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Executive summary  
The Intergovernmental Panel on Climate Change (IPCC) in the 1.5C scenarios estimates that it 
is necessary for the industrial sector to lower its carbon dioxide (CO2) emissions by 58 to 93% 
by 2050, compared to 2010 levels. This decarbonisation burden is particularly heavy for so-
called Energy-Intensive Industries (EIIs), including parts of the chemicals, cement, refinery, and 
steel sectors, as a large part of their emissions comes from their industrial processes, which 
are hard-to-decarbonise. 

In the European Union (EU), there is increasing attention on large-scale Carbon Capture and 
Storage (CCS) deployment as an essential option for decarbonising hard-to-abate sectors to 
achieve climate neutrality by 2050. The Industrial Carbon Management Strategy, released in 
February 2024, views Carbon Capture Utilisation, and Storage (CCUS), and carbon removals as 
technological options to help mitigate emissions from hard-to-abate industries. According to 
its projections, the EU will need to capture 280 Mt by 2040 and 450 Mt of CO2 per year by 2050 
to achieve climate neutrality. With these ambitious goals, Europe faces a capacity 
implementation challenge that extends beyond the availability and scaling up of CO2 capture 
technologies. It requires an approach that comprehensively addresses the business, policy, 
and societal readiness of CCS in addition to their Technological Readiness Levels (TRLs).  

That way, TRLs are important, but not the only criteria to ensure their transformational impacts 
of mitigation technologies on industries. Promising technological innovations might not be 
market-ready for several decades. CCS, in particular, comes with uncertainties related to its 
high upfront investments, lack of revenue models, technological lock-in, the issues related to 
the non-permanence of CO2 storage, disengagement with societal concerns about the role of 
CCS, and the availability of effective policy instruments supporting its adoption.  

Research conducted by the C4U Project shows that achieving European climate goals 
demands an approach beyond a technology-oriented perspective of industrial 
decarbonisation. This report shows how policy, business, and societal readiness are 
systemically interrelated by applying the Policy-Business-Societal systemic dynamics and 
provides a readiness framework for CCS adoption in Europe. This framework aims to identify 
systemic drivers between policy options, industrial firm business models, and societal concerns 
that are essential for the adoption of CCS in Europe. This report has identified three systemic 
drivers for adopting CCS: 

 Driver 1: Societal trust is key to driving CCS policy legitimacy and to unfold CCS 
technology development.  

 Driver 2: Legitimate political support is key to providing supportive regulatory regimes 
and economic incentives for industry to invest in CCS.  
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 Driver 3: Industry investments in CCS will determine the perceptions of the fairness of 
the transition and in turn reflect the legitimisation of political support for providing 
public policies in the form of supportive regulatory regimes and economic incentives. 
Investments in CCS that fail to address societal concerns will create a perception of an 
unjust transition. The supportive policies necessary for markets that need to invest in 
CCS will lack the legitimacy required to unfold CCS technology development. 
 

To accomplish the European CCS capacity implementation, a just transition is crucial in co-
creating societal, political, and business support to deploy CCS as one of the technological 
options to decarbonise the EII. To enable a just transition, a paradigm shift from techno-
economic analysis to proactive systemic readiness in co-creating trust in CCS is required. 
Accomplishing climate targets will require intensive policy, society, and business engagement 
to build and maintain the societal license necessary for CCS implementation as a legitimate 
climate mitigation option. Based on the readiness and system dynamics findings, the C4U 
provides the following policy recommendations: 

 To gain societal trust in the CCS industry.  

Trust is a crucial enabler for gaining public support for CCS and ensuring the 
necessary legitimacy of CCS policies, which provide fair economic support to 
industry to encourage investments in CCS. 

 To enable industry to provide environmentally sustainable products, services, and 
jobs.  

Governments need to implement the necessary incentives for CCS to drive 
market dynamics. At the same time, governments need to vigilantly oversee 
industry transformations, ensuring that production processes transition into 
sustainable methods that effectively strengthen processes that sustainably 
reduce CO2 emissions.  

 To observe the industry’s compliance on guaranteeing the environmental safety of 
mitigation technologies adopted on earth systems, and a just transition. 

To address concerns regarding the permanence and safety of CO2 storage and 
perceptions around a fair distribution of burdens and benefits of the energy 
transition among stakeholders. 

 
 To publicly support industry investments when societal concerns are addressed.  

Ensuring public support is crucial for fostering a collaborative and trusted 
relationship leading to the successful implementation of CCS.  
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 To avoid unbalanced policy structures that disproportionately benefit industry. 
It is essential to emphasise the importance of achieving a more equitable 
distribution of benefits and burdens among all stakeholders. When there is a lack 
of fairness in the distribution of benefits and costs, it may increase a perception 
of an unjust transition.  
 

 To facilitate a paradigm shift from techno-economic analysis to proactive systemic 
readiness in co-creating trust in CCS. 

If governments and industry fail to safeguard a societal license for CCS, public 
support and trust in the role of CCS will be limited. Consequently, the public 
policies needed for a positive CCS business case will lack sufficient legitimacy. 
Industrial firms rely on such public policies to develop a CCS business case, while 
governments, industry, and society collectively need successful CCS 
implementation if Europe is to mitigate climate change, preferably, within a 1.5C 
climate scenario. 
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Abbreviations 
Acronyms Definitions 
BECCS Bioenergy with Carbon Capture and Storage  
CCS Carbon Capture and Storage 
CCU Carbon Capture and Utilisation 
CCUS Carbon Capture, Utilisation and Storage 
CO2 Carbon Dioxide 
EII Energy-Intensive Industry 
EU European Union 
IPCC Intergovernmental Panel on Climate Change 
NSP North Sea Port 
PRL Policy Readiness Level 
SRL Societal Readiness Level 
TRL Technology Readiness Level 
T&S Transport & Storage 
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1. Introduction 

1.1 C4U’s contribution to Systemic Readiness research, 

policy, and practice 

Mitigating climate change demands a far-reaching systemic transformation approach that 
takes into consideration the social, economic, justice, and technical dimensions of systemic 
transitions (Geels et al., 2017). This transformation does not exclusively depend on 
technological approaches to decarbonise economic sectors, but also on changes in social 
practices, business models, and public policy instruments around mitigation targets (Geels, 
2018). 

In transforming the current systems responsible for the adverse effects of anthropogenic 
climate change, the industry sector is increasingly gaining attention within the climate 
governance debate. It is widely recognised that accomplishing decarbonisation targets 
requires placing transformative efforts from all the different industries globally (Nilsson et al., 
2021). As discussed by the Intergovernmental Panel on Climate Change (IPCC), aligning with 
all 1.5C scenarios necessitates that the industrial sector reduces carbon dioxide (CO2) 
emissions by 58 to 93% by 2050 compared to 2010 levels for developed countries (Masson-
Delmotte et al., 2018). This is the industrial ‘decarbonisation burden’ that industry is expected to 
carry (Mazzanti & Rizzo, 2017). 

Although power generation is recognised as the primary focus for initial mitigation efforts to 
decarbonise the Energy-Intensive Industries (EIIs), a significant portion of emissions originates 
from hard-to-abate industrial sources like cement plants and iron and steel mills. In numerous 
industrial processes, CO2 is produced from both non-combustion sources within the process 
and fuel combustion (Paltsev et al., 2021). 

Decarbonising the EIIs requires taking a broader perspective on mitigation technology 
adoption considering also the systemic interactions among policy, business, and societal 
dynamics surrounding the adoption of such technologies. The availability of a mitigation 
technology per se may not suffice to transform industries into net-zero emissions sectors. 
Adopting a particular technological approach to decarbonise the industry comes hand in 
hand with specific challenges. Promising technological innovations might not be market-
ready for decades, or they may encounter strong societal opposition. For example, large-scale 
deployment of CCS faces uncertainties regarding high upfront investments, lack of revenue 
models, technological lock-in, concerns regarding the permanence and safety of CO2 storage, 
risks of failing to meet emissions reduction targets of industry, societal trust issues, and the 
availability of effective policy instruments supporting its adoption (see discussions in Nilsson 
et al., 2021).  
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As presented in the Vision for Carbon Capture, Utilisation and Storage in the European Union 
(EU) and the Industrial Carbon Management Strategy, published in May 2023 and February 
2024 respectively, there is an increasing consensus that large-scale CCS deployment is 
required to achieve climate neutrality by 2050. By 2050, the EU will need to capture and store 
(or utilise) between 300 to 640 Mt of CO2 per year to attain carbon neutrality (CCUS Vision 
Working Group, 2023). In the Impact Assessment of the EU’s 2040 climate targets, CCS is seen 
as ‘an important differentiating factor’, capturing between 86 and 344 Mt of CO2 per year by 
2040, depending on the scenario (European Commission, 2024a). 

The Vision and Strategy emphasise the challenges faced by hard-to-abate industries in 
adopting carbon capture technologies and in developing their CO2 infrastructure and storage 
facilities. They highlight the need of the different stakeholders along the CCS value chain to 
acquire assets or share assets built by Transport and Storage (T&S) infrastructure companies 
to achieve cost-effectiveness and economies of scale. It highlights the uncertainty of CO2 T&S 
demand and substantial investments related to capture and T&S deployment (CCUS Vision 
Working Group, 2023). The success of CCS capacity implementation depends also on clear 
coordination between stakeholders and a clear message and support from the Commission 
for accelerating the adoption of CCS (CCUS Vision Working Group, 2023). While the exact extent 
to which CCS will play a role for the 2040 and 2050 targets is still unclear, the Impact 
Assessment shows that they are to be critical technologies in each scenario (European 
Commission, 2024a). 

To accelerate CCS adoption, the Commission’s responses should go beyond merely 
coordinating stakeholders and providing clear messages and support. On the road towards a 
Net-Zero, decisive actions are needed to position Europe to become ready to match the 
magnitude of the climate challenge magnitude ahead Readiness to mitigate this magnitude 
demands an approach that extends beyond viewing climate mitigation goals and CCS as a 
purely techno-economic conception. This narrow notion has dominated policy and decision-
making fora and debates (Otto et al., 2023). Apart from the need to reach the Technological 
Readiness Level (TRL) of carbon capture technologies in Europe, there are business, policy, 
societal, and environmental systemic considerations and concerns that are required for CCS 
deployment.  

This report aims to shed light on how systemic change depends not only on technology, but 
also on social practices, business models, and public policy instruments. To this end, the C4U 
contributes to: 

 Constructing a framework model for CCS to demonstrate the interrelations of 
societal, business, and policy readiness for CCS adoption in EIIs; 

 Elaborating on a Readiness framework to understand the systemic concerns 
and needs of policy, business, and societal stakeholders around CCS adoption 
in Europe.  
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1.2 Paradigm shifts and systemic change 

The TRLs of CCS technologies for the decarbonisation of industrial processes have received 
attention in scientific and policy debates (EEB, 2023; Kearns et al., 2021). Reports focusing on the 
TRLs of CCS technologies across the value chain show that the best available carbon capture 
technologies are already at TRL9, while for the storage technologies, the TRLs vary between TRL 
3 and 9, depending on the mode of transport used (CO2 transport on ships is at TRL 9, while rail 
and road transport are sparsely implemented, truck or rail) (Dziejarski et al., 2023). With the 
2030 deadline of the EU climate target of 55% emissions reductions by 2030 (European 
Commission, 2024), the Policy, Business, and Societal Readiness level of CCS in Europe is 
lagging behind compared to the impetuous technological developments of CCS (Porter et al., 
2023). Questions arise around not only the readiness of mitigation technologies, but also 
sustainable business cases to modernise economic sectors, and the supportive policies to 
orchestrate and guarantee a just transition for all.  
 
Readiness to large-scale deployment of CCS technologies encounters policy, business, and 
societal challenges. A combination of policy, business, and societal factors, and a siloed 
technocratic view, have placed CCS projects on the waiting list (Akerboom et al., 2021; Kapetaki 
et al., 2017; Lupion & Herzog, 2013; Martin-Roberts et al., 2021; van Egmond & Hekkert, 2015). The 
Barendrecht CCS project (NL), ROAD (NL), Longannet (UK) and Peterhead (UK), are examples of 
projects which have been stranded as a result of industry and governments overlooking policy, 
business, and societal factors, and reliance on technological approaches at the expense of 
environmental concerns across societal actors that have risen discussions around the 
acceptance and support of decarbonisation technologies.  
 
To mention some examples, D’Amore et al. (2020) reviewed CCS projects worldwide (e.g., 
Australia, China, and Germany) and Oltra et al. (2012) reviewed 5 projects in Europe. In 
particular, Oltra et al. (2012) expanded on the main factors which are crucial in societal 
responses to CCS projects. These factors include a) the characteristics of the project, b) the 
engagement process, c) risk perceptions (justice or environmental), d) actions of the 
stakeholders, e) characteristics of the community, and f) the socio-political context. The 
findings of Baranzini et al. (2017), D’Amore et al. (2020), and Oltra et al. (2012) align with the 
need to shift from top-down policy-making to inclusive processes that involve a wide range of 
societal actors from the outset of CCS. 
 
Decarbonising EIIs through the use of CCS comes with several business challenges, including 
high upfront investments, the lack of revenue models, and the potential for technological lock-
in. As well, there are challenges associated with ensuring the availability of effective policy 
instruments to support CCS adoption and to address the risk of carbon leakage. Furthermore, 
societal challenges relate to the extent to which society trusts governments and EIIs deploying 
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these technologies to shift emissions trajectories rather than prolong the lifespan of oil and gas 
industries (see discussions in Janipour, (2023) and Nilsson et al. (2021)).  
 
Policy, business, and societal challenges are systemically interrelated. Although there is a 
growing academic focus on understanding the systemic dynamics affecting the widespread 
adoption of abatement technologies, research tends to compartmentalise various aspects of 
policy, business, and societal factors, resulting in silo thinking. Often, it only examines the 
availability of economic policy instruments, potential business models supporting CCS 
adoption, and the local community's acceptance of specific abatement projects (Covarrubias 
et al., 2024). 
 

1.3 Objectives and Questions 

The C4U Project aims to contribute to a paradigm shift from techno-economic analysis to 
proactive systemic readiness in co-creating trust in CCS. This report aims at delivering a 
readiness framework, applying the system dynamics modelling methodology. The system 
dynamics help to identify systemic barriers and enablers and provide practical considerations 
about the overall readiness to adopt CCS. The Readiness framework proposed in this report, 
stresses the importance of understanding systemic dynamics between policy, business, and 
society, and the importance of co-shaping this Readiness framework by the relevant actors in 
policy, business, and societal systems. This report aims to: 

• identifying social, business, and policy concerns and enablers in adopting CCS in 
Europe; 

• co-developing a framework for CCS that contributes to observing the Policy-Business-
Societal systemic dynamics in adopting CCS in Europe; 

• informing further CCS policy and decision-making in Europe. 

Questions: 
1. What are the social, business, and policy considerations for adopting CCS in Europe? 
2. What is a framework to observe the systemic dynamics between social, business, and 

policy in adopting CCS in Europe? 
3. What systemic drivers are identified to strengthen the readiness to adopt CCS in 

Europe? 
 

1.4 Navigating this report 

This report is structured as follows. Section 2 presents the background of a Policy, Business, and 
Social systems Readiness dynamics framework. Section 3 develops the methodology 
employed to co-develop a Readiness framework. Section 4 provides the results of this report, 
while Section 5 discusses lessons and reflections. Section 6 concludes. 
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2. Conceptual Framework  

Developing a Policy, Business, and Social Readiness and System Dynamics framework 
necessitates a profound shift in paradigms. It entails a departure from a siloed Techno-
Economic approach to a more holistic System Dynamics approach, emphasising 
interconnectedness and interdependence within policy, business, and societal systems (see 
Figure 1. Policy, Business, and Societal dimensions of Readiness).  
 

 

Figure 1. Policy, Business, and Societal Dimensions of Readiness 
 

 

2.1 Policy, Business, and Societal Systems Readiness  

Readiness is an assessment of the state of being ready, including the actors’ agency, for a 
mitigation option to be implemented under realistic assumptions. Despite the existence of 
several readiness tools, their main focus has been predominantly on technological aspects 
(see Table 1). This report departs from this scientific discussion and aims to define ‘readiness’ 
by integrating technology, social, and market levels of readiness (see discussions in (Bernstein 
et al., 2022; Jewell & Cherp, 2023; Sprenkeling et al., 2022).  
 
 
Technology readiness level (TRL) is a tool for estimating the maturity of a technology. TRL is 
the most widely used tool to assess the readiness level of mitigation or adaptation options. 
However, TRL has its limitations; it places excessive emphasis on product development rather 
than considering also changes in manufacturing, commercial, and social organisational 
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aspects (see Table 2). It also does not adapt the scale to specific purposes and concentrates 
solely on a single technology (Mendrinos et al 2022). 
 

Table 1. Technology readiness level (adapted from (UNECE, 2021)). 

 
Technology Readiness Levels  

 
TRL 1: Exploration Basic technology research and concept development 
TRL 2: Exploration Applied research to prove feasibility in labs. 
TRL 3: Exploration Testing (Proof of principle / Proof of concept) 
TRL 4: Development Technology development – lab prototype and lab scale plant 
TRL 5: Development Technology development – lab prototype and lab scale plant 
TRL 6: Development Technology demonstration and pilot plants 
TRL 7: Demonstration System / subsidy development (Demonstration prototype in operational 

environment). 
TRL 8: Demonstration System / subsidy development (Product/service is complete and operational). 
TRL 9: Deployment System test, launch, and operation (Market introduction product/service/process). 

 
Apart TRLs, Mendrinos et al. (2022) discuss that there are other readiness level tools to inform 
technology maturity and adoption readiness (e.g., Market Readiness Level and Demand 
Readiness Level tools).  
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Table 2. Policy-Business-Societal Readiness Levels. Adapted from: (Sprenkeling et al., 2022) 

Policy-Business-Societal Readiness Levels 
 

Societal  
 
SRL 1 
 

Insights in societal concerns are gained and a basic inventory of all stakeholders in the field is 
made. 

SRL 2 
 

The level of participation of the stakeholders in the development phase is made, as well as a 
design for stakeholder engagement and participation, tailored to the current phase of 
technology development.  

SRL 3 
 

A stakeholder concerns inventory is done for the system as well, and a design for stakeholder 
participation and engagement is made for the demonstration of the technology and its 
system. Additionally, the current public perception and concerns are translated into the 
project design and trust-building measures are taken for the demonstration phase of the 
technology. 

SRL 4 
 

The stakeholder concerns and participation are adapted to the deployment of the technology 
and its system and the deployment of the technology and its system is supported by sufficient 
relevant stakeholders and the public. 

 
Policy  

 
PRL 1 
 

The current political climate, societal concerns (including climate concerns), and context is 
explored, as well as existing policies and regulatory frameworks concerning technological 
innovations. 

PRL 2 
 

The existing policies and regulatory frameworks are assessed, and regulatory drivers and 
barriers are identified and assessed. 

PRL 3 
 

The assessment of policies and the regulatory framework is repeated for the technologies’ 
system, and regulatory and policy frameworks support the demonstration of the technology 
and its system. 

PRL 4  
 

Regulatory barriers are overcome and supporting policies, laws and regulations are in place 
for the technology adoption. 

 
Business 

 
BRL 1 
 

Hypothetical commercial proposition: A market need is identified. 

BRL 2 
 

Hypothetical commercial proposition: A market need is analysed and evaluated. A first 
business case is made and evaluated. 

BRL 3 
 

Commercial trail small scale: the business case is adapted to findings for the demonstration 
phase and the technology is adapted to market needs.  

BRL 4 
 

Commercial scale up: When the market is ready to adopt a technology and its system, and In 
turn technology and its system are ready to meet market needs. 

 
 
Business readiness levels (BRL) are the tools to assess various indicators that facilitate 
commercial and market conditions to adopt a technology (Mendrinos et al., 2022; UNECE, 2021). 
Commercial propositions, trials, and scale-ups are common levels to inform on the level of 
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business being ready to adopt a technology. Policy Readiness Levels (PRLs) are the tools to 
assess the extent and whether societal and business concerns resonate with decisions 
concerning technology adoption in the form of coherent regulatory and financial regimes. The 
current political climate, societal concerns, existing policies, and regulatory frameworks 
concerning technological innovations are identified, assessed, and addressed (see 
discussions in Mendrinos et al., 2022; Sprenkeling et al., 2022; UNECE, 2021). Despite efforts to 
address various aspects of what can be termed Societal Readiness Levels (SRLs) its current 
approaches fall short or are inadequate to collect societal considerations to inform TRLs of 
mitigation technologies (See discussions in (Mendrinos et al 2022)). Societal readiness 
describes the collective elements determining the level of societal adaptation to adopt a 
mitigation technology option.  
 
Research conducted by the C4U project contributes to the conceptualisation of societal 
readiness to address the complexity and system dynamics around the adoption of CCS in 
Europe. To advance on the research agenda of the C4U, this report will argue that an adequate 
balance between policy, business, and societal readiness levels is a prerequisite for the 
successful large-scale implementation of CCS technologies in Europe.  
 
 

2.2 The C4U’s contributions to Readiness empirical findings 

2.2.1 Policy Concerns: Work Package 5 - Societal readiness and public 
policy1 

The D5.3 Report on comparative analysis of industrial CCUS policy instrumentation, identified 
and analysed existing public policy options to address the needs for adopting CCS. The report 
evaluated industrial decarbonisation policy packages in five European countries against a 
multi-criteria analysis of Environmental Effectiveness, Economic Effectiveness, Distributional & 
Equity Effects, Co-benefits & Side-effect, Institutional Requirements, and transformational 
effects.  

The assessment of the CCS policy cases of Belgium, the Netherlands, Spain, Sweden, and the 
United Kingdom revealed a range of instrumental approaches and levels of effectiveness.  Of 
the five policy cases assessed, two were evaluated "Moderate" while three were considered 
"Fairly Effective". None of the policy cases received an "Effective" evaluation. Significant 

 

1 D5.3. Report on comparative analysis of industrial CCUS policy instrumentation (Task 5.3.2) 
D5.4. Policy brief on how to incentivise CCUS in a societally acceptable way in industrial clusters (Task 5.3.3) 
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disparities between the cases were noted. This indicates that the European CCS policy 
instrumentation could improve by examining the specific criteria that ranked lower in each 
case and implementing more effective measures to encourage decarbonisation in the EIIs, 
particularly the distributional and equity effects of policy instruments. 

 
Table 3. Criterion evaluation results per country (retrieved from C4U WP5 D5.3) 

Country/Criteria Environmental Economic Distributional Co-benefits Institutional Transformative 

Belgium       
Netherlands       
Spain       
Sweden       
UK       

 
 

From the level of criteria, C4U results found that the criterion ‘Distributional and Equity Effects’ 
received the lowest evaluation among the industrial decarbonisation policy packages 
analysed (See Table 3). Distributional effects refer to the equity of a policy instrument in 
distributing emission rights, compliance costs, and benefits among the different sectors of 
society in attaining reductions in greenhouse gas emissions. The allocation of economic costs 
and benefits resulting from the implementation of policy instruments was not perceived to be 
uniform across various societal groups or sectors. This has implications for the overall fairness 
of instruments and packages, determining which societal groups or sectors bear the burden 
of industrial decarbonisation instruments and who obtains the benefits.  

Inequalities around policies and policy instruments raise societal concerns about the fairness 
of European industrial decarbonisation incentivising the transition. The move from policy 
considerations to systemic policy readiness involves a comprehensive array of components 
determining the extent to which policy incentivises the adoption of technology and the social 
responses legitimising policy incentives. This approach goes beyond traditional concepts of 
policy incentives towards engaging with the societal legitimisation of policies and trust in 
industry and emphasising a systemic perspective.  

 

Limited Moderate Fairly Effective Effective 
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2.2.2 Societal Concerns: Work Package 5 - Societal readiness and public 

policy2 

Addressing societal concerns around CCS implementation is crucial. Foremost, to achieve a 
smooth net-zero transition, governments and industry need to gain societal trust against the 
common perceptions of the role of CCS in the transition and its accompanying distributional 
and equity effects. With regard to the accompanying distributional and equity effects of the 
transition, the C4U suggests, based on the literature, that rises in consumer costs associated 
with the transition can be reallocated in a manner that promotes fair burden-sharing, offering 
assistance to those who are severely affected or providing compensation to those with limited 
ability to absorb the costs (Carley & Konisky, 2020; Dorband et al., 2019). Moreover, rebalancing 
common perceptions of the role of CCS in the transition necessitates engaging with societal 
concerns around the readiness to adopt CCS in Europe, as found by the C4U Project. The key 
concerns are3: 

• ‘CCS is mostly employed for capturing CO2 in natural gas processing and utilised in 
enhanced oil recovery. However, these practices are widely seen as fundamentally 
incompatible with sustainability goals and efforts toward climate change mitigation.’ 

• ‘CCS is perceived as a remedy for symptoms, potentially encouraging the ongoing use 
of fossil fuels. This perception sees CCS as a distraction from fundamental solutions, 
further reinforcing carbon lock-in and potentially overshadowing alternative 
technologies.’ 

• ‘CCS is viewed as a short-term, transitional technology potentially able to reduce CO2 

emissions until more effective and sustainable climate-neutral alternatives can be 
implemented.’ 
 

• ‘When utilised as Carbon Dioxide Removal (CDR) to offset residual emissions for 
achieving net-zero and compensate for exceeding the carbon budget, CCS in 
combination with biomass encounters criticism due to its reliance on substantial 
amounts of biomass, which may not be grown, harvested or transported sustainably.’  

 

2 D5.1. Submitted journal paper on just transitions and CCUS and how policy can include this (Task 5.2.1, 5.3.1) 
D5.2. Interim, internal report on interview results feeding into Task 5.3.2 and Task 5.3.3 (Task 5.2) 
3 See pages 8-9 in D5.4. Policy brief on how to incentivise CCUS in a societally acceptable way in industrial clusters 
(Task 5.3.3). 
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• ‘The perceived risks associated with leakage from long-distance transport of large 
quantities of CO2 and of geological storage, leading to safety concerns as well as 
concerns that the contribution to limiting climate change are more limited.’ 

 

The move from societal concerns to systemic societal readiness involves a comprehensive 
array of components determining the extent to which society embraces technology. This 
approach goes beyond traditional concepts of societal acceptance towards engaging with 
societal trust in industry, emphasising a systemic perspective.  

 

2.2.3 Business Concerns: Work Package 6 - The long-term business models4 

The 6.3. Report summarising stakeholder analysis to identify key drivers and challenges of the 
key players, and D6.4. Report describing business model innovation framework design and 
scenario-analysis results, elaborated on identifying the barriers, enablers, uncertainties, and 
stakeholder views to adopt CCUS in Europe. Moreover, D6.4, delved into investigating and 
collecting from stakeholders a business model framework to support the adoption of CCS in 
Europe, from an emitter's perspective (see Figure 2). It also sheds light on the potential roles of 
policy support for CCS deployment. The C4U Project found that policies supporting industrial 
firms need to provide the key elements for a business model for CCUS:  

• A revenue model, describing where the income generated to cover the costs of CCUS 
ultimately comes from (e.g., taxpayers, consumers, subsidies).  

• An ownership structure, describing the responsible players for each part of the CCUS 
value chain.  

• Capital financing is required to fund the construction of capture plants, transport, and 
storage infrastructure.  

 

4 D6.3. Report summarising stakeholder analysis to identify key drivers and challenges of the key players (Task 6.3) 
D6.4. Report describing business model innovation framework design and scenario-analysis results (Task 6.4). 
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Figure 2. Business Model elements to support the adoption of CCUS (retrieved from C4U-

WP6-D6.4) 

 
The move from business concerns to systemic business readiness involves a comprehensive 
array of components determining the extent to which a business adopts a technology. This 
approach goes beyond traditional concepts of merely techno-economic rationalities and 
economic incentives from governments, towards engaging with societal trust in industry 
investing technologies helping society to accomplish climate goals. 

 

 

2.3 Towards co-creating a readiness framework to 

adopt CCS in Europe 

As above-argued, CCS faces policy, business, and societal challenges. Shedding light on each 
of the above-mentioned challenges is an essential step towards co-creating a readiness 
framework. Yet, it reflects a static perspective of readiness to adopt CCS in Europe.  Instead, the 
C4U Project adopts a system dynamics perspective to unravel how policy, business, and 
societal challenges interact. Moreover, it expands on the notions of readiness at the level of 
systems to explore different readiness levels systematically. The next section develops on the 
methodology pursued in this report to arrive at a dynamic policy, business, and societal 
readiness framework to adopt CCS in Europe. 
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3. Methodology 
 

3.1 Research approach: System dynamics 

System dynamics is a methodology applied to understand social behavior(de Gooyert et al., 
2016; see examples in de Gooyert, 2019; Gürsan & de Gooyert, 2021; Janipour et al., 2021, 2022). 
Its objective is to comprehend the evolution of phenomena by modelling their underlying 
causal relationships. Central to this approach is the concept of circular causality, or ‘feedback 
loops’, where some causal mechanisms tend to reinforce an initial action, while others tend to 
oppose it (de Gooyert, 2019). Modelling a ‘system dynamics’ behavior through feedback loops 
offers an endogenous explanation of social phenomena, revealing how such phenomena 
result from the inherent structure of the system rather than external factors. 

System dynamics helps the dynamics of a social phenomenon that has not yet been fully 
understood (de Gooyert, 2019) – i.e. a framework for CCS that contributes to accelerating the 
Policy-Business-Societal Readiness to support the adoption of CCS Industrial Clusters in 
Europe. Understanding emerging social phenomena, as in this case the yet-to-be-adopted 
CCS deployment in Europe, commences with observations that researchers employ to 
formulate theory through inductive reasoning (de Gooyert, 2019). In co-shaping a readiness 
framework, we employed a qualitative system dynamics approach to systematically model 
the different elements of technology, policy, business, and societal systems and their 
interconnections.  

 

3.2 Methods: Case studies and system dynamics group modelling 

session 

As a first step, social sciences researchers, policy advisors, and business consultants of the C4U 
consortium conducted three cases employing the system dynamics readiness framework to 
understand how policy, business, and societal dynamics interact in different contexts (Autumn 
2023).  

As a second step, they employed two group modelling sessions to co-develop a system 
dynamics readiness framework to identify the interrelations between social, policy, and 
business readiness around the adoption of CCS in Europe.  
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3.2.1 First Step: Case studies 

A qualitative case study is a research approach and method to thoroughly investigate 
emerging phenomena to obtain an in-depth understanding of the issues in question (Hyett et 
al., 2014). Case study research is defined by the unit of analysis, the process of study, and the 
outcome or end product, all essentially encapsulated within the case. Researchers employed 
the cases as described in Table 4. 
 
Table 4. Qualitative case studies employed in this report. 

Country/Region Researchers The system dynamics case of  
Europe  Hannah Galbraith-Olive - ERM 

Amelia Mitchell – ERM 
Charlie Readman -ERM 

Industrial firms and markets in Europe. 

North Sea Port Vincent de Gooyert – RU 
Floris Swennenhuis - RU 

Societal concerns and trust in the NSP 
region (Belgium and the Netherlands). 

Sweden 
 

Irina Kustova - CEPS 
Luca Nipius - CEPS 

Policy and BECCS policy instrument 
supporting CCS adoption in Sweden. 

 

3.2.2 Second Step: Group modelling sessions 

Group model building is a qualitative system dynamics method applied to explore and gain 
in-depth insight into the complexity of various - policy, business, and societal - systems 
(Vennix, 1999). This method foresees engagement with the different stakeholders from policy, 
business, and society, involved in CCS/CCU adoption in Europe. 

On June 21st, 2023, and January 24th, 2024, two interdisciplinary group modelling sessions were 
held in Brussels, bringing together 10 representatives of the C4U partners, i.e. Radboud 
University, CEPS, Climate Strategies, and ERM (formerly Element Energy) (social sciences 
researchers, policy advisors, and business consultants). The purpose of this group modelling 
session was to reflect on the lessons learned from case studies and co-create a system 
dynamics readiness framework to identify the interrelations between social, policy, and 
business readiness to adopt CCS in Europe. The C4U’s contributions to understanding policy, 
business, and societal concerns, as presented in Section 2, were discussed during this session. 

 

  



 

 

PU Page 23 Version 1.0 

 

 

4. Results 

This section is organised as follows. First, it zooms into three different empirical case studies. 
The cases shed light on how policy, business, and societal dynamics interact in different 
contexts. These three case studies use different entry points and geographical contexts. The 
case of Europe takes the entry point of business by unravelling how industrial firms unfold into 
policy and societal systemic dynamics in adopting CCS. The case of the NSP in the Netherlands 
and Belgium takes the entry point of society by unravelling how societal concerns and trust 
unfold into policy and business systemic dynamics in adopting CCS. The case of Sweden takes 
the entry point of policy by unravelling how policy targets and a policy instrument unfold into 
business and societal systemic dynamics in adopting CCS. Second, this section provides a 
readiness and system dynamics framework as derived from the main lessons learned from the 
three case studies and the systemic discussions held by the researchers. 
 
 

4.1 Three cases of Readiness to adopt CCS from a system 
dynamics perspective 

4.1.1 Business: The case of how European industrial firms experience policy 
and societal system dynamics in adopting CCUS 

Within the wider Policy-Business-Society System Dynamics, there is a component which relates 
to the Business Readiness of Industrial Firms looking to adopt CCUS. In this case study, the 
Business Readiness of Industrial Firms is explored using a Business System Dynamic. This 
Business System Dynamic illustrates the feedback loops which affect Business Readiness for 
CCUS adoption through a wider variety of variables and their connections with one another. 
First, the internal feedback loops within the Business System Dynamic are discussed and 
explanations are provided for how these feedback loops can impact the adoption of CCUS. 
Following this, the entry and exit points between the Business System and Political/Societal 
support for CCUS are noted. These entry-exit points include factors such as economic 
incentives given by governments to encourage the adoption of CCUS as well as consumers’ 
willingness-to-pay for low-carbon products. These entry-exit points should feed into both 
Society and Political Readiness for CCUS.  

The various variables (nodes) and connections within the Business System Dynamic of the 
wider Policy-Business-Society System Dynamic. This Business System Dynamic for CCUS 
adoption is highly interconnected and complex with multiple feedback loops connecting a 
wide variety of nodes ranging from the willingness of consumers to pay for a low-carbon 
product, to the supportiveness of the regulatory regime for CCUS to the investment in skills that 
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CCUS deployment could provide. Importantly, within the system illustrated in Figure 3, there are 
four highly connected pivotal nodes: 

1. Business Case for CCUS = the justification that is required to deploy a proposed CCUS 
project based on its expected commercial benefit. 

2. Technology Deployment = the construction and operation of CCUS facilities, from pilot 
projects to full value chain deployment. 

3. Supply Chain Maturity = the availability of resources and/or skilled personnel required 
for CCUS deployment. These include but are not limited to: materials required for 
carbon capture (e.g., amines, building materials etc), CO2 transport & storage 
infrastructure (e.g., pipelines, wellheads), and skilled workers with the expertise to 
manufacture, deploy and operate the above. 

4. Cost of CCUS (vs. unabated option) = cost to an industrial plant of producing a product 
with CCUS installed compared to without CCUS (including any external economic 
incentives from e.g., government). 

The pivotal nodes influence one another through several positive and negative feedback loops. 
From these four highly connected pivotal nodes within Figure 3, a range of feedback loops can 
be identified. In the following section, the main driving forces of the Business Case for CCUS are 
first outlined, then each feedback loop is presented in turn. 
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Figure 3. The Business System Dynamic for CCUS deployment, with the four key nodes (business case, technology deployment, 

supply chain maturity, cost of CCUS) highlighted. 
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The key internal feedback loops within the Business System Dynamic are related to: 

1. The completion of a Technology Deployment Project 
2. Development of Alternative Decarbonisation Technologies 
3. Supply Chain Maturity 
4. Market Saturation for CCUS 

Each of these feedback loops are presented in Figure 3 but zoomed in figures to focus on the 
driving forces/feedback loop in question are shown in this case. 
 

Main Driving Forces in the Business Case for CCUS 

The Business Case for CCUS (i.e., confidence that value, and therefore revenue, can be 
generated through CCUS deployment) is a pivotal node It is driven by the Cost of CCUS, as well 
as consumers’ willingness to pay and overall market size. The Business Case for CCUS may also 
be diminished by development of directly competing alternative decarbonisation 
technologies. A stronger business case is expected to increase investor interest and therefore 
project investment, which should facilitate Technology Deployment. Each Technology 
Deployment project may then further improve the Business Case for CCUS through several 
feedback loops. 

Feedback Loop 1 – Completion of a Technology Deployment Project for CCUS 

A feedback loop arises from completion of a Technology Deployment project. This project 
completion increases technological maturity, via technology validation and associated 
learnings. This is expected to lower the Cost of CCUS, which directly improves the Business Case 
for CCUS by improving profitability, and also indirectly via an increase in consumers’ 
willingness to pay for low-carbon products and subsequent increase in market size. A more 
mature CCUS technology with an improved business case should attract greater investor 
interest. This feedback loop should therefore further increase Technology Deployment through 
increased project investment.  

However, an increase in consumers’ willingness to pay for low-carbon products may also 
encourage the development of alternative decarbonisation technologies. These other 
technologies could be in direct competition with CCUS, which may then detract from the 
Business Case for CCUS, slowing Technology Deployment in a negative feedback loop. 

Feedback Loop 2 – Development of Alternative Decarbonisation Technologies 

Technology Deployment projects typically involve investment in skills (e.g., through 
apprenticeships and on-the-job training), and building of new infrastructure (e.g., CO2 
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pipelines, upstream manufacturing facilities for carbon capture materials). Each successive 
project is likely to improve the Supply Chain Maturity by increasing the availability of both 
Skilled Workers and Infrastructure. Technology Deployment and validation should also drive 
standardisation as the industry shifts from bespoke to mass production of components, further 
contributing to the Supply Chain Maturity via economies of scale. A more robust, resilient 
supply chain will likely facilitate future Technology Deployment projects in a positive feedback 
loop by decreasing the risk of supply chain bottlenecks. A more mature supply chain is also 
likely accompanied by a larger market size and therefore a stronger Business Case for CCUS.  

Feedback Loop 3 - Supply Chain Maturity of CCUS 

An increase in the number of projects may also increase the risk of accidents, particularly when 
the technology and market are still immature. From a purely technological sense, these can 
act as key learning moments that also catalyse technology standardisation. In reality, the 
negative impacts on Societal Support for CCUS and investor interest are likely to outweigh this, 
depending on the nature of the incident(s). This emphasises the importance of interactions 
between the Business System and the Society and Policy System Dynamics which will be 
discussed further in the following subsection. 

Feedback Loop 4 – Towards CCUS Market Saturation 

Initially, CCUS is most likely to be deployed at sites enjoying greater Supply Chain Maturity (i.e., 
large emitters in industrial clusters). In the longer term, increased CCUS Technology 
Deployment may eventually saturate the market as the number of sites needing 
decarbonisation decreases. A decrease in the number of sites available for CCUS may lead to 
a slowing of market growth. This market slowdown would likely decrease the Business Case for 
CCUS and therefore investor interest, reducing overall project investment. This could result in a 
slowdown of Technology Deployment as the market becomes saturated. 

Premature CCUS market saturation may occur if easily accessible sites (i.e., large emitters in 
industrial clusters) have already been decarbonised. To drive market expansion to sites with 
more complex requirements (i.e., remote sites), further increases in Supply Chain Maturity are 
likely required. 
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4.1.2 Policy: The case of how policy in Sweden experiences the business and 
societal system dynamics in adopting CCS   

 

 
Figure 4. Interactions in the case study of Sweden 

Sweden stands as a compelling case for understanding the dynamics of industrial 
decarbonisation policies and their implications for businesses and society. The nation's 
historical commitment to energy and climate transition, coupled with unique geographical 
advantages and societal influences, has shaped its approach to industrial decarbonisation. 

Sweden's enduring commitment to energy transition is rooted in its self-perception as a 
pioneer in environmental and climate action. Over the past decades, legally binding targets 
and commitments have created a solid foundation, establishing a level playing field for various 
decarbonisation options. From an institutional perspective, Sweden has a comprehensive 
framework that includes legally binding instruments like the National Climate Policy Framework 
and the Climate Act, which set targets that go beyond those of the EU. Sweden's commitment 
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to climate goals remains steadfast, demonstrating how political readiness can ensure 
continuity in climate objectives despite changes in the political landscape, also subject to 
election cycles. 

A cohesive, long-term policy framework remains at the centre for driving industrial 
decarbonisation in Sweden. Yet, it is important to recognise the interplay of geographical, 
climatic, political, and societal factors crucial for steering transformative change. The detailed 
information from the case study conducted for the purpose of C4U Deliverable 5.3 enriches our 
understanding of Sweden's policy landscape. The mix of energy sources, including large hydro 
and nuclear, ensures a relatively low-carbon grid, thus enhancing the viability of various 
decarbonisation processes, including renewable hydrogen and CCS. The focus on negative 
emissions further aligns with Sweden's geographic advantages with rich forest resources such 
as natural carbon sinks and rich biomass. As well, the concentration of high-emission 
industries in localised areas makes the case of industrial clusters a viable option. Sweden's 
relatively limited number of large industrial point sources where CCS might be required 
enhances the feasibility of large-scale CCS project developments. Geographically, Sweden 
enjoys advantageous proximity to Norway, affording options for flexibility in CO2 infrastructure 
and storage.  

Political shifts, as highlighted in recent government programs cosidering CCS for both biomass 
but not excluding its use for fossil fuels, introduce – however – complexities. These changes 
may potentially create confusion in business cases and impact public perceptions, 
challenging the stability of the policy framework. Recent political shifts resulting from the 
general elections of 2022 have introduced an element of uncertainty. The preference for CCS 
in the new Governmental Agreement may implicitly affect CCU adoption. As the focus shifts to 
finding sites and transportation options  for storing CO2, the CCU option receives less attention 
(Rodriguez et al., 2021). 

Sweden's pursuit of leadership roles in global industrial decarbonisation fora underscores its 
commitment to climate neutrality. Insights from discussions and interviews conducted for the 
purpose of an in-depth assessment of Sweden’s policy mix for industrial decarbonisation 
highlight the nation's active involvement in international collaborations, contributing to a 
diversified policy approach and garnering interest in successful business cases. The Swedish 
Innovation Agency (Vinnova), in collaboration with the Swedish Energy Agency and the 
Swedish Research Council for Sustainable Development (Formas), jointly finance 17 programs 
aimed at fostering collaboration among stakeholders in selected areas with the ultimate goal 
of enhancing Sweden's international competitiveness. 

As the analysis of the case study shows, policy support mechanisms are not free from 
shortcomings. While various instruments, like subsidies and aid for industrial deployment, are 
tailored to industry decarbonisation, their limited duration and financial support pose 
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constraints. The net reverse auctions for Bioenergy with Carbon Capture and Storage (BECCS) 
introduce the issues surrounding distributional effects, emphasising the importance of an 
inclusive approach. Only existing large-scale industrial point sources of biogenic CO2 
emissions will be competitive enough to participate as bidders in the auction (Lundberg and 
Fridahl, 2022). As a result, some crucial bidders may be excluded from the auction due to cut-
of-budget or cut-of-volume limitations imposed by the Swedish Government. Negative effects 
are also present in the current design of the Net reverse auctions.  Long bureaucratic processes 
and sunk costs discourage companies from bidding for BECCS project deployment. 

Business-led initiatives, such as Fossil-Free Sweden, play a crucial role as grassroot business 
initiatives to endorse decarbonisation of industries. Yet, in terms of societal trust, affected by 
inter alia carbon tax pressures on consumers, but exclusion of industry from, presents a 
challenge. Perceptions that decarbonisation shifts the burden onto consumers may impact 
societal support. 
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4.1.3 Society: The case of how societal engagement experiences business 
and policy system dynamics in adopting CCS in an industrial cluster of the 
NSP 

Intensive policy and business engagement will be necessary to build and maintain the societal 
trust necessary for CCS implementation. This case looks at CCS at the NSP industrial cluster to 
illustrate the relevance of the interdependence of business, policy, and society with particular 
attention to the latter. 

 

Figure 5. Societal readiness and CCS implementation co-evolve. 5  
 
The NSP is an industrial cluster that resulted from a merger between the Dutch Zeeland Sea 
Port and the Belgian Ghent Sea Port. The cluster is host to several heavy emitters, including an 
iron and steel plant and petrochemical industries. CCS is considered one of the technologies 

 
5 Adapted from Swennenhuis et al., forthcoming cited in (Covarrubias et al., 2024). 
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to help reduce greenhouse gas emissions. Governance of the port is shared between both 
Dutch and Belgian provinces and municipalities. 

The potential role of CCS at NSP is shaped by many different factors that cover a variety of 
domains including business, policy, and society. There is not one single individual who is able 
to oversee all of that complexity. Therefore, to investigate the enablers and barriers towards 
CCS at NSP, two workshops were held with stakeholders from industry, local, regional, and 
national governments, and NGOs. The discussions were facilitated by researchers with 
expertise in designing and conducting group processes. The discussions generated a shared 
understanding of the complex system around CCS at NSP through surfacing and resolving 
conflicting views.  

In general, the discussions gave the impression that local societal readiness for CCS at NSP is 
substantial. Although there are concerns about pollution, the local communities historically 
also have good experiences with the industry there, and the region is used to relying on the 
industry for its economy and jobs. Industry noted that to invest in CCS, it needs stable and 
supportive policies. The governments in their turn rely on public support to legitimise such 
policies. Public support is influenced by many different factors. The trust of society in 
governments is an important factor. How the benefits and burdens of CCS are shared across 
stakeholders is another one. These factors are amongst others shaped by the extent to which 
industry appears to authentically commit to implementing CCS to reduce greenhouse gas 
emissions. This results in a situation where all actors mutually depend on each other for the 
successful reduction of greenhouse gases with CCS, see Figure 5 above. 

This case shows the relevance of society for the implementation for CCS. Without public 
support, the policies required for a positive CCS business case will not have enough legitimacy. 
It also shows how business, policy, and industry mutually depend on each other. The case 
shows the crucial importance of fairness and trust. Societal readiness is high if society 
perceives the distribution of CCS benefits and burdens as just. Therefore, we recommend 
industry to commit to and invest in substantial greenhouse gas reductions through CCS 
unequivocally and proactively. This has the potential to generate the trust required for the 
policies and subsidies necessary for a sustainable future of industry at NSP. We recommend 
industry to engage all stakeholders early and proactively.  

This case shows how all actors have a shared influence, and therefore also a shared 
responsibility on the timely and effective reduction of greenhouse gas emissions at NSP. 
Intensive engagement will be necessary to build and maintain the trust necessary for CCS 
implementation. Societal readiness and CCS implementation co-evolve. Industry cannot 
‘wait’ until societal readiness is high enough to start investing because it is through investing 
that societal readiness will develop. 
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4.2 Deriving a Readiness and System Dynamics 
Framework to support the adoption of CCS  

 
 

 
Figure 6. Modeling an integrated Policy-Business-Societal Readiness  and System Dynamics 

framework.  
 
 
The three cases above presented provided an overarching approach to comprehend three 
different realities aimed at enabling readiness to adopt CCS in Europe, employing a cross-
disciplinary lens. By examining instances across different governance structures, geographical 
locations, and systems, we uncover valuable lessons that underscore the need for a systemic 
readiness framework to guide the adoption of CCS in a societally acceptable way for all 
stakeholders. 
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Figure 6.0 presents an integrated modelling of a Policy-Business-Societal Readiness system 
dynamics framework. This framework is aimed to be adaptable to diverse political contexts 
and geographical nuances, emphasising the significance of holistic and systemic thinking to 
address the challenges associated with CCS in the European context.  
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5. Lessons on systemic drivers supporting the adoption 
of CCS  

 

Three different approaches emerged from the discussions surrounding the modelling of the 
system dynamics framework; these are policy-driven, market-driven, and society-driven 
approaches. The three approaches highlight three different venues to support the adoption of 
CCS. The models presented throughout this section include three different colour arrows: blue 
(policy-based driver), orange (market-based driver), and green (society-driven driver). This 
section concludes by providing a simplified framework of a Policy-Business-Societal systemic 
adoption of CCS. 
 
 

5.1 Society-driven CCS adoption 

Engaging with societal support for CCS is a driver to increase CCS 
Technology Development  

How to provide the social license to markets and policymakers in adopting CCS? Figure 7 
illustrates how increased societal support for CCS not only enhances willingness to pay for 
green commodities and services while reducing societal concerns about place attachment, 
but also addresses key obstacles hindering CCS technology deployment. This heightened CCS 
technology deployment consequently fosters the creation of more green jobs, further 
reinforcing societal support for CCS initiatives. In turn, higher consumers’ willingness to pay for 
low-carbon products also represents a larger revenue stream and improves the Business Case 
for CCS. 
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Figure 7. Societal-driven CCS adoption 

Engaging with societal support increases CCS legitimacy 

How can legitimate policies provide the social license markets need for adopting CCS? 
Additionally, as illustrated in Figure 8, increased societal trust in policymakers, stemming from 
robust societal support for CCS, bolsters the legitimacy for CCS policies, thereby boosting 
political support for CCS efforts. When political support for CCS is high, Supply Chain Maturity 
and CCS Technology Deployment increase. In turn, more Green Jobs are created and stimulate 
back Societal Support for CCS. 
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Figure 8. Society-driven CCS adoption 
 
Governments need to engage with current business barriers facing EIIs to adopt CCS and 
provide green commodities to society. To support the adoption of CCS by EIIs, policy 
instruments should be enacted to assist industrial firms in developing viable business models 
for CCS. Supportive policy instruments need to assist industrial firms in developing6: 

5. a revenue model describing where the income generated to cover the costs of CCS 
originates (e.g., premium from sales of green commodities or subsidies), 

6. an ownership structure describing the responsible players for each part of the CCS 
value chain, and  

7. capital financing to fund the construction of capture plants, transport, and storage 
infrastructure. 

 

 

6 D5.3. Report on comparative analysis of industrial CCUS policy instrumentation (Task 5.3.2) 
D6.3. Report summarising stakeholder analysis to identify key drivers and challenges of the key players (Task 6.3) 
D6.4. Report describing business model innovation framework design and scenario-analysis results (Task 6.4). 
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To provide society with green goods, services, and jobs, governments need to implement the 
necessary incentives on CCS to enable its market dynamics. At the same time, governments 
need to be vigilant in industry transforming production processes into industrial processes that 
reduce unequivocally CO2 emissions. In doing so, industry will need to invest in guaranteeing 
the environmental safety of mitigation approaches (including CCS) on the planet and related 
earth systems (e.g., water, air, underground, and pollution by industry) and a just transition. 

Societal Support for CCS could also impact the Business System Dynamics via:  

8. Societal Pressure for ESG Investment from customers and/or industry shareholders, 
which should increase investor interest and therefore the amount of private capital 
available for Technology Deployment. 

9. Availability of skilled workers who are keen to work in the CCS industry. More available 
workers for multiple parts of the supply chain (e.g., capture material manufacture, CO2 
transport & storage operations) is likely to improve Supply Chain Maturity. 

10. Place attachment, whereby lower Societal Support for CCS may increase societal 
resistance to local infrastructure development and hinder or prevent Technology 
Deployment. 

Societal Support for CCS has the potential to be affected by several aspects of the Business 
Dynamics System, such as: 

• The Creation of green jobs as a result of Technology Deployment, accompanied by 
investment in skills in the form of apprenticeships and on-the-job training, should 
generate financial benefits for local economies and thus may improve societal support 
for CCS. 

• A higher risk of accidents (e.g., pipeline failure) as Technology Deployment increases 
the number of operational CCS projects, which could severely impact public trust in 
CCS. 
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5.2 Market-driven CCS adoption 

The way industry invests in CCS determines the perceptions of Justness of 
the Transition and legitimises the political support for Supportive 
Regulatory Regimes and Economic Incentives 

 

 

Figure 9. Market-driven CCS adoption 

How can industry investments in CCS drive societal trust in industry and political support? 
Figure 9 illustrates that when industry investments in CCS observe societal concerns (see 
Section 2), the Perceived Justness of the Transition increases and it leads to higher Societal 
trust in industry. When Societal Support for CCS is high, societal Trust in CCS policymakers 
increases and leads to more legitimacy for CCS policies. In turn, Political Support for CCS 
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increases. When Political Support is high, Supportive Regulatory Regimes and Economic 
Incentives for CCS increase. When Supportive Regulatory Regimes increase, the Commitment 
of Industry increases leading to high Industry Investments in CCS. When Economic Incentives 
for CCS increase, Industry Investments in CCS increase. In turn, Experience with the safe 
operation of CCS and the Perceived Justness of the Transition increase leading to higher 
Societal trust in industry. When Societal trust in industry is high, Societal support for CCS 
increases. 

Aligned to the C4U Project findings (D6.4), this systemic market-driver shows that  when 
Economic Incentives and Supportive Regulatory Regimes for CCS increase, these enable the 
revenue model, capital financing, and ownership structure that industrial firms need to invest 
in CCS. Additional concerns from industrial firms include questions about how can industry 
investments in CCS drive societal trust in industry and political support. 

 
Engaging with Societal Concerns is vital, allowing CCS technologies deployment to unfold 
organically. To  engage with the perceived justness of the transition, the following societal 
concerns are to be considered by industrial firms and procured by governments: 

• Trust is gained if society witnesses a shared-responsibility and a transparent 
commitment from EEIs to significantly reduce emissions. 

• The social license is granted when CCS does not serve as a carbon lock-in license for 
EIIs to operate. 

• Trust can be cultivated when governments and EIIs collaborate to develop and 
incentivise a wider portfolio of mitigation technologies. 

Engaging with Business Concerns may also impact Political and Societal Support for CCS 
through a range of exit points. Political Support may be affected by: 

• A stronger Business Case for CCS and increased societal pressure for ESG investment, 
both of which may increase investor interest, manifesting as an increase in political 
lobbying for CCS. 

• Investor interest, and therefore lobbying, may also be reinforced by higher 
technological maturity or, conversely, reduced if there is a high risk of accidents. 
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5.3 Policy-driven CCS adoption 

Legitimised Policy Support is key for industry to make investments in CCS 

 

Figure 10. Policy-driven CCS adoption 

How can Policy gain legitimacy to support industry investments in CCS? Figure 10 illustrates 
that when Political Support for CCS is high, Supportive Regulatory Regimes and Economic 
Incentives for CCS increase industry investments in CCS. Supportive Regulatory Regimes lead 
to higher Commitment of Industry leading to high Industry Investments in CCS. When 
Economic Incentives for CCS increase, Industry Investments in CCS directly increase. When 
industry investments in CCS are high, both experience with the safe operation of CCS and 
Perceived Justness of the Transition increase leading to higher Societal trust in industry. When 
Societal trust in industry is high, Societal support for CCS increases leading to more societal 
trust in CCS policymakers and legitimacy for CCS policies. Ultimately, political support 
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increases. Political Support for CCS could impact the Business System Dynamics through 
several entry points, by: 

• Offering Economic Incentives (e.g., carbon taxes/credits) to lower the Cost of CCS 
relative to unabated emissions, and increase the expected revenue and return on 
investment, thereby strengthening the Business Case for CCS. 

• Providing Public Funding & Grants that can facilitate Technology Deployment by 
improving the availability of capital for project investment. 

• Creating a Supportive Regulatory Regime to, e.g., streamline the permitting and 
consenting processes involved in Technology Deployment. This support could also 
encompass upstream processes (e.g., establishment of production lines for carbon 
capture materials) and therefore improve Supply Chain Maturity. 

 

As demonstrated7 by the C4U Project, the ‘Distributional and Equity Effects’ criterion received the 
lowest evaluation among the industrial decarbonisation policy packages analysed. The 
allocation of economic costs and benefits resulting from the implementation of policy 
instruments supporting CCS investments was not perceived to be uniform across various 
societal groups or sectors. Inequalities around policies and policy instruments aimed at 
supporting CCS investments raise societal concerns about the fairness of the European 
industrial decarbonisation transition. To gain public support to legitimise the economic 
incentives (policies) needed by industrial firms to invest in CCS, governments need to engage 
with the current societal perceptions of the role of CCS in decarbonising the industry. To 
support the adoption of CCS, governments need to coordinate:  

• EIIs employ CCS for capturing CO2 in a way that does not endorse natural gas 
processing and enhanced oil recovery, and governments need to be vigilant about the 
industry’s compliance.  

• A trustful relationship between industry and society by communicating and committing 
to a clear roadmap for CCS. A roadmap that strategises CCS deployment as a solution 
to mitigate climate change and not as a remedy for symptoms, potentially 
encouraging the ongoing use of fossil fuels.  

 

7  D5.2. Interim, internal report on interview results feeding into Task 5.3.2 and Task 5.3.3 (Task 5.2) 

D5.3. Report on comparative analysis of industrial CCUS policy instrumentation (Task 5.3.2) 

D5.4. Policy brief on how to incentivise CCUS in a societally acceptable way in industrial clusters (Task 5.3.3) 
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• The envisioning and implementation of CCS in the long term. A common perception by 
society is that CCS is a transitional technology potentially able to reduce CO2 emissions 
until more effective and sustainable climate-neutral alternatives can be implemented.  

• a level-playing field and the investing environment for businesses to adopt CCS 
technologies, while balancing perceptions associated with fair benefits and burdens 
distribution 

• the role of CCS in a just, equitable, and credible energy transition of the European EIIs if 
the 1.5C target is to be accomplished, and 

• the vigilance of the industry’s compliance in committing to change emission 
trajectories instead of using CCS as an exploitation license for oil and gas industries. 

Intensive policy and business engagement will be necessary to build and maintain the societal 
trust necessary for CCS implementation. Gaining societal trust by industry is a crucial enabler 
to gaining ‘public support for CCS’ and the needed ‘legitimacy of CCS policies’ sending the 
economic support (subsidies) needed to enable the industry to commit to investments in CCS. 

Publicly supporting industry investments, when societal concerns are addressed, is crucial for 
fostering a collaborative and trust relationship leading to the successful implementation of 
CCS. It is important to avoid unbalanced policy structures that disproportionately benefit 
industry, without emphasising the need for a more equitable distribution of benefits and 
burdens between all stakeholders which in turn reflects a just transition for all. 

If the societal concerns, above-mentioned in Section 2, are not coordinated by governments 
and addressed by industry, public support and trust in the role of CCS will be limited. This 
implies that the public policies needed for a positive CCS business case will lack sufficient 
legitimacy. Industrial firms need such public policies for developing a CCS business case, and 
governments, industry, and society need a successful implementation of CCS if Europe is to 
keep climate change, preferably, within a 1.5C climate scenario. 
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5.4 Systemic Policy-Business-Societal Readiness  

Figure 11 illustrates that the perceived justness and safety of the transition leads to the societal 
trust in the industry needed to support CCS adoption. Societal support translates into trust in 
CCS policies supporting CCS adoption, leading to the political support needed to provide the 
industry with supportive regulation and incentives to invest in CCS. Therefore, a just transition 
is crucial for co-creating societal, political, and business support to deploy CCS as one of the 
technological options to decarbonise the EII.  

 

Figure 11. Policy-Business-Societal systemic adoption of CCS  
 
In driving the adoption of CCS, societal trust in the industry will legitimize the political support 
required for CCS investments. Perceptions regarding the distributional and equity effects 
among the various stakeholders involved in the energy transition are crucial. Questions about 
who benefits from and who bears the burden of industrial decarbonisation guide the 
legitimization of political support for the industry. Elements such as the modernization of 
commodities and job provision towards greener methods of production and employment also 
contribute to perceptions of fairness in the energy transition. The extent to which CCS 
deployment contributes to climate goals while demonstrating its environmental safety also 
influences perceptions of justness and safety. All in all, a just transition is essential in co-
creating the societal, political, and business systemic readiness needed to deploy CCS as one 
of the technological options for decarbonising the EII. 
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6. Conclusions 

In light of the objectives of Work Package 5 of the C4U Project, the present report contributes to 
constructing a framework model for CCS to contribute to the societal, business, and policy 
readiness needed to support the adoption of CCS in Europe. 
 
This report showed how technology, policy, business, and societal readiness are systemically 
interdependent. Research conducted by the C4U project, suggests engaging with the different 
concerns among policy, business, and societal stakeholders around the adoption of CCS from 
a systemic perspective.  
 
In light of the CCS capacity implementation challenge and ambitious European climate 
targets, one paradigm shift is identified as key support to increase the readiness to adopt CCS. 
Europe needs to shift paradigms from techno-economic analysis to proactive systemic 
readiness in co-creating trust in CCS investments and deployment. 
 
To mobilise the suggested paradigm shift, the C4U Identified social, business, and policy 
concerns in adopting CCS in Europe and translated these concerns into a system dynamics 
readiness framework to inform CCS adoption in Europe. In doing so, the authors conducted 
and drew insights from three distinct cases that spanned varying governance levels, different 
countries and regions, and the different policy, business, and societal systems around the 
adoption of CCS. The three cases provided an overarching approach to comprehending three 
different realities aimed at enabling readiness to adopt CCS in Europe, employing a cross-
disciplinary lens. The group modelling sessions conducted for this research contributed 
methodologically and conceptually to the co-creating of societal-policy-business readiness 
in a more engaging and systemic approach.  

This report arrived at a systemic readiness framework to understand how CCS adoption is 
driven. The framework suggests three systemic drivers in adopting CCS portraying a 
compelling key message: societal trust in the industry will legitimize the political support 
required for industry investments in CCS.  

Accomplishing European CCS capacity implementation and climate targets, requires a 
paradigm sight towards systemic change, as addressed in this report. Contributing to the 
System Readiness Level of CCS adoption in Europe requires gaining societal trust in industry to 
enable ‘public support for CCS’ and the needed ‘legitimacy of CCS policies’ to economically 
support industry to commit to investments in CCS. Governments need to be vigilant in industry 
transforming production processes into industrial processes that reduce unequivocally CO2 

emissions. In doing so, industry will need to invest in guaranteeing the environmental safety of 
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mitigation approaches (including CCS) and a just transition for all. A just transition must 
guarantee the provisioning of society with green commodities, services, and jobs.  

At the same time, governments need to be vigilant of the industry’s compliance and supportive 
of the necessary incentives to adopt CCS. Publicly supporting industry investments, when 
societal concerns are addressed, is crucial for fostering a collaborative and trusting 
relationship leading to the successful implementation of CCS. It is important to avoid 
unbalanced policy structures that disproportionately benefit industry, without emphasising the 
need for a more equitable distribution of benefits and burdens between all stakeholders which 
in turn reflects a perceived unjust transition for society and reduces societal trust in 
policymakers and CCS policies. 

If the societal concerns presented in Section 2, are not coordinated by governments and 
addressed by industry, public support and trust in the role of CCS will be limited. This implies 
that the public policies needed for a positive CCS business case will lack sufficient legitimacy. 
Industrial firms need such public policies for developing a CCS business case, and 
governments, industry, and society need a successful implementation of CCS if Europe is to 
keep climate change, preferably, within a 1.5C climate scenario. 
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