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Executive Summary  
 
This report brings together the developed knowledge and outcomes from work carried out for Work 
Package 4 into a synthesis, drawing broad-based conclusions as to the societal readiness of the REALISE 
approach. The key objective of this work package has been to develop an in-depth understanding of the 
societal, socio-political, and commercial contexts of CCS deployment.  

Accordingly, the work package has the following aims: 

- To critically review and characterise best practice in education and public engagement as 
relevant to energy and related infrastructure. 

- To work with stakeholders to co-develop and trial an education and public engagement 
programme to promote societal acceptability and social acceptance of CCS projects. 

- To examine the socio-political context of CCS internationally, identifying key risks, evaluating 
risk mitigation and exploring financing implications of such risks. 

- To engage with relevant industrial stakeholders to develop an understanding of the industrial 
and commercial context of CCS. 

- To synthesise this newly developed knowledge into an overview of societal readiness – 
characterising the societal, political, and socio-economic barriers to CCS and proposing 
appropriate policy recommendations to address such barriers. 

This draws on deliverables 4.1, 4.2, 4.3, and 4.5, and provides a synthesis of the key lessons learned 
from each report.  
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1 Introduction  

1.1 Background 
REALISE is an EU Horizon 2020 funded research and innovation project, exploring ways to develop and 
demonstrate an integrated strategy for carbon capture, (use) and storage (CCS/CCUS) for the refining 
industry. The REALISE project demonstrates a novel multi-absorber concept, which will enable the 
inclusion of small variable concentration sources. In turn, it is working towards to potential to capture 
up to 90% of CO2 emissions from operating refineries, at a substantially reduced cost when compared 
to existing capture methods. The consortium is mindful that both the technical and social aspects must 
be considered when deploying CCS (e.g., see Bradbury et al. 2009; Markusson et al. 2012). Consequently, 
REALISE not only evaluates the entire CCS chain from emitter to storage it also considers the wider 
societal, socio-political, and commercial aspects that inform novel technology deployment. The work 
presented in this report brings together key learning outputs from a package of work examining these 
socially orientated aspects of deploying CCS technology, Work Package 4. More specifically, this report 
presents a synthesis of those outcomes and concludes by drawing broad-based assessment as to the 
societal readiness of the REALISE approach.  

1.2 Context  
Carbon capture and storage (CCS)1 involves a set of existing and emerging technologies that potentially 
enable the mitigation of largescale carbon dioxide (CO2) emissions from power generating plants, fossil 
fuel refineries, and other industrial sites. It also involves the removal of existing CO2 from the 
atmosphere. Achieving these cuts in energy-related CO2 emissions is vital if the goal of 1.5 degree Celsius 
(°C) rise in global temperatures – above preindustrial levels – by 2050 is to be realised and CCS can 
potentially contribute to the suite of social and technological tools needed to do so. This will involve a 
combination of (1) a phasing-out of CO2 generation over time (by both reducing fossil-fuel use and 
upscaling low-carbon energy sources) and (2) the necessary upscaling of industrial-scale CO2 
sequestration by restoring natural carbon sinks supported by carbon capture and geological storage 
technologies (Rogelj et al. 2016). The consequences of failing to do so will lead to irreversible and lasting 
social and environmental damage to people and ecosystems (Pörtner et al., 2022). Therefore, the scale 
of the challenge the climate crisis presents requires deep systemic changes to industrial activities so as 
to limit the production of CO2, and other greenhouse gases, and CCS will need to become a significant 
part in achieving the necessary emissions reductions. In Europe, CCS/CCUS is increasingly recognised as 
a potentially key technology breakthrough in the move towards a circular economy (Dunphy et al., 
2022). As such, it is designated as a priority area for the development of commercial applications under 
the European Green Deal (European Commission 2019). 

Having said that, social opposition to large scale infrastructure continues to be a potential risk. Effective 
communication between prospective host communities and proposed projects is therefore of therefore 
of utmost importance. For example, strong public opposition remains a notable challenge in the siting 
of renewable energy developments, despite wider popular support for renewable energy technologies. 

 
 
1 See also carbon capture, usage and storage (CCUS). 
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So much so that it threatens to significantly slow Europe’s transition to more sustainable modes of 
energy production (e.g., see Cohen et al., 2014; Enevoldsen & Sovacool, 2016). Notably, the prioritising 
of engaging the public on infrastructural development has been highlighted by the EU Energy Roadmap 
2050, which stated ‘(t)he current trend, in which nearly every energy technology is disputed, and its use 
or deployment delayed, raises serious problems for investors and puts energy system changes at risk’ 
(Dunphy et al., 2021, p6). 

Energy systems can no longer be just considered a wholly techno-economic domain. They are better 
understood as socio-technical arrangements that as ‘are both socially constructed and society shaping’ 
(Hughes 1987:51). Indeed, social processes have a significant influence in shaping the trajectory of 
technological development, just as much as the influence technological artifacts have in changing social 
and cultural practices (Rip and Kemp 1998). Understood in this way, we can begin to see how the socio-
technical [energy] system is in fact a configuration of interconnecting technological and social elements 
comprising institutions, (legal) regulations, social practices, cultural values, beliefs, and expectations 
(Einsiedel et al. 2013). Therefore, understanding the social characteristics of a potential host site and 
developing appropriate education and public engagement (EPE) strategies2 are important factors that 
will ultimately impact the success or failure of a project (Ashworth et al. 2009; Breukers et al. 2008; 
Reiner et al. 2006). 

This deliverable was produced as part of work package 4 of the REALISE project, specifically from work 
carried out under Task 4.6 ‘Synthesis report on societal readiness’ of work package 4 which seeks to 
develop an in-depth understanding of the societal, socio-political and commercial context of CCS 
deployment. It is the outcome of a synthesis of the five relevant deliverables reporting on the work for 
tasks: T4.1 Education and public engagement best practice, T4.2 Social acceptability, societal impact, 
T4.3 Socio-political context analysis, T4.4 Industrial context analysis and T4.5 Public outreach activities 
and life-long learning. Conventional research synthesis would involve analysis and synthesis of a large 
amount of often disparate research through one of several qualitative synthesis methods (Barnett-Page 
& Thomas, 2009). The task reported here was more straightforward involving the summarising of the 
research from three broad areas:  education & public engagement practice, socio-political context and 
industrial and societal outreach. 

1.3 Structure  
Besides this introductory section, the document comprises a section summarising each of the five 
reports produced in this work package detailing the background, methodology and key outcomes. The 
final section then seeks to draw the research together, identify key societal, political, and socio-
economic barriers to CCS, and finally offer policy and regulatory recommendations on how these 
barriers might be overcome.  

 
 
2 It may involve more than one strategy, or the redrafting of an existing one, as the societal dynamics change the 
course of the development.  
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2 Critical review of EPE initiatives 
Dunphy, Niall; Lennon, Breffní; Quinlivan, Lauren; Velasco-Herrejón, Paola; & Curran, Róisín. (2021). 
Critical review of EPE initiatives. A research outputs of the REALISE H2020 project (grant agreement no. 
884266).   https://doi.org/10.5281/zenodo.7029984 

Extract from project ‘Description of Action’  

‘This first task will work towards develop a framework for social acceptance of deploying CCS at an 
industrial site. To this end, a critical review will be conducted by UCC of education and public engagement 
(EPE) associated with large energy and related infrastructure. Key examples of EPE will be identified 
through a literature search and via the partners’ networks using a snowballing approach. These case 
studies will be characterised through a comprehensive desk study coupled with use of targeted 
informants. Parallel to this review, existing EPE practices in the Cork case study will be documented and 
evaluated by Ervia assisted by UCC. The resultant report will detail the case studies, outlining methods 
adopted, exploring key challenges, and presenting best practices.’ 

Abstract 
While once considered a wholly techno-economic domain, energy systems may be better understood 
as a socio-technical system, which ‘are both socially constructed and society shaping’ (Hughes, 1987, p. 
51). As Rip and Kemp (1998) observe, social processes may shape technology development, just as 
technological artifacts can influence changes in social and cultural practices. In this light, the energy 
socio-technical system can be conceptualised as a configuration of interconnecting technological and 
social elements including institutions, regulations, social practices, cultural values, beliefs and 
expectations (Einsiedel et al., 2013). This deliverable was produced as part of work package 4 of the 
REALISE project, specifically with Task 4.1 ‘Education and public engagement best practice’. REALISE 
WP4 seeks to develop and in-depth understanding of the societal, socio-political and commercial 
contexts of CCS deployment. 

Whilst the primarily focus of the planning and implementation phases of a CCS project might be on the 
technical and geological aspects – understanding the social characteristics of a potential host site and 
developing an appropriate education and public engagement (EPE) strategy can be an important factor 
influencing its successful rollout (Ashworth et al., 2009; Breukers et al., 2008; Reiner et al., 2006). 
Understanding this importance, this deliverable is the outcome of a review of EPE around large 
infrastructure projects. This task is a preparatory exercise, which will directly inform the development 
of an EPE engagement programme (with associated performance indicators) within a subsequent 
related task, namely: T4.2. ‘Social acceptability, societal impact.’ 

 
Methodology 
This study aimed to develop an understanding of education and public engagement (good) practices 
and to identify and drawn lessons from prominent examples of EPE related to large-scale infrastructure 
projects, which would face comparable issues to a proposed CCS deployment. 

As an initial step, a scoping exercise was conducted to select the case studies to be used in the study. 
Prospective candidates were identified through recommendations from REALISE consortium members 
and through a preliminary literature search. The inclusion criteria for the case studies were selected 
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based on: (i) scale of proposed project; (ii) relevance to off-shore CCS deployment; (iii) diversity of 
experiences; (vi) diversity in outcomes; (vii) availability of literature; and (vii) availability of potential 
informants. This research was conducted through a literature review of relevant topics and (video-chat) 
interviews with key informants, with thematic analysis of interview notes, as outlined in the following 
sections. 

Literature Review 
The bibliography databases used for the literature search were a combination of commercial services 
available through university subscriptions and those that were freely accessible – these included Science 
Direct 3 , JSTOR 4 , and Google Scholar 5 , 6 . Database searches were created using keyword search 
constructions comprising words, phrases, and basic Boolean operators 7 . Such Boolean search 
combinations are quite flexible, and they act to make searches more precise. A ‘backward’ and ‘forward’ 
snowballing strategy was used to complement the aforementioned database searches. ‘Backward 
snowballing’ involved identifying literature contained in bibliographies of those papers already found; 
‘forward snowballing’ involved identifying literature that cited papers already found8. 

Semi-structured interviews 
The restrictions associated with the COVID-19 pandemic meant that all interviews had to be held 
remotely. While this did reduce the effectiveness of the interviews somewhat, there were also 
advantages to such engagement. Potential respondents had increased availability14, and because of 
this, geographical location was no longer a limiting factor, allowing us to spread our geographical spread. 
A total of nine semi-structured interviews were conducted with key informants who have specialist 
knowledge and experience of public engagement. Seven of these interviewees were associated with the 
selected case studies, while a further two are linked to EPE activities within the Cork area9. The nine 
interviewees came from Australia, Europe, North America, and South America, and were engaged using 
a range of teleconferencing technologies including Microsoft Teams and Zoom (depending on the 
interviewees’ preferences). 

The semi-structured interviews were carried out using pre-formed, concise, easily understood, open- 
ended questions – the informants were invited to talk about the particular case study (or EPE activities), 
with which they were familiar. Prompts were used to guide the conversation including e.g., operational 
queries around the approach taken to public engagement, how they built relationships with local 
stakeholders, how the engagements were actually structured (whether they were formal, informal, or 
a combination of the two), what were the main concerns of local people and how were those issues 
addressed, what types of information were shared with local stakeholders, did consultation fatigue set 
in and how did the process leader address this, and given their experiences on the project what would 

 
 
3 www.sciencedirect.com 
4 www.jstor.org 
5 scholar.google.com 
6 The use of Google Scholar was notwithstanding some legitimate criticisms (see e.g., Jacsó, 2010) not least 
because of the power of its search algorithms, however it was used in full knowledge of its shortcomings and 
with the combination of other academic databases. 
7 The three basic Boolean operators [‘and’, ‘or’, ‘not’] connect words together to narrow or broaden results. 
8 Bibliographic databases provide such information to assist users. 
9 As the Cork Harbour area in Ireland is due to be the focus for the development of the EPE programme in T4.2 
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they change or do differently. Extensive notes were taken during the interviews (including non- verbal 
communication as appropriate 10 ) – calls were recorded where technically possible (and when 
permission was given) and these recordings were used to supplement and enhance the notes – the 
interview notes were analysed as described below. 

Data analysis and interpretation 
This involved working iteratively back and forth between data and ideas using analytical categories are 
used to describe, characterise, and explain social phenomena (Pope et al., 2000). It is a recursive, 
laborious, and frequently time-consuming process that can result in quite rich understandings. In this 
study, the data analysis of each interview began with a read-through of the extensive notes taken during 
the discussion; this was repeated several times until the material became familiar to the analyst11. 
Following this initial stage, the text was analysed line-by-line to capture key information about their 
projects and to identify themes relevant to public engagement activities. The first part of this exercise 
involved cross-referencing information with that from academic literature and publicly available 
documentation, filling gaps in knowledge, resolving inconsistencies, and as required identifying 
additional information needs. The second part involved using standard thematic analysis procedures to 
systematically order, categorise and label text through a process known as coding – with identifying 
codes applied to the relevant proportions of text. In such analyses, it is common for qualitative data 
analysis software (such as NVivo) to be used to facilitate coding, organising, linking and cross-
referencing of material, however the size and complexity of the study facilitated coding by hand. It also 
greatly abbreviated the iterative analysis and interpretation process. In each case the researcher who 
interviewed the respondent also analysed the notes. The researchers involved, coordinated their 
activities and jointly reviewed their work. 

 

Key Results 
Public engagement with CCS is important for a range of reasons. From one point of view, it may serve 
to mitigate public opposition to developments – for example, those seen in the case study of 
Barendrecht. However, there are also reasons of democratic governance and decision quality that argue 
in favour of public views being considered (more fully) in CCS decision-making (Xenias & Whitmarsh, 
2018). Public engagement and participation on decisions relating to the environment, or similarly, large 
energy infrastructure projects helps decision-makers to understand, identify and address public interest 
concerns, thus taking environmental and social considerations into account as part of the decision- 
making process (Richardson & Razzaque, 2006). 

Recent research has shown that a number of different, yet related factors influence whether the public 
will show support or acceptance for a technology such as CCS. These can be summarised as: 

- how information about CCS is framed. 

 
 
10 While not as effective as face-to-face interviewing – the ability to video chat with people (who in a pre-Covid 
context would likely not be amenable to such a mode of communication) did enable the capturing of non-verbal 
communication such as gestures, facial expressions, etc. which did differentiate the interview from traditional 
telephone interviews for example. 
11 In each case the researcher who interviewed the respondent was also analysed the notes. 
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- trust in the actors promoting CCS. 

- level of the participation in the engagement process. 

CCS framing and interest aligning 
Framing and interest aligning can be key factors that shape publics perceptions about CCS. Because CCS 
is a technology that is relatively unfamiliar to the public, perceptions of CCS can be heavily influenced 
by the information and framing provided by those deploying CCS projects (Whitmarsh et al., 2011). 
Therefore, it is worthwhile to tailor education and public engagement strategies for CCS if a higher social 
acceptance is required. 

Early research into CCS found that public concern about climate change and the perception of CCS as 
part of a broader solution to climate change were key elements influencing public acceptance of the 
technology (Sharp et al., 2009), with the success of a CCS project often linked to the views held by the 
public of its capability to decrease carbon emissions at an industrial scale (IEA, 2013; IPCC, 2014). For 
instance, Boyd et al. (2017) found that belief in climate change (i.e., that climate change is occurring) 
was a factor correlating with support for CCS, with those holding the belief that climate change is a 
problem caused mostly by humans more likely to support the technology.  

However, support for a technology at the abstract level does not automatically mean support for an 
individual project, where local concerns will come to the fore (Mullally et al., 2018). This would indicate 
that care should be taken to adequately understand local perspective and address local concerns. 

Conversely, concerns have also been raised that CCS is not environmentally sustainable, does not tackle 
the root of the problem and can be viewed as simply “sweeping the issue under the rug” all the while 
reducing investments in renewable energy technologies (L’Orange Seigo et al., 2014). Research has 
shown that framing CCS as a bridging technology that will not reduce investments in renewable 
technologies can address these concerns and can have a positive effect on people’s attitude towards 
the technology. Wallquist et al. (2011) quantified the effects of framing CCS as a bridging technology, 
measuring the effects on risk and benefit perceptions in study participants. The study found that the 
participants benefit-perceptions increased, and risk-perceptions decreased after they were provided 
with a paragraph to read on how CCS is only part of the solution to climate change and should be 
embedded in a range of other low-carbon technologies. 

This knowledge suggests that consideration must be given to the public’s perceptions of environmental 
problems when communicating issues regarding technologies such as CCS (Corner et al., 2014; Nisbet, 
2009). Providing the public with evidence that the technology can be an effective instrument for 
achieving significant cuts in carbon emissions, as a transition technology to offer time for the further 
development of renewable energy technologies, could play a crucial role in promoting public 
acceptance of CCS (Paluszny et al., 2020). In such a discourse, it is important that a government is not 
perceived as having a special interest in a particular energy strategy bias, e.g., promoting CCS over 
renewable energy technologies, and that the public will be involved in the debate on the technologies 
to be implemented (Oltra et al., 2010). 

Trust in actors promoting CCS 
Trust in the actors promoting CCS is a crucial factor determining local stakeholder’s inclination to protest, 
risk and benefit perception (Brulle et al., 2012; Earle & Siegrist, 2008; Midden & Huijts, 2009; Terwel et 
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al., 2011; Terwel & Daamen, 2012; Yang et al., 2016), and has therefore been recognised as a key 
influencing factor in the success or failure of CCS, or indeed, any energy infrastructure project. 

For instance, people’s evaluations of the value of the information provided depends to a considerable 
extent on the trust towards who provides the relevant information (Ter Mors et al., 2010). Perdan et al. 
(2017) showed that universities and research institutions are the most trusted sources of information 
about CCS while energy companies and social media are the least trusted. Trust in non- governmental 
organisations (NGOs) is also high, meaning that local people tend to prefer to engage with them in the 
decision-making process than with industry and the government (Eurobarometer, 2011; Terwel et al., 
2011). Local research projects tend to face the least opposition from local stakeholders and are thus 
more likely to be successfully implemented than projects run by foreign energy companies, which 
commonly face strong opposition and cancellation (Oltra et al., 2012). Nonetheless, when trust in 
industry and government is high in a particular context, attitudes towards CCS appear to be more 
positive (Oltra et al., 2010). 

Contrasting visons of CCS EPE programmes 
Approaches to Education and Public Engagement (EPE) can profoundly influence community 
perceptions of CCS (Brunsting et al., 2013; Buhr & Wibeck, 2014; Dütschke, 2011; Oltra et al., 2012). 

(i) Top-down, focus on information provision 
Outcomes of one-way assessments and planning usually define community benefit packages that 
provide payments to compensate local communities affected by CCS (Bonham et al., 2014). The 
assumption by policymakers is that the provision of community benefits based on financial incentives 
will aid in promoting social acceptance for CCS (Cowell, 2010; Cowell et al., 2012). However, Bell et al. 
(2005) explain that the financial incentive strategy can result in the alienation of people if they feel that 
they have not been offered what they consider to be fair. Moreover, Wolsink (1994) describes this 
strategy as dangerous since payments can be seen as a bribe, especially when offered at a stage when 
there are already disagreements between developers and communities. This can be particularly 
problematic if incentives are targeted to ‘economically vulnerable and politically weak communities’ 
(Luloff, Albrecht & Bourke, 1998: 864). Thus, it is unclear whether financial incentives are an effective 
way to increase local support in settings in which bribery and corruption are prominent practices. This 
suggests that local communities’ acceptance is more effectively secured through ‘procedural fairness, 
as opposed to material (or outcome) fairness’ (Walker et al., 2017). As seen in the previous section, 
often the public does not trust politicians, developers or experts (Breukers & Wolsink, 2003; Healey, 
1996), and as such, information is frequently seen as ‘suspect’ in a climate of mistrust. Meaningful 
participatory processes have thus become a means of building trust for greater community engagement 
and acceptance. 

(ii) Participative approach 
Participation as a right and an approach for community development can be further applied as a form 
of awareness-raising, consultation and/or empowerment (Arnstein, 1969). Raising awareness, although 
it can help improve understanding on particular issues, can also be a minimal form of community 
engagement when conducted on its own. Accordingly, consultation requires a two-way flow of 
information as it encourages the public to voice their views and interests to inform decisions. Yet, it 
does not necessarily address the public’s concerns in practice nor in planning strategies (Bell et al., 2005; 
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INVOLVE, 2004). Thus, it is widely recognised that consultation works best when it presupposes 
meaningful interactions, and participants’ perspectives are included in planning and operation decisions 
(Aitken et al., 2016). In contrast, empowerment, involves power and benefit-sharing among all 
stakeholders and the wider society. This approach can take the form of community-led engagement 
where community members determine objectives, define processes (Rowe & Frewer, 2005; Wilcox, 
1994), or chose partnership approaches (INVOLVE, 2004). 

However, is important to note that well-crafted participatory processes do not necessarily lead to 
greater rates of public acceptance and engagement. There is evidence that two-way community 
engagement can reduce social opposition, yet it cannot be seen as a way to secure project approval and 
execution (Aitken et al., 2016). Participation is not enough to fully address the political implications, 
power inequalities between groups, and heterogeneity of stakeholders – i.e., who speaks for the public 
and how? (Fournis & Fortin, 2017; Haggett, 2010). Moreover, participation power is rarely completely 
devolved onto the ‘community’; nor do ‘communities’ always want it (Cornwall & Jewkes, 1995). 

In this report a number of examples of Education and Public Engagement from around the world were 
identified through a literature search combined with recommendations from the consortium members 
and their networks. The case studies were characterised through a desk study supplemented and 
complemented by interviews with key informants using video chat technology. The methods used for 
EPE in each of the cases was identified, key challenges faced by such programmes identified. Finally, 
examples of best practice from the case studies were identified. Based on the lessons learned from the 
case studies, and EPE experiences reported in the literature a number of recommendations for CCS 
developers have been forwarded, these include: 

- Engage with communities early to open channels of communication and build trust. 

- Hire liaison staff who either already have good relations with local communities, or who have 
the skills to develop trusting relationships with communities. 

- Complement official formal communication with informal, indirect communications to ensure 
effective outreach and build a ‘chain of trust’ with communities. 

- Build trust through early, open, and responsive communication with communities. 

- Supply the public with high quality information, tailored to their specificities. 

- Frame CCS within a larger climate change mitigation context. 

- Ensure discussions remain respectful, especially when opposition arises. 

- Enable social stakeholders to contribute (in a meaningful manner) to decision-making process. 

- Be open and honest about motivations for CCS project. 

- Don’t reply on previous experience of communities; remember past performance is no 
guarantee of future results. 
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3 Developing and trialling EPE in Cork context 
Dunphy, Niall P., Velasco-Herrejón, Paola & Lennon, Breffní (2022). Social Acceptability Framework. 
Report on development and trialling of EPE Programme (D4.2). A research output of the REALISE H2020 
project (grant agreement no. 884266).  https://doi.org/10.5281/zenodo.10022012 

Extract from project ‘Description of Action’  

‘Building on the developed knowledge from the previous task in consultation with community 
stakeholders in the Cork case study an EPE programme will be designed – by UCC, Ervia and UEDIN. This 
programme will be informed by just transition concepts and leverage the experiences of the case studies 
in the critical review. The approach will take an intersectional approach, considering the socio-
demographic specificities of the relevant communities, including for example: gender; economic 
privilege; and life stage. During the design of the programme, key elements will be trialled in local 
communities by Ervia and UCC to evaluate effectiveness, to identify areas of potential improvement, and 
to ascertain transferability of the programme. As a means of measuring the programme’s success, key 
performance indicators (KPIs) will be developed for each of three dimensions of justice, namely: 
distributive, procedural, and recognition justice.’ 

Abstract 
This deliverable builds upon work undertaken from D4.1. Critical review of EPE initiatives as well as other 
research projects to develop and trial a framework for developing an Education and Public Engagement 
programme for carbon capture and storage in the context of the Cork case study area. A methodological 
approach is detailed for the creation of EPE programmes informed by just transition illustrating a variety 
of EPE activities that are typically employed as part of consultative, collaborative and co-creative public 
engagement processes. Examples of good EPE practice of Irish organisations are explored. Informed by 
this review a framework for EPE was developed for the Cork case study area – including the creation 
and curation of content meeting the needs of the target audience. Key elements of this framework were 
trialled in local communities to evaluate its effectiveness, identify areas of potential improvement and 
ascertain its transferability. Finally, to aid in the measurement of such a programme’s success, key 
performance indicators (KPIs) are presented for each of the three dimensions of justice – distributive, 
procedural, and recognition justice. 

Methodology 
As the objective of this deliverable is to create an Education and Public Engagement Programme (EPE), 
which will be constituted by a generalised structure that delineates the primary components that should 
be considered in constructing the final product, the data which was gathered and analysed was the 
bodies of literature which could inform the selection of these primary components as well as the input 
of community members of the Cork Case Study. Therefore, this deliverable was composed by a mixed 
methods approach that combined a literature review and semi-structured interviews. 

The approach undertaken for the literature review was adopted from the work of Smith et al. (2021) in 
which we undertook a comparable study on key concepts of EPE programmes associated with wave 
energy. The method of gathering and analysing the secondary data is best described as an integrative 
literature review. This “is a form of research that reviews, critiques, and synthesizes representative 
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literature on a topic in an integrated way such that new frameworks and perspectives on a topic are 
generated” (Torraco 2005:356). 

Literature review 
This search was both systematic and dynamic. Systematically, the approach was to use similar search 
expressions in multiple databases available such as Elsevier Scopus, Google Scholar and UCC library 
OneSearch and set the search parameters to relevancy, citations, and date in that order (Table 1). 
Dynamically, both a forward and reverse snowballing approach was used for references found in the 
bibliographies of multiple publications, examining both original sources and linked articles to. 

Table 1 Search term examples and databases 

Examples of search terms used Databases searched 
Education AND public sphere 
Conceptions of publics 
The public of public pedagogy 
Typologies of public engagement 
Social movement AND public pedagogy 
Importance of place in social representations 
Learning out of school 
Deliberative democracy AND engagement 
Ethics of social intervention 
Rationality and emotion in public engagement 

Web of Science 
Science Direct 
Safe Journal JSTORS 
ProQuest 
Cambridge core 
Wiley online Library 
Taylor & Francis eBooks and eJournals 
Scopus 
SocINDEX 
OneSearch (university search energy for books 
and journal articles 

 
Semi-structured interviews 
To complement the literature review and enable an in-depth investigation into attitudes towards CCS 
and perspectives on EPE programmes in the Cork Case Study, key informants were engaged through 
semi-structured interviews. The aim of semi-structured interviews is to gain an appreciation of the 
perspective of interviewees about a focal matter. Dunphy et al., (2021) note the importance of allowing 
sufficient time and scope in the engagement such the interviewees to give their point of view and to tell 
’their story’. The semi-structured interviews were carried out using pre-formed, concise, easily 
understood, open-ended questions – the informants were invited to talk about their own community, 
the way they acquire trusted information, their knowledge of climate change, experience of 
consultation and public engagement programmes, and perceptions of CCS. Prompts were used to guide 
the conversation. The interviews were held in person and were recorded with the permission of the 
participants. To encourage interviewees to respond openly and freely, participant anonymity and 
confidentiality were guaranteed, and all responses were anonymised during the coding process. 

Table 2 Interview participants 

Code Position/Profession 
A1 Employee of a local business <50 years old (female) 
A2 Employee of a local business <50 years old (female) 
A3 Homemaker <50 years old (female) 
A4 Retiree >50 years old (female) 
A5 Social worker >50 years old (male) 
A6 Beekeeper >50 years old (male) 
A7 Academic researcher <50 years old (male) 



Deliverable D4.6 

@realise-ccus   |   www.realiseccus.eu   |   Page 17 

Data analysis and interpretation 
All interviews were manually transcribed. Following this initial stage, the text was carefully analysed to 
capture key information to identify themes according to the dimensions proposed for the EPE 
programme. Emerging information was cross-referenced and linked to that from the literature review, 
and in so doing resolving inconsistencies filling some knowledge gaps and identifying others. The 
relatively small dataset made it possible to code the text by hand and significantly reduced the iterative 
analysis and interpretation process. In each case, the researcher who interviewed the respondent also 
analysed the notes. 

Key elements of the developed education and public engagement were trialled to evaluate 
effectiveness, to identify areas of potential improvement, and to ascertain transferability of the 
programme. As outlined in the deliverable, the trials in both local communities and amongst 
practitioners took the form of face-to-face interviews, outreach event, world café, lecture & discussion, 
conference engagement. 

Key Results 
 

 
 
Figure 1 The EPE framework conceptualised (After Smith )  

In previous work, we described three broad types of public engagement – consultation, collaboration 
and co-creation illustrated in Figure 1 below (Smith et al., 2021) – that parallel Sherry Arnstein’s famous 
ladder of participation (1969). However, we do not assume a hierarchical structure to these levels of 
participation. Rather than labelling consultation as inferior and co-creation as ‘the best’, it could be 
argued that different levels and types of public participation are appropriate for different situations and 
publics. In the following sections, we consider each of these three EPE framework types and describes 
examples of activities typically utilised for each. 

Consultation 
Of the three types, consultation represents the least active form of engagement; despite this fact, 
participation still takes place, though it remains a top-down process, usually operating as a vehicle for 

•Passive Public
•Educa�on through the Deficit Model/one-wayConsulta�on

•Par�cipatory Public
•Educa�on through Delibera�ve Democracy/two-wayCollabora�on

•Empowered Public
•Educaca�on through embracing Equity, Poli�cal Cri�que, 
and Communica�ng Representa�ons of Place/mul�-
direc�onal

Co-Crea�on
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information distribution. Other times the consultation process may offer opportunities for public 
contributions on the stipulations necessary to gain public support for the project or intervention 
(Haggett, 2011). In consultative engagement, the public is frequently offered a single choice i.e., to get 
with the programme (e.g., accepting a project if that is what is proposed). The consultation tier 
frequently carries negative connotations, though this is not always justified. Not every project or activity 
must be debated endlessly before every citizen; at the same time, the public must be provided with 
information on current topics of important (e.g., the recent vaccination roll-out for COVID-19 is a good 
example). Even when considering from an equity and justice stance, there are many instances where 
this top-down, (mostly) one-way communication may be all that is required (Reed et al., 2018). 

Collaboration 
Collaboration activities represent an increase in public participation, whereby the flow of information 
shifts from unidirectional (from organisers to participants, as typified in consultation activities) towards 
a more collaborative process which incorporates the values, concerns, and knowledge of the public into 
a consensus-building, decision-making process (Harris, 2002). A more limited view of collaboration 
involves the unidirectional flow of information from the public to organisers; despite the lack of two-
way dialogue, this scenario still allows for the incorporation of the public’s views into the decision-
making process. The activities discussed below begin with examples of this more minimal type of 
collaboration, and end with activities which centre around a dialogue and exchange of ideas. This type 
of engagement is symbolic of the public pedagogical theme of deliberative democracy, in which 
decision-making revolves around reasoned debate, rather than just voting (Chambers, 2003). 

Co-Creation 
Change is the central focus of co-creative engagement, which seeks to bring about progress and change 
through a partnership between government/academic/corporate representatives and the public. The 
process remains deliberative, though the public – through representatives within the organisations 
voicing their interests – hold greater influence over the direction of the intervention and decision-
making process (MacKenzie & Warren, 2012). This type of engagement “constructively advances an 
argument that has been building in the participation literature amongst practitioners for some time 
about the need for governing institutions to more carefully listen to and be responsive to public voices 
rather than ritualistically carrying out invited public engagement processes as an end in themselves” 
(Pallett et al., 2019, p. 609). As Engels et al. (2019) describe “test beds and living labs represent an 
experimental, co-creative approach to innovation policy that aims to test, demonstrate and advance new 
sociotechnical arrangements and associated modes of governance in a model environment under real-
world conditions”. Co-creation activities whereby members of the public are trained to take on 
leadership roles within their community as part of the proposed policy or project represent the height 
of public participation within EPE programme activities involving an initiating organisation. 

Engagement methods 
The authors offer a range of methods for education and public engagement in the deliverable. These 
are described in Table 3 below, outlining the characteristics for each method. Each method is also given 
a short summary with appropriate references to direct the reader to further reading on each.  
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Table 3 Characteristics of engagement methods (adopted from O’Connor et al., 2016 and Rowe & Frewer 2005) 

Method Depth of 

participation  

Inclusivity  Cost Demand on 

participants 

Brainstorming 
session 

Consultation 

Collaboration 

Co-creation 

Limited Minimal Low 

Citizen panels Consultation Low Low Significant 

Citizens Jury Collaboration  Moderate Moderate-Significant Significant 

Consensus 
conference 

Consultation 

Collaboration 

 

Moderate Moderate Significant 

Design Charrette Collaboration  

Co-creation 

Variable Moderate Significant 

Design games Collaboration  

Co-creation 

High Low Moderate 

E-panel Consultation Variable Moderate-Significant Low 

Focus group Collaboration  

Co-creation 

Variable Low Moderate 

Hackathon Collaboration  

Co-creation  

Limited Moderate Moderate-Significant  

Interviews Consultation Limited Moderate-Significant Low-Moderate 

Online forum  Consultation 

Collaboration  

Moderate Low Minimal 

Open day Consultation High Moderate-Significant Low 

Opinion poll Consultation High  Minimal 

Participant 
observation 

Consultation Limited Moderate-Significant Moderate 

Public meeting Consultation  High Minimal Low 

Public talks / Public 
lecture 

Consultation High Low-moderate Low-moderate 

Social media Consultation 

Collaboration  

High Minimal Minimal 

Surveys Consultation high Low-Moderate Minimal 

Visioning exercises Collaborative High Low Low 

Website Consultation High Low Low 

Workshop Collaboration  

Co-creation 

Variable Low Moderate 
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REALISE EPE Programme 
The public has often been cited as a “barrier” to Carbon Capture and Storage (CCS) deployment, because 
decisions on whether projects move forward often depend on the local community’s acceptance (or at 
least their passive acquiescence). In July 2008, the G8 set a goal of launching 20 CCS demonstration 
projects globally by 2010, with wide-scale deployment in 2020 (WRI 2010). Nonetheless, this goal has 
not been met mainly due to local opposition, which has often been cited as one of the reasons for 
project delays and cancellations (Slavin & Jha 2009). Deliverable 4.1 showed that CCS will not be widely 
deployed at the pace needed without local community support. Not all proposed CCS projects will move 
forward, and many will be opposed by local communities for different valid reasons. Thus, realising the 
public-good potential of CCS-generated climate mitigation will require establishing trusting, respectful, 
and stable relationships among project developers, regulators, and local communities. 

Community engagement can be defined as the process through which a project developer or/and a 
regulator builds and maintains constructive relationships with communities, involving them in a timely 
and transparent way over the life of a project (Herbertson et al. 2009). This process is often initiated by 
either the developers and/or regulators. Although it is possible for communities to take the initiative to 
host CCS projects and contact developers, project developers have been, in most cases, the ones that 
lead the characterisation of potential sites, selecting project locations and determining which 
communities are eventually engaged. 

EPE Stakeholder Identification and Analysis 
Once the main stakeholders have been identified, following the guideline of section 4.1.3 of the 
deliverable, stakeholders were placed according to how much influence and interest they have in the 
project (Figure 2). This map assisted in identifying the greatest and least efforts that are likely to be 
required for the communication strategy. Stakeholders in the greatest effort group who might have 
little or no interest in the CCS project but that can have a large potential to influence a CCS project such 
as local businesses, the community centre, inhabitants of the Cork Harbour Area and the town councils, 
will require a proactive engagement plan. Education will be the key strategy for this group and 
communication activities will need to be focused on the technology and the benefits of the project. By 
informing these groups with effective and credible information early in the process, the project 
developers can start building trust and relationships with their members. 

In the highest commitment group are stakeholders that have an important influence in the community 
and that also could have a potential interest in the development of a CCS project. Examples of these are 
citizen groups that have an environmental commitment such as Tidy Towns and Cobh Zero Waste. These 
stakeholders would require a less proactive engagement that the former quadrant but still can be used 
as a resource for the communication activities that will take place with other stakeholders.  

Stakeholders that fall into the category of the least effort are actors that do not have as much influence 
in the CCS project and also might have low interest in it. These can include potential opponents to the 
project that do not live in the Cork Harbour Area. It might be difficult to shift strong views and therefore 
communication with these groups will be monitored but not proactive. Stakeholders are to be actively 
engaged only if misinformation is being disseminated. 

In the last quadrant are stakeholders that could have a potential influence in the CCS project but that 
do not have a high influence in its development. Groups can include the Cork Country Council, Sport 
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Clubs, the Education Sector, the Church and neighbouring communities in Cork County. Stakeholders in 
this group generally need to be kept informed but are least likely to be interested in being engaged. 
However, it’s important to note that stakeholders can change quickly and therefore need to be 
monitored to make sure that these groups do not require a more active engagement. 

 
Figure 2 Stakeholder map for the Cork Harbour Area 

Justice Key Performance Indicators (KPIs) 
The mass deployment of strategic infrastructure associated with decarbonisation, including carbon 
capture and storage, is dependent on substantial societal buy-in. There needs to be acceptance at 
different levels – the general public needs to be supportive of, or at least neutral towards, the 
technologies involved, while prospective host communities need to accept the specific proposals for 
deployment of these technologies in their midst (Dunphy et al., 2022). However, such buy-in has not 
always been evident, as evidenced by the public opposition to many projects, which is seen as an 
impediment to the ongoing transition (Enevoldsen & Sovacool, 2016). Feelings of unfairness are often 
key to understanding opposition to the development of infrastructure and the deployment of often 
novel technologies. Indeed, fairness can almost be said to be a prerequisite for a successful 
decarbonisation (Dunphy et al., 2023).  

Drawing from the just transition (see e.g., Newell & Mulvaney 2013) and energy justice literature (see 
e.g., McCauley & Heffron 2017), fairness or justice in this respect can be seen as having three principal 
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dimensions. The first, recognition justice is concerned with the appropriate identification and 
acknowledgement of stakeholders, ensuring social groups do not feel marginalised (see McCauley et al. 
2013); the second, procedural justice is focused on decision making, ensuring inclusive, fair and 
transparent decision-making processes (see e.g., Sovacool & Dworkin 2015); while the third, distributive 
justice: considers the fairness of how benefits and ills arising from projects are allocated (see e.g., Lee 
& Byrne 2019). For some communities impacted by existing or previous projects, restorative justice is 
also important in attempting to address past and ongoing harm caused by past decisions (see e.g., 
Heffron & McCauley 2017). 

Recognition justice: Discussions of social justice tend to focus on two primary dimensions, namely: who 
wins and who loses (distributive justice) and claims of unfairness in the process (procedural justice). 
However, perhaps a more fundamental element of justice is recognition, which can be expressed as 
cultural domination, non-recognition, disrespect. Velasco-Herrejón et al. (2022, p. 25) for instance note 
that “while theories of distributive justice offer models and procedures by which distribution may be 
improved, these do not examine the social, cultural, symbolic and institutional conditions underlying 
unfair distributions and processes in the first place”. In the context of implementing an education and 
public engagement programme (around CCS and related projects), the following key performance 
indicators are suggested. 

1. Comprehensive: There is general agreement that stakeholders have been identified. There are 
no legitimate complaints regarding exclusion and there is no social mobilisation around access 
to EPE process). 

2. Recognition: An appropriate process (e.g., social survey) is undertaken at the commencement 
of the EPE programmes to develop an understanding of socio-cultural specificities of the 
community. Reports on stakeholder recognition to be made public within one week. 

3. Inclusive: All stakeholders identified in #2 above, who wish to be involved, are engaged through 
the EPE programme. 

Procedural justice: People’s perceptions of fairness are strongly shaped by which decisions are made, 
who is involved and who has influence (Walker, 2012). Unjust procedures and structures can lead to the 
dominance of one group resulting in (perceived) injustice. Power dynamics are central to understanding 
the process of side-lining and exclusion. It is important that an EPE programme is itself implemented 
fairly but also that it supports procedural justice in the proposed developmental project. In the context, 
the following key performance indicators are suggested. 

1. Responsive: 95% of complaints about EPE process addressed within two weeks, 100% within 
one month; Complaints process available to all stakeholders. 

2. Ethical: 100% of engagements to reflect informed consent processes. 

3. Transparent: Report on 90% of engagements published within two weeks, 100% with one 
month. Reports on stakeholder feedback on decision-making process prepared for developers 
to be made public within one week. 

Distributional justice: The fundamental division with a lot of infrastructure projects, is that while 
developers and other economic stakeholders will likely gain substantially, there is often little if any net 
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gain for local communities (notwithstanding so-called community benefit schemes). Perceived fairness 
in the allocation of benefits and ills associated with a project is an important component in its 
acceptability to local populations. In the context of an EPE programme the following KPIs are suggested. 

1. Receptive: Mechanism for community stakeholders to provide feedback on distributional 
justice aspects of proposed project to be put in place within first two weeks of EPE programme. 

2. Transparent: Reports on stakeholder feedback on distributional justice process prepared for 
developers to be made public within two weeks. 

Restorative justice: Healy et al. (2019) note that this dimension of justice concerns “… a process for 
resolving crime (or injustices) by focusing on redressing harm done to victims, holding offenders 
accountable, engaging communities in conflict resolution and reducing future harm through crime 
prevention.” In the context of an education and public engagement programme, the focus is on ensuring 
that information on past (perceived) injustices in fed into the decision-making processes in a open and 
transparent manner.  

1. Informed: Report on identification of historic decisions that impacted negatively on community 
to be completed within first month of EPE programme. Report to be made public within one 
week. 

2. Transparent: Proposal for addressing any identified negatively impacting decisions to be made 
public within the second month of EPE programme. 

The work reported in this deliverable built on the knowledge developed within Task 4.1 critical review 
of EPE initiatives; it outlines how one would develop an effective EPE programme that addresses the 
needs of multiple stakeholders with differing degrees of agency and connection to the a prospective 
development. In consultation with community stakeholders in the Cork case study, the work took an 
intersectional approach, considering the socio-demographic specificities of the relevant communities, 
including gender; economic privilege; and life stage.  

The report first outlined a methodological approach for the creation of EPE programmes informed by 
just transition illustrating a variety of EPE activities that are typically employed as part of consultative, 
collaborative and co-creative public engagement processes. Then, education and public engagement 
processes frequently adopted by organisations in Ireland were explored in some detail, to finally 
propose an EPE for REALISE. Key elements of this framework were trialled in local communities to 
evaluate its effectiveness, identify areas of potential improvement and ascertain its transferability. 
Finally, to aid in the measurement of such a programme’s success, key performance indicators (KPIs) 
were presented for each of the three dimensions of justice (distributive, procedural, and recognition 
justice).   
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4 Socio-political considerations 
Loughrey, Matthew; Gillespie, Angus; Havercroft, Ian; Pinto, Errol; Raji, Nabeela; Consoli, Chris; & 
Rassool, Dominic (2022). Analysis of socio-political considerations of CCS (D4.3). A research output of 
the REALISE H2020 project (grant agreement no. 884266). 

Extract from project ‘Description of Action’  

‘This task will use the social science expertise of UCC and the CCS expertise of SINTEF and TNO to explore 
the socio-political lessons learned from global CCS projects, the conditions and policies that have enabled 
successful deployment and their implications for CCS at EU refineries such as the Whitegate refinery in 
Ireland. Utilising the consortium’s extensive contacts in the CCS domain and global reach, refinery 
projects/facilities from around the world will be engaged to identify international best practices. This will 
comprise identifying and analysing the socio-political lessons from failed CCS projects internationally; 
characterising key enablers of operational CCS facilities worldwide; and identifying prerequisites for 
successful deployment. Key to realising this understanding is addressing socio-political risks associated. 
An international stakeholder workshop will be held focusing on the identification of key socio-political 
project risk, evaluation of risk mitigation strategies and exploring the financing implications of these 
risks. An extensive review of policy and regulatory framework will be undertaken at the EU and member 
state level exploring e.g., current EU provisions; recommendations for capture of CO2 at refineries 
(including financial support mechanisms, regulation); Wider transport and storage policy considerations 
(including access to infrastructure; London Protocol; storage liability etc.). For each case study, the CCS 
readiness index (CCS-RI) will be determined. The CCS-RI is defined by GCCSI and monitors the progress of 
CCS development on a country level. The index of studied countries is part of the CO2RE database, 
developed and maintained by GCCSI. The methodology will be adapted in REALISE for determining the 
index each CCUS business case. REALISE will clearly indicate policy, law and regulation, and storage 
resource development barriers, and propose ways how to address those.’ 

Abstract 
As part of the REALISE project, this section examines how socio-political risks have been managed, 
successfully or otherwise, in previous CCS projects. The learnings from this review will be used as an 
important input to producing a practical risk assessment framework for socio-political issues in CCS 
projects. Socio-political risks are considered at the broadest level, covering the three dimensions of the 
“triangle of social acceptance” – society in general, the market and the local community. The CCS 
industry is relatively small, but there are already several examples of socio-political risks having caused 
problems during development. Over the past ten years, there have been at least 87 recorded cases of 
CCS projects that were abandoned at some point between their design and construction phases. Socio-
political risks played at least a contributory role in around 5% of those abandonment decisions. Potential 
stakeholder management learnings and best practices were reviewed in case studies of five CCS 
projects. These projects’ experiences were explored through a brief summary of the project details and 
main learnings as well as common graphics to illustrate the impact of socio-political events and decisions 
on the project’s prospects. 

Socio-political risk management can be viewed as a deliverable or as a process. Rather than simply make 
a binary choice between the two, socio-political issues should be managed with the same respect as 
technical and operational CCS project risks. The growing range and richness of templates and checklists 
available to guide stakeholder management in CCS projects should be treated as prompts for best 
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practices and not to short-circuit efforts. The more applied the risk identification work, the easier it 
should be to develop mitigation efforts. Over-reliance on checklists can encourage simple mechanical 
assessments. 

Methodology 
The key objective of this deliverable is to examine how socio-political risks have been managed, 
successfully or otherwise, in previous CCS projects. The learnings from this review will be used as an 
important input to producing a practical risk assessment framework for socio-political issues in CCS 
projects. The work is based on an initial literature review to produce a practical understanding and 
definition of socio-political risks. With that guidance on scope, the relevant issues are considered for 
CCS projects, firstly based on general principles and then, with the help of several project case studies, 
using common applied themes and insights. The report concludes with a discussion of the main 
learnings and recommendations for managing socio-political risks for future CCS projects. 

The Global CCS Institute offers a unique insight into how socio-political risks have been managed in both 
failed and successful CCS projects over the past ten years and draws from the Global CCS Institute 
publication by Ashworth et al., (2011) designed to help CCS project managers in effectively deal with 
such issues. Five CCS projects were used as case studies for this report, each with different perspectives 
on managing socio-political risks that ultimately caused the cancellation of three of them. These are: 

- Barendrect, The Netherlands – cancelled in 2010. 

- White Rose and Peterhead, UK – cancelled in 2015. 

- Zerogen, Australia – cancelled in 2010. 

- Tomakomai, Japan – successfully completed in 2019. 

 
Key Results 
The report develops an indicator of the readiness of refineries for the application of CCS and applies it 
across European refineries. 

Management of Socio-Political Risk 
The CCS industry is relatively small, but several examples of socio-political risks have already caused 
problems during development. Over the past ten years, at least 87 recorded cases of CCS projects were 
abandoned at some point between their design and construction phases. Socio-political risks played at 
least a contributory role in around 5% of those abandonment decisions. A clear lesson from previous 
experience is that socio-political risks should be managed with the same rigour as all other significant 
risks and this management should commence at the conception of the project. This will involve including 
socio-political risks in the project's risk management framework and the availability of deep community 
engagement, social science, and external engagement expertise. Failure to do so is a failure to manage 
a risk that can, and has, caused the complete failure of projects, even where they were sound from a 
commercial or engineering perspective. 

Policy & Regulatory Frameworks 
The successful deployment of CCS at refineries is contingent upon the presence of enabling policies that 
are designed to overcome broader CCS market failures. These market failures are not specific to CCS 
within any particular industry or sector, including refineries, so it follows that enabling policies will 
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support refineries by default. Importantly, however, policies must place a sufficient value on CO2 
captured to ensure there is a business case for investing in CCS at refineries. From the point of view of 
CCS investments, enabling policies must deliver the following:  

- Place a sufficient value on captured CO2 to overcome revenue risk. Applying CCS to any 
industrial facility incurs significant additional capital and operating costs. Unless there is a 
financial return from CCS to the project owner, the investment will not be made. 

- Overcome the cross-chain risk. CCS projects that have a single source connected to a single 
storage facility pose an important risk to investors because the unavailability of either 
component can cripple the entire value chain. This can lead to significant loss of revenue, 
making investment in such projects high-risk. 

- Manage long-term storage liability. While the risk of leakage during the operation or post-
closure phase of a CCS facility is diminishingly small, it is not zero. Although a private investor 
may manage this risk while a CCS facility is operating, it will be impossible for businesses to bear 
this risk for an indefinite period beyond post-closure. 

- There are well-established policies and mechanisms that have been implemented that have 
enabled investment in commercial CCS projects. They include carbon pricing, or payment for 
each tonne of CO2 stored, capital grants or other forms of government support or risk sharing 
for essential CO2 transport infrastructure, and legislated mechanisms for the transfer of some 
forms of liability for stored CO2 from the operator to the state once certain criteria are met. 
These are all broadly applicable to CCS at refineries. 

Law and regulation similarly play a crucial role in supporting the deployment of CCS projects. The 
development of CCS-specific legal and regulatory frameworks, as well as the removal of legal barriers to 
the technology, will be critical to ensuring more widespread deployment. CCS-specific regulatory 
frameworks will enable the development of CCS applications across a wider variety of technologies and 
locations, including projects linked to refineries. 

Finance 
The availability of affordable finance for CCS is critical. Debt financing from commercial banks for CCS is 
currently difficult due to the immaturity of the CCS industry compared to other industries for which 
banks have a long history of lending. There are a range of green bonds, sustainable bonds/social bonds 
that are a potential financing option for CCS at refineries, subject to an assessment, on a case-by-case 
basis, as to whether the CCS project complies with eligibility requirements of the particular bond. 
National import export credit agencies can also provide debt finance, loans, lines of credit or bonds as 
well as insurance and guarantees to support CCS projects, in support of national companies seeking to 
export goods or services.  

Refinery Readiness Indicator 
The suitability or readiness of a refinery to have CCS retrofitted to the plant depends on many factors. 
A Refinery Readiness Indicator was developed and applied to European refineries. It is a benchmarking 
tool that provides an indication of how close a refinery is to being “CCS Ready” compared to other 
refineries. The Indicator uses seven criteria, each with an appropriate weighting, to calculate the 
Refinery Readiness Indicator Score for each refinery. 
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1. Policy and Regulation. 
2. CO2 partial pressure and total CO2 emissions. 
3. Distance to geological storage resource and transport mode (ship and/or pipeline). 
4. Regulations for transport of CO2, both domestic and transboundary. 
5. Potential to form a CCS hub, considering other nearby CO2 sources. 
6. Location Cost Factor. 
7. Presence of other active CCS projects in the host country. 

Overall, the highest-scoring refineries are large (>2Mtpa CO2), adjacent to suitable storage and in a 
country with an enabling environment for CCS. The following high-level messages are clear: 

- Strong policy and regulatory frameworks create an enabling environment for CCS deployment. 
- The larger refineries (>2Mpta CO2) are the highest-scoring, offering the lowest costs per tonne 

of CO2. 
- Access to adjacent and viable storage formations promotes the highest score; however, longer 

distances to better storage also improve the overall result. 

The five highest scoring refineries were: 

1. Shell Nederland, The Netherlands. 
2. BP Scholven, Germany. 
3. PCK Schwedt, Germany. 
4. PKN Orlen, Poland. 
5. ENI Taranto, Italy. 

CO2 Capture Technologies for Refineries 
Refineries are complex industrial plants with small, lesser complex plants still having many varied CO2 
emission sources. There are three major sources of CO2 in refineries; process heaters and boilers, FCCs 
and power generation (utilities). Although hydrogen production only accounts for approximately 2% of 
refinery emissions, the flue gas that is produced has a significantly higher CO2 concentration than other 
sources in a refinery (15 – 99%).  

There is a range of technologies available to capture CO2 from these sources. Post-combustion carbon 
capture covers a range of specific technologies that fall into the category’s liquid solvents, solid 
adsorbents and membranes. Pre-combustion carbon capture refers to removing CO2 from hydrocarbon 
fuels before combustion, typically through the generation of hydrogen as the fuel for combustion. Oxy-
fuel combustion is the third method for carbon capture. The nitrogen that is approximately 80% of the 
air commonly used for combustion serves to dilute flue gas CO2 content to less than about 15% for 
process heaters, boilers and other thermal heat recovery systems. Post-combustion capture processes 
are designed to separate the relatively dilute CO2 from the bulk flue gas nitrogen. In oxy-combustion 
processes, the bulk nitrogen is removed from the air before combustion in an Air Separation Unit (ASU). 
The fuel is burned with a mixture of oxygen (from the ASU) and recycled flue gas to control the 
combustion temperature in the absence of nitrogen. The resulting combustion products will have CO2 
content of about 90% or greater. 

The selection of appropriate technologies for a given application should consider the typical partial 
pressure of CO2 in a point source, the volume (tonnage) of CO2 from that point source, and the relative 
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availability and cost of energy sources (heat and electrical). Within a refinery environment, it is essential 
that planning for staged deployment of capture projects is undertaken. Refineries have a range of point 
sources with varying costs and scales, and it is likely that these would be deployed in separate stages 
rather than as a single, integrated project. Given the economics in most plants, it is likely that larger-
scale capture projects would be deployed on the SMR and/or FCC units in stage one, then progressively 
working up the marginal abatement cost curve as resources are available. 

CO2 Transport and Storage 
CO2 can be transported through a combination of four modes. Listed alphabetically, they are pipelines, 
rail, road, and waterways. Of these modes of transportation, pipelines are the most versatile, used 
extensively worldwide to distribute and transport oil and gas. Using roads or rail to transport CO2 
requires additional capacity planning and potential debottlenecking since these modes are also used to 
transport people, freight, and other types of cargo. The transport of CO2 through waterways, especially 
international waterways, has unique requirements. Planning for staged deployment of capture projects 
at a refinery is essential, and transport design should be considered in unison to ensure the most 
suitable transport design and method selected. It is likely in Europe that a combination of transport 
methods will be applied for refinery, and other CO2 sources, to transport CO2 to a suitable storage 
location. 

The provisions of the London Protocol could influence projects where transporting CO2 through 
waterways is a requirement. Only eight countries (Contracting Parties) have ratified the agreement. 
However, a provisional application of the amendment to Article 6 of the London Protocol was agreed to 
in 2019 at the 14th Meeting of the Contracting Parties. Countries with plans to transport CO2 
internationally can proceed but have additional requirements to liaise with the International Maritime 
Organization. There are several business models relevant to the transport and storage of CO2. 
Government policy has a significant role in enabling the development of the necessary infrastructure, 
just as it did in other industries such as electricity and telecommunications, water distribution, 
renewable energy, road and rail. Examples of policies or business models applicable to CO2 transport 
and storage include the following: 

1. Regulated Asset Base (RAB): In this model while the asset is owned by the State, private 
companies manage and operate the infrastructure. However, investment decisions are 
managed by a regulatory body. The private company receives payments for services provided 
to customers while also receiving incentives (subsidies, tax benefits) from the government to 
ensure the continuity of operations. 

2. Public Private Partnership (PPP) or Private Finance Initiative (PFI): The government invites 
tenders for infrastructure projects. A consortium between a public-sector entity and private 
companies is set up as a separate company. This company carries out all stages of the project, 
from initiation, selection, and design, to execution and operation. Through a contract, it 
receives revenues for services provided to customers or receives performance-based payments 
from the public-sector entity for managing the infrastructure. 

3. Contract for Difference (CfD): Used in the power and utility sector, this structure is a financial 
contract awarded through an auction. The energy generator that wins the contract is 
guaranteed a revenue stream for the contract’s duration by providing a difference payment and 



Deliverable D4.6 

@realise-ccus   |   www.realiseccus.eu   |   Page 29 

providing long-term revenue certainty (Low Carbon Contracts Company, 2022) (Low Carbon 
Contracts Company, 2022) (Low Carbon Contracts Company, 2022). This guaranteed revenue 
stream can provide a basis for financing capital-intensive projects like CO2 transport and storage. 

4. Cost Plus: These financial contracts are used for capital-intensive projects. In this financial 
arrangement, project developers are paid for project expenses in addition to an additional 
payment for executing the contract (or a profit margin).  

5. Waste sector type contract: These contracts are like other contracts common in the waste 
management sector. Project developers are paid for the units of CO2 they can inject and store, 
or CO2 sold for EOR. 

6. Hybrid models/contracts: The models and contracts described above can be used in 
combination depending on the complexity of the project. 

For ease of reference, the applied learnings on socio-political risk management are presented below as 
a list of technical barriers, these are shown chronologically rather than necessarily in order of 
importance. 

1. Treat socio-political issues as would other risk elements: Full integration with prevailing systems 
to manage operational and commercial risks could be the simplest way to encourage 
thoroughness. That could help address the choice of “process vs. deliverable” as stakeholder 
management would follow common practices. Leading practice risk management systems will 
use some form of rating and subsequent Risk Assessment Matrix (RAM) to allocate 
accountability for prioritising and managing individual socio-political risks. 

 
1. If proven, use internal risk processes or those of main contractors: Similar to the previous point, 

adoption of stakeholder management will be helped when it is based on familiar existing 
company systems and processes. Again, integration and normalisation of socio-political risk 
management is the objective. If the organisation commissioning the CCS owner is inexperienced 
in major capital projects, it can instead consider using the risk management processes of the 
main Engineering, Procurement and Construction (EPC) contractor. 

 
2. Review best practices and use associated templates: It is becoming easier, because of both 

project numbers and open-sharing, to access key learnings from preceding CCS project 
developments. Stakeholder management is a separate component of those reviews. Several 
CCS organisations and previous best practice reports exist to facilitate valuable reviews and 
suggest replicable check-lists and templates. This report could be useful in that respect. 

 
3. Communicate importance of stakeholder management, externally and internally: Emphasising 

the role of managing socio-political risks signals its importance to both internal teams, managing 
the process, and external stakeholders, with whom a productive dialogue is needed. Integration 
with prevailing corporate processes reinforce the same message internally. More orthodox 
forms of communication might be merited to reach and assure external stakeholders. 

 
4. Follow a circular process of “analyse – diagnose – feedback – monitor”: The best risk 

management processes are based on iterative cycles; the same can be done for socio-political 
issues. Approaching the task in this way encourages more pragmatism in describing and 
actioning risks from its beginning. It also tends to help consider stakeholder management as on 
ongoing project process and not a one-off, more static report. 
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5. Always plan social analysis at or before the project start: Regardless of whether stakeholder 
management is approached as a process or deliverable, the value of a robust baseline analysis 
of the project’s key groups and socio-political issues is indisputable. That focused investigation 
could avert potentially disruptive blindsides. Also, more practically, it enhances the quality of 
monitoring work to detect and diagnose changes during the project’s development phases. 

 
6. Engage broadly during risk identification stage: Some leading examples of socio-political risk 

management have emerged from challenging corporate norms and beliefs at the earliest 
stages. In turn, that has been helped by actively including diverse interests to identify risks. 
Besides the final CCS operator, standard identification workshops and processes could extend 
to contractors, local authorities, previous CCS project developers, CCS organisations and 
academic experts. For a relatively small investment in diversity, unexpected insights (that can 
still be later discarded if not validated) could prove valuable in the ongoing stakeholder 
management process. 

 
7. Consider internalising key stakeholders: At least for the identified most critical external bodies, 

or people, including them in some form of supervisory board – with a genuine opportunity to 
influence the project’s direction, if not choices – could help build stronger working relationships. 

 
8. Describe pre-mitigation and residual risk status: Reflecting the best practice “bow tie” general 

risk management model that addresses both pre-event mitigation and post-event recovery, 
taking time to describe (and quantify) residual risks enhances the speed and effectiveness of 
recovery if the underlying event does occur. Describing residual risks also promotes a deeper, 
more practical understanding of issues. 

 
9. Formulate mitigation options in an operationally-friendly form: The main purpose of this is to 

ease the possible conversion to action and so make feedback loops more effective. Witnessing 
their concerns being addressed is the best route to building stakeholder trust and support. 
Another benefit is that producing an actionable mitigation narrative encourages internal 
consultation with operational teams and so a more robust outcome. 

 
10. Identify and contribute to contiguous socio-political risk management: The trend towards 

fragmentation of the CCS supply chain and emergence of separate, but interdependent, 
operators of CO2 capture and CO2 infrastructure could lead to the neglect of some cross-chain 
socio-political risks. A refinery CCS project could, for example, be threatened by stakeholder 
concerns with its CO2 storage issues, that are managed by a separate hub and cluster operator. 
While professional stakeholder management should encourage inclusivity (see 7 above), CCS 
developers should actively promote a more fully integrated supply-chain approach to socio-
political risk management. 

 
11. Consider sharing practices and findings with ESG community: New and strengthening sources 

of scrutiny of stakeholder management could come from the ESG sector. Evidence of best 
practices and/or achieving breakthrough solutions with stakeholders could be powerful 
testimonies for ESG investors. Proof of project actions to substantiate ESG-related targets is 
always sought by ESG advisors. Their inclusion in, for example, the narrative of a project 
sponsor’s Sustainability Report is a valuable validation of an organisation’s strategy. 

 
As part of the REALISE project, this report has reviewed and provided key insights in the following : 

- the management of socio-political risks in carbon capture and storage (CCS) projects 
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- policy and regulatory frameworks that enable or incentivise investment in CCS 

- financing options for CCS projects 

- CO2 capture technologies specifically relevant to refineries 

- barriers and policy considerations relevant to the transport and storage of CO2. 

The application of CCS to European refineries can reduce annual emissions of CO2 by many millions of 
tonnes. The successful execution of a CCS project requires a robust and effective risk management 
process that includes socio-political risk. Some early CCS projects failed as a direct consequence of 
ineffective management of socio-political risk. Incorporating lessons learnt from previous experience 
coupled with robust risk management processes is critical to ensuring projects proceed successfully. 

CCS is an immature industry that can materially contribute to a significant public good – a stable climate. 
Government has a critical role in establishing the policies and regulations to create a business case for 
private sector investment in this critical technology. There are several examples of policies and 
regulations that have successfully supported CCS investments around the world that are applicable to 
European refineries. There are no fundamental technical barriers to the retrofit of CCS to refineries. A 
range of CO2 capture technologies to suit the variety of gas streams created by refineries is commercially 
available. Large gas streams with higher concentrations of CO2, such as from hydrogen production, are 
lower cost and should be the first to benefit from CCS. Also, the transboundary movement of CO2 by 
ship must comply with the specific requirements of the London Protocol. Parties to the protocol wishing 
to import or export CO2 must advise the International Maritime Organisation that they will comply with 
those requirements. CO2 transport also requires infrastructure such as pipelines and port facilities. 
Government has a role in supporting the development of this infrastructure which is essential to 
meeting ambitious climate targets. 
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5 Industrial networking activities  
Viguier, Romain F.H (2023). Reports on Industrial networking activities (D4.4). A research output of the 
REALISE H2020 project (grant agreement no. 884266). 

Extract from project ‘Description of Action’  

‘A transnational Industry Club will be established as a means to develop an understanding of the 
industrial and commercial context of CCS. It will act as a forum to give voice to key actors interested in 
carbon capture and storage. The Industry Club will be an external body to the project and will acts as a 
forum which will provide expert knowledge, and economic insight to the project, while also serving as a 
means of disseminating information to these key players. This Industry Club, animated by UEDIN, and 
contributed to, and facilitated by, all partners, will comprise members from oil and gas, energy 
infrastructure, petrochemicals, and all companies and contractors active throughout the value chain 
(fuel, plastic, products, etc.) The Industry Club will: 

• contribute to plan the commercial deployment of capture technologies in refineries. 
• ensure the technology is acceptable for the industry and is technologically & economically viable. 
• contribute to the elaboration of a shared vision of CCS development in relevant regions. 
• support the elaboration of a Business Model for carbon capture in refineries. 
• attend regional stakeholder engagement events. 
• facilitate dissemination amongst industrial sector and advise on exploitation of project’s outputs, 
hence maximising the project’s impact.’ 

Abstract 
A transnational industry club was established to develop an understanding of the industrial and 
commercial context of CCS in the refinery sector. This club served as a forum, giving a voice to key actors 
involved in the refinery sector or operating in industry clusters associated to refinery plants. 

The Industry Club provided expert knowledge and economic insights to the project, along with a 
platform for knowledge sharing, dissemination, and dialogue. It consisted of members from various 
industries focused on innovative solutions to reduce emissions. 

This Industry Club, an external body to the project, not only provided expert knowledge and economic 
insights but also served as a means of disseminating information to target stakeholders. UEDIN 
animated the Industry Club, and it interacted with all project partners. The club comprised members 
from the Oil and Gas, energy infrastructure, petrochemicals, and other companies, contractors, or trade 
associations active throughout the value chain (fuel, plastics, products, etc.). 

The Industry Club had the following roles:  

• Contribution to planning the commercial deployment of Capture technologies in refineries.  

• Ensure the technology's acceptability for the industry and its technological and economic viability.  

• Contribute to the elaboration of a shared vision of CCS development in relevant regions.  

• Support the development of a Business Model for Carbon Capture in Refineries.  

• Attend stakeholder engagement events.  
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• Facilitate dissemination within the industrial sector and advised on the exploitation of the project's 
output, thus maximizing the project's impact. 

As the project comes to an end, members of the industry club are expected to contribute to further 
develop CCS technologies in refineries at a commercial level and actively work toward establishing an 
economic model for carbon capture in the industry. 

Methodology 
Members of the Industry Club were consulted throughout the project, on innovation development, 
business cases development and environmental policy. Industry Club members contributed to the 
project understanding of the industrial context of CCUS development. 

Key Results 
The economic context of developing CCUS technologies in the refinery sector is characterized by a 
number of environmental, economic and market factors. 

The most important factors are environmental regulations and emissions reduction targets.  The project 
focussed on developing business cases for Industrial CCUS in three sites in Ireland, China and South 
Korea and this work illustrates that refineries are under increasing pressure in many regions of the world 
to comply with stringent environmental regulations and ambitious carbon reduction targets. CCUS 
technologies offers a mean to help refineries meet industry emission reduction targets and avoid 
increasingly costly penalties and taxes.  

Public awareness and concern about climate change have grown significantly and stakeholders, 
including investors, but also customers, and local communities, are placing increasing pressure on 
refineries to reduce their environmental impact. The deployment of CCUS can help refineries 
demonstrate their commitment to environmental responsibility and sustainability, which is increasingly 
seen as a competitive advantage. 

The introduction of carbon pricing mechanisms, such as carbon taxes and emission trading schemes, is 
making carbon emissions more costly. In parallel governments and organisations in various countries 
are offering economic incentives, subsidies, and funding to help the development and deployment of 
innovative technologies to reduce emissions from industries. The implementation of CCUS technologies 
will help refineries reduce their carbon liabilities and manage operating costs more effectively.  

It's important to note that the deployment of CCUS technologies in the refinery sector requires a 
significant investment of capital, technology integration, and expertise. Refineries need to weigh the 
economic benefits against the costs, as well as consider the long-term viability and sustainability of CCUS 
solutions. The specific industrial situation can vary by region and the prevailing regulatory and market 
conditions. Given the increasing emphasis on carbon reduction and sustainability, the deployment of 
CCUS technologies in the refinery sector is likely to be driven by a combination of regulatory mandates, 
economic incentives, technological advancements, and a desire to meet stakeholder expectations. 

In summary, the economic context for developing CCUS technologies in the refinery sector is shaped by 
regulatory, environmental, and market pressures, as well as opportunities for revenue generation, cost 
reduction, and improved sustainability. As technology advances and the global focus on carbon 
reduction intensifies, these economic drivers are likely to become even more significant. 
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6 Public outreach activities  
Nakao, Andressa; Knuutila, Hanna; & Dunphy, Niall. (2023). Public Outreach activities and life-long 
learning (D4.5). A research output of the REALISE H2020 project (grant agreement no. 884266). 

Extract from project ‘Description of Action’  

‘REALISE will not only analyse the societal effect but actively contribute to increase societal readiness 
index estimated in Task 4.4 before and after the project end and to improve public acceptance by 
offering and performing outreach activities (led by NTNU but with the participation of all partners): 

• Information disclosure on demonstration activities, safety, risks and outcome through mini seminars 
(in conjunction with the project meetings) for local municipalities, employees at refineries and other 
local industry; 
• Dissemination to Young Generation, e.g., mini seminars for students, guest lectures, participation in 
Summer Schools;  
• Research based learning activities in all partner universities: The project will provide research 
challenges to different courses and will educate masters level students at all partner universities. As a 
concrete example, REALISE will contribute to an innovative course (Experts in Teamwork at NTNU) 
where interdisciplinary teams of students work on real-life challenges.’ 
 
Abstract 
Outreach activities (OA) are designed to help or encourage members of a specific community to better 
understand the benefits of the research results and development to engage with different sociality 
important topics. It is designed for a large audience and provides expertise and knowledge about a 
specific topic to the public (European Commission, undated). Further, outreach activities imply an 
interaction between researchers and the public with a commitment and a two-way communication 
(European Commission, undated). Examples of outreach activities used in REALISE are school 
presentations, workshops, public talks and lab visits. 

An outreach activity and communication are related but do not mean the same thing. The main 
difference between communication and outreach activity is the interaction between sender and 
receiver. Communication only goes in one direction. It does not require the feedback pathway. 

According to the European Commission (2001), life-long learning (LL) is defined as "all learning activity 
undertaken throughout life, to improve knowledge, skills and competences within a personal, civic, 
social and/or employment-related perspective". It is the process of learning in different contexts, which 
is not limited to childhood or a classroom but can take place in various situations. It involves life 
experiences as the learner seeks to gain knowledge for professional or personal reasons. This concept 
has gained greater importance with the development of new technologies that change how we receive 
and delivery information, share knowledge and communicate. 

A simple model for the development and implementation of OA and LL is shown in Figure 1 below. Using 
Karikari and Yawson’s (2017) model, the five steps are outlined as such: (i) initiation, (ii) development, 
(iii) implementation, (iv) evaluation, and (v) sharing. 
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Figure 3 Simple model for OA and LL implementation (Karikari and Yawson, 2017) 

 
This report outlines the REALISE work performed for Task 4.5, which relates to public outreach and 
life-long learning activities. Task 4.5 focused on actively contributing to improving public acceptance 
by offering and performing a range of outreach activities, including: 

- Organising mini-seminars for local municipalities, employees at refineries and other local 
industries related to REALISE demonstration campaigns,   

- Disseminating to the young generation by organising mini-seminars for students, giving guest 
participating in summer schools, and  

- Offering research-based learning activities in all partner universities. 

 
Methodology 
Using Karikari and Yawson’s (2017) model, described above, task leaders implemented a phased-based 
approach to the work. Firstly, target audiences were selected during the initiation stage, and their 
interests identified. At this stage, social expertise often approaches the potential audience to 
understand their social characteristics better and elaborate an appropriate EPE strategy. All outreach 
and life-long learning activities in REALISE have a specific target audience. People in a target audience 
typically share demographic similarities, location, or educational status. Another term often used is 
stakeholders, and there may be overlap in some instances between target stakeholders and target 
audience, but there are significant differences. Generally, a stakeholder is someone with an interest or 
concern in something, especially a business. Target audiences are people most likely to be interested in 
a product or service. 

In the next step, the outreach activity development starts. The selection of which key message, 
summarising the main points of information the target audience should hear, understand, and 
remember, are defined and disseminated to the selected audience. Consequently, the expected impact 
is discussed. The key messages support the REALISE project's communication goals and are based on 
the main outcomes. At this stage, the dissemination methods and tools available and the resources 
needed for the activity are considered in order to optimise the design of activities.  

Then, OA and LL were implemented, followed by an in-depth activity evaluation. The evaluation can be 
based on different methods, but typically, feedback from the audience is collected to give a starting 
point for the assessment. At this stage, there was also an opportunity to evaluate the audience's 
reception and suggestions, and to discuss the expected impacts. The expected impacts are the effects 
(positives) that the REALISE project can promote about the results and outcomes that are exploited in 
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industry and society over the long term. These effects can be technological, social, environmental, and 
economical. The final step was to share the outcomes of the activity through publications, social media, 
and outreach databases. 

 

Key Results 
In the REALISE project, several target audiences have been identified as listed in the application. An 
overview of these is given in Table 3. REALISE's key messages, shown in Table 4, were adapted to each 
target audience based on our vision and objectives. The selected key messages were refined and 
updated throughout the project. The first column gives the tag for each key message, the second column 
has the main message for the selected target audiences. Table 5 presents the expected impacts of the 
OA and LL implementation. The first column gives the tag for each impact, and the second column has 
the desired impact. The tags are used in chapter 4 of the deliverable. Finally, Table 6 shows the 
connections between the different target audiences, expected impacts and key messages. 

 

Table 4 Target Audience from the REALISE CCUS project 

TAG  Target Audience 

A01 REALISE Consortium:  

- Research and Development (R&D) of CO2 capture technology based on chemical 
absorption SINTEF, TNO, NTNU, THU, POLIMI),  

- engineering companies (Pentair, Biobe),  
- a SME (Cybernetica),  
- Industry (Equinor, Ervia, Irving Oil with 2 power generation stations at Cork cluster, 

SDSTC in China, SKI in South Korea, 
- communication of the technical and societal aspects, risks, and developments in the 

field of CCUS to broad public (UCC, SCCS, and Global CCS Institute). 

A02 Decision and Policy Makers: As develop recommendations for policy and regulatory changes 
to overcome societal, political, and socio-economic barriers is part of our vision, one of our 
target audiences are the decision and policy makers. In this audience our focus are the 
regulatory bodies, European platforms, Environmental agencies, Trade Associations, 
taxpayers, and NGOs 

A03 Scientific Audience outside consortium and Academic Community: One of the main objectives 
of REALISE is provide a safe space where topics related to our outcomes can be utilised in the 
field of education, in labs and lesson courses. 
The Scientific audience and the academic community can indirectly raise awareness and 
promote new interdisciplinary opportunities.   

This audience includes Universities, Research Centres, Research Institutes, and Scientists. 

A04 Technology providers: This audience includes engineering companies, CCUS operators, 
Refinery plant builders, R&D and innovation, and Other CCUS projects 

A05 Refineries and other industries: This audience includes refineries and other CO2 emitters on 
chemical industry, advanced plastic materials and utilities, transport & storage operators. 

A06 General public: This term will be used to include the audience that does not belong to the 
previous target audiences described. Or to refer to the people in a society without defining a 
specific category. 
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Table 5 Key Messages from the REALISE CCUS project 

Tag  Key message 

KM01 Programme for education and public engagement  

KM02 Adapted models and modelling approaches to be used in education  

KM03 Extended CCS readiness index (CCS-RI)  

KM04 Successful demonstration of free-to-operate CO2 capture technology ready for upscaling (TRL6-7) 

KM05 Dedicated software for advanced control system  

KM06 
Successful use of solvent management technologies DORA and IRIS demonstrated in operational 
environment (TRL7) 

KM07 Open-access simulation tool for assessing CO2 capture strategy at refineries  

KM08 
Roadmap for full chain CCUS based on results from techno-economic evaluation of full-scale capture, 
transport, utilisation and storage/EOR 

KM09 Recommendations on CO2 utilisation routes  

KM10 CO2 quality information  

KM11 Most suitable plastic materials and application  

KM12 
Dedicated software for advanced control system, with a flexible design, allowing for application in any 
absorption-based CO2 capture plant 

 

Table 6 Expected Impact for the OA an LL 

TAG  Expected Impact 

EI01 Awareness of project vision and results 

EI02 Creating new scientific knowledge and challenges 

EI03 
Increased interest and, ultimately, private investment, in novel CO2 capture and conversion technologies 
to save emission credit costs and obtain profitable by-products. 

EI04 Accelerate the market-uptake of the results 

EI05 Enhance project results among the community 

EI06 Enhance cooperation and cross-fertilisation among the community 

EI07 Prove that solvent based absorption can be a cost-effective alternative 
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Table 7 Summary of REALISE key message, target audience and expected impact and their correlations 

Key message  Target Audience Expected Impact 
Programme for education and public 
engagement  

REALISE consortium 
Academic community 
Decision and policy 
makers 

Awareness of project vision and results 
among students and general public 

Adapted models and modelling 
approaches to be used in education  
Extended CCS readiness index (CCS-RI)  
Successful demonstration of free-to-
operate CO2 capture technology ready for 
upscaling (TRL6-7) 

Scientific audience 

Awareness of project vision and results 
among researchers 
Creating new scientific knowledge and 
challenges. 

Dedicated software for advanced control 
system  
Successful use of solvent management 
technologies DORA and IRIS demonstrated 
in operational environment (TRL7) 
Open-access simulation tool for assessing 
CO2 capture strategy at refineries  
Roadmap for full chain CCUS based on 
results from techno-economic evaluation 
of full-scale capture, transport, utilisation 
and storage/EOR 
Open-access simulation tool for assessing 
CO2 capture strategy at refineries  

CO2 emitters  
Chemical industry 
Advanced plastic 
materials 
Utilities, transport & 
storage operators 

Increased interest and, ultimately, private 
investment, in novel CO2 capture and 
conversion technologies to save emission 
credit costs and obtain profitable by-
products. 

Roadmap for full chain CCUS based on 
results from techno-economic evaluation 
of full-scale capture, transport and 
storage/EOR 
Recommendations on CO2 utilisation 
routes  
CO2 quality information  
Most suitable plastic materials and 
application  
Dedicated software for advanced control 
system, with a flexible design, allowing for 
application in any absorption-based CO2 
capture plant 

Technology providers 

Accelerate the market-uptake of the 
results. 
Enhance project results among the 
community. 
Enhance cooperation and cross-
fertilisation among the community. 
Prove that solvent based absorption can 
be a cost-effective alternative. 

Successful demonstration of free-to-
operate CO2 capture technology based on 
2nd generation low-energy solvent (HS-3) 
ready for upscaling (TRL6-7) 
Successful use of solvent management 
technologies DORA and IRIS demonstrated 
in operational environment (TRL7) 

 
A key focus of this work was to provide a suite of external outreach and life-long learning activities, 
supplemented by confidential deliverables that helped improve capacity across consortium partners. A 
good example of this effort is the project website – https://realiseccus.eu – which provides an easily 
accessible location to share project information and demonstrate the benefits of CCUS. It was designed 
with the target audiences listed in Table 2 in mind and contains project news and events, partner details 
as well as project objective and work package descriptions. It also contains information on CCUS and its 
applicability to the refineries sector and climate targets. It also provides a public platform for the project 
research outputs and results, with public deliverables available to download from the project website. 
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To reach a general audience, including young people, three types of activities were performed: 
- mini seminars,  

- guest lectures and participation in summer schools, and 

- research-based learning activities in partner universities.  

With these activities, it was possible to perform three different approaches for disseminating our key 
messages to three different spheres where young people participate. 

The mini seminars were carried out as webinars. A webinar instigates a much broader audience, it makes 
sharing knowledge more accessible for people who are in different locations, and it spreads knowledge 
faster. We used experts from different fields around Europe. In the mini seminars, we presented to 
students around the world the fundamental concepts of REALISE. The mini seminars were organised to 
appeal to a general audience, but also to university students and young professionals.  Details about 
these can be found in Table 6. The first mini seminar started with a presentation on climate change, 
what it means and how it can affect the future. The first presentation started with a wider scenario with 
the conventional options for CO2 capture technologies, narrowing down to the absorption process. 
Highlighting REALISE project relevant topics, e.g., the importance of having an optimised solvent in the 
process. At the end of the first mini-seminar, technology development from low TRL to high TRL was 
discussed. The main idea was to inform the students about CO2 capture, the REALISE project, and to 
encourage them to ask questions and participate. 

The second mini seminar, as a sequence, presented other parts of the REALISE project. The starting 
presentation gave an overview of the CO2 capture from industrial clusters, current approaches, and 
challenges. The subsequent presentation introduced the concept of heat recovery, which is 
fundamental for chemical engineering students and showed the multi-disciplinarity of the REALISE team, 
as our project goals require collaboration between multiple disciplines. The final presentation presented 
one of the REALISE outcomes, the OCTOPUS tool. It was essential to show the students that our goals 
are feasible, and that joint work can achieve good results. Again, the main idea was to help students 
understand the topic's importance and ask questions. Reaching many students with mini seminars 
requires targeted marketing and the use of platforms like LinkedIn. The main challenge of digital mini 
seminars was how to achieve an active participation of the students. In the time available, it was at 
times difficult to foster the students’ trust so that they became more active listeners.  

The guest lectures and participation in summer schools also allowed us to reach a more specific group 
of students who already have a certain level of knowledge, educational background (for example, 
chemical engineering) and degree-level experience. Despite the outreach being narrower (only those 
who participated in the summer school could join), summer schools and guest lectures open up 
opportunities for more activity-based learning, increasing the communication between the participants 
and presenter. A detailed overview of the guest lectures and summer school presentations is provided 
for it the deliverable. 

Our outreach activities and lifelong learning to our target audience have been diverse, and various 
relevant channels have been used for dissemination. Our experts disseminated the results through 
presentations, videos and posters addressing the young generation, in addition to scientific audiences, 
policymakers, and other stakeholders covering the key messages in the project. 
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7 Barriers and recommendations  

7.1 Societal, Political, and Socioeconomic Barriers  
Drawing from research undertaken for tasks 4.1, 4.2, 4.3 and informed by the stakeholder feedback 
obtained during tasks 4.4, and 4.5, the following societal, political, and socio-economic barriers to CCS 
have been identified.  

Societal: 

 

– Public scepticism: societal distrust towards the science of carbon capture and 
storage, and public suspicions about proposed business models, have and 
continue to negatively impact the scaling up of this technology. 

– Negative perceptions: the public’s association of carbon capture and storage 
with ‘dirty’ fossil fuels has affected the image of the industry, which has in turn 
impacted potential investments (carbon divestment) and affected the 
discourse around required policy innovations.  

– Community hostility: opposition to specific deployments by prospective host 
communities have and continue to negatively impact the scaling up of this 
technology. 

– Technical expertise shortage: at present there is a shortage of specific technical 
expertise due to industries (both upstream and downstream of this technology) 
requiring niche skills that are immediately compatible with CCS/CCUS 
deployment. 

 

Political: 

 

 

– Policy lacunae: there is a lack of the necessary legal and regulatory frameworks 
at both national and international levels to support the development of CCS 
projects. 

– Regulations and infrastructure: current regulations – which in most cases are 
designed for other purposes – can have a detrimental impact on the 
timeframes to design, construct, and operate these facilities. This increases the 
costs and risks associated with these projects. 

– Socio-political risk: the level investment required for the largescale deployment 
of this technology requires stable, supportive environments. The possibility of 
changing governments, following each election cycle, makes political contexts 
inherently unreliable, impacting business planning and investment.  

– Transboundary requirements: the transboundary shipment of CO2, particularly 
using international waterways are complex. The non-ratification of the 
amendment to the London Protocol to allow for cross border transport of CO2 
serves to inhibit CCS deployment.  
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Socio-
Economic: 

 

 

 

– OPEX uncertainty: since operating expenditures rely on commodity prices, 
notably the price of oil, there is uncertainty about the reliability of cash flows 
after facilities start operating. 

– CAPEX uncertainty: capital expenditures are related to site specificity and to 
distinct policy requirements in different jurisdictions. The resulting cost 
estimates are also unique to each facility. It is another source of uncertainty since 
it offers little replicability for future projects. 

– Lack of revenue model: CO2 prices are set through a patchwork of international 
compliance and voluntary markets each driven by their own jurisdictional policy, 
legislative, and regulatory requirements. The prices are low, and projects also 
require support through tax assistance. 

– Uncertainty in demand: Due to significant capital expenditure requirements, 
large industrial entities are usually the only viable project developers. 
Additionally, a seamless value chain for the utilization of CO2 in most commercial 
and industrial products is lacking. 

– Technology performance uncertainty: while several CCS technologies are being 
developed and have been tested in pilot facilities, many have not been tested at 
scale. This leads to uncertainties about the technology’s performance for large 
applications. 

– Resource usage at scale: if CCS is to be used at scale, it would require 
considerable supporting resources in addition to transportation networks. For 
example, scaling up CCS would also require scaling up electricity capacity. 

– Risk perception: the timelines for developing CCS projects are long and could take 
between seven to ten years for projects to come online after being initiated. The 
associated hurdle rates for CCS projects are higher because of the higher risk 
associated with future cash flows. Hence, CCS projects require a higher return. 

– Regulations and infrastructure: current regulations – which in most cases are 
designed for other purposes – can have a detrimental impact on the timeframes 
to design, construct, and operate these facilities. This increases the costs and 
risks associated with these projects. 

– Socio-political risk: the level investment required for the largescale deployment 
of this technology requires stable, supportive environments. The possibility of 
changing governments, following each election cycle, makes political contexts 
inherently unreliable, impacting business planning and investment.  

– Transboundary requirements: the transboundary shipment of CO2, particularly 
using international waterways are complex. The non-ratification of the 
amendment to the London Protocol to allow for cross border transport of CO2 
serves to inhibit CCS deployment.  
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7.2 Policy and Regulatory Recommendations 
At present, most CCU technologies are yet to be commercialised fully and the large-scale expansion of 
CCS/CCUS will involve significant expansions of cheap renewable energy and low-carbon hydrogen. In 
synthesising these outputs, the barriers to ramping up CCS/CCUS deployment can be seen as an 
intersection of social, political, and socioeconomic bottlenecks that will need to be addressed. A 
majority of CCS projects remain impeded by gaps in the business case, lengthy and/or complex 
implementation, and the uncertain levels of public acceptance and support. Therefore, 
recommendations for policy and regulatory changes to address the various identified barriers include: 

 

Societal Policy Recommendations  

 

Societal: 

 

Public scepticism:  

1. national governments to provide access to useful, trustworthy, and 
verifiable information on CCS. 

2. national governments to implement public information campaigns on CCS’s 
potential contribution to climate change mitigation. 

3. additional transparency measures to be implemented for all decision 
making around CCS. 

Negative perceptions:  

1. national governments to develop a detailed roadmap for decarbonisation 
that includes an explanation of the role of CCS and details the plans for 
phasing out of fossil fuels.  

Community hostility:  

1. national governments to treat citizens (and collectively, communities) as 
legitimate stakeholders in decision-making on the deployment of CCS.  

2. CCS developers to be mandated to meet specified good practice in 
implementing education and public engagement programme. 

Technical expertise shortage:  

1. partner internationally (through the EU or with like-minded countries) to 
work with the sector to identify skills shortages. 

2. partner internationally to develop multi-disciplinary education and training 
programmes to address the identified skills gaps.   
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Economic Policy Recommendations 

 

Economic 

 

Policy lacunae:  

1. national governments to undertake a regulatory audit to identify and 
characterise shortcomings in legal and regulatory frameworks necessary 
for CCS. 

2. (EU to develop a framework for member state cooperation in the field of 
carbon capture and storage. 

Regulations and infrastructure:  

3. national governments to undertake a regulatory audit to identify and 
characterise regulations that are impeding CCS deployment. 

4. national governments to cooperate with EU and other member states to 
create the structures enabling the required investment in CCS-related 
infrastructure. 

Socio-political risk:  

1. national governments to work towards developing a political consensus on 
policies relating to CCS deployment. 

2. the socio-political risk caused by the change of government should be 
characterised and reflected in contractual arrangements.  

Transboundary requirements:  

1. national governments to work towards ratifying the 2009 amendment to 
the London Protocol to allow for cross border transport of CO2 for 
geological storage.  
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Socio-economic Policy Recommendations 

 

Socio-
Economic: 

 

OPEX and CAPEX uncertainty:  

5. business models for public-private partnerships around CCS to be 
developed to provide long-term certainty for investments including, e.g., 
cost-plus or hybrid contracts. 

Lack of revenue model:  

1. national governments to work collectively to establish appropriate 
minimum ‘gate fees’ for CO2 which will meet the costs involved. 

2. transportation of CO2 for CCS to be subsidised from national carbon taxes. 
[note: these two recommendations will also contribute to addressing the 
Risk perception]. 

– Uncertainty in demand:  

1. national governments and the EU to work collaboratively to ensure the true 
cost of carbon emissions are internalised by emitters. 

– Technology performance uncertainty:  

1. implement incentivised business models, coupled with contract for 
difference auctioning, to attract risk capital. 

2. develop insurance products and/or markets that (partially) offset the risks 
involved. 

Resource usage at scale:  

1. national governments to carry out a review of infrastructure needs for CCS 
to enable informed decision making. 
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