C4U

Innovation Action

This project has received funding from the

European Union’s Horizon 2020 research and
innovation programme under the Grant Agreement
No 884418.

C4U Policy brief series

(3) Policy brief on how to incentivise
CCUS in a societally acceptable
way in industrial clusters

Work Package: 7

Due date of deliverable: Month 45

Actual submission date: July 2024 (Month 52)

Start date of project: 1st April 2020

Duration: 60 months

Lead beneficiary for this deliverable: CS, RU

Contributors: Luca Nipius, Irina Kustova (CEPS); Moises
Covarrubias, Heleen de Coninck, Vincent de Gooyert, (RU).
Reviewer: Martijn Verwoerd (Smart Delta Resources/Return
Carbon)

Dissemination Level: PU - Public



Executive summary

Context

Societal readiness, industrial clusters and CO, capture and storage
The importance of local context: Lessons from the North Sea Port
Policy messages

References

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Grant
Agreement No 884418

cu

12



cu

The European Union (EU) aims for net-zero greenhouse gas emissions by 2050, with about 20%
of emissions coming from industry. Many of these industrial emissions occur in geographical
clusters, offering potential for CO, capture and storage (CCS) implementation, crucial for
achieving net-zero emissions. Nevertheless, despite technological potential and industry
interest, large-scale CCS implementation in the industrial sector remains unrealised.

The success of CCS adoption in industrial clusters depends not only on individual business
cases and CCS technological readiness, but also on societal perceptions and trust in
CCS implementation. While economic and technological barriers for CCS projects are
frequently addressed, societal barriers often remain unaddressed. These societal
barriers (locally specific or conceived more broadly) address concerns over risks, injustices,
and the perpetuation of fossil fuel dependence. Despite potential benefits (including job
creation and investment), public scepticism persists regarding CCS association with
fossil fuel extraction as well as its perceived short-term nature. Stakeholder engagement at
the project’s outset is crucial, ensuring transparent and two-way dialogues. Ultimately, the
local context dictates the perceived distribution of burdens and benefits, underscoring
the necessity for a just and contextually sensitive approach to CCS implementation.

In the case study of the North Sea Port (NSP) industrial cluster, the complexities of governance
across national borders influence decision-making on climate policy and CCS adoption. Our
system dynamics approach shows that the mutual dependence of business, policy, and
industry underscores the shared responsibility for CCS implementation at NSP, requiring
intensive societal engagement for successful CCS implementation.

Policy messages:

Early engagement with the public is key. Societal aspects should be addressed with
local stakeholders before the finalisation of technological development or
demonstration decisions. In addition, different levels of engagement should be
considered and prepared for different phases of the project.

The perceptions of risk by actors in society are not uniform and differ from the perception of
risks in industry. For a just transition, the societal risk perception needs to be respected and

taken into account in decision-making.
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Social trust can be negatively influenced by a (perceived or actual) unequal distribution
of benefits and burdens in the transition between energy-intensive industries and local
communities. This discussion should not be avoided but needs to be part of the
societal engagement.

Project information needs to be understandable and transparent, and preferably
provided by actors with a more neutral view on the project and the technology (e.g.,
researchers) that are perceived to represent the community’s interest and therefore
tend to enjoy a higher level of trust.

Neither industry nor policymakers should or can wait for societal readiness to become
reality. Societal readiness is not binary. The approach to societal readiness should be
understood as a scalable, interdependent concept that requires early and continuous
engagement from both industry and policymakers.
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The European Union (EU) has set a target to reduce its greenhouse gas emissions to net-
zero by 2050 (EU, 2021). About 20% of these emissions come from industry (EEA, 2024). Many
industrial sources of greenhouse gas emissions are grouped in industrial clusters (Van der
Reijden et al, 2021), which are geographic concentrations of interconnected industrial
firms. In the last decade, interest in industrial clusters as a focal point of policymaking has
risen, particularly for reducing emissions from industrial processes in high-emitting and
sometimes hard-to-abate industries such as cement, iron and steel, refining, and chemical
sectors (IPCC, 2022). Such clusters are potential sites for the implementation of CO,
capture and storage (CCS)', a mitigation option considered essential to achieve net-zero
emissions. Many industrial clusters look at CCS to achieve deep emission reductions, as
clusters feature a significant amount of point sources located closely together, allowing
firms to reach economies of scale in transport and storage of CO.,,.

Despite its technological potential, recent policy momentum, and industry’s interest, CCS
is yet to be implemented in the industrial sector at a large scale. At the same time, as
societal readiness for CCS is still developing, the implementation of CCS can result in
substantial societal impacts, often distributed unevenly among stakeholders. To a large
extent, this indicates that the successful adoption of CCS in industrial clusters depends not
only on the business case of individual firms or the Technological Readiness Level(s) (TRL) of
CCS, but also on the societal perception of CCS' role in the energy transition - and on
society's trust in industry to fulfill that role.

CCS projects face diverse challenges pertaining to concerns from stakeholders, which
can contribute to diminished trust in the technology. There have been several projects
lacking public engagement that have faced public opposition, which then broadened
to public scepticism about CCS in general (Akerboom et al, 2021). Social scientists have
long warned against not addressing public engagement in CCS projects (eg,
Bradbury et al, 2009, Ashworth et al, 2015). These experiences and warnings have
prompted policy and industry to shift the focus of CCS project plans for CO, storage
from onshore to offshore locations, indicating that governments and industries have
learned from past experiences (Akerboom et al, 2021). Notwithstanding these experiences
and the warnings, when discussing technology adoption, potential societal concerns
around CCS are generally still considered only after techno-economic discussions are
finalised. Approaches to ‘societal acceptance’ employ a top-down approach to societal
engagement on technology-related issues - where society is indeed engaged at the final
stages of the decision-making process to ‘accept’ or ‘un-accept’ industry and policy

' cCs is defined as a ‘process consisting of the separation of CO, from industrial and energy-related sources,
transport to storage location and long-term isolation from the atmosphere (IPCC, 2005, p. 3).
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decisions (Fournis & Fortin, 2017). The significance of societal engagement in co-creating
trust in  mitigation technology adoption has in many cases been overlooked,
putting at risk the successful implementation of technology and their attached strategies
to limit global warming.

This policy brief delves into the complex dynamics of the implementation of CCS in
industrial clusters with energy-intensive industries and its interaction with society. The aim
is to draw lessons on societal engagement and trust-building around CCS in an
industrial cluster context. Based on the C*U project’'s research on the industrial cluster of
the North Sea Port (NSP), located across Belgium and the Netherlands, this brief
highlights the interdependence of industrial firms, policymakers, and local
communities in the implementation of CCS and underscores the critical importance of
ensuring fairness and trust in their interactions on this matter.

The policy brief reads as follows. In Section 2 we discuss the different barriers to
societal readiness and we dive deeper into the public perceptions of CCS. In
Section 3 we describe the case study of the NSP to show how the different barriers
can be dealt with, in order to gain trust and societal readiness for CCS.
Section 4 discusses ensuing policy recommendations.
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For many industrial clusters, which have almost exclusively offshore storage reservoirs,
CCS is a primary option for deep reductions of greenhouse gas emissions. However, CCS
faces a number of barriers in such contexts. These are technological and economic, as
often pointed out (e.g., IPCC, 2022), but also societal. Here, a distinction is made
between local and broader societal aspects, where broader aspects could refer to
various concerns, such as public spending on subsidies for highly profitable industries, or
perpetuating fossil fuel lock-in.

Local barriers emerge mainly when the CCS operation is perceived to lead to risks,
nuisances, uncertainties or injustices. Most research has been reported in the
context of geological storage (Krevor et al, 2023), on how pipelines and capture can
lead to risks and environmental impacts (Broecks et al, 2021).

At a societal level, multiple arguments are used against CCS. One concern arises
from its deep association with fossil fuel recovery. Of currently operating projects,
either the capturing of CO, is employed in natural gas processing, or the CO, is
utilised in enhanced oil recovery (Global CCS Institute, 2022). This continued reliance
on fossil fuelrecovery can be seen as incompatible with sustainability goals and efforts
toward climate change mitigation.

Another argument against CCS is its perception as a short-term solution rather than
addressing the root cause of carbon emissions. This perception sees CCS as a
distraction from more sustainable, long-term solutions (Friends of the Earth Scotland,
2021). In this way, CCS would reinforce carbon lock-in and potentially
undermine  the development of alternative technologies. Many see CCS as a
transitionary solution, until more sustainable alternatives can be implemented.

Such local and broader societal concerns are not mutually exclusive. In the
case of Barendrecht, a failed CCS-project in the Netherlands, researchers have
observed that broader societal readiness arguments are used to bolster local concerns
(Feenstra et al, 2010). For example, perceived problems with a CCS project in the United
States can lead to increased societal concern in  the Netherlands, even if the
problem  might not apply there. Additionally,  environmental  organisations
considering the broader societal impacts of CCS (eg, fossil fuel lock-in, slowing
down energy efficiency) often prioritise worries about leakages and safety more
than (e.g.) industry does (Anderson & Chiavari, 2009; Hansson et al, 2022).
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Besides barriers, CCS implementation could also generate benefits. Apart from
its contribution to climate change mitigation, CCS projects could create local jobs
and investments (Thomas et al, 2018). Regions with previous experience with fossil fuel-
based industry may have lower opposition to  CCS-related  subsurface
activities, although this is not consistent across regions (Swennenhuis et al, 2020).

Literature also suggests that stakeholder engagement on CCS should start at
the projects outset and involve a two-way dialogue (Ashworth et al, 2015).
Generally, stakeholders tend to be informed only after key project decisions have
been made. Information should be provided in an understandable and transparent
manner (taking into consideration the varying level of awareness and knowledge
gaps) and be made accessible by engaging both locally and nationally through
various channels: education, media, science, and government (Feenstra et al, 2010).
Trusted parties and community leaders (NGOs, scientists, respected locals) could be
included, and their participation should be accessible and meaningful (Porter et al,
2023). Ultimately, CCS requires a genuine and continuous process of stakeholder
engagement.

It can help public engagement to give a frank overview of benefits and trade-offs
to local communities. These need to be made visible and understandable. From a
justice perspective, citizens should be empowered to have a fair share in benefits. For
instance, benefits could be reflected in work conditions (e, good salaries and
environmental conditions). Also, economic benefits could flow back into general
society (e.g, through community compensation) (Ter Mors et al, 2012).

Literature reviewing CCS projects and public perceptions of CCS across the world
and the EU has underlined that social readiness and support of decarbonisation
technologies mainly relate to the perceptions of risks (justice or environmental) by local
communities (inter alia) (Ashworth et al, 2015; Bradbury et al, 2009; Krevor et al, 2023;
Witte, 2021). It is important to note, then, that how CCS-related burdens and benefits are
perceived (and shared) is locally determined and strongly dependent on the local
context. Economic contributions to the local economy may be seen as more or less
relevant, as well as dependent on diversification of the cluster. If society has positive
ties with industry, trustis higher and benefits may be highlighted. Alternatively, if there
are already grievances, the burdens may be magnified. Thus, assessing the local
context is crucial to ensure a procedurally and just distribution of burdens and benefits.

To investigate the role of societal support and trust for CCS implementation in
an industrial cluster, C*U has conducted an in-depth case of CCS implementation
in the industrial cluster at the North Sea Port (for a more detailed discussion of the
case, see Swennenhuis et al, 2023).

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Grant 6
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The NSP is an industrial cluster resulting from a merger between the Dutch Zeeland Sea
port and the Belgian Ghent Sea port (Figure 1). Its high-emitting industries, including an
iron and steel plant and a refinery, annually emits over 20 Mt CO, eq. Located in
densely populated countries with limited spatial resources for renewable electricity
production, the cluster relies on extended infrastructure connections by sea and has
access to relatively nearby offshore CO, storage capacity. The NSP industrial cluster
has an annual added value of €12.5b, and its direct and indirect employment amounts
to an estimated 100,000 jobs (Van der Reijden et al, 2021).

Figure 1: The North Sea Port Industrial CCUS Cluster, including logos of its large industrial firms and
power producers. Figure courtesy of the North Sea Port, Gent, Belgium.
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Governance of the Port is a shared responsibility between the Netherlands and
Belgium, creating a complex environment with implications on national, EU and
international levels and involving collaboration among multiple private stakeholders and
government levels. The governance structure extends across provinces and municipalities on
both sides of the border. Hence, decision-making around the cluster’s climate policy and the
role of CCS is influenced by diverse factors across business, policy, and society, making it a
complex landscape with no single actor capable of overseeing all facets. To incentivise CCS
in a societally responsible way in industrial clusters, enablers of CCS need to
be activated, and barriers to CCS adoption need to be overcome. Research conducted
by the C*U project utilised system dynamics, building a qualitative model through group
modelling sessions and individual interviews. In the group model building sessions,
participants were invited to identify variables relevant to public support of CCS in the North
Sea Port, as well as the causal relations between them. The resulting model was simplified to
Figure 2.
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Figure 2: A causal loop diagram of societal readiness and CCS. The arrows depict a positive causal
relationship between the different factors, e.g, if public support for CCS increases, legitimacy of CCS
policies also increase (adapted from Swennenhuis et al, 2023).
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In the NSP industrial cluster, the relationship between industry and other parties appears
constructive, as there is a historical background of collaboration
between industry, environmental organisations and local and national governmental
stakeholders. In the interviews that were carried out with NSP stakeholders, it
seemed that in this region the relationship between the industry and local
communities, NGOs, andresearchers was fairly positive. This relatively high trust is likely
to help build public support for the implementation of CCS in the future. On the other
hand, support in the region is also influenced by the broader societal debate, including
NGOs and researchers, about CCS, which revolves around various concerns: e.g, that CCS
is just an end-of-pipe solution rather than fundamental decarbonisation, and could
potentially contribute to carbon lock-in.  The stakeholders at the NSP noted that these
debates suffer from polarisation, that there is also false information which influences
opinions, and that such unconstructive debates can lower the trust in industry
necessary for CCS implementation.

Overall, the participants in the group model building sessions saw barriers but also
indicated that local societal readiness for CCS at the NSP is fairly high. From
ourresearch, three main causation linkages were identified to be shaping the
CCSlandscape in the region:

Investing in CCS needs to reflect the shared responsibility of the transition towards a
sustainable industrial cluster. Without societal support, industry does not have the room
to make the necessary investments and without sincere commitment from industry,
the community may withdraw support. It is through substantial industrial investments in
sustainability that local communities will gain the trust to support large scale mitigation
projects.

Implementing CCS should lead to a fair distribution of costs and benefits. CCS could
help retain regional employment and economic benefits for local communities. However,
if communities perceive that industry benefits disproportionally from CCS, this could
undermine the essential support from communities.

Implementing CCS can help demonstrate that emissions reduction is possible,
and that substantial climate action is attainable. This is an important step in investing
in the relationship with society. Successful demonstration can help take away
concerns about e.g. leakages, nuisance around infrastructure construction and
disproportional profits. The improved relationship then further enhances the business
case of future mitigation projects.

Industry and governments have the responsibility to enable ‘transparent information and
fair participation, which can increase trust’ (Swennenhuis et al, 2023, p. 14). Part of this
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commitment to transparency would mean that industry clearly articulates its
responsibility for emissions reductions. For government, transparency means actively
including societal actors in the decision-making process, from the beginning onwards and
throughout.

Without public support, the policies required for a positive CCS business case
willlack legitimacy. This public support may be contingent on industry committing to
and investing own funds in substantial greenhouse gas reductions, also but not
exclusively through CCS. If implemented responsibly, this can help build trust in
the public policies and subsidies needed to ensure the NSP's sustainable industrial
future. Werecommend industry to engage all stakeholders early and proactively.

The system dynamics approach shows how business, policy, and industry mutually
depend on each other. It shows how all actors have a shared influence, and therefore also
a shared responsibility on the timely and effective reduction of greenhouse gas
emissions at NSP. Intensive societal engagement will be necessary to build and maintain
the trust necessary for successful CCS implementation. As societal readiness and CCS
implementation co-evolve, industry cannot wait for societal readiness to emerge before
investing. Industry must be willing to commit to investments with a higher risk
profile. It is through undertaking these projects that these same concerns and issues
can be addressed and mitigated. At the same time, policymakers should not only
incentivise CCS, but also offer a warranty to demonstrate their commitment and
accountability.

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Grant 10
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This policy brief aimed to shed light on the current practices of social acceptance
and levels of policy instrumentation to incentivise CCS in a societally acceptable way.
The NSP needs to observe all aspects related to ensuring societal readiness
of CCUS, as previously introduced and contextualised. Moreover, policymakers
need to consider whether current and future policy instruments and mixes can be
refined or developed to guarantee the successful, consensual take-off of the NSP as
a CCUS hubin 2026, and of industrial clusters more generally.

Our findings translate into the following policy recommendations:

Early engagement with the public is key. Societal aspects should be addressed with local
stakeholders before the finalisation of technological development or demonstration
decisions. In addition, different levels of engagement should be considered and prepared
for different phases of the project.

The perceptions of risk by actors in society are not uniform and differ from the perception
of risks in industry. For a just transition, the societal risk perception needs to be respected
and taken into account in decision-making.

Social trust can be negatively influenced by a (perceived or actual) unequal distribution
of benefits and burdens in the transition between energy-intensive industries and local
communities. This discussion should not be avoided, but needs to be part of the societal
engagement.

Information on the project needs to be understandable and transparent, and preferably
provided by actors with a more neutral view on the project and the technology (e.g., NGO,
researchers) that are perceived to represent the community’s interest and therefore tend
to enjoy a higher level of trust.

Industry nor policymakers should or can wait for societal readiness to become reality.
Societalreadinessis notbinary. The approach to societal readiness should be seen, instead,
as a scalable, interdependent concept that requires early and continuous engagement
from both industry and policymakers.

The authors of this policy brief are grateful to all interviewees and participants that
were involved with the participatory group model building sessions which formed the
basis for the North Sea Port case study, which was analysed in this policy brief.
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