in CCU/CCS and can be potentially interested in the technology
are listed below. Their involvement in the analysed topic was based only on publicly available data.
1)

BROS CONTROL Sp. z o.o., Spółka komandytowa
•
•

•

2)

Stakeholders’ type: private sector (privately-owned enterprise)
Activity: engineering company providing comprehensive automation systems for many industries
sectors, including manufacturing, power engineering, chemical and process engineering, automotive and railway industries
Regarding CCU/CCS technology, the actor is currently involved in the project "Negative CO 2 emission gas power plant” (NEGATIVE- CO2-PP).96

Energoprojekt - Katowice SA
•
•
•

Stakeholders’ type: private sector (privately-owned enterprise)
Activity: engineering company
The stakeholder is in favour of the development of the CCU/CCS technology. The company was
cooperating with the Institute for Chemical Processing of Coal on a project related to converting
coal into fuel.97 The company is currently not involved in the research on the CCU/CCS.

3)

Exergon Sp. z o.o.
•
•
•

4)

Grupa Górażdże
•
•
•

5)

Stakeholders’ type: private sector (privately-owned enterprise)
Activity: cement production
The company is considering the possibility of implementing the technology in their industry.99

Instytut Maszyn Przepływowych Polskiej Akademii Nauk (Institute of Fluid Flow Machinery Polish Academy
of Sciences)
•
•

96

Stakeholders’ type: private sector (privately-owned enterprise)
Activity: company operating in the power and related industries, providing computing and consulting services, preparing feasibility studies and business plans
The actor is currently involved in the project "CO2-Enhanced Geothermal Systems for Climate
Neutral Energy Supply” (EnerGizerS).98

Stakeholders’ type: academic
Activity: research

Project organised as a part of the POLNOR CCS competition, co-financed by the Norwegian and European Economic Area
(EEA) Funds for 2014–2021. The main goal of the project is to design and build two demonstration installations for the gasification
of sewage sludge, fuel combustion, and CO2 capture. More details: https://www.agh.edu.pl/osiagniecia/info/article/agh-w-polsko-norweskich-konsorcjach-realizujacych-projekty-dofinansowane-przez-ncbr/
97
https://docplayer.pl/27776517-Energoprojekt-katowice-sa-lista-referencyjna.html
98
Project organised as a part of the POLNOR CCS competition, co-financed by the Norwegian and European Economic Area
(EEA) Funds for 2014–2021. The main objective of the project is to analyse the efficiency of the Enhanced Geothermal Systems
(EGS) using CO2 as a working fluid. More details: https://exergon.pl/en/15-10-2020-start-of-the-energizers-project-funded-underthe-norwegian-financial-mechanism-programme-polnor-2019/
99
https://www.gorazdze.pl/pl
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•

6)

Instytut Nafty i Gazu - Państwowy Instytut Badawczy (Oil and Gas Institute - National Research Institute)
•
•
•

7)

Stakeholders’ type: government agency (institutional)
Activity: research
The institution is cooperating with the National Center for Research and Development in the implementation of the "Applied Research" Programme that supports the development of the
CCU/CCS technology.105

PGE S.A.
•

100

Stakeholders’ type: government agency (institutional)
Activity: research
The institution is responsible for coordinating the programme "Applied Research", implemented
under the Norwegian Funds and the European Economic Area (EEA) Funds. The Programme aims
to improve the quality of applied research in Poland by strengthening scientific and research cooperation, including studies on CCU/CCS technology.104

Narodowe Centrum Nauki (National Science Centre) institutional stakeholder
•
•
•

9)

Stakeholders’ type: academic
Activity: research
The institution prepared "The assessment of formations and structures suitable for safe CO 2 geological storage" and conducted a lot of research on this topic. 100 Currently, the institution is participating in the international project “Subsurface Evaluation of CCS and Unconventional Risks
(SECURe) that aims to integrate the broad expertise on CO2 storage and unconventional resource
monitoring.101 The actor gives suggestions for the development of the technology in Poland and
proposes potential storage sites.102 Moreover, the stakeholder is actively involved in the field of
utilisation and geological sequestration of CO2 and sour gases. In 1996 the institution together
with PGNiG S.A. developed for the first time in Europe the process of storing acid gases containing a predominant amount of carbon dioxide. The gases were stored in the water levels of the
Borzęcin deposit.103

Narodowe Centrum Badań i Rozwoju (National Center for Research and Development) institutional stakeholder
•
•
•

8)

The institution participates in the project "Negative CO2 emission gas power plant” (NEGATIVECO2-PP).66

Stakeholders’ type: state-controlled enterprise

https://skladowanie.pgi.gov.pl/twiki/pub/CO2/WebHome/seq-summ.pdf
https://www.inig.pl/13-projekty
102
https://www.inig.pl/magazyn/nafta-gaz/Nafta-Gaz_2020-12_4.pdf
103
https://pgnig.pl/documents/10184/2331871/Szejk_2(104).pdf/4209fb5a-6798-420c-9ed4-45503c134383
104
https://archiwum.ncbr.gov.pl/programy/programy-miedzynarodowe/iii-edycja-funduszy-norweskich-i-eog/polnor-ccs-2019call/
105
https://www.gov.pl/web/ncbr/polnor-ccs-2019-call
101
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•
•

Activity: energy producer and distributor
In 2009 PGE Elektrownia Bełchatów S.A. initiated works aiming at the construction of a demonstration CCS installation. In 2009 three geological structures were identified for potential storage
of the CO2.106 Unfortunately, in 2013 the company withdrew from the CCS project.107

10) PGNiG S.A.
•
•
•

Stakeholders’ type: state-controlled enterprise
Activity: oil and gas company
The stakeholder is in favour of the development of the CCU/CCS technology but admits that some
aspects of it need to be taken very carefully. For example, the stakeholder says that technology
for producing synthetic gas from coal appeared to be promising in terms of obtaining gas, but
research has revealed that when coal is gasified CO2 emissions are 20-40% higher than from
burning the same amount of hard coal.108 However, the company is planning on applying the CO2
capture and injection technology in the gas-fired heat and power plant in Przemyśl. The project is
at a fairly early stage, but PGNiG already has the results of the analysis indicating possible locations for CO2 injections.109

11) Politechnika Gdańska (Gdańsk University of Technology)
•
•
•

Stakeholders’ type: academic
Activity: research
The stakeholder is taking part in the project "Negative CO2 emission gas power plant” (NEGATIVECO2-PP).66 Moreover, since 2011 the university has been involved in the project "Sub-seabed CO2
Storage: Impact on Marine Ecosystems (ECO2)", which aims to identify the risks associated with
CO2 storage under the seabed. In cooperation with Politechnika Gdańska, it is planned to determine the geological conditions of CO2 injection at the place where crude oil is currently exploited,
as well as to estimate the risk related to gas leakage from the storage site.110

12) Politechnika Krakowska (Cracow University of Technology)
•
•
•

Stakeholders’ type: academic
Activity: research
The stakeholder participated in the project "Innovative moving bed adsorption process for CO 2
capture in coal-fired power plants operated under variable load” (InnCapPlant).111

13) Politechnika Warszawska (Warsaw University of Technology)

106

https://pgegiek.pl/Ochrona-srodowiska/CCS/CCS-demonstration-plant2
https://belchatow.naszemiasto.pl/rezygnuja-z-ccs-w-elektrowni-belchatow-koncern-pge-giek/ar/c1-1860201
108
https://www.pb.pl/azoty-trzymaja-sie-zgazowania-963896
109
https://www.energetyka24.com/pgnig-planuje-wychwyt-co2-z-powstajacej-elektrocieplowni-w-przemyslu
110
https://ug.edu.pl/49031/badania_mozliwosci_magazynowania_co2_pod_dnem_baltyku
111
Project co-financed co-financed by the Norwegian and European Economic Area (EEA) Funds for 2014–2021. The project
aimed to create innovative methods of capturing CO2 from flue gases generated in the process of burning hard coal dust in a
power boiler. More details: https://ke.pk.edu.pl/projekt-inncapplant/
107
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•
•
•

Stakeholders’ type: academic
Activity: research
The institution is involved in the project "Modular system based on Molten Carbonate Fuel Cells
with tailored composite membranes designed for specific flue gas compositions oriented into CCS
integration with an industrial power plant” (MOLCAR).112

14) Politechnika Wrocławska (Wrocław University of Science and Technology)
•
•
•

Stakeholders’ type: academic
Activity: research
The stakeholder is participating in the project "Negative CO 2 emission gas power plant (NEGATIVE- CO2-PP).66

15) RAFAKO S.A.
•
•
•

Stakeholders’ type: private sector (privately-owned enterprise with 9,9% state share)
Activity: contractor of power units and producer of devices related to energy production
In 2016, the company cooperated with Tauron Polska Energia S.A. on creating installations for
the production of synthetic methane from carbon dioxide from industrial installations. The enterprise prepared the analysis "The state of the technological level necessary to offer blocks with the
CCS system" providing technical guidance necessary for the development of the CCU/CCS technology. The company also took part in the project “Municipal poly-generation unit fired with biomass and waste-derived fuels” financed by EIT KIC InnoEnergy.113

2.2. Stakeholder positions on CCS and CCU
Most of the engaged stakeholders have a medium or high relevance and influence on the subject matter. All
institutional stakeholders (public administration, government agency) have a high relevance regarding CCU/CCS
technology, because they are decision-makers and regulators that can promote and support the development of
the CCU/CCS technology. From the private sector, the companies that have high relevance on the topic are the
ones that are actively involved in the research and development of the technology. For example, Tauron Polska
Energia S.A. was involved in many projects on CCU/CCS such as the creation of two demonstration installations
for CO2 capture (amine and activated carbon), a poly-generation project with gasification and CO2 capture, or a
feasibility study for a 1000 MW class unit with coal combustion, gasification, and CO2 capture and injection in
geological structures. The company is in favour of the development of the CCU/CCS technology stating that the
topic must return to the public debate but it is crucial to build certainty about the safety of CO2 storage or invest
in transport and storage infrastructure necessary for the development of the CCU/CCS.
Regarding academic institutions, most of them have high relevance on the topic as they are cooperating with the
private sector, researching and participating in international projects facilitating the development of the technology. Especially, Akademia Górniczo-Hutnicza w Krakowie (AGH University of Science and Technology) seems to
112

Project co-financed by the Norwegian Fund for 2014–2021. More details: https://www.itc.pw.edu.pl/Projekty/MOLCAR
The goal of the project was to develop a "district" poly-generation power island based on the gasification of waste, biomass,
coal and other fuels as well as mixtures of fuels. A municipal poly-generation system would convert waste fuels or selected
municipal waste fractions and biomass into three main products: heating, electricity and synthetic natural gas. More details:
https://www.rafako.com.pl/about-us/237/1227
113
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have the highest relevance on the subject matter. The university is participating in many research and development
projects, actively shaping the public debate and raising awareness on the CCU/CCS topic. The university argues
that the CCU/CCS technology will play a significant role in the economy and climate policy of Poland and it will be
particularly important to achieve the goal of climate neutrality by 2050, where some of the inevitable emissions
will have to be compensated by technologies with negative carbon dioxide emissions.
It is hard to decide which type of stakeholder has the highest relevance and influence on the subject matter as
there are many types of institutions involved in the topic with different level of engagement.
Following the methodology, the institutions that are actively shaping, promoting, and leading the development of
the CCU/CCS technology were described as “pace-setters”. Moreover, these institutions showed the highest interest in the development of the technology, they also participated in the workshops, interviews and surveys explaining barriers and giving suggestions for the development of the CCU/CCS technology in Poland and the CCE Region.
Most of the stakeholders characterised as “pace-setters” are academic and research institutions as they are involved in many international and national projects, and participate in public debate on CCU/CCS.
The table below shows the detailed list of stakeholders identified as “pace-setters”. The list was split by type of
stakeholder.
Table 14. The list of stakeholders identified as “pace-setters”

No.

Type of institution

1

2

institutional (public
administration, government agency)

3

Institution

Ministerstwo Klimatu i Środowiska (Ministry of Climate and Environment)

Ministerstwo Rozwoju, Pracy i Technologii (Ministry of Economic Development, Labour
and Technology)

CIECH Soda Polska S.A. (privately-owned enterprise specialised in soda ash production)

4

EIT KIT InnoEnergy (venture capital)

5
private sector and
state-controlled firms

Grupa Azoty S.A. (privately-owned enterprise with 33% state share, representing chemical industry)

6

Grupa Lotos S.A. and Lotos Petrobaltic S.A. (privately-owned oil company with 53% state
share)

7

Tauron Polska Energia S.A. (privately-owned enterprise with 30,06% state share, specialised in energy production)
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8

Akademia Górniczo-Hutnicza w Krakowie (AGH University of Science and Technology)

9

GIG Instytut Badawczy (GIG Research Institute)

10

11

12

13

Instytut Chemicznej Przeróbki Węgla (Institute for Chemical Processing of Coal)
academic and research institutions

Instytut Geologiczny- Państwowy Instytut Badawczy (Polish Geological Institute National
Research Institute)

Instytut Gospodarki Surowcami Mineralnymi i Energią Polskiej Akademii Nauk (Mineral
and Energy Economy Research Institute of the Polish Academy of Sciences)

Krajowy Ośrodek Bilansowania i Zarządzania Emisjami KOBiZE

2.3. In-depth stakeholder perceptions of the CCU and CCS landscape
The workshop, interviews and surveys brought a lot of input from stakeholders on the topic of CCU/CCS. The
engaged actors see the potential for the development of the CCU/CCS technology in Poland but point out that
there are many deployment barriers and risks.

2.3.1. Overall prospects for CCU/CCS in Poland
All the engaged stakeholders are in favour of the development of the CCU/CCS technology in Poland. They point
out that CCU/CCS is very important for the scientific community in Poland and is one of the key areas of research
and development works to reduce CO2 emissions from industrial and energy sources. Moreover, they note that the
technology will play a significant role in the economy and climate policy of Poland, especially after considering the
characteristics of the domestic energy sector, the presence of an energy-intensive (and high-emission) industry,
and actions taken in the area of re-industrialisation. CCU/CCS will be particularly important with the defined goal
of climate neutrality until 2050, where some of the inevitable emissions will have to be compensated by carbon
dioxide removal technology (CDR). And it is in this area that hybrids of CCU/CCS technology with bioenergy or
direct removal of CO2 from the atmosphere are the best solution in terms of volume, building new industries and
creating new jobs.
Regarding industries in Poland, stakeholders mention that the sectors that should be primarily interested in implementing the CCU/CCS technology are cement plants, the energy sector, the chemical industry, waste incineration
plants and the steel industry. In the case of the cement industry, a large share of process emissions, as well as the
characteristics of the process itself, indicate the need to use the CCU/CCS technology to reduce CO2 emissions.
Additionally, through the use of bioenergy and biocomponents in the process, in combination with carbon dioxide
capture, it can achieve negative CO2 emissions. The same applies to steel production, although here the potential
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for bioenergy seems to be lower. Regarding the energy sector, the implementation of the CCU/CCS technology
will allow for the balancing of the power system by sources with significantly lower carbon dioxide emissions
compared to commercially available solutions that match national conditions.
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Figure 24. Most active sectors in the development of CCU/CCS technology in Poland (according to the engaged
stakeholders).

CCU/CCS Technology
Business sector
Demand side

Heat
generation

CO2 Capture
Technology
Providers

Industry

Heat and power

Power
generation

Supply side

Chemical
and
petrochemi
cal industry

Metallurgy
and steel
industry

Transmission
and
sequestration
infrastructure

CO2
Utilisation
Technology
Providers

Cement
industry

Source: WiseEuropa

Moreover, some other actors mention that the cement and lime producers are the primary sectors that can benefit
from the CCU/CCS especially because there are foreign projects that can be adapted in Poland. The steel industry
will probably use more hydrogen technology than CCU/CCS. Biogas plants can take advantage of the technology,
but it is necessary to implement new regulations on CCU. Still, the general stakeholder’s opinion is that CCU/CCS
creates a great opportunity for many sectors to reduce their CO2 emissions.
The interviews with stakeholders showed that there are different perspectives regarding either the CCU or CCS.
For example, some of the engaged actors have a more favourable approach for CCU than for CCS, stating that
CCS is harder to develop because of CO2 emissions accounting or CO2 storage leakage issues. On the other hand,
some other mention that CCS can be easier to implement due to lower technology costs.
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2.3.2. The role of CCU/CCS in sector integration
Most of the involved stakeholders point out the importance of the CCU/CCS technology for sector integration.
1)

Both during the workshop and interviews, they said that the strategy for the development of the CCU/CCS
technology should be consistent with the development of the hydrogen market in Poland, due to overlapping areas of application (mainly in the steel industry). To produce hydrogen, several activities are to be
undertaken, including the construction of an installation for the production of hydrogen from natural gas
with the use of CCS/CCU. New technological innovations should open more possibilities for the use of CO2
in industry, which may contribute to lowering the costs of CCU/CCS. Moreover, the production of hydrogen
using classical methods (steam reforming of methane, gasification of solid fuels) with simultaneous capture and sequestration/utilisation of CO2 may contribute to the development of hydrogen technologies.

2)

From the perspective of some other industries, they also see the possibility of cooperating with chemical
industries as chemical products could be manufactured from captured CO2. In this context, there is a
significant potential for the development of CCU technology, where carbon dioxide becomes a semi-product necessary for the production of substances important for the economy, including fuels, chemical substrates, and above all as technologies enabling energy storage.

Stakeholders also discussed the importance of an industrial cluster which can be understood as several integrated
industrial and energy systems with CO2 capture installations and a common CO2 transport network (hub), delivering captured CO2 to sequestration or utilisation sites. They mentioned that the industrial cluster should not only
take into account specific geological storage locations but also installations using captured carbon dioxide for
industrial processes (e.g., synthetic fuels, chemistry, building materials, assisted oil extraction systems). In addition,
in the long-term, it is important to consider direct air capture installations which by using waste energy from industrial installations can provide an additional source of CO2 used for a transport hub. The potential for the development of CCU/CCS clusters will depend - in the first place - on two factors: the location of the sources of captured
(or removed) CO2 and the possibility of creating transport and sequestration hubs. When looking at the map of
carbon dioxide emissions in Poland, the area of Silesia can be firstly indicated. Here, however, the challenge may
be the issue of sequestration sites and transport hubs adequate to the scale. The area of central Poland seems
to be more favourable, although, CO2 sources for capture are more dispersed. The last promising area is the north
of Poland, where it could be considered to join international CO2 transport hubs, but also here the number of
emission sources where CO2 can be captured is limited. Moreover, the development and location of clusters will
largely depend on their scale, implementation style, or national strategies and regulations
Figure 25. Prospects for CCU/CCS in Poland.

Prospects for
CCU/CCS
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sector
integration

industrial cluster

•possibility of integration with hydrogen technology
•high potential for integration with chemical industry
(chemical products manufactured from captured
CO2)
•lower costs of the technology and its expansion
•integrated industries with common CO2 capture
installations
•common CO2 storage and transport infrastructure
•implementation of clusters dependant on their
scale, location and current regulations

Source: WiseEuropa

2.3.3. Awareness of EU policy and financial instruments for CCU/CCS
Main economic factors for the development of the CCU/CCS technology in Poland, mentioned by the stakeholders,
are the cost of carbon dioxide emissions and the support system that also covers operating costs. The workshop
showed that stakeholders are also aware of the possible sources of financing for investment projects related to
CCU/CCS. They mentioned that the National Recovery and Resilience Programme and the Cohesion Fund do not
provide support for CCS / CCU and that financial support can be primarily obtained from Innovation Fund. Many
of the engaged stakeholders think that the Innovation Fund will be a catalyst for CCU/CCS projects as these projects will receive additional points and it will be easier for them to obtain the funding. The problem may be the
need of declaring how much CO2 will be captured and if this is not done, the grant may be lost. When talking about
other sources of financing CCU/CCS projects, the stakeholders mentioned e.g., the Nowa Energia programme at
the National Fund for Environmental Protection and Water Management, EIC Accelerator Fund and Just Transition
Fund.
Some of the stakeholders also point out the importance of the implementation of the Renewable Energy Directive
(RED II) for the refinery and fuel production industry that could introduce regulations describing who and how
should count the CO2 emissions and which entities are going to be obliged to pay for CO2 captured and emitted
upon the use of the product.
Regarding the financing model for the development of the CCU/CCS technology, it was pointed out that it should:
•

include both support in the investment and operational phase,

•

provide financial guarantees for the investment, especially in the area of carbon dioxide sequestration,

•

ensure public funding for the CO2 capture sites and EU funding for CO2 transport and sequestration for
cross-border projects.

Stakeholders outline that it is necessary to establish a general support system for CCU/CCS. Moreover, financial
mechanisms should be consistent with the target role of technology in the national economy which, however, has
not yet been defined by the government. Regarding CCfDs, the stakeholders think that there is low awareness of
this mechanism. It was also mentioned that it may be a good solution to implement it, but there is an issue of
technology adaptation that can be very problematic because of its wide range of applications in the economy.
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Figure 26. Awareness of EU policy and financial instruments for CCU/CCS in Poland.

Awareness of
EU policy and
financial
instruments
for CCU/CCS
in Poland

•relatively high awareness of engaged stakeholders
regarding possible financing sources for CCU/CCS projects
•perception of the Innovation Fund as the catalyst for
CCU/CCS
•creation of a financing model including various financing
instruments
•establishment of a general support system for the
technology

Source: WiseEuropa

2.3.4. Perceived deployment barriers and risks
During the workshop, the stakeholders discussed the so-called bottlenecks in the implementation process of
CCS/CCU technology. The key actors defined many deployment barriers such as:
•

insufficient financing opportunities,

•

the availability of technology and the high cost of CO2 capture,

•

problematic issues regarding technical aspects of CO2 capture and storage,

•

lack of support from the government,

•

problematic issues regarding CO2 transport,

•

lack of strategic thinking from the Polish government regarding the EU goal of climate neutrality until
2050,

•

public acceptance of products made from captured CO2.

The interviews with stakeholders also showed that from the point of view of conducting R&D&I works, the deployment barriers are the availability of funds from national and European institutions and the relatively low interest
of Polish industrial entities in the CCU/CCS topic. For the implementation of the CCU/CCS technology in Poland by
enterprises, the main problem seems to be long-term financial support (both on the side of investment and operating costs) for demonstration and commercial projects, as well as the lack of detailed legal regulations.
Regarding the regulatory obstacles, the main barriers include:
1)

the lack of regulations in the field of commercial transport and carbon dioxide sequestration, which would
allow entities interested in implementing the CCU/CCS technology to reduce the risk related to storage of
CO2,
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2)

insufficient regulations regarding the classification of the so-called negative carbon dioxide emissions in
relation to e.g., the EU-ETS,

3)

the need to obtain a concession for pipeline transport of CO2 under the Energy Law,

4)

the requirement of obtaining a CO2 storage concession even for demonstration projects,

5)

the limitation for CO2 storage demonstration projects because of the Geological and Mining Law,

6)

the problematic issue of CO2 emissions accounting as there is no common standard describing who and
how should count CO2 emissions.

Some of the engaged stakeholders suggested that another obstacle might be the fact that industries are going to
be responsible for many tasks within the CCU/CCS implementation. Following current regulations, a company
interested in CCU/CCS will be responsible for CO2 capture, storage, transport and management. There are too
many liabilities on one entity and the investment should involve many interested parties. From the perspective of
public administration114, an important barrier to the development of CCS technology is CO2 storage risks resulting
from natural and urban conditions. Regarding the CCU technology, there is a higher potential for development due
to the fact that in this case CO 2 does not have to be stored in a specific location, therefore there is no need for
preparing complex storage infrastructure.
Figure 27. Perceived barriers and risks for CCU/CCS deployment in Poland.

Perceived
barriers and
risks for
CCU/CCS
deployment in
Poland

•insufficient financing opportunities from national and
European Institutions
•the readiness of the technology, its availability and high cost
•lack of strategic and long-term thinking
•regulatory obstacles especially regarding CO2 storage,
transport and acccounting
•relatively low public acceptance towards CO2 storage and
products containing captured CO2

Source: WiseEuropa

114

http://orka2.sejm.gov.pl/INT9.nsf/klucz/ATTBUNJ66/%24FILE/i11640-o1.pdf
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To sum up, the engaged stakeholders see the potential for the development of the CCU/CCS technology in Poland
but point out that there are many deployment barriers especially regarding the regulatory environment and technology readiness.
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2.4. Stakeholder recommendations for CCU/CCS
In general, the engaged stakeholders are in favour of the development of the CCU/CCS technology. However, it
needs to be pointed out that there are different perspectives regarding either the CCU or CCS. For example, some
of the engaged actors have a more favourable approach for CCU than for CCS, stating that CCS is harder to
develop because of CO2 emissions accounting or CO2 storage leakage issues. On the other hand, some others
mention that CCS can be easier to implement due to lower technology costs.
Figure 28. Stakeholders’ recommendations.
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Source: WiseEuropa

Most of the stakeholders agree that the regulatory environment needs to be transformed to facilitate the development of the technology. New regulations will provide additional financial instruments that will support projects
on CCU/CCS. Below you can find detailed stakeholder’s recommendations regarding each aspect.

2.4.1. Regulations
Engaged stakeholders identify several barriers regarding the regulatory environment, they mention the lack of
regulations regarding commercial transport and carbon sequestration. It is suggested to provide a law that would
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allow entities interested in implementing the CCU/CCS technology to reduce risks related to the storage of captured CO2. It would also give an impulse to the creation of new entities that could provide transport services and
carbon sequestration.
The CCS Directive115consists of regulations for demonstration projects that aim to assess CCS technologies, their
effectiveness, usefulness and environmental impact. Under the following act, underground CO2 storage requires a
concession that is granted for not less than 20 years and is given only for demonstration projects. The concession
is admitted after obtaining the approval of the corresponding minister and after receiving the opinion of the European Commission. The underground CO2 storage facility needs to be also approved by the competent mining
supervision authority.116 Stakeholders suggest that CCS legislation in Poland should be changed especially regarding the large-scale implementation of CCS projects. There is a need for Commercial and Scale CCS Project Development.
Involved actors provide specific alternatives to the existing law and proposals for new regulations.
1)

The Amendment of Directive 2001/80/EC covers the storage issues by a single, rather vague wording
("suitable storage sites"). From the analysis of the situation in the field of CCU/CCS technology and currently implemented demonstration, commercial and pilot projects, as well as from the opinions of Polish
energy companies, this term is not sufficient. It is not clear if the concept of "storage sites" covers the
injection of CO2 supporting the extraction of hydrocarbons which is dominant among the currently operating large scale projects. Moreover, the regulation does not include the issue of CO2 utilisation.117 Stakeholders point out that the law should be more specific and cover the above-mentioned issues.

2)

Changes in the existing law should especially focus on the issue of CO2 storage. As it was pointed out by
one of the stakeholders, current regulations allow CO2 sequestration only in a few maritime areas and not
on land (an amendment to the Geological and Mining Law is planned and may solve this issue). It is
necessary to apply Directive 2009/31/EC into the Polish Law. It is especially important for pilot installations
and many industries that would like to invest in the technology. The new law should also accept commercial sequestration for industrial purposes with no quantitative threshold. Moreover, proposed regulations
regarding the monitoring of CO2 storage should take into account whether the storage is offshore or
onshore.

3)

Stakeholders also highlighted that it is crucial to create a law that will encourage emitters to store CO2.
As it was explained concessions for underground CO2 storage should be granted for at least 23 years and
no longer than 50 years with a preferential storage fee rate.

4)

Moreover, it is necessary to create a common standard for CO2 emissions’ accounting. Engaged actors
propose to implement the Renewable Energy Directive (RED II) that could introduce regulations describing
who and how should count the CO2 emissions and which entities are going to be obliged to pay for CO2
emissions. All these actions will facilitate new projects and make them more feasible. Some other

115

Directive 2009/31/EC of the European Parliament and of the Council of 23 April 2009 on the geological storage of carbon
dioxide: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009L0031
116
117

https://www.cire.pl/pliki/2/ccs_ready.pdf
https://skladowanie.pgi.gov.pl/twiki/pub/KAPS/WebHome/sprawozd2020.pdf
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stakeholders also highlight the importance of unifying regulations regarding CO2 pipelines to allow thirdparty access to the CO2 transport network system.
On the other hand, some other stakeholders underline that the complicated administrative procedure is the main
problem in the regulatory environment, especially regulations at the EU level, specifically regarding the taxonomy
and the Green Deal that support sustainable solutions and force enterprises to implement some technologies. To
address this issue, the government should think about simplifying some procedures. This could encourage investors and facilitate new projects on CCU/CCS.
It should be noted that the Ministry of Economic Development, Labour and Technology (together with AGH and
WiseEuropa) is currently implementing the project "Strategy for the development of technologies for the capture,
transport, utilisation and storage of CO2 in Poland and the pilot of the Polish CCUS Cluster." The project aims to
analyse current regulations that require updating, prepare the draft with legislative changes and propose the CCUS
technology development strategy in Poland until 2050. All these actions will facilitate the development of the
technology and make investment decisions less risky.

Regulatory
obstacles

Figure 29. Regulatory obstacles and proposed solutions for CCU/CCS in Poland.

Barriers regarding CO2
storage and capture

• New law supporting large-scale projects
• Amendment to the CCS Directive
• Consent to onshore CO2 storage

Insufficient definitions
and lack of some regulations

• More specific definitions for CO2 storage
• Implementation of the common standard
for CO2 emissions’ accounting

Complicated administrative procedures

• Simplification of administrative procedures
• Less time-consuming administrative process

Source: WiseEuropa.

2.4.2. Technology
Engaged stakeholders agree that some technological advancements especially regarding cost reduction and efficiency might be needed for CCU/CCS to be deployed in Poland. From the industry perspective, it is suggested to
launch pilot installations as soon as possible to make technology more available. Experience from research installations could be used to develop projects on a larger scale and continue further work if favourable economic and
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regulatory conditions are met. It would also bring together different actors interested in the CCU/CCS implementation.
Some of the involved actors consider that CCU/CCS technology is not feasible at the moment. Due to the very high
costs of infrastructure and technology, CO2 sequestration is too expensive. All other methods of reducing CO2
emissions are cheaper and more effective. Its application on a larger scale must be associated with a revolution
in the costs of carbon dioxide separation.118 The analysis made by stakeholders representing research institutions
showed that the unit cost of CCS will be high because of diffuse emissions. The CCS technology will be more
suitable for large companies with high emissions.
According to the engaged stakeholders, a large scale CCU/CCS installation will require the implementation of
many investments such as:
1)

identification of the location including a thorough analysis of geological conditions,

2)

selection of optimal storage sites and their leakage test,

3)

constant monitoring of storage sites,

4)

integration of the pipeline system with storage sites,

5)

adaptation of the production installations to the CO2 capture installation by many emitters.

The implementation of the technology is a very complicated process and because of the integration of many
industrial entities, it will be time-consuming. It is anticipated that in Polish conditions, CO2 storage could start in
20 years (in the optimistic scenario) from the moment of its planning. Regarding this issue, stakeholders propose
to integrate various sectors as soon as possible to facilitate the development.119
Technology - stakeholders’ recommendations

1.

Support for pilot installation that will make technology more available.

2.

Research regarding new types of sorbent in order to:

3.

•

create more efficient CO2 capture installations,

•

achieve lower energy consumption from CO2 sequestration.

Integration of industrial entities to implement investments related to the CCU/CCS.

2.4.3. Infrastructure

118

https://www.inig.pl/magazyn/nafta-gaz/Nafta-Gaz_2020-12_4.pdf
More details regarding the current technology status in Poland can be found in the Bellona’s report “The current CCS technology status and EU policy framework”.
119
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All engaged actors agree that the infrastructure aspect of CCS will determine its implementation in Poland. Issues
such as CO2 transport and storage are substantial aspects to consider and should be planned in advance. In
stakeholders’ opinion, only long-term planning can make the technology more feasible and appealing to industries.
A general suggestion from power sector stakeholders is to locate CO2 storage sites and power plants in areas that
will shorten the CO2 transport routes. This would decrease the pipeline' cost, making CCS projects more feasible.
For example, power plants could be located next to rivers allowing the transport of captured CO2 by ship to other
countries (e.g. Norway) where CO2 can be stored.

Figure 30. CCS infrastructure-related concerns.
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Source: WiseEuropa

CO 2 transport concerns
Assessment of CO2 transport infrastructure requires knowledge about the project location and potential storage
sites. Analysis of the pipeline route should be based on planning documents such as masterplans and development
strategies. Moreover, the location of crossings of roads, rivers and other collisions on the route with the planned
pipeline should be taken into account. In addition, arrangements should be made in municipalities regarding new
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infrastructure projects that could overlap with the planned pipeline route. The assessment of the CO2 transport
infrastructure readiness should also include the calculation of investment and operating costs.
The topic of CO2 transport should be considered holistically. Some of the engaged stakeholders mention that there
are many ways of CO2 transport and all of them should be taken into account while planning CCS projects. As it
was explained, carbon dioxide can be transported by rail, ships or trucks. The transport mode should be selected
based on previously carried out feasibility studies.
The above-mentioned aspects influence financing and construction of CO2 transport infrastructure that will be
roughly equivalent in scale to today’s oil and gas pipeline and marine transport networks. The political, social,
economic, and technical barriers need to be addressed. Cost-effectiveness and abatement potential is an important factor in determining whether CCS should be considered.
Infrastructure (CO2 transport issues) - stakeholders’ recommendations

1.

Identification of one (or several) technically and economically feasible pipelines or routes to CO2 storage
sites.

2.

Selection of CO2 transport method (due to the significant amounts of CO2, transport through pipelines
is the most recommended).

3.

Analysis of the pipeline route, including analysis of existing collisions, planned infrastructure projects,
analysis of protected areas and land ownership status.

4.

Preparation of a preliminary feasibility project for CO2 transport.

CO 2 storage concerns
Performance assessments and projects that have been conducted in Poland have shown that geologic settings
are suitable for long-term CO2 storage. However, various stakeholders have a different opinion on the topic. Some
of them consider Polish geological potential for CO2 storage as favourable mentioning that the storage capacity
is sufficient and safe. On the other hand, others explain that the storage capacity is usually relatively small and
only satisfactory for future demonstration or medium-sized commercial CCS projects. Stakeholders also disagree
on whether the underground storage should be located on land or at sea. But, they point out that onshore CO2
storage gets lower public acceptance.
Most of the involved actors agree that safe CO2 storage (especially on land) requires a very expensive detailed
survey of the storage site potential and its monitoring before, during and after the CO2 injection. From the industry
perspective, concession fees for CO2 storage are not as high as their monitoring costs that must be carried out
even after project finalisation. Because of the current regulations, the investor is forced to monitor the underground
storage for the next 50 years making the project costly and less attractive for private entities that need to pay for
the whole period of monitoring. This responsibility should be shared with different entities.
It was also highlighted that fully characterised, well-selected, properly designed, and appropriately managed CO2
storage sites are likely to have a lower risk of leakage. Further analysis of CO2 storage potential in Poland should
be carried out in parallel to work in the legislative and strategic area.
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Infrastructure (CO2 storage issues) - stakeholders’ recommendations

1.

Preparation of a numerical model of the geological structure and proposition of sequestration methods
(number of wells and injection volume).

2.

Demonstration that there is sufficient available space for CO2 storage and the safe operation of CO2
capture and compression installations.

3.

Identification of one or more storage sites that have been adequately assessed and are considered
suitable for safe storage.

4.

Construction of appropriate underground infrastructure (injection and monitoring wells).

5.

Creation of geological models of the CO2 storage complex including the feasibility and safety assessment.

2.4.4. Market
Stakeholders agree that there is a potential market to implement the CCU/CCS technology in Poland. However,
they highlight that for some specific industries it might be more profitable to invest either in CCS or CCU. For
instance, some stakeholders believe that CCS will be better for large companies that emit a lot, such as the energy
sector.
Interviews and the workshop indicated that stakeholders consider that the sectors that should be primarily interested in implementing the CCU/CCS technology are cement plants, the energy sector, waste incineration plants,
steel industry. However, specific actors have a different opinion on how these sectors can benefit from the technology. For example, some stakeholders mention that the cement and lime producers are the main sectors that
can benefit from the CCU/CCS especially because foreign projects or solutions can be adapted to the Polish context. The steel industry will probably use more hydrogen technology than CCU/CCS. Still, the general stakeholder’s
opinion is that CCU/CCS creates a great opportunity for many sectors to reduce their CO2 emissions.
The potential for introducing the CCU/CCS technology to the Polish market is high. It is important to mention that
both stakeholders from the private and public sector are in favour of the development of the technology stating
that it can be very attractive for many industries. Involved actors provide suggestions on how the market needs to
develop for CCU/CCS to be deployed:
1)

120

Firstly, it is suggested to launch pilot installations as soon as possible to make technology more available.
This would support faster deployment in the country and bring together different interested parties in the
CCU/CCS implementation. Moreover, experience from research installations can be used to develop projects on a larger scale and continue further work if favourable economic and regulatory conditions are
met.120

http://orka2.sejm.gov.pl/INT9.nsf/klucz/ATTBUNJ66/%24FILE/i11640-o1.pdf
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2)

The implementation of CCS is a very complicated investment and because of the integration of many
industrial entities, it will be time-consuming. It is anticipated that in Polish conditions, CO2 storage could
start in 20 years (in the optimistic scenario) from the moment of its planning. Regarding this issue, stakeholders propose to integrate various sectors as soon as possible to facilitate the development. They are
also aware that support from the government is needed for achieving this goal.

According to the analysis made by the Polish Geological Institute National Research Institute 121, the operation of
approximately 100 large scale CCU/CCS projects in Poland is estimated to reduce CO2 emissions by a value corresponding to the current emissions of all national energy and industrial installations covered by the ETS (nearly 200
million tonnes of CO2/year). However, observing current trends, it is most likely to consider a variant of up to 50
capture installations, integrated with networks and clusters for CO2 transport and storage/utilisation in quantities
of up to 100 million tonnes/year. It is expected that the profitability of investing in CCS will depend on the pace at
which Poland moves away from coal-fired power generation. However, the expansion of a common pipeline network and shared storage sites will require longer planning.
Engaged stakeholders point out that CCU/CCS technology is substantial for the scientific community in Poland and
is one of the key areas of research and development works to reduce CO2 emissions. Moreover, they note that
CCU/CCS technology will play a significant role in the economy and climate policy of Poland, and it will be particularly important with the defined goal of climate neutrality until 2050.
Market - stakeholders’ recommendations

1.

Support for pilot installation that will integrate different actors.

2.

Sector integration facilitating the development of CCU/CCS.

3.

Accelerated coal phase-out.

2.4.5. Financial frameworks
One of the main barriers mentioned by the stakeholders during the workshop and the interviews are insufficient
financing opportunities for the CCU/CCS technology in Poland. All engaged stakeholders admit that it is crucial to
provide a general support system and to introduce new financial mechanisms that will facilitate development and
be consistent with the target role of technology in the national economy. In detail, engaged stakeholders consider
that the following actions should be taken:

121

1)

The general support system needs to involve different actors that can benefit from the technology, promoting the topic of CCU/CCS.

2)

A new financing model should include both support in the investment and operational phase.

https://skladowanie.pgi.gov.pl/twiki/pub/KAPS/WebHome/sprawozd2020.pdf
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3)

It is also suggested to provide financial guarantees for the projects, especially in the area of carbon dioxide
sequestration.

Some of the engaged stakeholders consider the Innovation Fund as a catalyst for CCU/CCS projects. The problem
may be the need of declaring how much CO2 will be captured. Because of this issue, the stakeholders suggest that
a common CO2 accounting system should be introduced.
Stakeholders imply that the funding should come from both public and private funds to reduce the costs of technology. Moreover, it was highlighted that CO2 capture sites should be financed from public funding, but transport
and sequestration infrastructure in cross-border projects should be funded by the EU. Regarding CCfDs, the stakeholders mention that there is low awareness of this mechanism but it may be a good solution to implement it.
Involved stakeholders point out that for creating a financing system for CCU/CCS it is essential to estimate the
likely costs of CCS installations. Only after the cost estimation, it is possible to create a financing model that is
going to be sufficient for the investment. For instance, one of the engaged stakeholders from the private sector
has carried out feasibility studies for CCS installations that helped to assess investment and operating costs. The
studies showed that the location of the power plant is also important for the investment costs (the further away
from the CO2 storage, the longer the pipelines and the cost is higher). Due to the rising prices of CO2 emissions,
stakeholders suggested that companies should start feasibility studies as soon as possible in order to implement
the technology.

Insuffcient financing opportunities for CCU/CCS

Figure 31. Financial frameworks for CCU/CCS in Poland.

Investment support for key infrastructure and pilot projects

Operational support promoting emission reductions (e.g. contracts for difference)

Combining EU and national instruments

Source: WiseEuropa

The larger the scale of emissions, the more cost-effective the technology. Moreover, relevant actors see the difference in financing either CCS or CCU. They suggest that CCS might be more expensive than CCU and implementing
it immediately could be unprofitable. In the case of CCS, the additional costs of CO2 storage, monitoring and
transport need to be included. Additionally, within the full CCS chain, the most important item of costs is the
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capture and compression of carbon dioxide from energy installations or industrial processes. It is also expected
that in the coming decades there will be no changes in transport and storage costs, while such changes may occur
in the case of capture installations.122 The cost of introducing CCS technology could pay off if CO2 allowance prices
increase further. For power generation plants, the profitability of investing in CCS will also depend on the pace at
which Poland moves away from coal.. However, the expansion of a common pipeline network and shared storage
sites will require longer planning.
To sum up, stakeholders outline the need for creating new regulations at a national level that will provide new
funding opportunities for CCU/CCS projects. A long-term financial support scheme should be established, including
contracts for difference for fossil fuel-fired power plants willing to install carbon capture infrastructure, preferential
loans, state guarantees and tax exemptions. Moreover, regulations should support safe CO2 storage and create
common ways of CO2 emissions accounting.
Financial frameworks - stakeholders’ recommendations

1.

2.

Creation of a general support system for CCU/CCS and provision of:
•

new financing opportunities such as loans, guarantees or tax exemptions,

•

Carbon Contracts for Differences (CCfDs).

Implementation of the Renewable Energy Directive (RED II) that could introduce:
•

3.

the common standard for CO2 emissions’ accounting.

Estimation of the likely costs of CCS installations especially taking into account:
•

the additional costs of CO2 storage, monitoring and transport.

2.4.6. Inter-sectoral and regional collaboration
All engaged stakeholders agree that regional/international cooperation is necessary for the development of the
CCU/CCS technology in Poland.

122

1)

It is essential to maintain contacts and exchange experiences with foreign entities involved in this field.

2)

International research needs to expand to create new development networks. The works should involve
different type of actors both from the private and public sectors.

3)

Poland should seek international collaboration especially with countries that have experience in CCU/CCS
and have technological solutions that can be adapted to the Polish context.

http://skladowanie.pgi.gov.pl/twiki/pub/KAPS/WebHome/5a.pdf
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4)

It is suggested to invest in cooperation with various institutions as the number of involved actors is important and can reduce the financial risk related to the project implementation.

Stakeholders highlight the need for further actions in this field, including intensification of cooperation in the area
of pre-implementation and implementation works. According to them, it is possible to cooperate with other countries to develop the CCU/CCS technology, especially regarding transport and storage issues. For example, one of
the interviewed stakeholders mentioned that they have been considering international cooperation with Norway.
The discussed project was supposed to capture CO2 at the Gdańsk refinery, liquefy it and transport it to a CO2
storage site in Norway. It is still an initial proposal, but the stakeholder thinks that the project is financially feasible.
Establishing cooperation with other countries at this stage is necessary. Poland should cooperate with other countries in Central Europe. For instance, one of the research institutions was cooperating with Germany regarding
cross-border CO2 storage. This proves that the implementation of the technology requires interdisciplinary cooperation with many national and foreign research centres and industrial entities.
Most of the involved stakeholders point out the importance of sector integration.
1)

They agree that the CCU/CCS technology should be consistent with the development of the hydrogen
market in Poland, due to overlapping areas of application. As it was explained, to produce hydrogen from
natural gas, several activities are to be undertaken, including the construction of an installation with the
use of CCS/CCU.

2)

From the perspective of some other industries, they also see the possibility of cooperating with chemical
industries as chemical products could be manufactured from captured CO2. In this context, there is a
significant potential for the development of CCU technology, where carbon dioxide becomes a semi-product necessary for the production of substances important for the economy, including fuels, chemical substrates, and above all as technologies enabling energy storage.

3)

Development of Power to Gas storage technology, production of hydrogen and pure methane allow for
new synergies in the field of capture and transform CO2 into new energy or chemical products (fertilizers,
synthetic fuels, hydrogen, etc.). Such sector integration may contribute to the lower costs of the technology
and its expansion. Stakeholders suggest that to achieve that some changes in a regulatory environment
might be needed.

Some other stakeholders also explain that sectoral cooperation is necessary due to the fact that industries are
going to be responsible for many tasks within the CCU/CCS implementation. Following current regulations, a company interested in CCU/CCS will be responsible for CO2 capture, storage, transport and management. There are
too many liabilities on one entity and the investment should involve many interested parties. The solution is to
create the transfer of knowledge between businesses and academia inside industrial clusters. These clusters
should be created in accordance with national strategies. There should be multiple locations that were selected
based on an analysis taking into account social, economic and partner-related issues. The above-mentioned aspects are important for the project implementation reducing the risks.
In summary, the stakeholders think that it is crucial to expand regional and international cooperation especially
regarding CO2 transport where this kind of collaboration will be necessary for the CCU/CCS technology. Regarding
inter-sectoral cooperation, some new regulations (see subchapter 1.4.4.) should be introduced to support new
synergies.
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Inter-sectoral and regional collaboration - stakeholders’ recommendations

1.

Intensification of regional and international cooperation.

2.

Establishment and increase of sector integration:

3.

•

CCU/CCS could be consistent with the development of hydrogen technology,

•

the possibility of cooperating with chemical industries.

Support for the creation of industrial clusters in Poland.

2.4.7. Social aspects
Positive public opinion of CCU/CCS is a crucial factor for the development of the technology. All engaged stakeholders agree that people’s acceptance or rejection of the technology will determine its future. Most of the actors
point out that the main problem is the lack of knowledge and the fact that more people focus on nuclear energy
or energy storage solutions than on CCU/CCS. Moreover, a public dialogue at the moment is difficult because, in
people's opinion, CCU/CCS has no practical application. It can be also observed that the opponents of the technology usually do not use scientific arguments.
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Figure 32. Public acceptance issues.
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Both interviews and the workshop allowed stakeholders to identify barriers and propose solutions regarding the
public acceptance of CCU/CCS technology in Poland.
1)

The issue that meets the highest social resistance is the CO2 leakage issue. However, regarding the issue
of storage safety, CO2 storage on land meets more rejection than the one under the seabed. Stakeholders
suggest that pilot installations for CO2 storage could improve the public image of the technology and get
more support from society. It is necessary then to carry out the comprehensive risk assessment of CO2
geological storage which will be important for receiving public acceptance.

2)

Moreover, it needs to be mentioned that, according to engaged stakeholders, CCS technology receives
more public criticism than CCU. However, many CCU applications are still in the early research stage and
very far from commercialisation.

3)

Stakeholders suggest that increasing knowledge on the topic could help the development of the technology but it is important to define the role and the expected scale of the CCU/CCS technology in Poland so
the public dialogue is adjusted to the realities.

4)

The final stakeholders’ recommendation is to actively promote the CCU/CCS technology, especially to
establish a dialogue with local organisations, schools and universities. It is essential to have an honest
discussion, showing successful foreign examples. The narrative should be build using the language of
benefits showing prospects such as the fact that the technology can create new jobs, build a regional
economy, and make it more competitive.

Some other opinions suggest that the public will accept the technology when it will be available and operating on
a large-scale. Still, there is a need for further education that will increase citizens’ awareness about CCU/CCS. It is
crucial to educate people and provide information on CCU/CCS that will be designed for the public. The topic
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requires a careful explanation that is currently absent. People are often provided with data that is difficult to understand and leads to public suspicion, especially regarding CO2 storage.
To sum up, the topic of CCU/CCS must return to the public debate. To achieve this, it is crucial to increase people’s
awareness and to build certainty about the safety of CO2 storage.
Social aspects - stakeholder’s recommendations

1.

Support for pilot installation that will promote CCU/CCS and improve the public image.

2.

Solving the issue of lower public acceptance for CCS by:
•

preparing the comprehensive risk assessment of CO2 geological storage,

•

providing information that is designed for the public,

•

promoting technology through local organisations.
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Chapter 3. CCS and
acceptance in Poland

CCU:

Public

3.1. Overall perception – summary
Public acceptance of CCU/CCS cannot be properly assessed without a prior analysis of social perception of climate
change and emission reduction, since there are “two contextual conditions for CCS acceptance: climate change
should be recognized as a problem, and significant CO 2 reduction as the only solution”123. In addition, CCS must
be also recognized as a tool for achieving CO2 reduction. Therefore, national understanding of these assumptions
needs to be analysed in the first place in order to assess the public acceptance of CCS technology in Poland.
According to the latest 2020 national survey on the societal perception of climate change and the need to curb
emissions124, climate change is an important problem for 94% of Poles (very serious for 68% and rather important
for 26% of the respondents).
Figure 33. Results of the annual governmental public survey on the environmental awareness of the Polish
society regarding the level of importance of climate change (survey conducted in 2020)
How important is climate change in your opinion?

68%

Very important

Rather important

4% 1% 1%

26%

Rather unimportant

Not important

Hard to say

1%
Source: Annual governmental public survey on the environmental awareness of the Polish society, 2020 edition:
https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.

Therefore, perceived importance of climate change has not substantially changed since the first CCS demonstration projects were to be implemented in Poland in ca. 2010: in 2012 climate change was an important problem for
87% of Polish society125 (vs. 94% in 2020). Nowadays, however, it is considered to be a more important problem:
in 2012 just 34% of Poles thought that the problem of climate change is “very important”, vs. 68% in 2020, which
is twice as much as in 2012). A trend is therefore observed that the share of Polish people, whose attitude towards
the climate change is ”important”, increases and may further increase in the coming years. This would perhaps
mean that zero- and low-emissions technologies like CCS will be more eagerly welcomed by the society. However,
it must first link climate change with GHG emissions.

H. de Coninck, J. Anderson, P. Curnow, T. Flach, O.-A. Flagstad, H. Groenenberg, C.Norton, D. Reiner, S. Shackley, Acceptability of CO2 capture and storage; A review of legal, regulatory, economic and social aspects of CO2 capture and
storage , Energy Research Centre of the Netherlands, 2006.
123
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Annual governmental public survey on the environmental awareness of the Polish
https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.
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Idem, 2020 edition: https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.
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When asked whether Poland should reduce GHG emissions, 94% of the respondents reply “yes” (58% - “yes, as
fast as possible”; 26% - “yes, in near future”; 10% - “yes, further in the future”)126.
Figure 34. Results of the annual governmental public survey on the environmental awareness of the Polish
society regarding the opinion if Poland should reduce greenhouse gas emissions (survey conducted in 2012 and
2020)

Should Poland reduce greenhouse gas emissions?
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Source: Annual governmental public survey on the environmental awareness of the Polish society, 2020 edition:
https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.

The share of Poles who support the emission reduction is therefore rising: in 2012, 78% of the respondents declared
that Poland should reduce GHG emissions (42% - “yes, as fast as possible”, 16 percent points less than in 2020).
The 2020 number of Polish citizens supportive of the emission reduction corresponds to the share of people perceiving climate change as a problem which shows that the need to reduce emissions might be already linked by
the society with the threat posed by the climate change, but not necessarily: just 10% of those supportive of the
emission reduction justified their opinion by changes occurring in the climate. However, other justifications that
were to choose in the survey form to some extent overlap with the effects of the climate change, which could
confuse the respondents.

Annual governmental public survey on the environmental
https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.
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Figure 35. Results of the annual governmental public survey on the environmental awareness of the Polish
society regarding the opinion why Poland should reduce greenhouse gas emissions (survey conducted in 2020)

Why do you think that Poland should reduce greenhouse gas emissions?
Due to the harmful effects on the environment
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Source: Annual governmental public survey on the environmental awareness of the Polish society, 2020 edition:
https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.

There is also one more important potential cause of support for the emission reduction which was not included in
the survey, namely the financial cost of the CO2 emissions in the EU. As one of the focus group surveys proved,
even those sceptical about climate change are aware that Poland needs to meet EU emission targets in order to
avoid heavy fees, and thus reducing emissions would still financially benefit Poland as a whole, or the individual
through lower electricity prices127. But as long as the CO2 emission allowance price is below the profitability threshold for CCS, the implementation of this technology could even result in higher energy bills and possibly less acceptance of CCS. On the other hand, 68% of Poles agree to pay more for energy and fuel, assuming that it would
contribute to the financing of low-carbon transition128. This is therefore a complex issue and those who want to
win the people’s hearts and minds for CCS should bear it in mind. It can be also stated that in line with systemic
changes related to achieving climate neutrality and increasing marginal abatement cost, CCS technology, as a
potential cost-effective complement to other zero-emission technologies, can be viewed positively.
Acceptance of potential costs will be probably higher if a priority is given to the issue of climate change by the
society. Currently, however, as the latest Eurobarometer on climate change from 2021129 shows, 41% of Poles
perceive climate change as one of 4 the most serious problems facing the world as a whole, and barely 11% agree
that climate change is the single most serious problem facing the world as a whole; these results are below the
mean values for the European Union: 49% and 18% respectively. One might say that they can also be somehow
distorted by the COVID-19 pandemic, which emerged as the worldwide most important problem in 2020. This is

127

H. Riesch, C. Oltra, A. Lis, P. Upham, M. Pol, Internet-based public debate of CCS: Lessons from online focus groups in Poland

and Spain, Energy Policy (volume 56), 2013.
128

Annual governmental public survey on the environmental awareness of the Polish society, 2020
https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.
129
Special Eurobarometer 513: Climate Change. Report, 2021: https://europa.eu/eurobarometer/surveys/detail/2273.
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true to some extent, as the results were slightly higher in 2019 when 45% of Poles perceived climate change as
one of 4 the most serious problems and 15% of them claimed that this is the single most serious problem; these
were the highest ever results. In the next years they should however return to those values or even surpass them,
especially since the share of Poles and Europeans perceiving climate change as one of the most serious problems
was rising before 2021.
Nevertheless, the emission reduction itself is in general treated as a priority: in 2020 58% of Poles declared that
reducing GHG emissions in all areas of the economy is “necessary and should be treated as a priority” 130.
Figure 36. Results of the annual governmental public survey on the environmental awareness of the Polish
society regarding the opinion about reducing greenhouse gas emissions in all areas of the economy and the
related low-emission transformation (survey conducted in 2020)

Total

What do you think about reducing greenhouse gas emissions in all areas of the economy and related
low-emission transformation - changing the way energy is produced and gradually replacing fossil
fuels with other energy sources, the mostly renewable ones?
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I don't know, it's hard to say
Source: Annual governmental public survey on the environmental awareness of the Polish society, 2020 edition:
https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.

To sum up, Polish society recognizes climate change as an important problem; moreover, emission reduction and
low-carbon transition is strongly supported. These issues are not however of the utmost importance, therefore
Polish society should not agree to protect the climate at all costs.
The remaining question is whether Poles perceive CCS as a measure to counteract climate change and reduce
emissions, as this could result in high level of public acceptance of this technology. When it comes to recognizing
CCS as a tool for achieving emissions reduction, it is necessary to highlight that over the last few years no nationwide public survey regarding this technology was conducted. The last one was a special Eurobarometer from 2011
on the acceptance of CCS by European societies131. It showed that the social awareness of CCS in Poland is very

Annual governmental public survey on the environmental awareness of the Polish society, 2020 edition:
https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.
131
Special Eurobarometer 364: Public Awareness and Acceptance of CO2 capture and storage, 2011 (https://europa.eu/eurobarometer/api/deliverable/download/file?deliverableId=39562).
130
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low: only 18% of Poles have ever heard of CO2 capture and storage and only 7% declared to know what it is.
However, 49% of the respondents believed that CCS could be effective to fight climate change.
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Figure 37. Results of Eurobarometer study from 2011,
regarding awareness of Poles about CO2 capture and
storage technology
Have you ever heard of CO2 capture and storage, also
known as carbon capture and storage or carbon capture
and sequestration (CCS)?

Figure 38. Results of Eurobarometer study from 2011,
regarding the effectiveness of CCS/CCU technology in
counteracting climate change, indicated by the Poles
In your opinion, taking into account all you know about
CCS or carbon capture and storage, could you tell
whether you think it could be effective or not to fight
climate change?

5% 7%
11%

15%
49%
77%

Yes, and I know what it is
Yes, but I do not really know what it is
No
Don't know

36%

Effective

Don't know

Not effective

Source: Eurobarometer from 2011: http://basrec.net/wp-content/uploads/2015/11/C-3%20Mateusz_Glogowski_Social_Acceptance.pdf.

Although these results are 10 years old, they do not have to be outdated, because over the last decade no major
actions aimed at raising awareness of CCS in Poland have been undertaken. As a result, CCS is not present in the
mainstream public debate as a measure to mitigate climate change. This is probably why in the latest social
surveys respondents were not even asked about this technology when they were to indicate what could help tackle
climate change or foster the low-carbon transition; the focus was on zero-emission solutions like renewable energy
sources (RES) or nuclear energy. Therefore, ca. 75% of Poles favor RES 132, 133. It should not however mean that CCS
would be rejected if it was put into consideration and people knew what it is, especially since 44% of Polish society
is supportive of exploiting the country’s coal deposits, as a survey from 2020 demonstrates134.

3.2. Conducted studies
Most public opinion surveys centered on CCS were made at the beginning of the 2010s, when CCS technology
was gaining public attention due to the enactment and following transposition of the EU CCS Directive, and because of the planned implementation of the two demonstration projects in Poland in Bełchatów and Kędzierzyn
Koźle. Since 2011, the popularity of CCS/CCU technology in the public debate has decreased, therefore, it is not
possible to evaluate the full and actual public acceptance. Due to the lack of updated studies and media reports,
it can be assumed that during the last 10 years, no major awareness-raising and education activities in the field
132

Annual governmental public survey on the environmental awareness of the Polish society, 2020 edition:
https://www.gov.pl/web/klimat/badania-swiadomosci-ekologicznej.
133
Instytut Badań Rynkowych i Społecznych (IBRiS), Zielony potencjał społeczny. Polska i Europa Środkowo-Wschodnia, Warszawa
2020:
https://ibris.pl/wp-content/uploads/2020/07/IBRiS_ZIELONY-POTENCJA%C5%81-SPO%C5%81ECZNY_RAPORT.pdf (78% of the respondents agreed that renewable energy is the best measure to protect climate and environment).
134
Ibidem.
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of CCU/CCS technology in Poland have been identified. Nevertheless, several research and industrial projects were
carried out during this period. In 2021, the newly launched project ‘Strategy for the development of technologies
for capture, transport, utilization and storage of CO2 in Poland and the pilot of the Polish CCUS Cluster (CCUS.pl)’
will include a component related to social acceptance to be implemented in the following years.
The detailed results of the previous public acceptance studies of CCS/CCU technology in Poland can be found
below.
1)

Survey in three villages (Jastrząbka Stara, Róża and Borowa)135

Responsible organisation: Instytut Gospodarki Surowcami Mineralnymi i Energią Polskiej Akademii Nauk (Mineral
and Energy Economy Research Institute of the Polish Academy of Sciences)
Year: 2011
Method/Description: a survey of the local (rural) community to determine the level of knowledge and perceptions
of climate change and CCS technology; carried out as part of the project “Recognition of Formations and Structures
for Safe CO2 Geological Storage along with their monitoring programme” financed by the Ministry of Environment.
Respondents: In total 500 questionnaires were distributed to the inhabitants. In response, 148 surveys in Jastrząbka
Stara were filled in (74% return), 175 questionnaires in Róża were returned (87,5%) and 91 in Borowa were obtained (91%). More than half of the respondents were women which accounted for 58%. In terms of age, the
sample was dominated by people between 26 and 45 (63%), then between 46 and more (28%) and finally between
18 and 25 (9%). In terms of education, the greatest number of respondents declared secondary education (76%),
followed by university education (15%) and primary education (9%).
Questions/Topics: The survey contained 14 questions, divided into 6 thematic groups such as general view of
climate change and sources of information, perception of global warming, causes and effects of climate change,
actions aimed at climate change mitigation, knowledge and impact of CCS technology on climate change, a general view on combating climate change.
Results:
a) How, in your opinion, we should counteract climate change?
o Most of the interviewed people consider the increasing use of renewable energy sources as the primary
way to counteract climate change. Compared to some other responses, CCS technology received the
second-highest amount of responses rating CCS as not useful in mitigating climate change.

135

https://min-pan.krakow.pl/wp-content/uploads/sites/4/2017/12/07-Tarkowski-i-in-pol.pdf
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Figure 39. Results of the survey conducted in Jastrząbka Stara, Róża and Borowa in 2014, on the effectiveness of the underground CO2 as a measure dedicated to counteract climate change (assessment on
a scale of 1 (very ineffective) to 5 (very effective))136

How should we counteract the climate change? Rate the effectiveness of
underground CO2 storage

27%
Very ineffective

18%
Ineffective

13%

15%

Moderately effective

27%
Effective

Very effective

Source: R. Tarkowski et. al. (2014) “Postrzeganie zmian klimatu oraz CCS – wyniki badań ankietowych społeczności
lokalnej na przykładzie okolic Tarnowa”137

b) Have you heard before about clean coal technology, in particular about underground CO2 storage?
o In general, 57% of the respondents have never heard about CCS technology.
o Respondents from Borowa heard the most about the technology (53%), then in Róża (43%), and Jastrząbka Stara (37%).
c) Do you think that underground CO2 storage can help to mitigate climate change?
o 80% of the respondents agree that technology can help in climate change mitigation. 138
d) Knowing that technologies related to CO2 emissions reduction are expensive (including CO2 geological storage) which of the following opinion is the closest for you?
o More than half of the respondents (65%) agree that climate change is an important problem that should
be combated no matter the cost of the technology.
o Only 2% of the respondents decided that no actions should be taken because the technology is too expensive.
Summary: To sum up, the study is the basis for further analysis regarding public acceptance for CCS in Poland. As
results show, most of the interviewed people are in favour of the technology, but, still, there is a lack of knowledge
about CCS. The study showed that people with better education know more about the topic.
2)

Online focus groups in Poland and Spain139

Responsible organisations: Brunel University, Centro de Investigation Sociotecnica (CIEMAT), Uniwersytet Jagielloński (Jagiellonian University), Centre for Integrated Energy Research and Sustainability Research Institute, Energy
Research Centre of the Netherlands (ECN).
Year: 2011

136

Results from Figure 40 refer to the first survey question “How, in your opinion, we should counteract climate change?”
https://min-pan.krakow.pl/wp-content/uploads/sites/4/2017/12/07-Tarkowski-i-in-pol.pdf
138
Please note that the result only corresponds to the question “Do you think that underground CO2 storage can help mitigate
climate change” and is not included in Figure 40.
139
https://www.sciencedirect.com/science/article/abs/pii/S0301421513000360?via%3Dihub
137

THE BUILDING MOMENTUM
FOR THE LONG-TERM CCS DEPLOYMENT
IN THE CEE REGION

Method/Description: Surveys and two-days online focus groups. The study was a part of the European Commission
FP7 funded project “NearCO2.”
Respondents: In Poland, the total number of survey participants was 407, of which 30 took part in the online focus
group.
Questions/Topics: perceived benefits and disadvantages of CCS, knowledge of Polish projects, trust/political efficacy.
Results from online focus groups:
a)

b)

c)

d)

Regarding perceived benefits, respondents from Poland are aware that the country needs to meet EU
emission targets to avoid fines, hence CCS could be a viable option. Some of the people also point out
that the technology could strengthen Poland’s position in the international arena. On the other hand, some
others highlight that the technology is currently too expensive without any economic benefit and some
other solutions could be more feasible. Moreover, most of the respondents argue that CCS is not a solution
for the energy transition.
Concerning perceived disadvantages, most of the respondents point out the CO2 leakage issue and its
environmental consequences and unpredictability are the main risk regarding CCS. As it was explained
the technology is still relatively new and underdeveloped. Hence, safety was noted as a priority for CCS
projects.
While responding regarding knowledge of the Polish projects, people mostly agreed that there is a lack of
knowledge about planned or completed projects. There is a division in opinions, positive ones focus on
economic benefits, while negative ones emphasize the potential risks.
Finally, concerning trust/political efficacy, respondents highlight that CCS technology will be supporting
the traditional business model of fossil fuel-based energy supply. Moreover, interviewed people show a
lack of trust and faith in the state stating that there is no public consultation and information before
making official decisions. Although Polish people declare that with regard to information about CCS, they
place most of their confidence in universities and research institutions, not even half of them (42%) believe
in the accuracy of scientific estimates concerning the likelihood of a leakage of CO 2140.

Summary: The study provides more qualitative data showing that most of the interviewed people did not know
about the technology before participating in the survey. The main conclusion was to provide reliable information
to the public making CCS more acceptable.

3)

Assessment of public acceptance in the area of the oil industry (cities of Krosno, Jedlicze, Rymanów)141

Responsible organisation: Akademia Górniczo-Hutnicza w Krakowie (AGH University of Science and Technology)
Year: 2016
Method/Description: Study within the “Multifield CO2 Storage for Environment and Energy (MUSE)” project, implemented under the Polish-Norwegian Research Cooperation programme at the AGH University of Science and
Technology. It needs to be noted that the study has been conducted in an area where the oil industry has been
operating for a long time. Hence, it can be concluded that the local community is more aware of the benefits, such
as the development of the region's economy and the creation of additional jobs.

D. Reiner, R. Hauke, C. Kong, NearCO2 WP 2; Opinion shaping factors towards CCS and local CCS projects: Public and
stakeholder survey and focus groups, Cambridge Judge Business School, 2012.
140
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https://www.researchgate.net/publication/313471711_Ocena_spolecznej_akceptacji_przemyslu_naftowego_w_Polsce
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Respondents: The research was carried out on a group of 90 people living in the south-eastern part of the Polish
Carpathians because there are depleted oil deposits.
Questions/Topics: The aim of the survey was, for instance, the assessment of the level of knowledge and social
acceptance for issues related to the use of EOR and CCS technologies.
Results:
a) Concerning the questions on the use of CO2 to increase crude oil production, most of the respondents have no
opinion which may also suggest that they do not have any knowledge about the discussed method.
Figure 40. Results of social survey among the representatives of local community in south-eastern Poland
near the potential CO2 storage site conducted in 2016, regarding opinion on the use of carbon dioxide in
order to increase oil recovery in the active and old oil fields
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What is your opinion regarding the use of carbon dioxide in order to increase
oil recovery in the active oil fields?
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oil recovery in the old oil fields?
Source: Rychlicki S. et al. (2016), Ocena społecznej akceptacji przemysłu naftowego w Polsce, https://www.researchgate.net/publication/313471711_Ocena_spolecznej_akceptacji_przemyslu_naftowego_w_Polsce

b) Regarding CCS technology, answers were similar and most of the respondents have no clear opinion on the
technology because of the lack of information. Hence, there is a need for further education on EOR and CCS
topics.
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Figure 41. Results of social survey on the opinion of representatives of local community in south-eastern Poland
near the potential CO2 storage site, regarding CO2 injection into the ground and attitude towards working for
restored old oil fields using new technology and carbon dioxide to increase oil recovery, conducted in 2016
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Source: Rychlicki S. et al. (2016), Ocena społecznej akceptacji przemysłu naftowego w Polsce, https://www.researchgate.net/publication/313471711_Ocena_spolecznej_akceptacji_przemyslu_naftowego_w_Polsce

Summary: A significant number of respondents show limited or no awareness regarding EOR and CCS technologies. Because of the limited information, it is not possible to properly assess the public acceptance of these technologies. Also, it needs to be mentioned that only 90 people took part in the survey.

4)

Studies on public acceptance of onshore CO2 storage in Poland as a part of SITECHAR project (Characterisation of European CO2 storage)142

Responsible organisation/Project coordinator: IFP Energies Nouvelles
Year: 2011-2012 (period in which surveys were conducted; total period of the project: 2011-2013)
Method/Description: The project aimed to assess the readiness for large-scale implementation of CO2 storage in
Europe. It also included two surveys with local communities in Poland regarding onshore CO 2 storage. Moreover,
people were taking part in „focus conferences” that involved a small sample of the local community.
Respondents: Representative survey engaged 1,006 people living in the Załęcze-Żuchlów region while “focus
conference” involved 16 local citizens.

142

https://cordis.europa.eu/project/id/256705/reporting; https://cordis.europa.eu/docs/results/256/256705/final1-sitechar-finalreport.pdf; https://www.sciencedirect.com/science/article/pii/S1876610214008935
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Questions/Topics: The survey aimed to analyse public awareness of CCS in general. Moreover, disadvantages and
prospects were discussed.
Results:
a)

b)

c)
d)

Survey results show that the level of awareness and knowledge regarding CCS was very low, with 78% of
people that have never heard about it. Moreover, there were some misconceptions regarding the technology as people thought that CCS „should reduce toxic waste and smog.” Nevertheless, 55% of the respondents had positive expectations of CCS and its possible benefits to the area. Most of the respondents
(54%) argued that the technology will be better for the environment and will bring new jobs to the area
(25%).
Regarding the “focus conference”, it was shown that the local community is mostly concerned with negative environmental impacts, especially regarding CO2 leakage and groundwater contamination. However, some other respondents had high expectations of CO2 storage positive economic and environmental
impacts for the region.
In general, participants did not vote in favour of CCS because of its uncertainty and high cost.
Based both on surveys and “focus conference”, it can be seen that people living close to the planned CO2
storage sites are either quite positive or neutral about CCS.

Summary: Both surveys and “focus conferences” have shown that the local community is not fully aware of the
CCS technology and if they have heard about it they have some misconceptions.

Public awareness studies in Poland - summary

5.

There is a need for further public awareness studies in Poland as most of them are already outdated
or were conducted with a small group of people.

6.

All surveys show that there is a lack of knowledge regarding CCU/CCS technology.

7.

Interviewed people are mostly concerned about CO2 leakage and give more consent to offshore storage.

8.

Respondents with more knowledge on the topic have a more favourable approach towards the technology.

3.3. CCU/CCS acceptance by authorities, companies and other actors
Authorities
The attitude of national authorities towards CCU/CCS is quite positive. This technology is mentioned in national
strategic documents, such as Energy Policy of Poland until 2040, Polish Hydrogen Strategy or a new Industrial
Policy of Poland. Nevertheless, the overall impression, given the attention paid to CCS in these documents, is that
for now CCS is not treated as a very serious alternative to coal. On the other hand, Polish government plans to
develop CCS installation in the Upper Silesian Coal Basin in place of coal mines and has been already implementing
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a CCUS.pl project, which provides for the establishment of a Polish CCUS cluster143. Since rapid decarbonization is
one of the greatest challenges of the Polish economy and provided that CO 2 emission allowance prices will still be
rising, state authorities should gradually be more and more supportive of CCS.
Little is known about the attitude of local authorities, whose support for CCS/CCU could be an important factor in
carrying out the administrative procedures and in the process of building acceptance of CCS in local communities.
However, when the CCS demonstration plant was to be implemented in Bełchatów, some mayors and local councils were strongly against the venture144, 145. For example,”ten borough leaders from the area around Pabianice
signed a petition to the Minister of the Environment against CO 2 storage [in the region],” and many “community
councils adopted […] resolution[s] stating that the company [carrying out geological research] should stop its activities in the area, and openly denied the validity of the permit for geological research” 146. However, today’s approach of local governments towards CCS may differ; it should also to a large extent reflect the views of the voters.
Companies
Two Polish foremost energy companies, Tauron and PGE (Polish Energy Group), are the country’s leaders in developing CCS. PGE tried to implement an ambitious full chain demonstration plant, whereas Tauron implemented
pilot carbon capture and utilization installations. Tauron was also to realize the project of the Zero-Emission Power
& Chemical Plant in Kędzierzyn-Koźle. Both companies remain in favour of the development of the CCU/CCS technology. Based on publicly available insights, the attitude of remaining companies potentially interested in CCS/CCU
technology is unknown.
Other sectors

Research institutes
The CCU/CCS technology in Poland is supported by Polish leading research institutes, such as Polish Geological
Institute which investigated the geological potential for carbon storage in Poland, the Institute for Chemical Processing of Coal which focuses on carbon capture and utilization technologies or the Central Mining Institute. All
three took/take part in many research projects devoted to CCS, both national and international ones (please see
section 1.3.1. Past projects).

Environmental activists
Eco-activists are rather sceptical of the development of CCU/CCS installations in Poland. In its latest statement on
this issue, published in 2008, the Polish branch of Greenpeace took the view that CCS will not save the climate147.
Cases of NIMBYism

143

https://www.gov.pl/web/rozwoj-technologia/wiceminister-robert-tomanek-na-konferencji-promujacej-projekt-ccuspl.
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M. Jarosiński, A. Wójcicki, Kwestie istotne dla konsultacji spo³ecznych w sprawie podziemnego sk³adowania dwutlenku
wêgla na terenie Polski, Przegląd Geologiczny (Volume 58, No. 6), 2010.
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M. Drabik, Is there a future for carbon capture and storage in Poland? A socio-politicial analysis, Graduate Institute Publications, Genewa 2014.
146
Breukers S., M. Pol, P. Upham, A. Lis, J. Desbarats, T. Roberts, E. Duetschke, C. Oltra, S. Brunsting, M. de Best –Waldhober,
D. Reiner, H. Riesch, Engagement and communication strategies for CCS projects: Gaps between current and desired practices
and exemplary strategies, NearCO2, Energy Research Centre of the Netherlands, 2011.
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Although Polish respondents of the Eurobarometer survey on CCS from 2011 148 strongly support compulsory installation of CCS in every new coal-fired power plant, their enthusiasm diminishes when a CCS installation is suggested to be located in their region.

148

Eurobarometer
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Figure 42. Results of Eurobarometer study from 2011, regarding agreement level of Poles on the compulsion of
CCS technology when building a new coal-fired power plant

Should capturing and storing CO2 be compulsory when building a new coal-fired
power plant?

33%

27%

Totally agree

Tend to agree

Tend to disagree

7% 4%

29%

Totally disagree

Don't know

Source: Eurobarometer from 2011: http://basrec.net/wp-content/uploads/2015/11/C-3%20Mateusz_Glogowski_Social_Acceptance.pdf.

When an underground CO2 storage site was to be located within 5 km of their home, then 56% of the respondents
expressed some concern about the safety of CO2 storage.

Figure 43. Results of Eurobarometer study from 2011, regarding the level of concern of Poles, regarding a deep
underground storage site for CO2 located within 5 km of respondents’ home

If a deep underground storage site for CO2 were to be located within 5 km of your
home, do you think that would be….?
18%

38%

19%

Very concerned

Fairly concerned

Not at all concerned

Don't know

5%

20%

Not very concerned

Source: Eurobarometer from 2011: http://basrec.net/wp-content/uploads/2015/11/C-3%20Mateusz_Glogowski_Social_Acceptance.pdf.

However, this fact does not imply that Poles prefer offshore carbon storage, possibly because some consider it
dangerous “as we don’t know enough about the marine environment to predict the impact of leakage”149. In general, the Polish society seems quite undecided where CO2 should be stored.

P. Upham, T. Roberts, Public perceptions of CCS in context: Results of NearCO2 focus groups in the UK, Belgium, the Netherlands, Germany, Spain and Poland, Energy Procedia (volume 4), 2011.
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Figure 44. Results of Eurobarometer study from 2011, regarding preferred options concerning the storage of
CO2 for future use of CCS in the EU, indicated by Poles
For future use of CCS in the EU, which of the following options concerning the
storage of CO2 would you prefer?
Underground and onshore, but only where human
population is very low

30%

Offshore, under the seabed

17%

Underground and onshore, but near the power plant or
industrial plant with generated CO2

15%

None

7%

Don't mind

8%

Don't know

23%
0%

5%

10%

15%

20%

25%

30%

35%

Source: Eurobarometer from 2011: http://basrec.net/wp-content/uploads/2015/11/C-3%20Mateusz_Glogowski_Social_Acceptance.pdf.

Social acceptance for CCS in Poland: the case of demonstration plant in Bełchatów
The CCS demonstration plant in Bełchatów lignite power plant was the only CCS project in Poland which was
sufficiently advanced to provide an evidence how the public acceptance of CCS in Poland looks in practice. It is
however worth remembering that events described below happened ca. 2009-2011- nowadays, given the rising
perceived seriousness of the climate change, people might tend to be more supportive of CCS.
Conflicts that arose around CCS demonstration plant in Bełchatów confim the results of the Eurobarometer
survey on CCS and showed that NIMBYism is a phenomenon that cannot be ignored in Poland, as in virtually
all communities where CO2 from Bełchatów was planned to be stored, people expressed a strong opposition to
the project by either voicing their discontent through local authorities or organizing themselves against the
venture150. Concerns regarding the underground storage of CO2 were for example expressed by the residents of
Lutomiersk and Pabianice, the two locations within the potential storage site area151. In Pabianice, in response
to the drilling undertaken for the purposes of the geophysical survey, people formed the “Civil Committee
Against Storing CO2” (Komitet Obywatelski Przeciwko Magazynowaniu CO2)152 and filed a petition against the
project to the Prime Minister and the Minister of the Environment. In addition, letters were also sent to the
President of Poland asking if Pabianice could be withdrawn as a location for underground storage 153.

M. Drabik, Idem.
Breukers S. et al., Idem.
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Additionally, out of the 179 contracts concluded with local inhabitants to secure access to their properties, 31
were unilaterally dissolved – local residents requested termination of the contracts on the basis of misinformation. Moreover, some of them openly breached their contracts by refusing to allow the company’s staff
access to their land154. This was the first time in Poland when a geophysical survey could not be performed
because of the social resistance155.
As a result, geological research in the area of Pabianice has been called off. Ultimately, another potential CO 2
storage site in Wojszyce was chosen in 2012, but the project was cancelled in 2013 due to the lack of finance.
This happened even though from the very beginning of the Bełchatów project, PGE (the project developer) tried
to familiarize people with both the undertaking itself and with CCS technology in general. It produced brochures
and leaflets dedicated to the subject, posted relevant data on its website and organized a number of meetings
in the form of either scientific conferences or consultative sessions in the vicinity of the chosen storage site156.
It is however essential to remember that actually the positions adopted by local authorities and residents were
more diverse and the opponents of CCS in Bełchatów were in the minority, though a very important one157. The
more impressive aspect is however the scale of their success, which reminds us that the slightest sign of social
resistance should not be underestimated. However, in some cases nothing could be done to prevent protests.
When respondents who opposed CCS or were uncertain were asked what could be done to make them more
supportive, most indicated they did not know or that nothing would change their opinion. Other answers were
that they would like guarantees about safety as well as more information and consultation 158.

Portrayal in the media
The way the media portrays the CCS technology is likely to have a strong influence on people’s perception of the
topic. It is especially true, keeping in mind that the public’s own knowledge of CCS is very limited. However, besides
educating the public about CCS, media can also inform about protests against this technology as it was already
being done by Dziennik Łódzki when the demonstration project in Bełchatów was to be implemented159. People’s
doubts concerning CCS can be amplified by such reports and, as a result, public acceptance of CCS technology
can decrease.
Nevertheless, yet to date, little interest in the issue of CCS has been exhibited by the media in Poland. Even 10
years ago, when the technology was in its heyday, CCS was not attracting much journalistic attention 160.

3.4. Summary of major or important concerns and narratives raised by local communities –
key issues to address in the dialogue with local stakeholders
1)

154

Is CO2 safe for health and environment? Some people fail to properly understand the nature of carbon
dioxide and perceive this gas as flammable, polluting, toxic and explosive. In addition, CO 2 is sometimes

Ibidem.
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wrongly identified with CO (carbon monoxide, extremely toxic for humans, unlike CO2; a brief exposure to
CO may cause an immediate death). Therefore, the stakeholders who share these misconceptions fear
eruptions and explosions of CO2 stored underground. Their fear is often fuelled by those who propagate
the case of the eruption of lethal gas (i.ea. CO2) from Lake Nyos in Cameroon in 1986 which lead to the
suffocation of 1700 people. This results in a negative image of CO2 as a flue gas and waste, which will be
stored in underground storage sites considered waste dumps, whereas people do not want their region
to become a “dumping ground” for CO2.
2)

Limited Polish and international experiences in underground carbon storage. People are afraid that CCS
technology is new, experimental and, as a result, potentially dangerous to them. In brief, they do not
want to be “lab rats” for an unexplored technology.

3)

Lack of understanding of the necessity to capture and store CO2; linked with the low awareness of the
causes of the climate change and its effects.

4)

Impact of the implementation of CCS on local labour market and economy: possible creation of new
jobs and negative side-effects on local economy, e.g. tourism in the area.

5)

Composition of CO2 injected into the ground. There are fears that that it is not pure but contains additional substances which can be harmful for the environment.

6)

Earthquakes and faults resulting in the unsealing of underground carbon storage sites and, consequently, CO2 leakages. This concern can be compounded by fears linked with the wrongly understood
nature of CO2. It is worth remembering that the Bełchatów area, where a CCS demonstration plant was
to be implemented, experiences small earthquakes from time to time.

7)

Land degradation resulting in depopulation and possible drop in prices of local properties under which
CO2 is stored. If the latter happens, people will expect compensations.

8)

Short- and long-term effects of CO2 storage: will underground geological storage sites become time
bombs posing a threat to future generations? This concern stems from legal requirements to monitor a
closed underground carbon storage complex for a few decades. According to the local stakeholders, it
means that the occurrence of some negative phenomena after the closure of the underground carbon
storage site is not excluded.

9)

Putting drinking groundwater at risk due to the underground CO 2 storage. This issue emerged in public
consultations concerning the CCS demonstration plant in Bełchatów where CO2 was to be stored in saline
aquifers. It probably originated from the perception of CO 2 as a toxic gas and in this particular case resulted in fears that either water from these saline aquifers will be administered to people, or CO2 might
leak and pollute ground sources of potable water.

10) Local stakeholders are afraid that they won’t be able or allowed to take part in the decision-making process and that CCS installations could be implemented without their consent. Citizens expect public communication and participation activities including, possibly, a referendum to let the citizens decide if their
want a project in the area or not.
11) Could underground CO2 storage limit the country’s geothermal potential? Some local communities find
geothermal energy as an important chance for their economic development.
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12) High costs of the CCS technology which may result in higher energy bills or new taxes imposed on the
citizens. However, one of the latest public opinion surveys show that 68% of Poles agree to pay more for
energy and fuel, assuming that it would contribute to the financing of low-carbon transition.
13) Uncertainty whether the Polish state or Polish companies would be able to manage risks competently
and adequately. Polish respondents perceive their country as technologically backward and therefore
not able to manage innovative projects competently. This view is fueled by a general distrust in Polish
institutions.
14) CCS is seen as keeping the local coal industry in business, which would be a clear benefit for coal communities. This is however contested by those who argue that the country needs to get away from reliance on coal. Currently, 44% of Poles claim that Poland should exploit its coal deposits for the purposes
of the energy production and 49% agree with the statement that it is necessary to limit the use of fossil
fuels such as coal and oil.
15) Public acceptance of CCS could depend on the fact whether only CO2 produced in the region would be
stored. This issue emerged in the focus group from Załęcze and Żuchlów (potential carbon storage sites).
It is therefore worth remembering that importing CO2 may decrease the local society’s support for underground carbon storage.

3.5. Public awareness and acceptance improvement – recommendations
In order to gain a full perspective regarding CCS, people have to increase knowledge about this technology. Unfortunately, in the great majority of cases they possess insufficient knowledge, which paves the path for mis- and
disinformation. Therefore, in order to facilitate public awareness, we have prepared several recommendations that
can be implemented in the forseeable future. It can be stated that the most important thing is to promote
knowledge about carbon dioxide, its capture, transport, utilization and storage. A nationwide system of information
on CCS should be established, which would explain the need for CCS in Poland and inform about the potential
impact of this technology on the environment and local communities. Information and educational campaigns
should be conducted in media, schools and universities, workshops for public administration and local governments should be also held. Public awareness could be additionally raised through a distribution of publications,
flyers and brochures.
Regarding the dialogue with local stakeholders, it is necessary to provide maximum safety of the CCS installation
and to convince people living near planned underground carbon storage sites that CCS does not pose a threat.
Moreover, it is essential to bear in mind that people do not perceive information disseminated either by the government or energy companies as trustworthy161. The most credible sources of information for the Polish society
(ca. 70%) are university scientists/scientific publications, as some studies showed162, 163. However, when entrusted
with the task of demystifying CCS, scientists must communicate their message clearly and in a well-conceived
manner. In order to diminish the fear of leakage, it is essential to build a true image of carbon dioxide and hence
disprove the beliefs that CO2 is explosive or toxic. Moreover, it could be explained that Poland already stores
natural gas (methane) underground since 1954 and there were no reports on leakage or another negative impact
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of these storage sites on local communities in spite of the fact that methane is much more dangerous than CO2
due to its explosive properties, whereas CO2 is not even flammable.
Fear of leakage, however, is an evidence for much more serious problem in terms of persuading the public to agree
to the implementation of CCS technology on a large scale. The examples show that even a reliable information is
not an effective antidote to the emotional arguments and inaccurate disseminated information. Therefore, legislative solutions imposing restrictions on institutions or people that consciously mislead the public could be considered.
However, the most effective measure to gain support for future CCS installations could be the successful and safe
implementation of the first such projects in Poland. Since the local acceptance of underground CO2 storage should
be higher in areas with a history of extractive and fossil fuels industry164, or where CO2 has been already stored,
they should be located near Borzęcin, Kaniów, or (depleted) oil and natural gas fields, e.g. in the Subcarpathian
region. The potential of social resistance is lower there and the installation of CCS infrastructure will be more
convenient thanks to past experience. The Subcarpathian region is particularly promising as CCS could restore,
maintain or create new jobs in the region: these social and economic benefits can increase the public support for
CCS.

J. Hammond, S. Shackley, Towards a Public Communication and Engagement Strategy for Carbon Dioxide Capture and Storage Projects in Scotland: A Review of Research Findings, CCS Project Experiences, Tools, Resources and Best Practices A report
commissioned by the Scottish Carbon Dioxide Capture, Transport and Storage Development Study , 2010.
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