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A B S T R A C T   

Carbon dioxide capture and storage (CCS) can reduce CO2 emissions, but there is disagreement on its role. The 
disagreement is reflected in stark differences in stakeholders’ narratives on CCS. In the Netherlands, one extreme 
narrative focusses on CCS as part of a just transition and another on CCS as contributing to carbon lock-in. These 
narratives reflect different expectations of dynamic feedbacks around CCS deployment in the specific Dutch 
industrial context. This paper describes an alternative narrative that can advance the debate on what role CCS 
may play. Qualitative system dynamics based on interviews with experts is applied to identify the systemic 
feedback mechanisms that drive the dynamics of CCS in the Dutch industrial system transition, according to the 
two narratives. We find that CCS may reinforce carbon lock-in through the feedback mechanisms of legitimising, 
crowding out, and integration, and that CCS may play a part in a just climate transition through employment, 
economic, and environmental mechanisms. We combine these mechanisms into our alternative framing of CCS 
that could align the interests of different stakeholders: regulating CCS carefully to maximise its social and climate 
benefits and minimise the build-up of vested interests and carbon lock-in.   

1. Introduction 

Carbon dioxide capture and storage (CCS) is a technology that can 
capture CO2 emissions produced by the use of fossil fuels or biomass in 
electricity generation or industrial processes (IPCC, 2005). In the cap-
ture process, CO2 is separated from other exhaust gases. The captured 
CO2 is then compressed for transportation, injected and stored in deep 
porous geological formations, over about a kilometre underground 
(Global CCS Institute, 2019a). CCS can most efficiently be applied to 
large stationary CO2 sources such as power plants and energy-intensive 
industries like oil refining, cement, steel, and chemical plants (Global 
CCS Institute, 2019b; IEA, 2019). In the Netherlands, it is mainly seen as 
a mitigation option for industry as the coal-fired power plants are due to 
shut down in 2030 (Dutch Government, 2019a). 

CCS can avoid a significant share of energy-related and industrial 
CO2 emissions (IEA, 2017; IEA, OECD, 2004; IEA, UNIDO, 2011; IPCC, 
2018). Over the past decade, CCS has been framed as an indispensable 
part of the climate change mitigation portfolio, as reducing Greenhouse 
Gases (GHG) in line with limiting warming to well below 2 ◦C while 

maintaining industrial productivity is thought to be very costly and 
hence nearly impossible without CCS (IEA, 2017; IEA, UNIDO, 2011; 
IPCC, 2018). For instance, the Intergovernmental Panel on Climate 
Change (IPCC) has estimated a 138 % increase in the marginal abate-
ment costs, for the period 2015–2100, in case of CCS absence in the 
mitigation portfolio (IPCC, 2014a). The International Energy Agency 
(IEA) estimates that the exclusion of CCS would increase the mitigation 
costs by 40 % (US$2 trillion) by 2050 (IEA, 2012). Although these re-
sults reflect that a functioning economy without fossil fuels is difficult to 
imagine (and therefore to model), the reality is that CCS is seen as a key 
option in the low-carbon transition. 

This vision of CCS, however, is far from reality. Progress on CCS has 
been limited (IPCC, 2018). Since it started featuring prominently in the 
global mitigation portfolio in the early 2000s, its contribution has grown 
to only around 40 MtCO2 annually in 2019 (Global CCS Institute, 
2019a), which is only a fraction of its potential and its need according to 
studies. Reasons include public resistance as well as a lack of incentives 
and political will (de Coninck and Benson, 2014; IPCC, 2018). 

The stalling of CCS and its association with the fossil fuel-based 
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system have led to a debate on what actually can be expected of CCS in 
addressing climate change. What will be the systemic (indirect) impacts 
of large-scale CCS implementation on the dynamics of the transitions 
needed to address climate change? This debate takes place both in so-
ciety (Boyd et al., 2017; Feenstra et al., 2010; Greenpeace, 2008; Karimi 
et al., 2016; Terwel et al., 2012) and in research (Blackford et al., 2009; 
Ha-Duong and Loisel, 2009; Shackley and Thompson, 2012; Stephens 
et al., 2011; Vergragt, 2012; Vergragt et al., 2011). Narratives vary from 
CCS as a cost saver (IPCC, 2014b) and recently a contributor to a just 
transition (Swennenhuis et al., 2020), to CCS as ‘false hope’ (Green-
peace, 2008) and reinforcing existing fossil fuel-based carbon lock-ins 
(Vergragt et al., 2011). 

Whether for or against CCS, the state of the debate at the moment 
paralyses climate action in industry. Deployment of CCS is too slow for 
the Paris Agreement goals, but policymakers1 and industry actors are 
still relying on CCS in their projections of deep emission reductions and 
are consequently not investing as much in other mitigation options as 
would be needed if CCS were not part of the mix. At the same time, the 
few CCS projects that are happening are often insufficiently legitimised 
by the general public and parts of civil society. 

This paper explores two narratives of the role of CCS in the Dutch 
industrial climate transition with the aim of describing an actionable, 
more unifying narrative that can clarify CCS’s role in the Dutch climate 
transition. Qualitative system dynamics is used based on interviews with 
stakeholders and industrial experts in the Netherlands (with a focus on 
the Rotterdam harbour area, the country’s largest industrial cluster 
emitting 17 % of Dutch GHG emissions) to identify the feedback and 
systemic mechanisms that drive the dynamics of CCS in the climate 
transition. The two selected narratives, “CCS as part of a just transition” 
and “CCS as contributing to carbon lock-in”, can be seen as two extremes 
in the spectrum and are further explained in section 2.1. 

Our contribution to the academic debate is an exploration into an 
alternative framing of CCS that takes into account the concerns 
expressed across the full spread of CCS narratives. We do this by 
unpacking the two extreme narratives of CCS in climate transitions 
through a system dynamics method (Forrester, 1961; Sterman, 2000) 
based on interviews with experts. Such an approach can reveal the 
substance of different viewpoints on CCS and elucidate how they 
interrelate and interact over time. A system dynamics approach is 
typically applied in settings where information from different stake-
holders with different viewpoints needs to be synthesised (de Gooyert 
et al., 2016). The approach looks at many variables and their mutual 
interdependencies. In our research, this allows us to consider the rich-
ness of the various co-existing understandings of CCS and to explore the 
potential indirect (long-term, second/third order, non-linear) effects (of 
large-scale CCS) that are suspected to play a role. 

After the conceptual framework and methodology (Section 2), we 
dissect the two juxtaposed narratives, uncovering the underlying 
mechanisms, which leads to an inventory of elements that comprise the 
two narratives in Section 3. We then, in Section 4, explore a potential 
CCS narrative that incorporates the concerns of both frames, we explain 
limitations of our research and provide recommendations for future 
research. In Section 5, we present the research conclusions. 

2. Conceptual framework and method 

Our conceptual framework consists of carbon lock-in and just tran-
sition notions as overarching lenses to analyse our data. We accept both 
perspectives as legitimate and assume that with them, we cover most of 
the spread of relevant stakeholder views on CCS in industry in the 
Netherlands. We regard our data, two sets of interviews with experts, 
through those lenses and evaluate the dynamic mechanisms at work 
using system dynamics. We discuss the core concepts in our conceptual 
framework in more detail in Section 2.1. The data collection (interviews) 
are discussed in Section 2.2, and the data analysis method in Section 2.3. 

2.1. Carbon lock-in and just transitions 

Carbon lock-in has been defined as a path-dependent process 
whereby reinforcing feedback and increasing returns to the adoption of 
a technology act to inhibit development, deployment, and diffusion of 
possibly superior alternative technologies (Arthur, 1994, 1989; Seto 
et al., 2016; Unruh, 2000). In a mature technological innovation system, 
various structural components of the system, i.e. actors, institutions, and 
networks, align themselves with the incumbent socio-technical regime 
(Bergek et al., 2015; Malerba, 2002). It is argued that this leads to path 
dependencies (Arthur, 1994; Carlsson and Jacobsson, 1997) which, 
along with increasing returns to adoption of certain technologies, es-
tablishes a firm’s vested interest of maintaining existing technologies. 
Any radical innovation that jeopardises this vested interest and stability 
encounters systemic problems by the interdependent structural com-
ponents of the system, as explored for the concrete industry by Wes-
seling and Van der Vooren (2017). 

Several authors have presented criteria to evaluate CCS’s role in 
reinforcing carbon lock-in. Shackley and Thompson (2012), inspired by 
Collingridge (1992;, 1980), developed a list of organisational (including 
technical and social) indicators for this. They state that CCS will create 
an unavoidable technological lock-in, but it will not necessarily be a 
problem as long as CCS is kept as a flexible option. They argue that a 
problem emerges when the technology is designed inflexibly, deepening 
and thereby strengthening carbon lock-in. Vergragt et al. (2011) 
adapted Shackley and Thompson’s framework in their research and 
presented a list of criteria to investigate how CCS may strengthen carbon 
lock-in. The criteria include: “Heaviness (including scale, infrastructure, 
capital intensity and lead time), interrelatedness among/between tech-
nologies, legitimation (including hyping, hubris and being closed to 
criticism), learning effects of users, producers, and other stakeholders 
(such as regulators and the public), expectations, and interests.” To 
measure the risk of “fossil fuel energy CCS” locking out “bioenergy CCS” 
via their lock-in criteria, they applied the functional approach of the 
Technological Innovation System (TIS) framework (Bergek et al., 2008; 
Hekkert et al., 2007; van Alphen et al., 2009) to assess the factors 
influencing the development, diffusion, and deployment of these two 
technologies. They concluded that there is a risk of CCS strengthening 
carbon lock-in unless CCS is coupled with bioenergy rather than fossil 
fuel (Vergragt et al., 2011). CCS is also identified as a potential 
contributor to a carbon lock-in by making renewable-based electrifica-
tion harder to realise as operations of these two technologies alongside 
in a single installation are in most cases incompatible (Janipour et al., 
2020). 

In contrast to the framing of CCS around carbon lock-in, CCS is also 
envisaged to have potential for making the climate transition more just. 
The term ‘just transition’ originates from a superfund for workers in 
toxic materials. Early on, its primary focus was on sustained employ-
ment for workers (Mazzochi, 1993). Later, the concept attracted the 
attention of trade unions, academics, and national and regional gov-
ernments to understand what the meaning of just transition could be in 
the context of climate change, e.g. for coal transitions (Adams et al., 
2016; Evans and Phelan, 2016; ILO, 2015; Simmons et al., 2018; Weller, 
2019). More recently, the concept of a just transition has also been 

1 Global CCS Institute reported the global CCS readiness index in 2018. The 
index basically identifies the countries that are leading in creation of enabling 
environment and support for large-scale CCS implementation. By monitoring 
the progress of CCS deployment through a series of indicators, including poly 
development and legal and regulatory frameworks, the Global CCS Institute 
ranked Canada, USA, Norway, United Kingdom, Australia and the Netherlands 
respectively as the six leading countries that support large-scale CCS imple-
mentation (Havercroft and Consoli, 2018). 
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brought in connection with climate justice (Jasanoff, 2018; Okereke, 
2010; Swilling et al., 2016). Just transition has been presented as a 
mobilising term for providing green jobs as an important element of the 
transition away from the fossil-fuelled economy (Heffron and McCauley, 
2018). Newell and Mulvaney (2013) indicate equity and justice as the 
core of a just transition toward a low-carbon economy in which those 
who are currently living in energy poverty and the ones whose liveli-
hoods depend on the fossil fuel economy will not be disregarded, and 
also indicate that the pursuit of climate justice for the current and future 
generations exposed to the negative effects of climate change is another 
key element. Linking environmental goals with social and economic 
development goals is at the core of a just transition. The notion of just 
transition has popularised as a result of a lack of attention to social 
justice in the process of moving towards a low-carbon future (Jasanoff, 
2018). In that view, just transition should encompass “a fair and equi-
table process of moving towards a post-carbon society” (Heffron and 
McCauley, 2018), promoting distributional, procedural and restorative 
justice (Heffron and McCauley, 2018). 

In the ‘employment’ framing of just transitions, CCS could be seen as 
a technology to help create and maintain jobs in fossil fuel industries in 
both the power and manufacturing sectors. It is argued that CCS could 
also create jobs in construction and maintenance as the required skills 
from both employees and companies relate to existing onshore and 
offshore industries (Patrizio et al., 2018; Swennenhuis et al., 2020). 

Heuberger et al. (2017) argue that, if CCS reduces the total system 
cost of a low-carbon energy and industrial system, it could create op-
portunities for regions by creating productive industrial ecosystems. It is 
reasoned that in such regions, existing industries may reduce their 
emissions at relatively low costs through new low-carbon technologies 
such as blue hydrogen and carbon dioxide capture and utilisation (CCU). 
From a climate justice perspective, it is argued that CCS may help 
mitigate distributional impacts of the energy transition by lowering the 
cost of the transition (Zachmann et al., 2018), although that will depend 
on how it is implemented, especially as process- and justice-wise, CCS 
does not have a strong track record in the Netherlands (Brunsting et al., 
2011; Terwel et al., 2012; van Egmond and Hekkert, 2015). CCS could 
further help by maintaining a level international playing field for in-
dustry, avoiding carbon leakage and maintaining industrial activity 
within regions (Swennenhuis et al., 2020), although funding would be 
needed to cover additional costs. 

In general, what makes CCS attractive in the just transition framing is 
that it provides the possibility to continue using fossil fuels, and not 
scrapping existing infrastructure and social systems at great economic 
and social cost, while at the same time addressing climate change 
(Spreng et al., 2007). This argument is countered by the carbon lock-in 
narrative, which indicates that precisely this point will reinforce the 
carbon lock-in (Greenpeace, 2008; Spreng et al., 2007; Vergragt, 2012, 
2009). It is argued that CCS creates a false sense of safety, directing the 
system onto a wrong path that will entail high sunk costs (Stephens, 
2015). Depending on their lifetime, some of the future CCS projects 
might become stranded assets and thus increase the transition costs 
(Janipour et al., 2020). 

2.2. Interviews 

In order to explore the room for an alternative narrative between the 
diametrically opposed views on CCS as a carbon lock-in or CCS as an 
enabler of a more just transition, we have combined two existing sets of 
interviews conducted in the Netherlands, a country with a long-standing 
societal debate on CCS (Ashworth et al., 2015; Brunsting et al., 2011; De 
Best-Waldhober et al., 2012; Terwel et al., 2012). The total set of in-
terviews comprises a variety of viewpoints on CCS. The interviews in 
both sets were semi-structured to allow interviewees to bring up and 
discuss any issues that they considered relevant for the realisation of the 
deep GHG emission reductions in the Dutch chemical and petrochemical 
industries. Table 1 shows the number of interviewees by interview set 

and the organisation type. The interview question lists of both interview 
sets are in Appendix 1. 

The carbon lock-in interviews were held at a time when a new 
government had just proposed ambitious CCS plans and a lively societal 
debate was taking place on CCS. They were held for a case study on 
carbon lock-in in the Dutch chemical industry, and the interviewees 
were asked questions about potential conflicts and discrepancies among 
different deep emission reduction options for the Dutch chemical in-
dustry. Because of the societal debate at the time (see below), CCS was 
discussed extensively by all interviewees (Janipour et al., 2020). The 
interviewees were identified from the invitation list of a July 2017 
meeting of the Transition Path High Temperature Heat (THT2050) in 
The Hague (NL). The THT2050 was a consultation process organised by 
the Dutch government in 2017 to discuss the energy-intensive in-
dustries’ contributions to the Paris Agreement goals. About half of the 
interviewees in this set had a relation to the Rotterdam harbour area. 

The ‘just transition’ interviews were conducted as part of a 
comparative study on the role of CCS in a just transition in the Rotter-
dam area, Scotland and Norway (Swennenhuis et al., 2020). The Dutch 
interviewees were selected based on their roles in the national CCS 
debate. The Rotterdam area was chosen as the focus of this study as this 
region has been the CCS hub in the Netherlands and will be heavily 
affected (relevant for the justness of the transition) by industrial 
decarbonisation. 

The interviewees for both sets were active in the national rather than 
the local debate, including the Rotterdam interviews. The reason is that 
the Rotterdam industrial area has large national significance in the 
Netherlands, as by far the biggest industrial cluster, including for the 
chemical and refining industries, which was the topic of the carbon lock- 
in interviews. 

The interviews took place in November 2017 (carbon lock-in 
focused) and in July and August 2018 (just transition). The interviews 
were conducted eight months apart, but we did not note any influence of 
the time lapse on the narratives claimed by the parties. This is confirmed 
by several announcements and reports relevant to CCS released by 
different parties during that period of time. In October 2017, the coa-
lition agreement ‘Confidence in the Future’ (Dutch Government, 2017) 
was presented, which raised much debate among CCS and industrial 
stakeholders because of the proposal to implement 18 MtCO2 of CCS in 
industry annually by 2030. Because of this, all carbon lock-in interviews 
discussed CCS. In February 2018, the national government started ne-
gotiations for a national Climate Agreement (Dutch Government, 
2019a). The negotiations took place for four months among represen-
tatives of the government, NGOs, industry and labour unions to imple-
ment the 49 % national GHG emission reduction in 2030 compared to 
1990. The negotiations led to a draft Climate Agreement in July 2018 
(Dutch Government, 2018). The draft presented CCS as an unavoidable 
but intermediate mitigation option. NGOs, however, emphasized their 

Table 1 
Number and organisational type of the ‘Carbon lock-in’ and the ‘Just transition’ 
interviews.  

Type of organisation Number of interviews 
(Carbon lock-in) 

Number of interviews 
(Just transition) 

Non-Governmental 
Organisation (NGO) 

1 2 

Industry association 2 1 
Industry 3 2 
Government 2 2 
Public companya 1b 3 
Research institute/ 

consultancy 
2 2 

Total 11 12  

a The Rotterdam port authority. 
b Three experts were present for the interview. One of these experts, a senior 

advisor, was also one of the interviewees in the ‘Just transitions’ set. 
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previous criticisms about reliance on CCS and expressed their concerns 
about CCS potential risks and negative consequences (Kalavasta, 2018). 
The positions of the diverse stakeholders (NGOs, industry, government) 
over the eight-month period spanned by the two sets of interviews were 
consistent. 

The duration of the interviews varied between 30 and 90 min. The 
interviewees were either high-level managers or senior advisors. All 
interviews were recorded, transcribed, and sent to the interviewees for 
confirmation. To show diversity of interviewees, expressing the same 
idea on different topics, we gave each interviewee a unique number and 
added those numbers to the end of the associated quotations in the text 
in Section 3 and Appendix 2. 

2.3. Data analysis 

Following recommendations of Kim and Andersen (2012), we coded 
and analysed our interview textual data to develop a system dynamics 
model. We deviated from the original methodology suggested by Kim 
and Andersen (2012) by instead of taking a grounded theory approach, 
using previous studies to create the framework to code our interviews. 
The framework is presented in Table 2 and is based on (1), the main 
criteria applied by Vergragt et al. (2011) to investigate carbon lock-in 
effects of large scale CCS deployment, and (2), the findings of Swen-
nenhuis et al. (2020) on what the contribution of CCS to a just transition 
could be. We made this change because the existing (though very recent 
and still developing) literature on the topics that we study allow for a 
deductive approach, where Kim and Andersen (2012) describe settings 
in which research is more exploratory and hence inductive. 

To reduce bias, two interviews from the carbon lock-in set were 
coded independently by two researchers, including the interviewer of 
the set and another (non-interviewer) co-author of the research; two 
interviews from the just transition set were coded independently by the 
interviewer of that interview set and the same co-author who coded the 
two carbon lock-in interviews (non-interviewer). The codes were dis-
cussed among them to reach the same coding strategy. For all in-
terviews, we coded any excerpts that could make a clear link within the 
theoretical frameworks of carbon lock-in and just transition described in 
section 2.1 and summarized in Table 2. The remaining 19 interviews 
were coded by the respective interviewer based on the same coding 
strategy. Some of the concepts and mechanisms of carbon lock-in and 
just transition narratives overlap or interact, which is highlighted in 
Appendix 3. 

During the coding process, we identified main stocks2 and their 

associated flows3 (see Fig. 2), other relevant auxiliary variables and 
their causal relationships. Therefore, we derived individual causal links 
from different coded data segments (= the interviewees’ arguments +
the supporting rationales). Next, we transformed and visualised the text 
(data segments) into words-and-arrows diagrams within each theme. To 
give an example of such a process, the following data segment trans-
formation into the words-and-arrows diagram is shown in Fig. 1. 

“If you look at the cost per ton avoided (CO2), it’s a relatively good way to 
get rid of your CO2.” (Interviewee number 19) 

In the next step, we applied axial coding to identify relationships 
between themes. In this step, all the words-and-arrows diagrams were 
generalised and merged into one stock and flow map to show the system 
structures and dynamics (this is presented at the end of the results sec-
tion in Fig. 8). These stock and flow maps draw from the causal re-
lationships as emerged during the interviews with experts, as well as 
from earlier studies on carbon lock-in and just transition. This integra-
tion allows for the development of a more comprehensive narrative that 
is in line with the expert interviews and embedded in existing knowl-
edge. While the single causal relationships depicted in word-and-arrow 
diagrams still have a one-on-one relationship with the interviews, the 
integrated stock and flow maps discuss systemic mechanisms that go 
beyond the level of individual data sources. Appendix 2 shows the 
empirical foundation for the systemic mechanisms in the stock and flow 
maps for each mechanism, how it is supported by excerpts from in-
terviews, as well as related earlier studies. 

For the sake of simplicity and readability, we present the developed 
system dynamics diagram stepwise in Sections 3.2 and 3.3, explaining 
the carbon lock-in and just transition framings. While some illustrative 
quotes are included in the text in Section 3, a more comprehensive list of 
interview excerpts is shown in Appendix 2. 

3. Results 

In this section, we introduce the results in the form of a stock and 
flow diagram. We present the results of our analysis on the carbon lock- 
in narrative in section 3.2, and on framing CCS as a contributor to a just 
transition in section 3.3. We describe views of the interviewees and refer 
to one, some (2–6), several (7–11), many (12–17), most (18–22) and all 
(23) interviewees expressing a similar view on a certain topic. 

3.1. The base stock and flow diagram and the systemic mechanisms 

Our stock and flow diagram starts with four stocks (see Fig. 2). First, 
GHG concentration is fed by GHG emissions and leads to global warm-
ing. Sinks of GHG other than CCS are considered outside the scope of this 
study. Second, fossil fuel-based industries are one of the main sources of 
GHG emissions: investments that flow into fossil fuel-based industries 
lead to more GHG emissions. Third, we also include low-carbon in-
dustries with lower or zero GHG emissions: investments that flow into 
such industries leads to lower industrial GHG emissions. The fourth 
stock is the CCS capacity which abates GHG emissions and prevents a 
higher GHG concentration in the atmosphere. 

The stock and flow diagrams depicted in this paper may be read as 
follows: each loop comprises variables connected by arrows indicating 
cause-effect relationships. A plus sign on an arrow means a change in the 
same direction: if variable A increases or decreases, variable B increases 
or decreases respectively as well (ceteris paribus). A minus label on an 
arrow means change in the opposite direction, thus if variable A in-
creases, variable B drops, and if variable A drops, variable B increases 
(ceteris paribus). The sign “R” in the middle of a closed circle of causal 
relationships indicates the reinforcing characteristic of the loop, or a “B” 

Table 2 
Main themes to categorise codes relevant to the potential contribution of large 
scale CCS to carbon lock-in and just transition.  

Groups Themes 

Carbon lock- 
in 

Heaviness (including scale, infrastructure, capital intensity and lead 
time) 
Interrelatedness 
Legitimation 
Learning effects 
Expectations and interests 

Just 
transition 

Skills for a just transition 
Transition as opportunity 
Responsibility 
Scale of action 
Viability 

Adapted from (Vergragt et al., 2011) and (Swennenhuis et al., 2020). 

2 In system dynamics modelling, stocks represent states of the system that 
may be changed, accumulated or depleted, by the actions of flows. 

3 Flows are the entities changing the states of the stocks over time. 
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indicates the balancing characteristic of the loop. The following dia-
grams can be read as follows: 1) Stocks are shown in rectangles. 2) Flows 
are depicted as double lined black arrows with one end connected to a 
stock and another end connected to a little cloud that can be either a 
source or a sink. 3) A source is shown as a little cloud where a flow 
originates from (outside the model). 4) A sink is shown as a little cloud 
where a flow encounters the boundary of the scope of our study (outside 
the model). 5) Thick blue arrows show new added causal links between 
two variables, compared to the previous diagram. 6) Double lines 
perpendicular to the arrows indicate a substantial time delay in that 
causal relationship. 

The results of the interview analysis following the themes in Table 2 
and the stock-and-flow diagramming as introduced are consequentially 
converted into systemic mechanisms for the carbon lock-in and just 
transition narratives, which form the structure of Sections 3.2 and 3.3, 
and which are the relations added to the system dynamics diagram as it 
develops into Fig. 8. The systemic mechanisms for carbon lock-in are the 
crowding out mechanism, the legitimising mechanism and the integra-
tion mechanism. Those for the just transitions narrative are the 
employment mechanism, the economic effects mechanism, and the 
environmental effects mechanism. 

3.2. CCS strengthening carbon lock-in 

The potential of CCS strengthening carbon lock-in will be discussed 
across the three themes of crowding out, legitimising, and integration. 
The carbon lock-in mechanisms are driven by reinforcing feedbacks, 
where an initial investment in CCS makes it more attractive to invest 
even more in CCS in the future. 

3.2.1. Legitimising mechanism 
The first argument expressed by several interviewees for the role of 

CCS in strengthening carbon lock-in was that CCS will legitimise the 
fossil fuel-based industries and therefore fossil fuel consumption: “For 
certain industrial processes with current technology there is probably a good 

user case. CCS on Steam-Methane Reforming (SMR) for example. That will 
give it a 10, 15, 20 years social license to operate.” (19) Some interviewees 
indicated that CCS is an end of pipe solution, and that CCS operates as a 
means to perpetuate current fossil fuel production. It may result in a 
situation where the emitters will only apply the easier option that is CCS 
and will not deploy the more difficult but more sustainable low-carbon 
options. One interviewee mentioned that NGOs have concerns that CCS 
will reduce the pressure (urgency of radical emission reductions) on 
fossil fuels production and consumption: “some NGOs have some doubts 
that they go on with the fossil fuel system if we use CCS.” (12) Fig. 3 depicts 
the balancing feedback mechanism that fossil fuel-based industries 
encounter. In this figure, it is shown how CCS helps the fossil fuel-based 
industries to reduce its emissions and consequently legitimise its 
continued production. The carbon lock-in effect in this case comes from 
the CCS that weakens the balancing effect that would otherwise help to 
shift away from fossil fuels. Via the legitimising effect, investments in 
CCS may lead to increased legitimacy of fossil fuel-based industries, 
therefore to more investments in fossil fuel production, which increases 
reliance on CCS even more. The legitimacy that CCS could bring for 
fossil fuels may increase attractiveness of fossil fuels, negatively influ-
encing the relative attractiveness of low-carbon options for investors. 

3.2.2. Crowding out mechanism 
Several interviewees contemplated that large scale CCS imple-

mentation would crowd out other low-carbon options, especially elec-
trification4 . Stressing the scarcity of financial resources to mitigate 
climate change effects, one of the interviewees flagged that there would 

Fig. 1. An example of words-and-arrows diagram of causal arguments extracted from the analysis of the interviews.  

Fig. 2. Three main industrial contribu-
tors in the volume of GHG concentra-
tion. These main stocks change by their 
associated in- and outflows. Legend of 
the diagrams: 1) stocks are shown in 
rectangles. 2) Flows are depicted as 
double lined black arrows with one end 
connected to a stock and another end 
connected to a little cloud that can be 
either a source or a sink. 3) A source is 
shown as a little cloud where a flow 
originates from (outside the model). 4) 
A sink is shown as a little cloud where a 
flow sinks (outside the model). 5) Thick 
blue arrows show new added causal 
links between two variables. 6) Double 
lines perpendicular to the arrows indi-
cate a substantial time delay in that 
causal relationship.   

4 Our reflection on why only the CCS/electrification trade-off was brought up 
in the interviews is that it may be relevant to the new Government Agreement 
that came out in the period when interviews were done. The Agreement had a 
proposal to implement 18 MtCO2 of CCS in industry per year by 2030 (Dutch 
Government, 2017). That sizeable amount raised discussions among actors and 
that may have dominated the thoughts of the interviewees at that time. 

Z. Janipour et al.                                                                                                                                                                                                                                



International Journal of Greenhouse Gas Control 105 (2021) 103235

6

be a trade-off between investing in CCS and in renewable-based elec-
trification: “CCS costs billions and it’s an end of pipe solution …. I would 
then rather spend billions on the hydrogen solution and then you have solu-
tion for the next generations. And you can only use your money once … It 
prevents using the same money for real industrial innovations, so I think CCS 
is preventing larger investments in the things we really need to do. So, it slows 
down innovation.” (1) The crowding out mechanism of CCS on electri-
fication was also elaborately explained by another interviewee, 
describing the situation where development of CCS comes at the cost of 
progress in renewable electricity production and lowering the speed of 
the innovation required to drop the costs of renewable electricity: “On 
the more macro scale of course if we would move too quickly to CCS and we 
would not make sufficient progress in developing the electrification path, both 
in terms of arranging for sufficient supply of affordable electricity on the one 
hand and doing enough innovation and bringing down the cost of, let’s say, 
electrolysers of water to produce hydrogen from water rather than natural gas 
then you get some kind of lock-in, then you would stick with CCS much longer 
than needed.” (4) Some interviewees raised concerns on allocating (a 
part of) current subsidies on renewable energy to CCS implementation. 

The crowding out mechanism has knock-on effects: it would hinder 
progress in learning curves5 of other low-carbon options, hamper cost 
reductions and decrease the speed to market for those technologies. This 
situation can consequently bring “success to the successful” and result in 
more reliance on CCS to cut the emissions. This constellation of rein-
forcing mechanisms is shown in Fig. 4. The crowding out mechanism 
comprises three learning curves that are in competition with each other: 
1) investments in CCS will lead to innovations in CCS and therefore 
increase the attractiveness of CCS compared to other mitigation options, 
2) implementation of CCS will decrease GHG emissions, lowering the 
urgency to mitigate climate change, which may result in increasing 
attractiveness of investing in fossil fuel-based industries, leading to more 
innovation in fossil fuel-based industries, 3) and the learning that takes 
place on CCS and fossil fuel-based industries may crowd out learning 
that the same investments could have generated for the low-carbon 
options instead. 

As the main counterargument of the crowding out mechanism, 
several interviewees indicate that CCS is an intermediate option which 

will not stand in the way of electrification as there are investments on 
both CCS and electrification because both technologies will be needed. 
This argument may refer to the depth of lock-in explained by (Shackley 
and Thompson, 2012) and (Vergragt et al., 2011) in a way to imply a 
shallow depth for the potential lock-in caused by large-scale CCS 
implementation, but due to the uncertainties about the real capacity and 
scope of CCS projects in the future, it is not certain that such a carbon 
lock-in will be shallow enough to be escapable. 

3.2.3. Integration mechanism 
The third main carbon lock-in argument in the interviews pointed at 

the integration mechanism. Some interviewees stated that CCS is envi-
sioned as the main technique to make blue hydrogen production 
possible: “In the short-term, medium-term, hydrogen production, that’s 
where you would apply CCS … of course you can make hydrogen from 
electrolysis but you cannot wait for it” (3). Several interviewees explained 
that CCS integration with fossil fuel-based hydrogen production (blue 
hydrogen) may not only increase the legitimacy of CCS applications but 
also raise switching costs to other, low-carbon options, particularly 
electrification, that cannot be integrated with fossil fuel-based systems. 
One of the interviewees framed it as follows: “if you say OK, we have 
hydrogen production and we add a CCS installation then it will be harder for 
the coming years to say OK we stop that” (12). Fig. 5 shows how the 
integration reinforcing mechanism works: investments in CCS could 
lead to more integration with fossil fuel-based industrial processes, 
decreasing attractiveness of the low-carbon options that cannot be in-
tegrated with the fossil fuel-based system. Then the main option that can 
abate fossil fuel-based industry’s emissions would be CCS, increasing 
reliance on CCS. 

3.3. The role of CCS in a just transition 

The role of CCS in a just transition in the Netherlands will be dis-
cussed across three themes: employment, economic effects, and envi-
ronmental effects. Justness of the transition in the diagrams of this 
section is a variable that can be influenced, whereas carbon lock-in is 
inherently an outcome as a result of feedback mechanisms, driven by a 
number of variables. 

3.3.1. Employment 
Interviewees were asked how the energy transition might affect 

Fig. 3. Large scale CCS may legitimise fossil fuel production as it can abate the associated emissions. by storing it underground, leading to increased fossil fuel 
production/consumption and more reliance on CCS to abate CO2 emissions. (For the diagram legend, see Fig. 2 caption). 

5 Increase in learning of something (e.g. a particular technology) that comes 
from gaining the greater experience in that thing. 
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employment in the Rotterdam area reliant on emission-intensive in-
dustries. Some interviewees did not think job loss in the industry, spe-
cifically in the Netherlands, would be a problem; while jobs may 
disappear, new jobs will be created. Some interviewees even expected a 
net gain in jobs, partially related to innovation activities. When asked 
about CCS specifically, it was recognised by some of the interviewees 
that technical skills in the fossil fuel-based industry are directly linked to 
anything CCS related and CCS could extend the lifetime of certain in-
dustries and make the transition more gradual “CCS should mainly 
smoothen the loss of jobs in the fossil fuel industry.” (19) Emphasising the 
compatibility of technical skills in the fossil fuel-based industry with 
competences required for CCS, one interviewee added that “if there is an 
industry that is able for example to cope with CCS in a very good manner that 
it should be the oil company, I think we are better equipped than the power 
companies to do that … So if you focus on CCS, the oil industry has a lot of 
qualities and engineering qualities which you require.” (2) This may have a 

positive outcome on job creation or at least it could help the fossil fuel- 
based industries to avoid job loss. Some interviewees did not believe that 
CCS and the related jobs are temporary, at least not for the foreseeable 
future. 

When the interviewees were presented with examples of the closure 
of other industries (either the closure of coalmines in the past in Lim-
burg, or the highly fossil fuel dependent areas such as Aberdeen, Scot-
land), some interviewees gave two major reasons why this probably 
would not happen in Rotterdam. Firstly, the industry in the Rotterdam 
area is very diversified: “I think the situation in Rotterdam is different, 
because there are many types of industry and employers, as well as secondary 
and tertiary activities around that… It’s not just a single coalmine or some-
thing.” (20) And secondly, the industry is highly capital intensive, rather 
than labour intensive: “In all honesty, I worked at [energy company] for 5 
years, and all there is at Maasvlakte 3 is a control room and 7 operators … 
However, in terms of capital expenditure (CapEx), the new coal plants cost 

Fig. 4. Large scale CCS implementation may lead to lower learning rates for low-carbon options, and increase reliance on CCS deployment. (For the diagram legend, 
see the Fig. 2 caption). 

Fig. 5. More investments in large scale CCS may lead to more integration with the incumbent systems, lowering attractiveness of the other low-carbon options that 
cannot be integrated with the incumbent system. (For the diagram legend, see the Fig. 2 caption). 
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insane amounts.” (15) 
Fig. 6 shows the mechanism through which CCS may help preventing 

job loss, even though our results indicate that this effect may be small in 
the Netherlands, particularly in the Rotterdam area. The mechanism 
explains that in case of divestments in fossil fuel-based industries, the 
workers will be unemployed, and this decreases the justness of the 
transition. In general, investments in CCS may help avoiding vast job 
losses in fossil fuel-based industries. It may even provide new CCS 
related jobs to those fossil fuel skilled workers who will become un-
employed as a result of unavoidable divestments in fossil fuel industries. 

3.3.2. Economic effects 
The idea that CCS might be beneficial for the economy is predicated 

on the same reasoning as why it might cause carbon lock-in; it allows for 
continued operation of the fossil fuel-based industries. Whereas, without 
CCS, parts of the industry may disappear in the transition to a sustain-
able future, along with their economic benefits. Several interviewees 
also mentioned other ways in which it might have an impact on the 
economy. One elementary reason that was given was that CCS may be 
considered as a relatively cost-effective method to reduce emissions in 
the industry, therefore helping to lower costs of the transition. 

Some of the interviewees explained that the Rotterdam industrial 
area was recognised as an area with unique advantages because of the 
location close to well-characterised storage reservoirs for CO2 and a 
large number of stationary industrial point sources of CO2 in close 
geographical proximity. The creation of a CCS network could in that 
sense add to an attractive industrial ecosystem by allowing existing and 
new industries to easily connect to a CCS network for relatively cheap 
emission reductions: “We think that for clustered industry, CCS can offer an 
advantage.” (16) Considering CCS as an economic opportunity, some 
interviewees pointed to the financial gains that the owners of empty gas 
fields (as potential CO2 storage sites) can incur: “The people managing 
these gas fields are very happy that they can extend the life time of their assets 
there.” (6) 

Some interviewees addressed potential negative impacts on 
employment and economic benefits of the port of Rotterdam on a macro 
level, if the transition is mismanaged. However, it was mostly argued by 
the same interviewees that the energy transition is an opportunity. In 
addition to the current benefits the area offers as the largest harbour and 
industrial complex of Europe, CCS specifically was envisaged by the 
same interviewees to be a key part of an appealing industrial ecosystem 
by providing the infrastructure for relatively cost-effective GHG emis-
sion reductions; they indicated that the Rotterdam harbour could be a 
hub for CO2 storage, receiving shipments of CO2 from locations without 
close access to viable storage. 

Fig. 7 displays the three mechanisms through which CCS may sup-
port regional economic development and help avoiding regional eco-
nomic loss. More investment in CCS may lead to further utilisation of the 
depleted gas fields and the development of related innovations. This 
may increase attractiveness of regional industrial investments, therefore 
helping the just transition by avoiding regional economic downturn as a 
potential result of the energy transition. In addition, CCS may decrease 
the costs of the transition, as it may be lower-cost than other low-carbon 
industrial options. The lower costs of the transition may impose a 
smaller economic burden on producers and especially consumers, and 
therefore contribute to a just transition. 

3.3.3. Environmental effects 
The direct environmental benefits of CCS were explained by many 

interviewees; it can be used to reduce industrial CO2 emissions. In 
general, several interviewees perceived CCS as an intermediate term 
mitigation option but vital to reach the emission reduction targets. “You 
need to do something now because there is this carbon budget and we already 
running very close to the limit … It is most likely a temporary measure as in a 
way industry involves you cannot live without it, because if you do not apply it 
you are running out of the time” (3). However, one interviewee has con-
cerns about risks during transport of CO2 as well as long-term storage 
risks such as leakage. “There are cracks in the Sleipner project according to 

Fig. 6. CCS may make a small contribution to avoid job losses in fossil fuel-based industries (in the Rotterdam area, the Netherlands). (For the diagram legend, see 
the Fig. 2 caption). 
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a Nature article6 . No leakage has been found yet, but scientists say there will 
probably be some leakage” (23). Though many interviewees are in 
agreement that CCS will play a key role in reaching the deep emission 
reduction target as other low-carbon options such as electrification are 
not yet available at scale, several interviewees flagged the risk of po-
tential carbon lock-in and the necessity to avoid it: “CCS is a transition 
technology…it is just an intermediate step in order to reduce emissions as 
quickly as possible because that’s important. It is the carbon budget that 

counts in the end. But we must do it in a way in which we are working on 
moving to the next stage as well.” (4) 

Some interviewees indicated that CCS is seen as a stepping stone on 
the way to green (electricity-based) hydrogen production. The current 
dominant hydrogen production method (SMR) produces a pure CO2 
waste stream, making CCS relatively cost-effective to produce ‘blue’ 
hydrogen. It is argued that this blue hydrogen could support the 
development of hydrogen infrastructure and knowledge for an eventual 
switch to green hydrogen: “we need the hydrogen, and hydrogen from grey 
to blue to green hydrogen is kind of a transition pathway. CCS will need to 
play a role there. So in that sense, it will enable the chemical industry to 
decarbonise faster if we apply CCS” (14). The same infrastructure could 

Fig. 7. CCS may provide regional economic opportunities, mainly in exploitation of CO2 storage reservoirs. (For the diagram legend, see the Fig. 2 caption).  

Fig. 8. CCS can be used to reduce industrial CO2 emissions. In addition, integration of CCS with fossil fuel-based processes may facilitate clean hydrogen production 
and could lower costs of the transition and increase justness of the transition. (For the diagram legend, see the Fig. 2 caption). 

6 https://www.nature.com/news/seabed-scars-raise-questions-over-carbon-s 
torage-plan-1.14386 (Monastersky, 2013). 
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also aid the development of CCU. In addition, it was mentioned by one 
interviewee that CCS is considered to be one of the main options for 
large-scale negative emissions. It is reasoned that CCS infrastructure 
may enable the development of other technologies that reduce GHG 
emissions such as blue hydrogen and expansion of CCU. 

The mechanisms in Fig. 8 represent that investments in CCS will lead 
to a decline in CO2 emissions, resulting in a lower atmospheric CO2 
concentration. The next mechanism explains that investments in CCS 
could also increase integration of CCS with other fossil fuel-based pro-
cesses and facilitate the transition towards cleaner hydrogen production, 
leading to lower transition costs, thus increasing justness of the transi-
tion. The final argument for the contribution of CCS to a just transition is 
the same as the one used to argue that CCS may reinforce carbon lock-in 
by the integration mechanism. 

4. Discussion 

4.1. Addressing carbon lock-in and just transition 

The systemic effects of large-scale CCS implementation are strongly 
debated in society and academia. According to the results of our in-
terviews, three feedback mechanisms of crowding out, legitimising, and 
integration feed the arguments against CCS, explaining the claims on the 
potential role of CCS to strengthen carbon lock-in. In this framing, it is 
envisaged that the deployment of large-scale CCS in itself may lead to 
more CCS deployment that reinforces carbon lock-in. Once CCS is 
implemented at a large scale, it exhibits increasing returns to the 
adoption of CCS, which along with firms’ vested interests may motivate 
actors to put more emphasis on CCS and less on other, more trans-
formative options needed for the climate neutrality targets. On the other 
hand, the pro− CCS arguments are narrated in a way that CCS will 
contribute to a more just transition through three mechanisms of 
employment, economic, and environmental effects. The hypothesis is 
that the availability of CCS could mitigate fears of losing fossil fuel-based 
employment and economic competitiveness in a fossil fuel-dependent 
region, allowing time for the climate transition. While the contribu-
tion of CCS to avoid job losses and to create new jobs may be small in the 
Rotterdam area, it could play a role in other regions (Swennenhuis et al., 
2020). 

The lack of available data on transition plans of the Dutch energy- 
intensive industries makes it difficult to quantitatively triangulate the 
interviewees’ perspectives and the mechanisms around large scale CCS 
implementation. We therefore only contrast our results with other case 
studies on carbon lock-in or just transitions of CCS. Shackley and 
Thompson (2012) investigated Research and Development (R&D) bud-
gets for different energy technologies in the USA and Norway between 
2000 and 2009. They concluded that while CCS R&D budgets had risen 
(for the period up to 2009), there was no evidence that CCS was sub-
stantially diverting R&D sources from other technologies, particularly 
renewable energy. However, R&D budgets have limitations as an indi-
cator for assessing the potential crowding out effect, as the main rival 
technologies are already mature and require investments for demon-
stration, scale up, and deployment (based on our interviews), where the 
investments are larger and the competition for finance and public 
funding is fierce. It needs to be anticipated that CCS would result in a 
crowding out effect as high sunk costs and learning effects of large scale 
CCS projects may deter industry to invest in alternative low-carbon 
options, and there is competition for the same government funding 
and green financing sources (Dutch Government, 2019b). Implementa-
tion of CCS, like many other mitigation options, relies on government 
support or facilitation, implying that a government climate policy plan 
could incorporate safeguards to prevent CCS reinforcing carbon lock-in. 
For example, the Dutch government can make the subsidy allocations 
conditional on industry’s actions on transformations in the longer run. If 
the crowding out mechanism is avoided, the legitimising mechanism 
may also be disabled as the alternative technologies’ costs go down, 

their learning effect increases and they may become more attractive 
than the incumbent. 

Vergragt et al. (2011) have warned about the role of CCS in creating 
a reinforced carbon lock-in. They presented Bio-Energy with CCS tech-
nology (BECCS) as the main way to escape such lock-in. However, they 
also flagged a potential BECCS lock-in in the future when CCS creates 
legitimacy for biomass use and reinforces the bio-based system in the 
same way as it does for the fossil fuel system. If CCS, also as part of 
BECCS, is envisioned to be part of the climate change mitigation port-
folio and a facilitator to a just transition, it is vital that the government 
designs policy instruments in a way that CCS operates only for a certain 
period of time and that the storage capacity is put to the best possible 
use. 

4.2. An alternative narrative: CCS as a regulated breathing space 

Both narratives show the importance of understanding how industry 
can move from one set of carbon lock-in mechanisms to the next step of 
the transition towards a fully climate-neutral industry while ensuring 
maximum justness of the transition. To bridge the two extremes, an 
alternative narrative would need to emphasise the commonality in the 
need for realising a climate-neutral industry in the next thirty years, and 
the necessity of aligning interests to reach this climate neutrality goal. 
We do this by merging the feedback and systemic mechanisms in carbon 
lock-in and just transitions below (see Fig. 9). 

This alternative narrative has as starting points that the costs of the 
transition are very high in case only renewable and low-carbon feed-
stock and energy are considered, but that those are the main and most 
desirable mitigation options. Such high costs negatively influence the 
justness of the transition, in other words, the higher the costs of the 
transition, the lower the justness of the transition for different stake-
holders, including producers and consumers of industrial products. As 
the justness of the transition decreases, resistance against the expensive 
transition increases. As a result of such resistance against the whole 
transition plan, investments in low-carbon options could decline, lead-
ing to lower and slower learning effects for all low-carbon options and 
therefore the costs of large-scale low-carbon options remain high. In this 
situation, cheaper options such as CCS might be more attractive than the 
low-carbon options, therefore more investments in large-scale CCS 
implementation can be expected (see feedback loop B2 in Fig. 9). 

In this narrative, CCS is expected to provide an in-between option, 
between a) a radical change, replacing all fossil fuel-based industries by 
low-carbon industries or b) no change at all because the powerful fossil 
fuel-based industries resist and the transition costs are too high. 
Therefore, this alternative narrative shows that CCS, through a well- 
managed transition, may make it possible to align interests to get the 
fossil fuel-based industries on board for the climate transition and allow 
for a slowly paced fossil fuel phase-out. 

This phase-out is possible through a balancing mechanism. More 
investments in CCS would result in lower transition costs, which could 
lead to an increase in the justness of the transition and consequently less 
resistance against the whole transition. As a result of lower resistance to 
the whole transition, space emerges for more investments in alternative 
low-carbon options, accumulating the learning for such options over 
time and lowering the costs of their large-scale implementation. If there 
are both CCS and low-carbon-based capacities, and investments have 
been made, in a ‘spot market’ situation, the operational costs of CCS 
versus those of renewable electricity for blue or green hydrogen pro-
duction may imply that CCS will be used less. Fig. 9 displays the 
balancing feedback mechanism B2 through which interests of the 
opposing groups may be aligned. 

The alternative narrative we present tries to offer a ‘mental model’ 
about the carbon neutrality transition in which interests of climate ad-
vocates, industry, and society are aligned, and the aims of one group do 
not oppose other group’s interests. The balancing feedback loops that 
limit the feedback mechanisms enhancing CCS through the justness of 
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the climate transition is in line with a shallower carbon lock-in as a 
useful step towards a fully sustainable system (Shackley and Thompson, 
2012). 

The alternative narrative hinges on whether the resistance against 
transition decreases as a result of lower costs of transition via applying 
CCS, and whether this would lead to more investments in low-carbon 
options, and this is where the public sector comes in. To make sure 
that support for the climate transition is translated into investments in 
low-carbon options for industry other than CCS, the public sector could 
consider policies like a portfolio obligation or a CCS ceiling. 

Further, it is vital to consider CCS as a breathing space whilst other 
low-carbon options are supported to get fully market-ready for replacing 
CCS. Via a mismanaged energy transition, large-scale CCS may sustain 
CCS and an associated industry for many years to come (Asayama and 
Ishii, 2017), forming a vested interest that makes it difficult to take steps 
towards realising a zero-carbon, fossil fuel-free, or negative-emission 
economy. Another crucial part of a viable narrative, therefore, is that 
CCS needs an exit strategy to prevent vested interests from taking root. 
Policy instruments could be designed in a way to make sure that the 
costs of overuse of CCS outweigh the gains. For instance, as an exit 
strategy, the government can specify a timeline for the number of years 
CCS can be used as a mitigation option, and after that period captured 
CO2 by CCS may not be accounted as abated emissions and levies could 
be charged. 

4.3. Limitations of our research 

We discuss several limitations to our study: the use of two interview 
sets, the time gap between those interview sets, and the geographical 
orientation. We also reflect on the generalisability of our results. First, as 
the data were taken from two earlier projects, the interview sets each 
had its own interview guide, and distinct people (except for one). This 
means almost half of the interviewees were guided to address carbon 

lock-in-related questions and the other half were guided towards just 
transition questions. This difference was resolved by common coding, 
but is still limiting the consistency in the methodology and therefore the 
robustness of the results. Using the same interview guide could also have 
enabled the exploration of more narratives beyond only carbon lock-in 
and just transition. The robustness of the findings would increase if 
the same interviewer team could interview all the interviewees with a 
same comprehensive interview guide, including both carbon lock-in and 
just transition questions explicitly. 

Second, the time gap between the two sets of interviews could have 
impacted the results. We checked whether the events in that period of 
time had any influence on the viewpoints and narratives presented by 
stakeholder groups, and did not find any difference. However, without 
systematic research to prove such consistency, we cannot fully exclude 
the possibility that there might be time-related influences. Therefore, we 
acknowledge that the time gap between our interview sets is a limitation 
to our research. 

Finally, going beyond the Rotterdam area for the just transition in-
terviews would have enabled a more holistic view for the country. 

Our findings are not generalizable as narratives on large-scale CCS 
depend on the regional context, as demonstrated by Swennenhuis et al. 
(2020). It is expected that in regions relying on fossil fuel-based in-
dustries with limited means to shift to non-fossil fuel industries, some of 
the mechanisms underlying the carbon lock-in narrative, such as inte-
gration, would not be brought up at all. So, such narrative analysis is 
more accurate if it is regionally or nationally focussed. Future research 
could continue to compare the results of regional analysis and investi-
gate the possibilities of merging the narratives, could collect more 
empirical data and quantify the feedback loops identified, and could 
design policy instruments aimed at avoiding the potential CCS carbon 
lock-in while making the climate transition just. 

Fig. 9. Balancing feedback mechanism through interest alignment of CCS stakeholders (in blue). CCS may lower the costs and resistance for the transition. This may 
lead to more investments in low-carbon options over time and lower their large scale costs. (For the diagram legend, see the Fig. 2 caption). 
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5. Conclusion 

In this study, we systematically analysed and unpacked two narra-
tives, CCS as a carbon lock-in and as contributing to a just transition. 
Using 23 interviews in two sets, we identified six mechanisms that are 
envisaged to impact the potential systemic effects of CCS in the climate 
transition. We presented our results in the form of feedback and systemic 
mechanisms. 

CCS may hinder the transition by reinforcing the existing carbon 
lock-in because investments in CCS could crowd out investments in 
other low-carbon alternatives, because CCS may legitimise the contin-
uation of the fossil fuel-based industries, and because integration of CCS 
with other fossil fuel-based technologies (e.g. hydrogen production) 
make more radical changes costlier. CCS may contribute to a just tran-
sition by sustaining economic activities that would otherwise be lost, 
and by providing an intermediate technology to avoid CO2 emissions 
from ending up in the air. CCS may also support a just transition through 
avoiding the job loss that would otherwise accompany phasing out the 
fossil fuel-based industries; however, our findings showed that CCS 
would have limited impact on employment in the Rotterdam area. 

The narratives against and for CCS reflect contradicting views on the 
transition pathway to a low-carbon energy system, but both are char-
acterised by a similar set of mechanisms strengthening carbon lock-in 
and contributing to a just transition. This means that there could be a 
zone of possible agreement. 

We present an alternative framing of CCS by taking the different 
mechanisms into account and combining them. The focal point of this 
alternative narrative is the alignment of interests among parties on the 
path to climate neutrality. The main concrete recommendation is that 
policy instruments need to ensure that CCS only leads to a shallow 
carbon lock-in and that the industry remains flexibile in terms of options 
to reach climate neutrality. This can be done by keeping CCS as an in-
termediate mitigation option that will be phased out based on a specified 
time frame. In addition, the government needs to ensure that the 
development and deployment of CCS will not stand in the way of low- 
carbon options to become market ready. This can be done by making 
sure the investment in CCS is more than matched by investments in non- 
fossil fuel climate-neutral options. 

The results of our analysis improve our understanding of the condi-
tions for avoiding the negative and fostering the positive effects of CCS. 

Role of the funding source 

A part of data used for this research has been obtained from the work 
conducted as part of the ACT ACORN Project, which aimed to work 
towards delivering a low-cost carbon capture and storage (CCS) system 
in the North Sea by 2023. 

ACT Acorn is funded by the Accelerating CCS technologies (ACT), the 
grant ID is ACT 691712, co-fund of ERA-NET under the Horizon 2020 
programme. ACT comprises nine countries and the European Commis-
sion, who have collaborated in making funds available for CCS research 
and innovation. Our project has received funding from BEIS (UK), RCN 
(Norway) and RVO (The Netherlands). 

The ACT Acorn consortium is led by Pale Blue Dot Energy and in-
cludes Bellona Foundation, Heriot-Watt University, Radboud Univer-
sity, Scottish Carbon Capture & Storage, University of Aberdeen, 
University of Edinburgh and University of Liverpool. 
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Appendix 1 Interview questions of the carbon lock-in and the just transition interviews  

Interview set Interview questions 

Carbon lock- 
in 

- Please explain what is your view on what the Dutch chemical industry is doing now for GHG emission reductions? 
- How do you envision the Dutch chemical industry in 2050? 
- What could be (or what is your company plan for) the lower-carbon measures to go beyond the current emission cut? 
- Where do you think discrepancy emerge? 
- Do you think they are technically compatible to be applied in the system? If changes are required, what would be the extent of change? 
- How would radical and intermediate options affect the energy efficiency of the process or how would those options affect energy intensity of production? 
- How about their impacts on total cost (euro) of production (per tonne of product)? 
- In terms of resource mobilisation, what type of resources do you think would be essential to implement the radical and intermediate options? 
- Do you think the resources are available? 
- What funding resources could be expected? 
- Do you think, if the resources were available, the actors (especially the chemical industry) would showed their willingness to pay? 
- Do you see any growth in the number and scale (in Euro or in % of total turnover in the sector) of R&D projects for radical and intermediate options since 2005? 
- How do you perceive the actors’ willingness to participate in sharing knowledge and building networks? 
- Is there any research workforce (specialist in radical and intermediate options) in the chemical company? 
- How do you find entrepreneurial experimentation in the current chemical industry system in terms of the Dutch chemical industry’s willingness to engage in new 
technology, and take risks? 
- How do find the company’s culture in terms of innovativeness (are they open to change)? 
- When we look at international, European, and national targets, we notice sense of urgency to curb GHG emissions, but do you find this sense of urgency in the Dutch 
chemical industry? 
- How do you rank deep emission reductions in the Dutch chemical industry’s priority list? 
- How do you perceive position of the Dutch chemical industry on GHG emission reductions? 
- Could you rank it against other industry sectors such as cement and steel? 
- Which forms of lobbying do you think the Dutch chemical industry has chosen? 
- Do you think the deep emission reductions in the Dutch chemical industry is a public society issue? 
- What do you think about social acceptance/support of radical and intermediate options compared to the incremental measures? 

(continued on next page) 
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(continued ) 

Interview set Interview questions 

- Do you think that application of radical and intermediate options is legitimate in the Dutch chemical industry system? (e.g. workforce belief that radical and 
intermediate options could work) 
- How do you think the chemical industry customer base would react/change if they would engage in radical and intermediate options compared to the incremental 
measures? 
- Considering the potential discrepancies we talked about, do you think this situation would result in lock-in in the current system, that prevents radical and 
intermediate options to get in? 
- What do you think about the recently published Regeerakkoord that proposed 18 Megatons of CO2 reduction by CCS? 
- Do you think that it will deepen discrepancy between radical options and the rest of measures and ultimately, reinforce carbon lock-in? 
- If so, what should be the (policy) response to prevent/resolve the lock-in? 
- What would you think the Dutch chemical industry need to go into lower-carbon options? 
- What do you expect from other actors? 

Just transition 

- Please tell me about what you think the future holds for the industries in this area? Why do you think this way? 
- What do you see the role of your own industry/area of activity being in the future (say, 15− 20 years)? 
- What would you like life to be like here in 15− 20 years’ time? 
- What do you think life will be like here in 15− 20 years’ time? 
- How much do you know about the idea of a ‘Just Transition’/justice in the context of climate change responses in an industrial region? If it is something you are 
familiar with, tell me what you know and what you think? 
- What do you think is needed to keep this area economically buoyant into the future? 
- What do you think is needed to keep the local society vibrant and resilient? 
- In your opinion, what are the major concerns and challenges for industries in this area from now into the future? 
- How do you think climate change will affect the local area, if at all? 
- Do you know anything about carbon dioxide capture and storage? If so, please tell me what you know… 
- More generally, what natural resources do you believe are important locally, and how do you feel they could be drawn on to benefit the area? 
- Who do you feel should be responsible for managing the future of this area as we renew our energy systems and face environmental challenges? (e.g. local 
government, national government, industry) 
- Do you feel the opportunities and challenges around managing a transition for an area like this have been communicated well to you? 
- Do you feel you have a forum/space where you can raise any concerns or suggestions about the future of the area and your needs/requirements? If so, where? 
- Even if you’ve not heard the term before, what would you think of when you hear the term ‘Just Transition’/justice in the context of climate change at the regional 
level in a high-emitting area? What do you think ‘fairness’ or ‘justice’ means in the context of energy and climate issues locally? 
- Which group of people – if any – could be particularly vulnerable as industry declines or changes? 
- What do you think is needed to ensure local citizens are not disadvantaged as we act to respond to energy, industry and environmental issues?  

Appendix 2 Illustrative selection of the list of the interview excerpts and earlier studies used to develop the feedback and systemic 
mechanisms  

Framing Systemic 
mechanism 

Literature Quotation Interviewee 
number 

Carbon lock-in 

Legitimising 
(Fig. 3) 

(Vergragt et al., 2011), (Hansson and 
Bryngelsson, 2009), (Spreng et al., 2007), 
(Stephens, 2015) 

For certain industrial processes with current technology there is 
probably a good user case. CCS on SMR for example. That will 
give it a 10, 15, 20 years social license to operate. 

19 

It (CCS) was kind of a sales trick in order to build those coal 
power plants. 23 

CCS, there might be some discussions not only because of 
discussions of the safety of the storage but also because some 
NGOs have some doubts, well they go on with the fossil fuel 
system if we use CCS. 

12 

NGOs went crazy because they said … it will be a lock-in and 
people will only do CCS and not change. 

3 

Crowding out 
(Fig. 4) 

(Greenpeace, 2008), (Stephens et al., 2011), 
(Vergragt et al., 2011), (Stephens, 2015) 

CCS costs billions and it’s an end of pipe solution …. I would 
then rather spend billions on the hydrogen solution and then 
you have solution for the next generations. And you can only use 
your money once … It prevents using the same money for real 
industrial innovations, so I think CCS is preventing larger 
investments in the things we really need to do. So, it slows down 
innovation. 

1 

What they say is that it prevents other types of measures from 
being taken which you would need in the end. 2 

On the more macro scale of course if we would move too quickly 
to CCS and we would not make sufficient progress in developing 
the electrification path, both in terms of arranging for sufficient 
supply of affordable electricity on the one hand and doing 
enough innovation and bringing down the cost of, let’s say, 
electrolysers of water to produce hydrogen from water rather 
than natural gas then you get some kind of lock-in, then you 
would stick with CCS much longer than needed. 

4 

If you are heavily betting on CCS, then other techniques … 
won’t decrease in costs and develop as much as you’d like. 

23 

[CCS] is way too expensive and they want to use money from 
investment funds that are supposed to be for scaling up solar and 
wind power, so, it is also taking money from wrong sources. 

1 

Natuur & Milieu …. started an action to prevent funding from 
the SDE + which is for renewable energy to go into CCS. 11 

12 
(continued on next page) 
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(continued ) 

Framing Systemic 
mechanism 

Literature Quotation Interviewee 
number 

There is now this the idea that we use the SDE + not only for 
renewable energy but also for other technologies like CCS …. 
now they said but you cannot use it for CCS because that’s not 
renewable but then they said but it’s that target is not renewable 
energy, target is CO2 so we use same policy instrument also for 
other technologies like CCS. 
that there is a risk of lock-in, because once you have made that 
investment, yes you will not simultaneously purchase an 
industrial heat pump and at the same time eliminate the teething 
problems. 

23 

Integration (Fig. 5) (Janipour et al., 2020), (Vergragt et al., 
2011), (Van de Graaf et al., 2020) 

In the short-term, medium-term hydrogen production, that’s 
where you would apply CCS and the reason there is even though 
of course you can make hydrogen from electrolysis but you 
cannot wait for it. 

3 

if you say OK we have hydrogen production and we add a CCS 
installation then it will be harder for the coming years to say OK 
we stop that” 

12 

if you are going to invest in something (CCS) then you are doing 
that for a lot of years, 20 or 30 years, so what you invest now you 
would preferably would like to keep having until maybe 2050. 

6 

I think that cluster formation will be very important, whether 
it’s a CO2-Cluster or hydrogen cluster. 

23 

but you need to be aware of your chain dependencies. 14 

Just transition 

Employment 
(Fig. 6) 

(Swennenhuis et al., 2020), (Zachmann et al., 
2018), (Gough and Boucher, 2013), (Alcalde 
et al., 2019) 

It looks like we will gain as much employment as we will lose. … 
the personnel are technically schooled, it (the new jobs) will 
remain technical. 

22 

What we experience is that we do not struggle with the 
resources. In some areas maybe we need to get some new 
expertise or retrain people… we do not perceive that as a 
problem of lack of …or expertise. 

3 

I doubt this of course will be a very quick radical transformation. 
If you know how refineries or big chemical industries how they 
operate and how they have to plan their maintenance, their big 
turnaround, I doubt whether we will need electrical engineers 
from overnight that is not going to happen. So, yes this might be 
different in 2050 but it will take time to adjust. 

2 

CCS should mainly smoothen the loss of jobs in the fossil fuel- 
based industries. 

19 

if there is some industry that is able for example to cope with 
CCS in a very good manner that it should be the oil company, I 
think we are better equipped than the power companies to do 
that … So if you focus on CCS, the oil industry has a lot of 
qualities and engineering qualities which you require. 

2 

I know of course [oil company] is very much looking into CCS 
and they have been doing that for years in different settings and 
also one of the CCS projects … is a [oil company’s] project. So, 
they have that experience there. 

3 

That (BECCS) is something that will be necessary on the long- 
term if we find we can’t reduce emissions as fast as we want. 17 

I think the situation in Rotterdam is different, because there are 
many types of industry and employers, as well as secondary and 
tertiary activities around that… It’s not just a single coalmine or 
something. 

20 

In all honesty, I worked at [energy company] for 5 years, and all 
there is at Maasvlakte 3 is a control room and 7 operators … 
However, in terms of CAPEX, the new coal plants cost insane 
amounts. 

15 

Economic effects 
(Fig. 7) 

(Heuberger et al., 2017), (Zachmann et al., 
2018), (Alcalde et al., 2019) 

You can give certain technologies a ‘lease of life’ (with CCS). 19 
If you compare to a lot of the other measures which we are 
taking into account, you could argue that CCS is not so 
expensive. 

2 

If you look at the cost per ton avoided (CO2), it’s a relatively 
good way to get rid of your CO2. 

19 

So many industries on a relatively small scale can be 
advantageous for the transition because you can make one-time 
investments, such as CCS, to which many companies can 
connect… We think that for clustered industry, CCS can offer an 
advantage. 

16 

The people manage these gas fields are very happy that they can 
extend the life time of their assets there. 

6 

CCS which is particularly in the Netherlands a feasible option 
because we have a lot of gas fields at sea which are already 
empty or will be become empty, so we could use them to safely 
store the CO2. 

4 

3 
(continued on next page) 
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(continued ) 

Framing Systemic 
mechanism 

Literature Quotation Interviewee 
number 

Environmental 
effects (Fig. 8) 

(Shackley and Thompson, 2012), 
(Swennenhuis et al., 2020), (Sunny et al., 
2020), (IEA, 2017), (Gough and Boucher, 
2013) 

You need to do something now because there is this carbon 
budget and we already running very close to the limit so maybe 
in 20 or 30 years in time CCS will stop. It is most likely a 
temporary measure as in a way industry involves you cannot live 
without it because if you do not apply it you are running out of 
the time. 
we do see that CCS is an intermediate step. It’s not the final 
solution but it’s intermediate step in order to be able to make 
emission reductions in the shorter-term, substantial reductions 
in the shorter-term. 

4 

There are cracks in the Sleipner project according to a Nature 
article. No leakage has been found yet, but scientists say there 
will probably be some leakage. 

23 

You can do CCS before 2030 and it is affordable. Alternatives 
won’t be ready before 2030 and are expensive. 

15 

CCS is a transition technology…it is just an intermediate step in 
order to reduce emissions as quickly as possible because that’s 
important. It is the carbon budget that counts in the end. But we 
must do it in a way in which we are working on moving to the 
next stage as well. 

4 

We can make it a bit more attractive to apply CCS because we 
can use it instead of leaving it underground. And the other thing 
is, as I said earlier, because we need the hydrogen, and hydrogen 
from grey to blue to green hydrogen is kind of a transition 
pathway. CCS will need to play a role there. So in that sense it 
will enable the chemical industry to decarbonise faster if we 
apply CCS. 

14 

All scenarios show that if we continue like this, we will 
definitely need an incredible amount of negative emissions. That 
means biomass and CCS, that’s the only option. 

21 

We believe CCS is necessary in any case for whole global 
challenge. We even believe you need to do these negative 
emissions by biomass and CCS. 

3 

we always say no the future is the more the combination of 
biomass with CCS not fossil fuel with CCS, so … you need to be 
aware of where you add the CCS system. 

12  

Appendix 3 Overlaps between the concepts of carbon lock-in and just transition narratives  

Overlaps between concepts 
Just transition systemic mechanisms 

Employment Economic effects Environmental effects 

Carbon lock-in systemic mechanisms 
Legitimising Avoiding job loss Using fossil fuel-based industry capacity CO2-reduction 
Integration Avoiding job loss Lowering costs of the transition Clean hydrogen transition pathway 
Crowding out —— —— ——  
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