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ARTICLE INFO ABSTRACT

Keywords: Carbon Capture and Storage at industrial processes (industrial CCS) is expected to play an important role in
Carbon Capture and Storage reducing industrial CO2 emissions in the short term. Industrial CCS involves capturing CO5 from industrial
Industry processes, such as steel and cement making, and storing the CO, underground. This study examined the public
i::i;;?;?mrt opinion of industrial CCS through an informed opinion survey in the Netherlands (N = 987) and the United
Perceived safety Kingdom (UK; N = 974). On average, respondents were neutral to slightly positive about the implementation of
Trust industrial CCS in their country. UK respondents were slightly more positive (M = 4.66 on a 7-point scale) than

Dutch respondents (M = 4.38). Awareness and perceived knowledge levels were somewhat higher in the
Netherlands than in the UK. In both countries, perceived outcomes of industrial CCS (e.g. for climate change;
safety; employment) were strongly associated with industrial CCS opinion, when compared to socio-
demographics, proximity to industry (actual and perceived), and psychological variables. Differences between
countries in outcome perceptions occur. For example, the safety of CO, transport is a larger concern in the
Netherlands than in the UK, while cost-control is a larger concern in the UK than in the Netherlands. These
findings suggest that the national context for CCS implementation matters. Our research suggests that public
engagement strategies will benefit from focusing on the economic and climate impacts of industrial CCS, as well
as from building trust in industry and addressing perceived safety concerns surrounding different aspects of
industrial CCS.

1. Introduction In the Netherlands and the United Kingdom, plans have been made to

implement CCS in the industrial sector (i.e. industrial CCS) in the near

To meet global carbon dioxide (CO3) emission reduction targets, the
decarbonization of industrial processes needs to accelerate [1]. Some
organizations envision Carbon Capture and Storage (CCS) as an impor-
tant component of a portfolio of effective decarbonisation options for
industry [2,3]. CCS is used to capture CO; at a large emission source,
such as a steel factory or power plant, transport the CO, via pipeline or
ship to an offshore or onshore geological storage site located deep un-
derground, such as a saline formation or depleted oil or gas field, and
store the CO, there permanently. Many heavy industries, such as steel
and cement, currently have limited alternatives to CCS for large-scale
reduction in CO5 emissions in the short term [4,5].

* Corresponding author.

future. Governments in both countries have expressed ambitions for
implementing industrial CCS and have supported these ambitions with
policy instruments [6-9]. As a result of these ambitions, both countries
currently have industrial CCS projects in preparation, such as the Por-
thos and Athos projects in the Netherlands and the Net Zero Teesside
(NZT) project in the UK.

In both countries, CCS ambitions have shifted in recent years from
power generation (e.g. at coal-fired power plants) to COy capture at
industrial facilities, such as steel, cement, chemicals and oil refining.
Before the recent shift to industrial CCS, implementation had long been
hampered after an initial period of enthusiasm for CCS [10,11]. Many
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demonstration projects that aimed to bring CCS closer to large-scale
implementation suffered from shifts in government support [11], often
underpinned by a lack of public support [12,13]. Without such support,
companies did not have a business case to invest in CCS. Whether in-
dustrial CCS can retain sufficient support for large-scale implementation
from governments, the public and other stakeholders remains to be seen.
We focus on evaluating public support for industrial CCS given that this
is a potential barrier for implementation [12-14].

A lack of public support may weaken political support for CCS
implementation, reduce deployment speed and affordability, and may
limit the variety of useable transport and storage pathways [14]. The
status of onshore CO; storage in the Netherlands exemplifies the latter:
following public opposition to a CCS demonstration project near Bare-
ndrecht, which included onshore storage [14], the Dutch government
decided to only use offshore storage in the foreseeable future [6].
Engaging with the public may build support for industrial CCS, while
unearthing conflict in a constructive manner [15], improving decision
making quality [16] and fostering trust in institutions [17]. Under-
standing how citizens’ opinions of industrial CCS come about is vital to
support public engagement practices.

This understanding is limited because few studies have explored the
public opinion about industrial CCS. Recent quantitative comparative
studies show that industrial CCS may be perceived as either slightly
more negative [18] or positive [19] than CCS at coal-fired power plants.
Another qualitative study showed little difference, but suggested that
citizens interpret industrial and fossil fuel CCS differently: while CCS at
coal-fired power plants was viewed as a way to protect local jobs, CCS at
industry was seen as a means to not only protect, but expand desirable
economic activities [20]. In a study conducted in Germany, opinions
about industrial CCS were indeed influenced by how important re-
spondents found industry for jobs, prosperity and economic develop-
ment [19]. Further work in this area is needed to systematically explore
how the characteristics of industrial CCS, as well as individual-level
factors, affect citizens’ opinions about industrial CCS.

Many factors that may potentially affect these opinions have already
been explored by studies focused on CCS at power plants or on CCS
described in general terms. These studies show that citizens’ opinions
about CCS are mixed: some citizens are positive, others are negative, and
on average public opinion hovers around the ‘neutral’ midpoint
[19,21-24]. Depending on their country of origin, roughly one quarter
to three quarters of citizens have heard about CCS. Yet, they commonly
know little about it [18,19,25-27]. After reading information about the
various options for reducing CO, emissions from power generation, they
tend to prefer other options, such as solar panels, wind turbines, or
biomass, over CCS [18,23,28-32].

Citizens’ opinions differ between CCS applications, such as CO,
capture at coal- or biomass-fired power plants, and depend on the risks,
costs and benefits associated with these applications [23-25,33]. For
example, citizens commonly appreciate the contribution of CCS to
climate change mitigation, job creation and improved air quality, while
they tend to be concerned about its safety risks (e.g. CO; leakage) and
rising electricity prices [22,23]. Citizens have also expressed concerns
about the end-of-pipe nature of CCS [25] and its competition with
renewable energy technologies for resources [34].

Citizens’ opinions are further influenced by individual differences,
such as knowledge about CCS, climate change belief, trust in CCS
stakeholders, and socio-demographic factors [18]. Opinions about CCS
tend to be more negative when citizens are sceptical toward climate
change [18,35] or distrust CCS stakeholders [25]. Furthermore, younger
and male citizens are more positive about industrial CCS [18,23].
Finally, knowledge about CCS tends to have limited or mixed effects on
their opinion about CCS [25,35]. These factors may partially explain
how citizens’ opinions about industrial CCS come about, but several
factors have remained unexplored.

First, the influence of citizens’ perceptions of the economic impact of
implementing CCS on CCS opinion remains unexplored. Decarbonizing
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industry via CCS - and introducing policy instruments for decarbon-
ization — may have substantial effects on companies, consumers, and
government spending. These effects may include job creation, rising
prices for consumer products, reductions or boosts in industrial com-
panies’ competitiveness, increases in government spending via sub-
sidies, and detrimental effects on investments in other decarbonization
options [1,36]. Focus groups conducted in the UK have shown that some
citizens view industrial CCS as providing societal benefits through
growth in manufacturing industries, while others were concerned about
industrial CCS imposing costs that could damage employment [20]. Yet,
previous studies into opinions of the economic costs of implementing
CCS have focused exclusively on rising electricity prices for households
and companies as a result of implementing CCS at power plants [23,31].
In this study, we investigate a spectrum of ‘outcome perceptions’ to foster
the understanding of how industrial CCS opinions come about. We
define ‘industrial CCS opinions’ as the opinions of citizens about the
implementation of industrial CCS in their country, and ‘outcome per-
ceptions’ as citizens’ perceptions of the anticipated risks, costs, or ben-
efits of this implementation, which includes climate, safety and
economic outcomes.

Second, findings for the effect of the ‘proximity’ of citizens’ house-
holds to CCS infrastructure on their opinions about this infrastructure
are inconclusive. Some studies find positive effects on opinion of the
proximity of citizens’ households to COy capture sites [18,22], while
other studies find negative effects on opinion for proximity to CO5
storage sites [33,37]. For offshore storage, the proximity of citizens’
households to the coast may also play a role: in a study in Germany,
offshore CO4 storage was seen as a slightly better option than onshore
storage among the general public, but citizens of coastal regions were
equally negative about both storage options [38]. Citizens’ perceptions
of the outcomes of implementing CCS have often been used to interpret
proximity effects: citizens that live, or perceive themselves to live, close
to industry may benefit from the direct and indirect jobs that these in-
dustries provide, but may also be exposed to health, safety and envi-
ronmental risks due to the proximity of these industries to their homes
[39,40]. Other explanations that are given for proximity effects focus on
the history and familiarity that citizens living close to industry have with
these industries [18]. These citizens may have formed a strong sense of
industrial identity [41-44], expressing a sense of pride in the industrial
legacy of the region where they live [45], or perceiving industrial
decline as a great threat to the local community [43]. Such positive
‘industry attitudes’ may foster positive opinions about projects these in-
dustries undertake, such as CCS. It is unclear whether any proximity
effects remain when citizens’ perceptions of economic outcomes, as well
as industry attitudes, are taken into account.

Third, the effects of outcome perceptions, proximity and industry
attitudes on industrial CCS opinion may differ between countries due to
differences in culture [46-48], historical experiences with technology
[49], or strategic and local planning procedures [50]. However, cross-
country comparisons of these effects are rarely conducted, with some
notable exceptions [18,48]. One of these studies shows that the country
of origin (UK, NL, USA and Norway) affects pre-information support for
CCS (in general), as well as change in support after information about
CCS is read [18]. Another study shows that country level differences in
national culture affect the perceptions of risks and benefits of CCS (in
general) in these countries (12 EU countries) [48]. Yet, these studies
have not focused on industrial CCS, nor have they examined how
proximity and industry attitudes have different effects in different
countries.

In this study, we compare opinions between the Netherlands and the
UK, where industrial CCS is likely to be implemented in the near future.
These countries share a common national narrative for CCS imple-
mentation [13], but differ in their historical experiences with CCS —
most notably the local public opposition and negative media attention
that accompanied demonstration projects for onshore storage in the
Netherlands [51]. Comparing the determinants of public opinion, such
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as outcome perceptions, industry attitudes and proximity, between these
countries may indicate how the national context of CCS implementation
(e.g. narratives, historical experiences) influences these determinants.

To fill the three literature gaps, we answered the following research
questions:

1. What opinions do citizens have of implementing industrial CCS and
of the outcomes that are associated with implementation?

2. What is the relationship of citizens’ outcome perceptions, industry
attitudes and the proximity of their household to industrial in-
stallations with their opinions about implementing industrial CCS?

3. To what degree do these opinions and relationships differ between
the UK and the Netherlands?

To answer these research questions, we conducted a cross-country
informed opinion survey in the Netherlands and the UK. We used an
informed opinion survey because citizens tend to have limited knowl-
edge of CCS, the creation of CO, emissions by burning fossil fuels and the
relationship between CO; emissions and climate change [27]. In an
informed opinion survey, respondents read information about a topic
before giving their opinion about it. Opinions gathered after information
is given are more stable and more predictive of future opinions than
uninformed opinions, especially when knowledge levels are low
[23,28,52]. In our informed opinion survey, respondents read infor-
mation that was reviewed by experts from various research fields to
ensure the information represents the state-of-the art.

In the survey, we included items to measure outcome perceptions,
industry attitudes, and the actual and perceived proximity of citizens’
households to industry. To examine what these factors add to explaining
industrial CCS opinion compared to previous research, we conducted a
regression analysis that included other factors that have been shown to
affect CCS opinions: knowledge about CCS, climate change belief, trust
in CCS stakeholders, proximity to the coast and socio-demographic
factors. We also asked respondents to the survey to explain their
opinion about industrial CCS in a few sentences. We then conducted a
content analysis of these explanations to investigate the arguments re-
spondents used to substantiate their opinion. Investigating these argu-
ments provides context for the results of the regression analysis and may
help to identify influential factors that were not included in the
regression.

By filling in the knowledge gaps set out above, this research con-
tributes to a better understanding of how citizens’ opinions of decar-
bonization technologies that require large-scale infrastructure come
about. As such, the findings also provide insight into likely influential
factors for citizens’ opinions of other industrial decarbonization tech-
nologies, such as green hydrogen, blue hydrogen, or geothermal energy.
Although each technology presents its own context, many parallels can
be drawn with industrial CCS. In the coming years, many countries, such
as the UK and the Netherlands, will likely move toward implementation
of these types of technologies. The insights we present are vital to sup-
port the engagement and site selection strategies that need to go along
with implementation.
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2. Method
2.1. Participants

For both the survey in the Netherlands and the survey in the UK, two
groups were sampled: 1) respondents living close to industry and 2)
respondents from the general public (including some respondents living
close to industry).1

To determine the relevant postcodes for respondents living in the
vicinity of industry, two criteria were applied based on spatial proximity
to business parks and/or large industrial companies along with the
levels of CO5 emissions (kton per annum). In the Netherlands, all post-
codes located within a 1 km range from a business park with CO5
emissions over 10 kton per annum were included in the postcode
database. In the UK, all postcodes lying within a 5 km range of large
industrial facilities and all emitting 50kton CO per annum or more were
identified and located. All facility CO, emission figures in the
Netherlands were gathered from the National Institute for Public Health
and the Environment (RIVM) and from The Environment Agency in the
UK. The differences between the UK and Dutch sampling approaches
were designed to take into account the different population densities
located around industrial areas.

The sampling strategy resulted in a total of four groups of re-
spondents. Respondents from these four groups of ages eighteen and
above were recruited for the study by a market research company
(Dynata) with an equal distribution of respondents between groups.
Respondents received an incentive for their participation (e.g. panel
points that they could use for various means). For the general public
subsamples, the aim was to obtain a nationally representative sample in
terms of age, gender and education level (see Table 1). The surveys
conducted in the UK and the Netherlands were both administered in
November 2019.

The total number of completed surveys from the UK and the
Netherlands was 2215. The survey data was inspected for outliers (i.e.
filling out the survey too quick/slow, flatliners, nonsense qualitative
responses) prior to the analyses. In total 254 responses were deleted
from the dataset resulting in a final sample of 1961 respondents. Table 1
shows the demographic characteristics of the final sample used for the
analyses.

2.2. Procedure and materials

As the survey focused on measuring informed opinions about in-
dustrial CCS, respondents received information prior to assessing opin-
ions. The information used in this study was based on previous literature
on the topic of CCS [23,28,53]. Some additional details were added by
the research team where needed. All information was reviewed by
fourteen experts from academia, research institutes and industry, and
subsequently updated and checked by the research team. Additionally, a
lay-person piloting (N = 8) of the survey was conducted to check for
comprehension. Ethical approval for this study was obtained by the
Ethics Committee of one of the authors’ universities.

Two versions of the informed survey were created, one in English
and one in Dutch. Each version referred only to the implementation of
industrial CCS in the respondent’s respective country. The surveys were
identical except for minor details. See Table 2 for an overview of
structure of the survey, Appendix A for the information materials

! In the UK, 25.3% of the general public subsample lived in the vicinity of
industry. In the Netherlands, 2.5% of the general public subsample lived in the
vicinity of industry, while 6.5% of this subsample could not be classified due to
incomplete postcode data. We have conducted a robustness check on all ana-
lyses in the paper, reclassifying these respondents as living close to industry
(respondents with incomplete postcode data were excluded). The pattern of
results was identical to that reported in the paper.
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Table 1
Demographics of final sample (N = 1961).
UK NL
Close to General Close to General
industry public N industry public (N
(N=491) =483) (N=501) =486)
Gender Male 41.3% 48.2% 43.9% 46.1%
Female 58.5% 51.8% 56.1% 53.9%
Other 0.2%
Age 18-24 5.4% 9.3% 9.2% 9.2%
25-34 12.2% 13.3% 11.5% 12.5%
35-44 18.8% 14.9% 15.7% 14.3%
45-54 18.8% 19.4% 21.8% 20.3%
55-64 19.2% 20.0% 18.4% 20.8%
65-75 25.8% 23.2% 23.3% 22.9%
Mean 51.0 49.7 50.1 49.6
Standard 15.2 16.0 16.1 16.0
deviation
Education No 10.0% 13.3% 0.4% 0.8%
level qualification
Primary 2.2% 1.7% 4.0% 3.9%
school
GSCE or 29.9% 30.4%
equivalent
A-levels or 24.4% 21.5%
equivalent
Secondary 25.3% 47.9%
school
MBO/HBO ! 56.9% 38.9%
University 28.5% 29.6% 11.6% 7.4%
degree
Doctoral 4.1% 2.7% 1.2% 0.8%
degree
Don’t know/ 0.8% 0.8% 0.6% 0.2%

rather not say

Note. 'based on the European qualifications framework (EQF) this education
level includes qualifications equivalent to the UK: GCE, A-level, HNC, HND and
Honours degree.

(including the outcomes), and Section 2.3 for an explanation of the
measurement items.

After filling in an informed consent form, respondents read infor-
mation and answered questions alternately. The survey first covered
information about CO; and climate change and asked respondents about
climate change belief. After introducing the options for reducing CO,
emissions (e.g. saving energy, switching to alternative energy sources, or
CCS), respondents were asked about their awareness and knowledge of
CCS. The survey then proceeded to an explanation of how industrial CCS
works, followed by questions about industry attitudes.

Respondents were then presented with a credible implementation
scenario for industrial CCS in their country, and its associated outcomes
(see Appendix A). The aim was to give respondents enough information
to understand the anticipated outcomes of implementing industrial CCS
in their country. The scenario focused on a credible technological
configuration for industrial CCS based on current policy discussions in
the UK and the Netherlands: (1) CO; capture at steel, (and also from
cement works in the UK), chemicals industries and at waste incineration
plants, (2) onshore and offshore transport via pipelines, and (3) offshore
storage in depleted gas fields or saline formations located deep below
the seabed.

Respondents were then presented with nine likely outcomes of
implementing industrial CCS in their respective country. The outcomes
were grouped into four main topic blocks (see Table 2). The order in
which the blocks of outcomes was presented to respondents was ran-
domized to prevent any effects on opinions based on the order in which
the outcomes were presented. After each outcome, respondents rated the
respective outcome on importance and gave an evaluation on a
negative-positive response scale. Respondents were familiarized with
the format of the outcome rating questions through a sample question on
an unrelated topic (i.e. smartphone use).

Table 2
Overview of survey components.
Topic block Information topics Measurement
items

Climate change CO,, climate change, approaches Climate change

for reducing CO, emissions belief
CCS awareness and CCS awareness
knowledge and knowledge

Industrial CO4
emissions and CCS

CO; emissions from industry,
industrial CCS, CO, capture, CO»
transport, CO, storage

Summary of previous information

Industry attitudes

Outcome
perceptions

CCS implementation
scenario & outcomes
Scenario: CO; capture at industrial
facilities, onshore and offshore
pipeline transport, offshore CO,
storage, need for investments in
facilities and infrastructure

Outcome block (climate): climate
change

Outcome block (economy):
employment, subsidies, effects on
companies & consumers, effects on
other options

Outcome block (transport):
construction work on pipelines,
safety onshore CO, pipelines,
safety offshore CO, pipelines

Outcome block (storage): safety

offshore CO, storage
Industrial CCS
opinion
Explanation of
opinion
Trust in CCS
stakeholders
Perceived
proximity
Gender
Age
Education level

CCS opinion

Other questions

After rating the outcomes, respondents gave their opinion on the
implementation of industrial CCS in their country and provided an
explanation of their opinion via an open response question. Subse-
quently, respondents answered all remaining questions (i.e. trust in CCS
stakeholders, perceived proximity and socio-demographics). At the end
of the survey, respondents were thanked and debriefed.

2.3. Measures

The remainder of this section discusses the measurement items that
were included in the analyses of this paper. The survey included addi-
tional items to fulfil the aims of the research project this study was a part
of.

2.3.1. CCS awareness and knowledge

We assessed awareness and knowledge of CCS using items from a
previous study [23]. CCS awareness was measured with the question
“Have you ever heard of CO; capture and storage?” with three answer
categories: (1) “No, never heard of it”, (2) “Yes, heard of it, but know
hardly anything about it”, (3) “Yes, heard of it and know quite a bit
about it”. Only if respondents answered the awareness question affir-
matively, they were asked a follow-up question about their knowledge
about CCS.

CCS knowledge was measured with the question “How much do you
know about CO; capture and storage?”. Respondents rated their
knowledge levels on a 7-point response scale ranging from 1 (nothing at
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all) to 7 (a lot). Respondents who indicated that they had never heard of
CCS in response to the awareness question, were given a score of 1 (i.e.
nothing at all) on knowledge.

2.3.2. Outcome perceptions

For each industrial CCS outcome, respondents were asked to what
extent they considered the outcome to be important on a 7-point
response scale ranging from 1 (very unimportant) to 7 (very impor-
tant), and to what extent they evaluated the outcome as negative or
positive on 7-point response scale ranging from 1 (very negative) to 7
(very positive).

2.3.3. Industrial CCS opinion

To measure opinion about industrial CCS, respondents were asked:
“To what extent do you perceive the implementation of industrial CCS in
[the UK/the Netherlands] to be positive or negative?” Answers were
given on a 7-point response scale ranging from 1 (very negative) to 7
(very positive).

2.3.4. Qualitative response: explanation of opinion

To gather additional insights into citizens’ opinion about the
implementation of industrial CCS in their country, after respondents
answered the opinion question, we asked them to explain their opinion
using an open-ended question. This encouraged respondents to elabo-
rate on their arguments behind their opinion about industrial CCS.

2.3.5. Climate change belief

To measure respondents’ belief in climate change, respondents were
asked “Do you personally think the world’s climate is changing or not?”
This item was adapted from previous research [54] and used to measure
a dimension of climate change scepticism referred to as “trend scepti-
cism”. The question had four response categories: (1) definitely not
changing, (2) probably not changing, (3) probably changing, and (4)
definitely changing. For the analyses, these categories were recoded into
two categories: (1) definitely or probably not changing, and (2) defi-
nitely or probably changing.

2.3.6. Industry attitudes

To measure the respondents’ attitudes towards the industries
mentioned in the information materials (steel, cement, chemicals and
waste incineration), we used four items. We used three statements with a
7-point response scales ranging from 1 (strongly disagree) to 7 (strongly
agree): “I feel connected to these industries”, “I am proud of these in-
dustries”, “I like to keep up with changes regarding these industries”.
These items were based on items measuring place attachment [55], but
were adapted to fit the context of the current research. We also used one
question with a 7-point response scale ranging from 1 (very negative) to
7 (very positive): “To what extent do you perceive these industries as
positive or negative?” The responses to these four items were averaged
to construct one industry attitudes scale. The reliability of the scale was
good (o = 0.84).

2.3.7. Trust in CCS stakeholders

We assessed trust separately for three types of CCS stakeholders:
industry, scientists and national government. We used two questions: (1)
“To what extent would you trust the following parties with regards to
providing information on implementing industrial CCS in [the UK/the
Netherlands]?”, and (2) “To what extent would you trust the following
parties with regards to making decisions about implementing industrial
CCS in [the UK/the Netherlands]?”. Answers were given on a 7-point
response scale ranging from 1 (not at all) to 7 (completely). For each
CCS stakeholder, the responses to these two questions were averaged to
construct one trust scale. The reliability of the scales was good (rs =
0.81-0.87, ps < 0.001).
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2.3.8. Actual and perceived proximity

To assess the effect of actual proximity of respondents’ households to
industrial installations, we included a dummy variable in the analyses
for the subsample: general public subsample versus close to industry
subsample. To asses perceived proximity to industry and to the coast,
respondents were asked: “On a scale ranging from 1 (close) to 5
(distant), how distant or close do you feel your home is to the nearest
[industrial area/coast]?”. Answers were given on a 5-point response
scale ranging from 1 (close) to 5 (distant).

2.4. Content analysis

The explanations respondents gave for their opinion about industrial
CCS through open responses were analysed using content analysis. In
Step 1, all responses (N = 1961) were assigned a primary level code
based on the general orientation of the response; positive, negative,
neutral, mixed or responses unrelated to the question (other). In Step 2,
if applicable, more specific secondary level codes were assigned to the
responses. These secondary level codes were identified through a the-
matic analysis of the responses. Once the coding framework was final-
ised, an inter-coder reliability test was performed between two coders to
assess the external consistency of the coding framework using a rando-
mised subsample of responses (N = 141). This reliability test was ach-
ieved by comparing the percentage agreement between the two coders
(number of matched codes / total number of codes). The resulting per-
centage agreement (72%) was above the minimum agreed threshold of
70% [56] and was therefore deemed suitable for application to the full
sample.

3. Results

In this section, we first discuss CCS awareness and knowledge levels,
perceptions of the outcomes of implementing industrial CCS in the UK
and the Netherlands, as well as overall opinion of industrial CCS. Sec-
ond, we explore the reasoning respondents used to explain their opinion
through a content analysis of the open responses. Finally, we explore the
relationship between industrial CCS opinion and outcome perceptions,
industry attitudes, and proximity. We modelled these relationships
separately for the UK and the Netherlands to explore country differences
in these relationships.

3.1. CCS awareness and knowledge
At the start of the survey, respondents were asked for their awareness

about CCS (see Table 3). Most respondents in the survey had heard of
CCS (64.2%), but most respondents indicated that they know hardly

Table 3
CCS awareness and knowledge per country and in total.
UK NL Total
N = N = N =
974) 987) 1961)
CCS awareness (“Have No, never heard of it 44.3% 27.4% 35.7%
you ever heard of CO,  Yes, heard of it, but 46.6% 59.2% 52.9%
storage?”) know hardly
anything about it
Yes, heard of it and 9.1% 13.5% 11.3%
know quite a bit
about it
CCS knowledge (“How 1 (nothing at all) 48.0% 33.5% 40.7%
much do know about 2 14.8% 18.9% 16.9%
CCS?™) 3 10.3% 15.3% 12.8%
4 13.9% 16.6% 15.2%
5 8.1% 11.4% 9.8%
6 3.0% 3.7% 3.4%
7 (alot) 2.0% 0.4% 1.2%
Mean 2.36 2.66 2.51

Standard deviation 1.64 1.56 1.61
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anything about it (52.9%) rather than quite a bit about it (11.3%).

Crosstab analyses were used to test for differences in CCS awareness
between countries and subsamples. Awareness of CCS differed signifi-
cantly between the two countries, Xz (2) =61.90, p < .001, whereas no
significant difference in CCS awareness was found between the general
public and industry subsamples, y? (2) = 1.46, p = .482. Awareness of
CCS was found to be somewhat higher in the Netherlands than in the UK
(see Table 3).

After the awareness question, respondents that had heard of CCS
were asked to indicate how much they thought they knew about CCS.
Respondents who indicated that they had never heard of CCS in response
to the awareness question, were given a score of 1 (i.e., nothing at all) on
CCS knowledge. Table 3 depicts the results found for CCS knowledge.
Overall, many respondents in the survey indicated to know nothing at all
about CCS (40.7%) and self-reported knowledge about CCS was low, on
average (M = 2.51, SD = 1.61).

We tested for differences in CCS knowledge between countries and
subsamples using two-way ANOVA. The ANOVA showed that CCS
knowledge was significantly predicted by country, F(1, 1957) = 17.55, p
< .001, r]P2 = 0.01 (i.e. a small effect size), but not by subsample, F(1,
1957) < 1, p = .734, nor by the interaction between country and sub-
sample, F(1, 1957) < 1, p = .447. Knowledge of CCS on average was
somewhat higher in the Netherlands than the UK (see Table 3)%

3.2. Outcome perceptions

After reading information about an outcome of implementing in-
dustrial CCS, respondents rated the outcome on its importance and
whether they perceived it as positive or negative (see Table 4). Overall,
respondents perceived all outcomes of implementing industrial CCS in
their country as relatively important. Furthermore, the outcomes of in-
dustrial CCS for climate change, effects employment, effects industrial
companies, effects other options and need subsidies were seen by re-
spondents as quite positive, whereas outcomes for safety transport
onshore, safety transport offshore, safety offshore storage, and new pipelines
were seen as neutral to slightly negative.

We tested for differences in outcome perceptions between countries
and subsamples using a two-way MANOVA with Pillai’s trace. The
MANOVA showed that outcome perceptions were significantly pre-
dicted by country, F(18, 1940) = 4.67, p < .001, r]p2 = 0.04, and by the
interaction between country and subsample, F(18, 1940) = 1.96, p =
.009, r]p2 = 0.02, but not by subsample, F(18, 1940) = 1.49, p = .082.
Follow-up two-way ANOVAs on outcome importance showed small,
significant effects of country: respondents from the UK perceived the
outcomes climate change, new pipelines, safety offshore storage, effects
employment, effects industrial companies, and need subsidies as somewhat
more important than respondents from the Netherlands, Fs(1, 1957) >
3.88, ps < 0.049, npzs < 0.02. No significant differences in outcome
importance between countries were found for the outcomes safety
transport onshore, safety transport offshore, and effects other options, Fs(1,
1957) < 3.07, ps > 0.080.

The ANOVAs further showed small, significant effects of country on
outcome evaluations: respondents from the UK evaluated the outcomes
climate change, safety transport onshore, safety transport offshore, new
pipelines, safety offshore storage, need subsidies, and effects other options as
somewhat more positive than respondents from the Netherlands, Fs(1,
1957) > 4.08, ps < 0.044, r]pzs < 0.01. No significant differences in
outcome evaluations between countries were found for the outcomes

2 For the Netherlands, the levels of CCS awareness and knowledge found in
our study are similar to studies conducted 6-10 years ago [22,23,27,57]. For
the UK, awareness was substantially higher in our study than in studies con-
ducted in that time period [22], a finding that is corroborated by recent
research [18], suggesting that CCS awareness in the UK has risen in the past
years.
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Table 4
Industrial CCS outcome perceptions per country and in total.
UK NL Total
(N =974) (N =987) (N =1961)

M SD M SD M SD

Outcome Climate 5.28 1.37 5.13 1.34  5.20 1.36
importance (1 change
= very Safety 5.11 1.47 4.99 1.44 5.05 1.46
unimportant, transport
7 = very onshore
important) Safety 5.09 1.44 499 1.41 5.04 1.43
transport
offshore
New 486 143 445 139 465 142
pipelines
Safety 515 144 496 145 506 1.45
offshore
storage
Effects 491 133 479 131 485 1.32
employment
Effects 491 133 467 128 479 131
industrial
companies
Need 497 139 479 133 488 136
subsidies
Effects other 487 132 477 124 482 1.28
options
Outcome Climate 5.11 1.47 4.92 1.39 5.01 1.43
evaluation (1 change
= very Safety 406 159 377 155 391 1.8
negative, 7 = transport
very positive) onshore
Safety 405 1.63 371 158 388 1.62
transport
offshore
New 411 151 388 134 399 143
pipelines
Safety 3.99 1.62 3.64 1.56 3.81 1.60
offshore
storage
Effects 4.89 1.37 4.82 1.24 4.85 1.31
employment
Effects 428 144 421 133 424 138
industrial
companies
Need 462 151 449 141 456 1.46
subsidies
Effects other 4.19 1.42 3.98 1.39 4.09 1.41
options

effects employment and effects industrial companies, Fs(1, 1957) < 1.21, ps
> 0.271.

Furthermore, the ANOVAs revealed small, significant interaction
effects between country and subsample for the importance of the
outcome effects industrial companies, and the evaluation of the outcome
safety offshore storage only, Fs(1, 1957) < 6.19, ps < 0.013, r]pzs <0.01.
Even though the overall statistical test on the importance of the outcome
effects industrial companies was statically significant, follow-up tests
showed that both in the UK and in the Netherlands respondents in the
industry sample did not consider the effects industrial companies outcome
differently (Myk = 4.99, SD = 1.37; My, = 4.63, SD = 1.25) compared to
respondents from the general public sample (Myx = 4.83, SD = 1.28;
Mn;, = 4.72, SD = 1.30), ps > 0.057. Regarding the interaction effect on
the evaluation of the outcome safety offshore storage in the UK, re-
spondents in the industry subsample were somewhat more negative
about the outcome (M = 3.85, SD = 1.65) than respondents from the
general public subsample (M = 4.13, SD = 1.59), p = .007. In the
Netherlands, respondents in the industry subsample were equally posi-
tive about the outcome (M = 3.68, SD = 1.53) compared to respondents
in the general public sample (M = 3.60, SD = 1.58), p = .445.
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3.3. Industrial CCS opinion

After having read an introduction about industrial CCS, the specific
CCS scenario for their country and information about the outcomes of
implementing CCS in their country, respondents indicated their overall
opinion about the implementation of industrial CCS in their country (see
Table 5). Respondents in the survey reported a range of opinions,
although most opinions reported were neutral to positive. On average,
respondents were neutral to slightly positive about industrial CCS
implementation in their country (M = 4.52, SD = 1.45).

We tested for differences in industrial CCS opinion between countries
and subsamples using a two-way ANOVA. The ANOVA showed that
industrial CCS opinion was significantly predicted by country, F(1,
1957) =19.15,p < .001, r]p2 = 0.01 (i.e. a small effect size), but not by
subsample, F(1, 1957) < 1, p = .695, nor by the interaction between
country and subsample, F(1, 1957) < 1, p = 0.808. As can be seen in
Table 5, UK respondents were on average somewhat more positive to-
wards the implementation of industrial CCS in their country compared
to respondents from the Netherlands.

3.4. Content analysis of respondents’ explanation of their industrial CCS
opinion

Open responses were analysed to provide insights into the reasoning
behind respondents’ opinion about industrial CCS. This section will
present the main findings both regarding the broader orientation of
responses in the primary coding, as well as for the specific secondary
themes identified. A comparison between countries’ responses will be
discussed, as well as parallels between the findings reported in Sections
3.2 and 3.3.

Overall, the findings for the primary level coding presented in Fig. 1
display a somewhat even division of codes applied across the five pri-
mary level categories. However, there were some differences when
comparing the open responses between the UK (N = 974) and Dutch
samples (N = 987). In line with the distribution of industrial CCS
opinion displayed in Table 5, the primary level coding in Fig. 1 shows
that there was a somewhat higher level of exclusively positive argu-
ments in the UK sample (29%) compared to the Dutch sample (22%),
and slightly more exclusively negative arguments in the Dutch sample
(22%) compared to the UK sample (19%). In both countries the rela-
tively high number of ‘neutral’ and ‘other’ arguments may suggest that
many respondents did not have a strong opinion on industrial CCS. This
is in line with the neutral to slightly positive opinions about industrial
CCS implementation discussed in Section 3.3.

The secondary level codes provided more detailed insights into the
specific arguments used by respondents to explain their opinion of in-
dustrial CCS. Depending on the content of the response, respondents
were either assigned no, one, or multiple secondary level code(s). As a
result, the total number of secondary codes differs from the primary

Table 5
Industrial CCS opinion per country and in total.
UK NL Total
N = N = N =
974) 987) 1961)
Industrial CCS opinion(To what 1 (very 4.2% 4.2% 4.2%
extent do you perceive the negative)
implementation of industrial 2 4.0% 5.9% 4.9%
CCS in [the UK / the 3 8.6% 13.8% 11.2%
Netherlands] to be positive or 4 27.2% 25.9% 26.6%
negative?”) 5 28.2% 30.0% 29.1%
6 16.0% 15.1% 15.6%
7 (very 11.7% 5.2% 8.4%
positive)
Mean 4.66 4.38 4.52
Standard 1.47 1.41 1.45
deviation
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UK NL
m Positive Negative Neutral Mixed = Other

Fig. 1. Proportion of primary level codes applied to respondents’ opinion ex-
planations for the UK (N = 974) and the Netherlands (N = 987).

level codes (Nyx = 1037, Ny = 897). The common arguments raised by
respondents are presented in Table 6 (positive arguments), Table 7
(negative arguments), and Table 8 (neutral arguments). The highest
proportion of the arguments was negative, followed by positive and
neutral arguments. The most apparent difference between countries was
in the balance of positive and negative arguments raised. In the UK re-
sponses, there was an 8% higher proportion of positive arguments cited
when compared with the Dutch responses (39% and 31% respectively)
and a higher proportion of negative arguments cited in the Dutch re-
sponses when compared to UK responses (51% and 44% respectively).

Table 6

Positive secondary codes of respondents’ opinion explanations.

Code label Example quotes % of total % of total
positive positive
codes UK (N codes NL (N
= 407) = 282)
Economic/industry “If this means that all 2.7 3.9
benefits economic activities in the
Netherlands can take
place such as strong
agriculture and home
construction, this is great
and protects economic
growth for the future.”
Climate change/ “If it’s less pollution in the ~ 38.1 41.1
environmental atmosphere that’s has to
benefits be a good thing.”
Best available/ “I believe it has its 13.3 19.1
temporary advantages and
solution disadvantages. But for
now, it is a temporary
solution to deal with the
climate problem.”
Good for the future/ “It will have little effect on 5.2 5.0
long-term my life but for my
grandkids I think it is
important.”
Climate change “The world has to wakeup  18.4 17.7
action needed and do whatever is needed
urgently.”
Industrial CCS “There are small risks, but 13.0 3.9
positives the overall result should
outweigh the be positive.”
negatives
Industrial CCS safe/  “I feel it’s safe to proceed 6.4 5.7
low risks this way as any leaks can
be sorted.”
Industrial CCS “If it helps to reduce CO, 2.9 3.5

employment
benefits

emissions and creates jobs
at the same time then it's a
good thing.”
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Table 7
Negative secondary codes of respondents’ opinion explanations.
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Table 8
Neutral secondary codes of respondents’ opinion explanations.

Code label Example quotes % of total % of total Code label Example quotes % of total % of total
negative negative neutrall neutral
codes UK (N codes NL (N codes UK (N codes NL (N
= 451) = 456) =179) =159)

Safety/risk/ “Risks of leaks and 459 44.5 Unsure about CCS/ “Industrial CCS offers 58.1 54.7
monitoring danger to people and more research solutions, but I am not yet
concerns wildlife is worrying.” required fully convinced.”

Industrial CCS does “[...] Sustainable 13.7 13.6 Individual need for “I'm not 100% sure howI ~ 17.3 13.2
not solve the methods of production more information feel, I don’t think I've
problem for these industries are been given enough

more important than information to make an
short term solutions.” informed choice.”

Support alternatives “I'm concerned that this ~ 17.5 20.0 Too complex/ “I am careful with my 11.2 11.3
to industrial CCS may provide a slower difficult topic judgement because it is

than otherwise effort to all fairly new, and I don’t
reduce CO, understand much of it.”
production.” International “The Netherlands is a dot ~ 13.4 20.1

Industrial CCS “How far down do you 1.3 1.8 participation on the world map. How
storage capacity intend to store CCS and needed for can that help if countries

what or how will it be industrial CCS such as China, America,
done, what if there is no Eastern European

more room to store countries, etc. do not
underground where will cooperate.”

you store it next — in

space?”

Industrial CCS “The more money 11.3 6.8 CCS would either be the leading solution to tackle decarbonising in-
expensive/ required for this will dustrial emissions or that it would be the most appropriate temporary
increased taxes/ mean we get taxed . . . . .
constmer costs more.” solution available. The other main notable percentage difference in

Distrust CCS “Itis yet another money- 3.8 39 positive codes between countries was in relation to a 9.1% higher
stakeholders making scheme for the expression of the opinion in the UK that ‘Industrial CCS positives outweigh

wealthy and another the negatives’, i.e. that the possible positive features associated with CCS
Szlfrs;tfsvrﬂtlh;]:;: ‘éﬁl' would outweigh the possible negative features.

end up paying more ’ Regarding the negative arguments raised against industrial CCS
money out.” implementation by respondents (see Table 7), the percentages for each

Responsibility/ “Companies must look 3.1 5.0 country were comparable across all negative codes. Furthermore, they
accountability for a solution and pay, if shared similar patterns of responses with ‘Safety/risk/monitoring con-
needed from CCS not stop the company.” s .
stakeholders cerns’ as the most frequently expressed theme covering almost half of all

Limited job “We are going to get a 1.1 0.9 negative arguments (44.5-45.9%). Concerns about the risk of adverse
opportunities lot of unemployed impacts of CCS upon public welfare, wildlife and the environment were

again.” expressed.

Climate change “In my opinion, this is 2.2 3.5

scepticism

not necessary, it is a

purely natural process
which you cannot
change.”

The proportion of exclusively neutral arguments was equal between UK
and Dutch respondents (18% respectively).

In both samples, the proportion of negative primary and secondary
level codes applied were relatively large when compared to the indus-
trial CCS opinion ratings shown in Table 5. This may reflect that some
respondents are more open to expressing negative arguments in relation
to CCS when given an open question than when asked to rate the tech-
nology on a scale.

With regards to the positive arguments raised in relation to industrial
CCS (see Table 6) the pattern of responses between countries was largely
comparable with a few notable differences. The most frequently
expressed positive argument for industrial CCS in both the UK and the
Netherlands was in relation to ‘Climate change/environmental benefits’
(38.1% and 41.1%). These responses highlighted the positive benefits
industrial CCS could have on tackling climate change mitigation. Simi-
larly, in the UK, the second most frequent argument also related to a
general urgency to tackle climate change as captured in ‘Climate change
action needed’; however, in these cases no reference to CCS was made
(18.4%). In the Netherlands, the second most frequently expressed
positive argument presented industrial CCS as the ‘Best available/tem-
porary solution’ (19.1%), which was 5.8% higher in the Dutch responses
than in the UK responses. These responses expressed the opinion that

The second most common argument raised related to ‘Support alter-
natives to industrial CCS’ whereby respondents indicated that they would
prefer to have an alternative mitigation approach in place of industrial
CCS. The largest percentage difference between countries was for the
theme ‘Industrial CCS expensive/ increased taxes/consumer costs’ where
the UK had a 4.5% higher percentage of such responses when compared
with the Dutch responses. Also of note was that three of the negative
themes identified from the open responses ‘Industrial CCS storage ca-
pacity’, ‘Distrust CCS stakeholders’, ‘Responsibility/accountability needed
from CCS stakeholders’ related to topics that either were not directly
discussed in the information provided.

The final set of secondary codes related to neutrally orientated
themes, i.e. subjects that were neither positive nor negative in nature
(see Table 8). Within this category, the most commonly expressed theme
was ‘Unsure about CCS/more research required’, which amassed over half
of neutral codes used in both the UK and the Netherlands (58.1% and
54.7%). In the UK, the second most frequent neutral opinion cited by
respondents was an ‘Individual need for more information’, which con-
cerned respondents own desire to obtain further information in relation
to industrial CCS. The percentage of this code was 4.1% higher in the UK
than in the Netherlands. The largest percentage difference between
countries was in relation to the second most frequently raised point of
view in the Netherlands regarding ‘International participation needed for
industrial CCS’ which was expressed by 6.7% more respondents in the
Dutch responses than in the UK. This theme was not included within the
information provided to respondents and therefore highlights further
considerations influencing citizens’ evaluations of CCS implementation.
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The most prevalent positive and negative themes were consistent
with the outcome perceptions reported in Section 3.2, which demon-
strated that combatting climate change and the safety of CO5 transport
and storage were considered important outcomes of industrial CCS.
Furthermore, regarding industrial CCS opinion, the frequencies between
each of the primary level codes were relatively similar, suggesting that
there was not a predominant orientation of opinions expressed overall.
This may also be reflected in the number of neutral secondary level
coded responses which indicated various degrees of uncertainty,
complexity, as well as requiring more information about industrial CCS
to aid in decision making.

While most of the themes raised by respondents were consistent with
the information provided within the survey, several additional themes
were also identified. The most prominent of these themes was in relation
to a sense of distrust, and perceived lack of responsibility and account-
ability of industrial CCS stakeholders to act upon reducing their carbon
footprint. Another theme questioned whether other industrialised
countries would also participate in implementing industrial CCS. Addi-
tional concerns were also raised in relation to the capacity for CO,
storage and the availability of storage sites. These additional topics
provide relevant considerations for future communication of industrial
CCS activities as well as for inclusion in further research.

3.5. Effects of outcome perceptions, industry attitudes and proximity on
industrial CCS opinion

To examine what factors predict respondents’ opinion about the
implementation of industrial CCS in their country, we carried out a hi-
erarchical multiple regression analysis for the UK and the Netherlands
separately. The predictors were included in five steps (i.e. hierarchical
regression analysis, enter method), in order of known predictors and
expected importance to the model based on previous research (see
Table 9). Due to missing data and excluded categories for the socio-
demographic variables in the analyses, the sample for the multiple
regression analyses was slightly smaller (Nyx = 954, Ny = 967) than the
total sample (Nygx = 974, Ny, = 987).

The change in the R? value shows how much the variables added in
the later steps contribute to predicting industrial CCS opinion, on top of
the variables already included in the analysis. The model summary
shows that socio-demographics on their own predicted around 1-2% of
the variance in overall opinion about the implementation of industrial
CCS (Step 1); this percentage did not increase significantly when actual
proximity to industry was added to the model (Step 2). Adding the
outcome perceptions to the model meant that 61-62% of the variance in
industrial CCS opinion could be predicted (Step 3). Moreover, adding
the psychological variables (Step 4) and perceived proximity to industry
and to the coast (Step 5) to the model only led to a small increase in
explanatory power for the model (1-3%). The final models were
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significant predictors of industrial CCS opinion in the UK, F(31, 922) =
51.67, p < .001, and in the Netherlands, F(31, 935) = 51.37, p < .001.

These results indicate that the outcome perceptions played an
important role in predicting respondents’ industrial CCS opinion,
whereas socio-demographics, actual proximity, psychological variables
and perceived proximity played a small role. In the interest of brevity,
only the results of the full model (Step 5) of the hierarchical regression
are displayed in Table 10 and discussed below. No substantial differ-
ences with what is presented in Table 10 from model step 5 were found
in model steps 1 through 4.

The models for the UK and the Netherlands show both similarities
and differences in the relationship of outcome evaluations with indus-
trial CCS opinion. In the UK, the outcome evaluations that were shown
to be significant predictors of industrial CCS opinion were: climate
change, safety transport offshore, new pipelines, safety offshore storage, ef-
fects employment, effects industrial companies, and need subsidies. Out of
these, need subsidies, climate change, and effects industrial companies
contributed most to the overall model based on the standardised beta
values. The more positively respondents evaluated these outcomes, the
more positive their opinion about industrial CCS was.

In the Netherlands, the outcome evaluations that were shown to be
significant predictors of industrial CCS opinion were: climate change,
safety transport onshore, new pipelines, safety offshore storage, effects
employment, need subsidies, and effects other options. Out of these, safety
offshore storage, new pipelines, climate change, and safety transport onshore
contributed most to the overall model based on the standardised beta
values. The more positively respondents evaluated these outcomes, the
more positive their opinion about industrial CCS was.

These results imply that opinions about industrial CCS for re-
spondents from the Netherlands are relatively strongly predicted by how
positive they are about the safety of industrial CCS and the need for
construction work on pipelines, while opinions for respondents from the
UK are relatively strongly predicted by how positive they are about the
costs of industrial CCS being manageable for companies and consumers,
as overseen by government. In both countries, respondents’ opinions
about industrial CCS are relatively strongly predicted by how positive
they are about the climate change mitigation benefits of industrial CCS.

The industrial CCS opinion of respondents in the Netherlands was
also predicted by the perceived importance of the climate change and
need subsidies outcomes. The more important respondents perceived
these outcomes to be, the more positive they were about industrial CCS.

While the outcome perceptions were overall the most important
predictor of industrial CCS opinion in both the UK and the Netherlands,
other factors predicted industrial CCS opinion as well. Although industry
attitudes did not significantly predict industrial CCS opinion in our
models, trust in industry and in scientists did. The results show that the
more trust respondents from the UK and the Netherlands have in in-
dustry, the more positive they are about industrial CCS implementation.

Table 9
Hierarchical regression model summary.
UK (N = 954) NL (N = 967)
Step Variable group added Variables added R? AR? Sig. R? AR? Sig.
Step 1 Socio-demographics Age 0.01 0.01 0.013 0.02 0.02 0.000
Gender
Education level
Step 2 Actual proximity General public vs. close to industry 0.01 0.00 0.663 0.02 0.00 0.584
Step 3 Outcome perceptions Outcome evaluation 0.61 0.60 0.000 0.62 0.59 0.000
Outcome importance
Step 4 Psychological variables CCS knowledge 0.63 0.02 0.000 0.63 0.01 0.000
Climate change belief
Industry attitudes
Trust — industry
Trust — scientists
Trust — government
Step 5 Perceived proximity Perceived distance to industry 0.64 0.00 0.156 0.63 0.00 0.280

Perceived distance to coast
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Table 10
Hierarchical regression coefficients.
UK (N = 954) NL (N = 967)

Variable B SEB B Sig. B SEB B Sig.
(Constant) 0.33 0.29 0.256 —-0.07 0.29 0.809
Socio-demographics
Female (vs. male)! -0.21 0.06 —0.07 0.001 —-0.11 0.06 —0.04 0.073
Age 0.00 0.00 0.04 0.110 0.00 0.00 0.01 0.501
High education level (vs. low)? -0.10 0.10 —0.03 0.307 -0.12 0.16 —0.03 0.470
Medium education level (vs. low)? —0.04 0.09 —0.01 0.667 -0.11 0.14 —0.03 0.429
Actual proximity
General public (vs. close to industry) —0.03 0.06 —0.01 0.668 0.00 0.06 0.00 0.976
Outcome evaluation
Climate change 0.18 0.03 0.18 0.000 0.14 0.03 0.14 0.000
Safety transport onshore 0.02 0.03 0.03 0.451 0.12 0.03 0.13 0.000
Safety transport offshore 0.08 0.03 0.09 0.013 0.06 0.03 0.06 0.078
New pipelines 0.06 0.03 0.07 0.027 0.15 0.03 0.15 0.000
Safety offshore storage 0.06 0.03 0.07 0.023 0.15 0.03 0.16 0.000
Effects employment 0.06 0.03 0.06 0.047 0.09 0.04 0.08 0.012
Effects industrial companies 0.15 0.03 0.15 0.000 —0.03 0.03 —0.03 0.324
Need subsidies 0.18 0.03 0.19 0.000 0.06 0.03 0.06 0.046
Effects other options 0.05 0.03 0.05 0.107 0.06 0.03 0.06 0.022
Outcome importance
Climate change 0.06 0.04 0.06 0.100 0.12 0.04 0.11 0.001
Safety transport onshore —0.06 0.04 —0.06 0.076 —0.04 0.03 —0.04 0.221
Safety transport offshore 0.01 0.04 0.01 0.741 0.00 0.03 0.00 0.998
New pipelines —-0.01 0.03 —0.01 0.817 —0.04 0.03 —0.04 0.105
Safety offshore storage —-0.01 0.03 —0.01 0.837 —0.04 0.03 —0.04 0.206
Effects employment 0.06 0.04 0.06 0.065 0.04 0.03 0.04 0.183
Effects industrial companies 0.01 0.04 0.01 0.700 0.02 0.03 0.02 0.588
Need subsidies —-0.01 0.04 —0.01 0.822 0.10 0.04 0.09 0.004
Effects other options —-0.03 0.03 —0.02 0.416 0.00 0.03 0.00 0.914
Psychological variables
CCS knowledge 0.01 0.02 0.01 0.733 0.00 0.02 0.01 0.808
Climate change belief —0.12 0.10 —0.02 0.246 0.03 0.10 0.01 0.738
Industry attitudes 0.02 0.03 0.02 0.454 0.03 0.03 0.03 0.261
Trust — national government 0.01 0.03 0.01 0.780 0.00 0.03 —0.00 0.880
Trust — industry 0.06 0.03 0.07 0.041 0.10 0.03 0.11 0.001
Trust — scientists 0.10 0.03 0.11 0.000 0.04 0.03 0.04 0.171
Perceived proximity
Perceived distance to industry —0.03 0.03 —0.02 0.288 —0.01 0.03 —0.01 0.811
Perceived distance to coast —0.03 0.02 —0.03 0.137 —0.04 0.02 —0.03 0.135

Note. Nyx = 954, Ny, = 967. ! The ‘other’ category was excluded from these analyses; 2 Education level was recoded into three categories low (no qualification; primary
school), medium (GSCE or equivalent; A-levels or equivalent in the UK: secondary school; middle/higher vocational education in the Netherlands) and high (university
degree; doctoral degree), and two dummy variables (education level low vs. high; low vs. medium) were computed.

Furthermore, the more trust respondents from the UK have in scientists,
the more positive they are about industrial CCS implementation.

The actual and perceived proximity of respondents’ households to
industrial installations did not significantly predict industrial CCS
opinion. This implies that there was no significant difference in opinion
between respondents from the general public subsample and re-
spondents living close to industry, when other factors that predict in-
dustrial CCS opinion are taken into account. Similarly, the perceived
distance of respondents’ homes to industry did not significantly predict
industrial CCS opinions. Further, the perceived distance of respondents’
homes to the coast was not found to be a significantly predictor of in-
dustrial CCS opinion.

Finally, regarding socio-demographic factors, gender was found to
be a significant predictor of industrial CCS opinion in the UK. Female
respondents were less positive about industrial CCS implementation
than male respondents. Age, education level, CCS knowledge, and
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climate change belief, did not significantly predict industrial CCS
opinion.3

4. Discussion

Because many countries, such as the UK and the Netherlands, are
moving toward implementing industrial Carbon Capture and Storage
(CCS) in the coming years, insights into citizens’ opinions are vital to
support the engagement and site selection strategies that need to go
along with implementation. Because studies have rarely investigated
citizens’ opinions about industrial CCS, several factors that may explain
these opinions have remained unexplored. In this study, we aimed to
answer the following research questions using a cross-country informed
opinion survey in the Netherlands and the UK:

3 These relationships are not discussed further but are consistent with pre-
vious studies. The gender effect is consistent with previous studies [18,23]. The
lack of an effect of CCS knowledge is not surprising, as studies tend to find
mixed or weak knowledge effects [25,35]. The lack of an effect of climate
change belief as shown in previous studies [18,35] is likely due to the inclusion
of climate change outcome perceptions in our models.
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1. What opinions do citizens have of implementing industrial CCS and
of the outcomes that are associated with implementation?

2. What is the relationship of citizens’ outcome perceptions, industry
attitudes and the proximity of their household to industrial in-
stallations with their opinions about implementing industrial CCS?

3. To what degree do these opinions and relationships differ between
countries?

Regarding the first question, our results imply that citizens in the
Netherlands and the UK are, on average, neutral to slightly positive
about the implementation of industrial CCS in their country after they
have read information about CO», climate change, industrial CCS and its
outcomes. Other studies into industrial CCS opinion have shown similar
results [18,19]. Similar to studies conducted into opinions about CCS at
power plants, or CCS as described in general terms [21-24], opinions
about industrial CCS in our study tended to hover around a neutral
midpoint. Overall, this implies that the public, on average, neither
strongly supports nor strongly opposes industrial CCS.

In our survey, respondents were shown a scenario specifying how
COy would be captured at industrial facilities (i.e. steel, cement,
chemicals and waste incineration), transported via onshore and offshore
pipelines and stored offshore deep underground in depleted gas fields or
saline formations. Following this information respondents were shown a
range of outcomes of implementing industrial CCS for a range of topics.
One of the outcomes described the effects industrial CCS may have on
climate change mitigation. Akin to previous studies [22,28], our find-
ings imply that citizens perceive the contribution to climate change
mitigation as an important and positive outcome of implementing in-
dustrial CCS in their country.

Other outcomes in our survey described the risks of CO; transport
and storage to human health, wildlife and the environment, including
measures taken to reduce risk to a credible minimum (e.g. the advanced
state of pipeline technology, zoning regulations, monitoring systems,
careful site selection). Our results imply that citizens perceive these
‘safety’ outcomes as important and as slightly negative, on average.
Citizens’ concerns about safety had already been noted in previous CCS
studies [22,23,28], but those studies commonly limited their de-
scriptions of risks to onshore transport and storage of CO,. Our results
show that descriptions of CCS implementation scenarios with offshore
CO4, transport and storage still elicit safety concerns from citizens.

Another set of outcomes described the economic effects of decar-
bonizing industry via CCS - and introducing policies for decarbon-
ization. This description included effects industrial CCS may have on
companies, consumers and government spending; job creation or loss,
rising prices for consumer products, reductions or boosts in industrial
companies’ competitiveness, increases in government spending via
subsidies, and detrimental effects on investments in other decarbon-
ization options. Our results imply that citizens in the Netherlands and
the UK perceive these outcomes as important and slightly positive, on
average. Previous studies had shown that citizens respond negatively to
increases in electricity prices as a result of implementing CCS at power
plants [23,31]. However, our results imply that responses are slightly
positive when an encompassing description of economic impacts is
presented to respondents. The importance of these economic impacts
was already alluded to in previous studies [19,20], but these studies had
not shown how citizens perceive these impacts and how these percep-
tions affect their opinions about industrial CCS.

The findings from the regression are corroborated by our analysis of
respondents’ explanations of their opinions in an open response ques-
tion. On the positive side, many respondents emphasized the climate
change mitigation benefits of industrial CCS and the urgency of climate
action. Some respondents perceived industrial CCS as a temporary so-
lution for climate change mitigation or that its benefits outweighed its
risks. On the negative side, many respondents expressed safety concerns,
indicated that CCS does not solve the climate problem, or mentioned
that alternatives to CCS should be supported instead. The latter
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argument may reflect the struggle some citizens have to reconcile CCS
with their values, according to previous studies [25,34,57]. In our in-
dustrial CCS description, we did not include such normative concerns,
but only focused on tangible effects industrial CCS may have on the
climate, safety, and the economy.

Our analyses showed that citizens’ perceptions of the outcomes of
implementing industrial CCS are a strong predictor of their opinions of
industrial CCS. As many studies have shown for other CCS applications
[25], the more important and positive such perceptions are, the more
positive citizens are likely to be about industrial CCS. These outcome
perceptions explained most of the variance in citizens’ opinions about
industrial CCS in our study, consistent with the findings of previous
studies using informed opinion surveys [23,28,52].

Contrary to our expectations, citizens’ industry attitudes did not
significantly predict their opinion about industrial CCS. Part of the
relationship between industry attitudes and opinions may have been
captured by the inclusion of trust in industry in our models. Previous
studies have shown that the more citizens trust CCS stakeholders the
more positive they are about CCS [25]. Our results indeed show that
citizens whom have more trust in industry regarding providing infor-
mation and making decisions about industrial CCS are more positive
about industrial CCS. In the open responses, some citizens also expressed
a sense of distrust in CCS stakeholders as well as a need for more
engagement and accountability for industrial emissions by stakeholders.
Further studies should unpack what ‘industry’ means to citizens in to-
day’s economies, given the changing nature of these economies, citi-
zens’ jobs and their everyday lives. Such insights may help to develop
more fine-grained indicators of industry attitudes and determine the
added value of this concept besides commonly used trust indicators.

Our models also did not show a statistically significant relationship
of industrial CCS opinion with the perceived and actual proximity of
respondents’ households to industrial installations. This finding may
indicate that proximity effects are more fruitfully captured by focusing
on concepts that measure citizens’ associations with industry and the
activities industry employs directly. Alternatively, proximity effects may
have more complex relationships with citizens’ opinions about the ac-
tivities employed by industry, as well as with place-related factors, such
as place meaning or place attachment [18,58]. Further studies may
conceptualize proximity differently by, for example, investigating the
impact of the densities of industrial and infrastructural development on
opinions about new infrastructure needed for climate change mitigation
technologies.

Although proximity seems to have limited value for explaining
opinions, our findings imply that small differences between countries
may be present. Our results show that, on average, UK respondents were
somewhat more positive than Dutch respondents about industrial CCS,
as well as about some of the outcomes of developing industrial CCS. The
former result is corroborated by a recent cross-country comparison of
CCS support in six countries (including the Netherlands and the UK),
although country differences for support for the specific types of CCS
(coal-fired or industry) are not presented in that study [18].

While the opinions of all respondents were strongly predicted by
their perception of the climate change outcome of industrial CCS, re-
spondents from the UK and the Netherlands differed slightly in how
outcome perceptions predicted their opinions about industrial CCS.
Opinions of UK respondents were relatively strongly predicted by how
positive they were about effective management of the costs of industrial
CCS for companies and consumers by the government, while the opin-
ions of Dutch respondents were relatively strongly predicted by how
positive they were about the safety of industrial CCS and the need for
construction work on pipelines. Although these differences were small,
they imply that citizens from these two countries perceive industrial CCS
differently.

Yet, it is currently unclear what may have caused these differences to
come about, as studies that aim to explain cross-country differences in
opinions about energy or climate change mitigation technologies are
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limited [46,49,50]. Some studies have pointed at possible explanations
in variations in culture [46-48], historical experiences with the tech-
nology [49], or strategic and local planning procedures [50], but more
research is needed to be able to explain cross-country differences.

By focusing on the UK and Netherlands we have sampled citizens
from countries that are relatively similar in their characteristics (west-
ern, educated, industrialized, rich and democratic), and their national
narratives surrounding CCS implementation [13]. The development of
CCS differs between these countries, most notably in terms of the past
focus on onshore CO storage in the Netherlands — and the local public
opposition and negative media attention that accompanied demonstra-
tion projects for onshore storage [51]. In contrast, the UK government
had already decided early on to focus on offshore CO; storage [9]. It is
unclear whether the differences we found were brought about by such
historical differences or by other - institutional, cultural [48], de-
mographic or geographical — differences. Further studies should expand
the scope to countries with varying histories, institutions, demographics
and national cultures, especially to countries outside Western-Europe,
Japan, North America and Australia — where most studies into CCS
opinions have been conducted so far [25,59].

When interpreting our results, several caveats should be considered.
First, we presented panel members with a realistic, but hypothetical
scenario for implementing industrial CCS in their country. These panel
members read extensive information about COj, climate change and
industrial CCS - interspersed with questions about these topics — before
they gave their opinion about industrial CCS. These opinions are thus
contingent upon the method used to attain them. For example, question
sequencing effects may have been present that we did not control for
[60]. Our sampling strategy may also have selected a group of citizens
that differs from the general public in important aspects, although our
sample aimed for representativeness of the general population in terms
of age, gender and education levels. Responses to CCS implementation
in practice may differ from what was presented in our study, especially
when these responses are uninformed.

Second, our findings are based on a cross-sectional study into citi-
zens’ opinions. Therefore, our findings establish correlational (i.e. when
X is high, Y is high) rather than causal relationships (i.e. X determines Y)
between industrial CCS opinion, industry attitudes, proximity and
outcome perceptions. To fully understand how citizens’ opinions for
industrial CCS, or related technologies, come about, longitudinal studies
are needed that measure these factors consistently at different moments
in time. Such studies can also be used to investigate changes in opinions
over time as a result of changes in the context in which industrial CCS is
applied (e.g. policies, media attention). However, such studies are rarely
conducted [25].

Third, our findings contribute to understanding public opinion for
industrial CCS technology on a general level. To fully understand how
industrial CCS may develop, insight is also needed into the support of
local communities for CCS infrastructure near their homes, as well as
specific government policy and market support for CCS applications
[61]. At this local level, many additional factors are likely to come into
play, such as how local benefits and burdens are balanced by community
compensation [62]. Some studies have also differentiated community-
level support from individual-level support and investigated how so-
cial capital (i.e. citizens’ relationship networks) influences such
community-level support [35]. Further research should investigate how
these different types of support interact and how they affect the imple-
mentation rates of technologies.

5. Conclusion

The present study suggests that an informed public does not espe-
cially support industrial CCS, but nor do they oppose it. Our findings
imply, however, that more supportive opinions are likely to develop if
citizens are made aware of the anticipated outcomes of industrial CCS
upon the economy, jobs, companies and government spending, in
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addition to its role in abating CO, emissions. Yet, concerns around po-
tential risks, such as of CO; leakage from pipelines or from storage sites
under the seabed, are prevalent and will need to be appropriately
managed and effective communications devised.

Industries such as steelmaking, refining and petrochemicals, are still
key parts of the economies of the UK and the Netherlands and make a
significant contribution to employment in some regions. Yet, such in-
dustries have become more ‘remote’ from everyday lives due to the loss
of employment opportunities. Whereas certain communities once had a
strong relationship with steelmaking and chemicals [63], in post-
industrial societies there is a risk that this connection has eroded. The
continuing importance of industry needs to be highlighted by Govern-
ment (at all levels) with respect to jobs, revenue and added value, skills
and knowledge retention.

The European Green Deal, the Green Industrial Revolution (UK), and
the Climate Accord (NL) are the vehicle for Government, working with
industry and civic partners, to promote, plan for and implement indus-
trial CCS. Such planning (and its communication) needs to be cognisant
of the currently ambivalent reaction of the public towards industrial CCS
as well as the rather low trust in industry. A clear, well-articulated and
realistic plan for industrial CCS from the relevant authorities is neces-
sary and is likely to help build support from the public.

To enable successful implementation, trust in industry needs to be
strengthened, especially in those communities living close to industrial
hubs. Re-building trust requires industry to be taking on its share of
responsibility and contributing to the solution accordingly. Our findings
suggest that fostering trust in industry is likely to lead to more positive
opinions about the implementation of industrial CCS. Particular atten-
tion needs to be devoted to addressing the negative perceptions of the
safety outcomes of industrial CCS, which do not in general accord with
expert ones (on the proviso that projects are implemented using state-of-
the-art knowledge and monitored with care) [64].

Qualitative methods involving in-depth discussion may well be a
useful addition to enable communities to have a say on industrial CCS
implementation in their area. Such activities can use the survey findings
reported here as useful ways of identifying the key ‘sticking points’ as
well as the more positively perceived aspects of industrial CCS. A further
innovation that can help to address the safety and risk issues, and which
responds to respondents’ requests for more research, is to enable more
intensive engagement between citizens and experts. This could involve
creating, for example, a joint panel of scientists and citizens for dis-
cussing safety and risks, with plenty of opportunity for questions, an-
swers, discussion, etc., as well as the option of drafting in additional
experts as required. Such a panel might also jointly create monitoring
systems and procedures to independently measure changes in the
environment arising from industrial CCS infrastructure. These forms of
intensive engagement can serve to build trust in the industrial CCS
project developers and regulators [65,17] and can also result in com-
munications that are better geared to the needs of the intended
audience.

Offering information on the need for CCS in tackling the climate
crisis is necessary, but what also counts is the view that citizens have of
industry and any possible impacts on safety. We believe that the paper
contributes to building a path forward for government, project de-
velopers, scientists, engineers, and civil society, including members of
communities local to planned projects, to foster much needed public
support for CCS and for other technologies that aim to decarbonize in-
dustry in the near future.
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