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Abstract

Much potential exists in the Baltic Sea region (BSR) regarding CC(U)S and at least on the research side, there
has been a steady stream of activities over the years. Potential storage sites are localized in the Baltic Basin within
several countries such as Sweden, Latvia, Lithuania, Poland and Russia. However, the BSR is still lagging behind in
deploying a large-scale CC(U)S due to the national policy and regulatory frameworks which create unfavorable
conditions for the technology, as well as the low public awareness and acceptability in most of the countries in the
region. Consequently, CO> injection is forbidden in Lithuania, CO, storage on an industrial scale is banned in Estonia,
Latvia and Finland and some federal states of Germany, while in Denmark, Poland and Sweden is permitted with
limitations. However, it should also be noted that some positive developments and attitudes towards CC(U)S have
also taken place recently in some of the BSR countries. This paper provides an overview of the current CC(U)S status

and development in the BSR.
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1. CC(U)S in the Baltic Sea Region

Deployment of full-scale CC(U)S on a global scale is key
to meet the objectives of the Paris Agreement and
mitigate climate change [1]. In the power sector, CCS is
considered to be a key technology for fossil fuel-based
generation, critical for delivering the deep emission
reductions needed across fossil fuel-based power and
many industrial applications while providing the
opportunity for “negative emissions” [2]. It could also
help the security of supply in a clean electricity system
with increasing shares of variable renewable energy
(VRE).

In the Baltic Sea Region (BSR), deployment of full-scale
CC(U)S requires regional cooperation with equal
conditions, standards, information, framework and
understanding. Implementation of the technology on a
regional scale for clusters of CO; emitters using common
transboundary transport and storage infrastructure can
significantly decrease the overall costs and affect public
attitude. Moreover, an establishment of storage hubs to
sequester CO, from several emission sources might be
necessary to achieve large-scale deployment. A good
example is the Northern Lights project in Norway, which
offers an infrastructure for transport and storage of CO;
across Europe, and the pilot capture plants planned by
Fortum in the BSR: Fortum Oslo (Norway), Stockholm
Exergi (Sweden), Klaipeda (Lithuania) and Zabrze CHP
(combined heat and power; Poland) [3]. Northern Lights
is the transport and storage component of the Longship
project, promoted and supported by Norwegian State.

Although the project has been developed under
circumstances that are unique to Norway, the experience
is relevant for the setup and development of other
CC(U)S projects. It demonstrates that, with long-term
cooperation between state agencies, research institutions,
academia and industrial partners, it is possible to develop
CCS technology further and deploy a full-scale project.

The knowledge gained in the Northern Lights may be
especially relevant for the BSR, which forms not only a
political but a natural geographical area for collaboration
needed for such a large-scale infrastructure development.
Issues such as economic and environmental concerns,
and safe transport and storage solutions are key areas of
common regional interest. There will be a clear need for
the use of joint and transboundary solutions for
transportation and storage of CO: between the BSR
countries. For example, since Russia and Germany are
two of the largest CO, emitters on aggregate-level in the
world, with 1792 Mt and 703 Mt of CO; emitted in 2020,
respectively, and Poland is one of the largest CO;
emitters in Europe (318 Mt/year) [4], the BSR needs to
scale up development and deployment of CCUS as a
climate change mitigation measure to meet the Paris
Agreement and the EU climate goals. Regarding the
geological storage possibilities, potential storage sites are
localized in the Baltic Basin within the borders of several
countries such as Sweden, Latvia, Lithuania, Poland and
Russia. A study conducted by Anthonsen et al. [5] shows
that Denmark, Norway and Sweden alone have the
theoretical capacity to store the total CO, emission from
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all European stationary point sources as mapped by the
EU GeoCapacity project [6], though mostly under the
North Sea. However, in the BSR CO: storage on an
industrial scale (>100 Kt per year) is currently either
permitted with different limitations (Denmark, Germany,
Poland, Sweden) or prohibited for various reasons
(Finland, Estonia, Latvia and Lithuania), or CC(U)S laws
are not yet introduced (Russia and Belorussia). Thus,
enabling policy and regulatory changes for industrial-
scale projects are required in the entire region.

This paper gives an overview of the current situation in
the BSR regarding both the possibilities and obstacles for
implementation of the CC(U)S technology in the region.

2. The need for the CC(U)S technology in the
BSR

The EU’s CCS strategy presented in the Commission's
proposal for 2030 climate and energy policy framework
acknowledges the role of CCS in reaching the EU's long-
term emissions reduction goal. As process-related
emissions are unavoidable in some sectors, CCS may be
the only option available to reduce direct emissions from
industrial processes on the scale needed in the longer
term. Moreover, as the key technology in the clean
energy transition, during which fossil fuels still have the
major share in the global primary energy consumption,
the CC(U)S can help countries to ensure their energy
security and security of supply. For instance, in the
example of Estonia, an increase of CO, emission
allowance price up to 25-30 Euro per ton in EU ETS in
2019 has led to an increase in the oil-shale based energy
price, making it not competitive to the cheaper Russian
energy. As a result, the largest Estonian national energy
company Eesti Energia was forced to decrease energy
production to reduce the high CO, emissions by five
million tons in 2019 [7].

CC(U)S projects could also cooperate with renewable
energies and produce revenues through CO> use options.
For instance, considering that Finland is a large consumer
of power and heat (per capita), the country has a unique
opportunity to integrate CCS with combined heat and
power (CHP) plants. Also, as Finland is a large consumer
of biomass, adding CCS to bioenergy solutions, i.e.,
bioenergy carbon capture and storage, (BECCS), would
enable removal of (biomass originated) CO, from the
atmosphere. Furthermore, Finland's electricity supply
depends on import of electricity from Russia which
imposes security risk to the country whereas a clean
energy system utilising CC(U)S could decrease this
dependency on the non-EU energy supply. When it
comes to the Finnish technology developers and
providers, CCS could provide a significant market share
in the future, such as in the area of oxyfuel combustion
and chemical looping combustion. However, as the
Finnish bedrock does not have any formations suitable
for underground storage of CO,, other alternatives need
to be considered. Several options for using CO> as a raw
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material for production of inorganic carbonates,
chemicals and fuel components also seems promising [8].

Bioenergy is far more widespread in Sweden than in any
other country in the region. By introducing various
incentives like a CO, tax, green electricity certificates,
tax exemption of biofuels for transport and direct
investment support, there has been a major increase in the
use of biofuels. In fact, in 2019, Swedish energy utility
Stockholm Exergi AB has inaugurated the country's first
BECCS pilot plant at its Vértan biomass-fired CHP plant
in Stockholm partnering the Northern Lights project.

CC(U)S could also help to fully decarbonise heavy
industry like cement and steel, where CO» is produced by
industrial processes in addition to using energy from
fossil fuels. In Sweden, for example, the cement industry
produces 5% of the country’s total CO, emissions [9].
Therefore, decarbonization of the cement industry will
play a vital role in achieving Sweden's climate goals. One
of the main ways in which production of cement can be
made more sustainable and emissions deeply cut is
through the application of CC(U)S. This has been already
recognized by HeidelbergCement in Norway. Their plan
to realise the first industrial-scale CCS project at a
cement production facility in the world at Brevik
involves capturing 400,000 tons of CO; annually and
transporting it for permanent storage'.

Currently, the largest industrial use of CO; is in enhanced
oil recovery (EOR), whereby pressurized CO: is injected
into existing oil and gas reservoirs to extract more
hydrocarbons. Today, EOR is the only industrial use of
CO; that has reached an appreciable scale. Evaluation of
CO; injection for EOR has already been performed by oil
companies in Lithuania and Russia. In Lithuania, pilot
injections have been made in three oil exploitation wells
to investigate the potential of CO, for EOR. The results
showed high oil recovery percentage and about 100-200
Mt CO, storage capacity in the Gargzdai oil zone [14,
16]. A comprehensive study on the potential of Russia to
implement CO,-EOR showed that the geological,
mining, geographical, and economic conditions of some
regions in Russia have a very good potential for the
technologically feasible and economically efficient
implementation of CO,-EOR technologies in depleted oil
fields [10]. The most promising of the estimated regions
are located in the North-Western, Volga, and Ural
Federal districts.

In Poland, there are currently two candidate fields for
enhanced oil recovery (EOR): the B3 oil field in the
north-east part of the Polish sector [13] and Kamien
Pomorski in the northwestern coastal region [14].
Another nearby hydrocarbon field, B8, with a good
theoretical storage potential and with commercial
production running since 2016, could be another
potential site in the country for enhanced hydrocarbon
recovery (EHR).
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Captured CO; can be also used in processes where
underground minerals are utilised to mineralise CO», or
in enhanced geothermal systems (EGS) where CO;
would be used, instead of water, as heat transmission
fluid, and would achieve geologic storage of CO; as an
ancillary benefit. Research on CCUS started in many
countries, including geothermal-CCS projects in France
[11], Germany [12], Poland and Norway?>.

3. The geological storage potential in the
BSR

A modelling study conducted in 2014 on the potential
CO, storage sites in the southern Baltic Sea and
surrounding onshore areas has identified a relatively
large theoretical CO» storage capacity in the subsurface:
about 16 Gt in the Middle Cambrian sandstone beneath
900 m of caprock and 1.9 Gt in the Dalders Monocline
[13]. It has been also concluded that areas to the northeast
of the Dalders Monocline, such as the eastern Swedish
sector of the Baltic Sea and offshore part of Latvia where
limited data is available, may have better reservoir
qualities which would allow a higher injection rate, and
thus would be more suitable for regional industrial CO»
storage.

In addition to that, there is a possibility to use
hydrocarbon and saline structures located both onshore
and offshore Latvia. The estimated storage capacity of
these structures is more than 880 Mt CO, [15, 16]. The
reservoir rock properties in five onshore and offshore
structures were experimentally analyzed and estimated
from good to high quality, or from appropriate to very
appropriate for CO; storage [17].

A number of studies have identified and assessed the
storage capacity of reservoirs within the Baltic Basin,
which is potentially suitable for CO, storage [18, 19, 20,
21, 22, 23]. Four potential test sites located in the BSR
have been then identified and described: Southern
Gotland (Sweden), South Kandava (Latvia), Vaskai
structure (Lithuania) and Kamien Pomorski (Poland)
(Figure 1).

There are also many places in Danish subsoil with
suitable reservoirs. Anthonsen et al. [5] estimate that the
subsoil can probably contain up to 22 GT of CO; (both
onshore and offshore). This corresponds to between 500
and 1000 years of total Danish emissions at the current
level. Furthermore, CO; storage could be established
both on land and at sea, as the underground reservoirs are
the same>. A few decades of research on CCS in Denmark
have gathered good knowledge about the CCS potential.

In Poland, the latest national studies estimated the
country’s underground CO; storage capacity to be 10-15
Gt (predominantly onshore) [24]. The storage capacity

www.sintef.no/en/projects/2020/energizers-co2-
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corresponds to 50-75 years of Polish ETS industrial
installations emissions at the current level.

A fairly different situation exists in Russia where, based
on the data from the former Soviet Union, estimated
geological storage capacity is about 560 Gt [10],
however, with most of the reservoirs being located far
distant from large fossil-based power plants. CO,
injection would therefore require construction of a
gigantic pipeline system.

Figure 1: The area marked in brown shows the approximate area
where Cambrian sandstones are present below 500 m depth
where potential COz storage reservoirs can exist. The locations
of the four potential storage sites identified in the study are
shown on the map (upper figure). Schematic cross section
shows the general stratigraphic placement of the four pilot sites.
B, C, O, S, D denote Basement, Cambrian, Ordovician, Silurian
and Devonian, respectively. M denotes Strata which is younger
than Devonian (lower figure) (Source: Nordback, N. et al. [14]).

On the other hand, in countries that lack potential for
geological CO, storage, such as Finland and Estonia,
captured CO, would need to be transported to other
countries with suitable geology and storage infrastructure
options. A study performed by Lauri et al. [25] has shown
that the cost for transporting CO from Finland to final
geological CO, storage sites abroad is higher compared
to that from the coastal regions in countries around the
North Sea. However, significant cost reductions for CO,
transport can be reached by joint transport infrastructure
projects. For instance, transportation of CO, from the
Gulf of Finland by ships could be carried out more
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economically by employing an infrastructure of ship
terminals where CO, is collected into intermediate
storage facilities from several capture units.

4. National CCS regulations

Article 6 of the London Protocol prohibits “export of
wastes or other matter to other countries for dumping or
incineration at sea” [26]. The article has been interpreted
by contracting parties as prohibiting the export of CO»
from a contracting party for injection into sub-seabed
geological formations [27]. In 2009, the article was
amended by contracting parties to allow cross-border
transportation of CO; for sub-seabed storage [28], but the
amendment must be ratified by two-thirds of contracting
parties to enter into force.

In October 2019, the London Protocol Parties adopted a
resolution to allow provisional application of an
amendment to article 6 of the Protocol to allow sub-
seabed geological formations for sequestration projects
to be shared across national boundaries. This provisional
application allows countries to agree to export and
receive CO; for offshore geological storage. It removes
the last significant international legal barrier to CCS and
means that CO, can be transported across international
borders to offshore storage.

This may enable CCS deployment in the BSR countries,
as it permits countries to transport their captured CO- to
offshore storage sites in Norway. Poland, Finland, and
Germany could see this as an opportunity to decrease
their CO, emission significantly.

The current situation in the BSR regarding the
implementation of the CCS technology varies
significantly from country to country. CO: storage is
currently either permitted with different limitations or
prohibited for various reasons, or CCS/CCUS laws are
not yet introduced, such as in the case of Russia and
Belarus (Table 1).

In Poland, CO; storage is prohibited until 2024 except for
offshore demonstration projects in the Cambrian
reservoir. CO; use for Enhanced Oil and Gas Recovery
(EOR/EGR) is not restricted, but the status of the
associated CO, storage possibilities both onshore and
offshore is unclear.

In Germany, according to the Carbon Capture and
Storage Act (KSpG), the total admissible annual storage
volume is limited to four million tons of CO; in total,
with a maximum annual storage volume of 1.3 million
tons of CO; per storage site. Applications for storage site
authorisations had to be made by the 31 of December
2016, so new storage sites can no longer be permitted as
the legislation stands at present. In the evaluation report,
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which was presented and discussed in the parliament in
December 2018, the German federal government stated
that there was no need to modify these regulations. As a
result, CO, storage is still not permitted in Germany on
an industrial scale [29, 30]. The federal government is
however looking into tapping the sizable carbon storage
potential under the North Sea®.

Table 1: National CCS regulations in the BSR countries.

CO; permitted for
industrial scale
Country Onshore Offshore
Yes - for
Denmark No o
Estonia No No
Finland No No
Germany No No
Latvia No No
Lithuania No No
Poland Not permitted, .except for
demo-projects
Sweden No Yes
Norway No Yes
Russia NE NE
Belarus NE NE

In Estonia, Finland and Latvia, CO, storage is prohibited
except for research and development, although
underground CO, storage potential in Finland and
Estonia is almost non-existent.

In Sweden and Norway, industrial-scale CO, storage is
permitted only offshore. Sweden has also recently
accepted the Amendment to article 6 of the London
Protocol®. Previously, only Estonia, Finland, Norway,
The Netherlands, UK and Iran have done that. A number
of capture pilot projects have started or are in preparation
to start in several places in the country with the aim to
transport CO, to Norway from Swedish power plants,
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since an offshore CO; storage site in Sweden has not yet
been established.

Significant changes have happened in Lithuania recently,
where CO, geological storage was allowed both onshore
and offshore until October 2019, when the new
government of Lithuania adopted the new Subsurface
Law. Since then, injection and storage of CO, in natural
or artificial underground cavities or aquifers have been
prohibited. This ban came into force in July 2020 [31].

In contrast, positive changes have been observed in
Denmark. In the Danish Council on Climate Change
report on Denmark’s climate action towards 2030, CCS
is presented as one of the main tools in order to reach CO,
neutrality®. Although it is not possible at present to obtain
permits for CO; storage in the Danish subsoil, the Danish
Government works towards uncovering the regulatory
obstacles to CC(U)S within the sectors in which the
technology may be of relevance [32]. Also, based on the
assessments of the Global CCS Institute undertaken in
20157, Denmark has the most developed framework for
CCS among the BSR countries, while the rest of the
region demonstrates limited or very few CCS-specific
existing laws applicable to all aspects of the CCS project
lifecycle.

The enabling legislation for CCS in the BSR is regulated
by national laws and international conventions. Since
several BSR countries are not yet parties of the London
Protocol (Finland, Poland, Latvia, Lithuania and Russia),
bilateral and international agreements and local permits
will be needed for transboundary offshore CO, storage.

Furthermore, several challenges still remain for the large-
scale implementation of CCS projects in Europe. These
include high investment costs and lack of public and
consequently political support for onshore storage.

As concluded in the study by Shogenova et al. [30], the
implementation of the CCUS technology requires
regional and national incentives to be further developed
in the BSR. For the realization of transboundary CCUS
scenarios and construction of regional networks, both
international and national legislation should be updated
and implemented in a way that enables CCUS projects on
an industrial scale. Furthermore, cooperation through
clustering of CO» emitters and CO; storage sites and
using common infrastructure could decrease costs,
improve the communication with governments and local
residents and create new opportunities in the BSR.

5. Politics and social aspects of CCS in the
region
Advancing CC(U)S deployment is a multi-dimensional

question including technological, socio-political, legal,
economic and environmental dimensions. Although the
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BSR has a unique potential for joint efforts on climate
change mitigation, the level of CCS knowledge and
understanding varies significantly between the countries.
Various perceptions, concerns and values among
stakeholders hamper the process of development and
deployment of CC(U)S in the region. Furthermore, these
diverse perceptions have led to fragmented governance,
not least on the regional level. Strong sentiment against
CCS exists among various stakeholders such as NGOs
and the public in Germany [33], and to some extent, in
Poland [34]. However, an exception is Norway’s case
where NGOs support CCS as a measure for combating
climate change. This highlights different CCS
perceptions in various countries attributable to various
values, economic and political settings of the countries
(for instance, see [33] and [34]).

In stark contrast to the development of CCS in Finland,
there is fairly positive to neutral perceptions of and
opinions about the technology among the public and
industrial stakeholders, not least about BECCS [35], [36],
[37].

In sum, the current state of stakeholders’ acceptance in
the BSR countries is the following: significant lack of
acceptance in Germany; neutral to moderate lack of
acceptance in the Baltic States and Poland; neutral to
moderate acceptance in Finland, Sweden and Denmark;
and acceptance and support in Norway.

Perceptions, reactions, and acceptance significantly
affect the development of sustainable energy technology
and the energy transition at local [37], regional, and
global levels [38], [39]. Sovacool and Ratan [40] argue
that social acceptance will emerge among stakeholders in
the presence of the following: robust institutions,
political commitment, supportive laws and regulations,
competitive costs, a sophisticated communication
system, and comprehensive financing.

Finally, we recommend that a comprehensive BSR
campaign for social outreach would be worthwhile,
including effective and transparent communication with
the public concerning the cost, economic benefit and
(dis-) advantages of CC(U)S. To pursue this successfully,
consideration of the differences in cross-cultural and
social settings between the countries is important.

6. Conclusion

International cooperation both within a region, such as
the BSR, and outside the region borders is crucial to
expedite CCUS development given the costly
infrastructure and limited geologically suitable storage
sites. Issues such as environmental concerns, safe
transport and storage, public perceptions, and
acceptability are of common regional interest. Therefore,
it is vital to start processes which would enable such
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cooperation, such as creating an EU Project of Common
Interest (PCI) where all interested parties and countries
could be involved, signing the London Protocol and
ratifying the 2009 amendment by those countries that
have not done yet, and reconsidering the current ban for
CO; storage in Latvia and Lithuania.

The CC(U)S challenges in the various BSR countries are
different. CO; storage capacity, for instance, is abundant
in Norway but not available in Finland. This means that
combining challenges, competence and possibilities in
the different countries would lead towards creating more
possibilities for establishing complete and optimal
CC(U)S value chains in the region. Therefore, addressing
the issues related to the current unfavorable national
regulations that prevent full deployment of CC(U)S at an
industrial scale in most of the countries in the BSR is
urgently needed.

In sum, despite having relatively a shared vision in the
BSR countries for expediting tackling climate change
based on the EU goals and the Paris Agreement, this
region is not homogenous, particularly when it comes to
challenges of deployment of technologies such as
CC(U)S. Also, various risk and benefit perceptions exist
among the stakeholders. When it comes to the policy and
politics of CC(U)S, one notable challenge is the need to
deal with the existing fragmented governance concerning
the deployment of the CC(U)S in the region.
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