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Carbon dioxide utilisation (CDU) technologies hold promise for helping to limit

atmospheric releases of CO2 while generating saleable products. However, while there

is growing investment in the research and development required to bring CDU to the

market, to date there has been very little systematic research into public perceptions of

the technology. The current research reports upon the findings of a series of six

qualitative focus groups (and an associated questionnaire) held with members of the UK

public in order to discuss the perceived benefits and risks of CDU technology. The

findings reveal that public awareness of CDU is currently very low and that there is a

desire to learn more about the technology. While our participants did, on average,

appear to develop an overall positive attitude towards CDU, this attitude was tentative

and was associated with a number of caveats. The implications for the findings in terms

of the development of communication and broader strategies of public engagements

are outlined.
Introduction

Anthropogenic emissions of carbon dioxide (CO2) are a primary cause of current
global warming and climate change.1 Carbon dioxide utilisation (CDU) technol-
ogies have the potential to help mitigate the release of CO2 to the atmosphere by
making use of some of the emissions from carbon intensive processes like fossil-
fuel power generation. By utilising the CO2 as a carbon source for the manufac-
ture of saleable chemical products (e.g. polymers) and fuels, or through direct use
in other industries (e.g. enhanced oil recovery); CDU also holds promise for
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generating economic revenue. This revenue could help to offset some of the costs
associated with CDU/CCS (carbon capture and storage) processes and present a
viable alternative to fossil-fuel based feedstocks in the manufacture of these
products.2,3 As such, there is growing interest into the research, development and
deployment (RD&D) of CDU technology – exemplied by this Faraday discussion.
Social acceptability of CDU

A key consideration in the RD&D of CDU should be the systematic assessment of
the social acceptability of the technology. Social acceptability (i.e. the extent to
which a phenomenon, like CDU, is endorsed or rejected by key social actors, e.g.
politicians, nanciers, the general public, etc.) is now recognised as being
necessary for the successful implementation of new technologies.4

As key groups of actors are known to affect the social acceptability of emerging
technologies at a number of levels (e.g. household, community, national),
understanding and responding to the opinions of the general public (i.e. exam-
ining public acceptability) should be a priority consideration for CDU proponents.5

However, with the exception of a preliminary pilot study conducted by the current
authors, to date there has been no systematic research in this eld.6
Assessing public perceptions of CDU

Public engagement is a diverse term covering any attempt to contact members of
the public in order to inform decision making.5 Research shows that more
deliberative, participatory forms of engagement – which involve affected publics
earlier (i.e. upstream) and in a sustained and transparent way – will tend to yield
better outcomes for those behind the engagement activity (e.g. increased public
trust and decreased objection to decisions, etc.).7,8

While there is an emerging precedent for upstream engagement, there are
evident challenges and risks to realising this in any meaningful sense with
emerging technologies, like CDU. Not only will a lack of awareness of the tech-
nology likely prove to be a barrier to people's willingness to engage, but once
engaged there are risks that the opinions registered towards the technology could
be misleading if appropriate forms of attitude assessment are not employed.
Reference to literature on the formative assessment of public opinion to CCS, for
example, indicated the potential for registering pseudo-opinions (or pseudo-
attitudes) if traditional questionnaire-based survey methods were used.9,10

Pseudo-opinions are, in essence, uniformed judgements that people provide on
issues which they have given little or no thought and are problematic as they tend
to be weak, unstable and not very predictive of later thought and behaviour.9,11

The prospect of registering pseudo-opinions is increased when using tradi-
tional questionnaire-based surveys because they provide limited contextual
information on the issues being discussed and are oen self-completed, thereby
offering little opportunity to clarify misunderstanding. In the context of under-
standing public perceptions of other emerging technologies (e.g. CCS, hydrogen),
the spectre of recording pseudo-opinions has been addressed through the use of
non-traditional survey methods (i.e. information choice questionnaires [ICQs])
and qualitative research techniques (e.g. focus groups, interviews).9,10,12,13
328 | Faraday Discuss., 2015, 183, 327–347 This journal is © The Royal Society of Chemistry 2015
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Focus groups (FGs), for instance, provide a good forum for exploring contro-
versial, unfamiliar and/or complex issues, by offering a setting within which
information can be presented to and discussed by participants, and where
responses and understanding can be probed.14 If facilitated carefully, FGs provide
a useful context for establishing: (a) ‘why’ people feel the way they do about issues
and; (b) how such issues become socially represented and shared.15
Comparative case study: public perceptions of
CCS

The importance of seeking to understand and appropriately assess the opinion of
the public towards emerging carbon mitigation technologies is exemplied in
work into the public perception of CCS. As a sister technology of CDU, such
research provides an appropriate analogue for communicating the value of con-
ducting similar work into CDU. For instance, public opinion research conducted
over the last decade or so in a number of countries (e.g. USA,10 UK,12 Europe,16 and
Japan17) has proven invaluable in elucidating the roots of subjective concerns
about CCS at a national, regional and local level; leading to guidance on how best
to tailor education, communication and development practices to more appro-
priately address public concerns.18–20

Together, these studies have illustrated the multifaceted nature of lay (and
expert) opinion of CCS, revealing that public attitudes are not simply a sum of
anticipated technical risks but are also inuenced by myriad social and economic
considerations (e.g. mistrust in the proponents of the technology).18,21
The current research

We argue that forging a better understanding of emerging public opinion towards
CDU is timely and should be seen as an integral accompaniment to the ongoing
RD&D of the technology. In view of the current dearth of research into the public
opinion of CDU technology, our team is conducting a series of studies with the
dual objectives of (1) learning more about public perceptions of the perceived
benets, risks, utility and relevance of CDU; and (2) identifying appropriate
means of communicating with the lay public about the science and technology
behind CDU (i.e. the ‘What a Waste!’ programme).

We feel that appropriate engagement and communication efforts should be
predicated on developing a systematic understanding of public attitudes towards
the technology. As such, the current research builds upon that reported in a
recently published communication article6 by detailing the results and implica-
tions of six qualitative FGs and an associated survey-based activity designed with
these objectives in mind.‡

In addition to providing insight into people's opinions of CDU, these FGs also
provided a forum to ‘market test’ a pilot informational video about CDU being
developed by the CO2Chem Network (www.co2chem.org).
‡ The two FGs mentioned as part of the communication article do also feature within the present article.
However, the current article presents new systematic analysis of these FGs alongside 4 new FGs, details of
which have not previously been published.

This journal is © The Royal Society of Chemistry 2015 Faraday Discuss., 2015, 183, 327–347 | 329

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c5fd00063g


Faraday Discussions Paper
O

pe
n 

A
cc

es
s 

A
rt

ic
le

. P
ub

lis
he

d 
on

 1
1 

Ju
ne

 2
01

5.
 D

ow
nl

oa
de

d 
on

 8
/1

/2
02

5 
7:

40
:5

0 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online
To our knowledge this study is the rst to formally investigate and assess
public perception of CDU. While a relatively small qualitative study, this research
should be considered as part of a preliminary but growing body of research in this
novel and important eld.

Methods
Participants

Six focus groups (FGs), each comprising 6–8 participants (44 participants total: 14
female, 30 male; 15–54 years) were convened. All participants were offered a
monetary incentive for participating.§ Further details of the participants
comprising each FG can be found in Table 1. FGs 1–4 took place at the University
of Sheffield in June or December 2013. Participants were recruited via a university
volunteers list. FG4 also included members of the general public recruited from
the part-time workplace of one of the authors. FGs 5 and 6 were convened in
December 2013 and comprised year 11 pupils from a local high school. Staff at the
school selected students based upon their interest and ability in science and/or
their presence on outreach schemes previously run by the University of Sheffield.
All participants were aged 15–16 years; both groups comprised a mix of genders.

Materials

Focus group information sheet. Provided details of the research team and
sponsor; an outline of what to expect from the research activity; and a very brief
introduction to CDU. Participants were told that CDU can make use of the CO2

emitted from carbon intensive processes like fossil fuel power generation. They
were informed that the CO2 could be used in things like plastic manufacture,
meaning that CDU could help to limit atmospheric CO2 emissions and provide a
use for an otherwise ‘waste’ greenhouse gas.

Pre-discussion questionnaire. Recorded participants' age, gender and occu-
pation; their awareness of CDU and CCS (“Have you heard of Carbon Capture &
Storage/Carbon Dioxide Utilisation?” Yes/No/Don't Know); their self-reported level
of knowledge about CDU and CCS (“How much do you think you know about .?”
Not a lot/A little/A fair amount/A lot); their attitudes to CDU and CCS (“Overall,
what is your attitude to.?” 5-point Likert scale: very positive to very negative, plus
a ‘Don't Know’ option) and their attitude certainty for both technologies (“How
certain or uncertain are you of your attitude to.?” 5-point Likert scale: very certain
to very uncertain, plus a ‘Don't know’ option).

Pre-discussion presentation. Contextualised the FG discussion by presenting
participants with some background information on CDU via PowerPoint. This
presentation expanded on the information sheet by verbally introducing the
research team and outlining the central aims for the focus group (i.e. to gather
public opinions on CDU and to aid the creation of a video for the CO2Chem
Network).
§ Monetary incentives varied by group. All participants age 18+ received a personal monetary incentive.
Members of FGs 1 and 2 each received £20 on account of the fact they also took part in a secondary
research task following the FG. Members of FGs 3 and 4 each received £5. The high school students
did not receive individual payment but the school received a lump-sum of £80 as reimbursement for
the students' time.
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Participants were briey talked through a diagram of the CCS process asso-
ciated with a coal-red power station. The CCS concept was used as a counter-
point for introducing two oen cited benets of CDU: (a) the value of CDU in
offsetting some of the costs associated with CCS by creating saleable chemical
products; and (b) the value of CDU in reducing the current reliance on fossil-fuel
derived carbon as a feedstock for these products.

Participants were then shown Fig. 1 and informed of some of the products that
CO2 could be converted to via CDU. It was noted that many of the depicted
conversion processes would require energy and that this would necessarily have
to come from renewable sources to mitigate the release of additional CO2 during
the manufacture of the products. The presentation ended with a slide outlining a
protocol for the remainder of the session. This told participants they would rst
watch and then comment on a video about CDU before being asked to talk more
generally about their opinions of CDU.

Informational video about CDU. A short (75 seconds) informational video
combining a mix of cartoon animation and cutaways to real life industrial CDU
operations. This video was being developed for the CO2Chem Network in order to
communicate fundamental details of CDU technology to an interested, lay
audience.{ People watching the video were rst introduced to the CO2Chem
Network and its purpose in furthering the research and development of CDU. The
video then spoke of the relationship between CO2 emissions and climate change.
CCS was mentioned as a way of achieving reductions in CO2 emissions and the
process of separating and storing the CO2 in geological reservoirs was illustrated.
Making use of captured CO2 to create chemical products via CDU was then
introduced and framed as a means of offsetting some of the costs associated with
Fig. 1 Some products that CO2 can be converted to via carbon dioxide utilisation (CDU)
processes. Source: CO2Chem Network, available at http://www.co2chem.co.uk. Repro-
duced with the permission of CO2Chem Media and Publishing Limited.

{ There was a problem with the video in FG6, which meant that it did not run smoothly. This issue was
taken into consideration when analysing responses towards the video in this group.
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CCS. CDU was also registered as a way to reduce reliance on fossil fuels as a
feedstock for producing these chemical products. The video ended by noting
that CDU would need energy to produce the chemical products and conrmed
that this would necessarily need to come from renewable sources to avoid
the release of more CO2 emissions (note: the video is available to view at:
www.co2chem.co.uk/research-clusters/public-perception).

Post-discussion questionnaire. Asked for participants' opinion about 26 risks
and benets of CDU technology (“To what extent would you agree or disagree with
each of the following statements relating to CDU?” 5-point scale: strongly disagree to
strongly agree) (see Appendix 1 for a full list of statements); their self-claimed
knowledge, attitude and attitude certainty towards CDU (assessed as outlined in
pre-discussion questionnaire); their environmental worldview (revised New
Ecological Paradigm [NEP] scale);22 and their ‘green’ identity (4-item scale).23

FGs 1 and 2 completed the questionnaire online 1–2 weeks aer the FGs. This
was necessary as the questionnaire was partially developed on the basis of their
responses within the FGs. The remaining FGs (3–6) completed a paper-pencil
version of the questionnaire immediately following the focus group discussion.k
Procedure

All groups were audio-recorded for later transcription and analysis. Upon arrival
participants were provided with refreshments and asked to: (a) read the infor-
mation sheet; (b) provide their written consent for their participation; and (c)
complete the pre-discussion questionnaire.

The FG then began with participants being invited to rst provide their names
and occupation in order to acquaint themselves with one another. The pre-
discussion presentation and informational video were then provided and partici-
pants were invited to provide feedback on the video – focusing upon both issues of
style and content (e.g., how engaging, informative and understandable it was).
Discussion about the video lasted approximately 20 minutes, at which point
participants re-viewed the video and were invited to provide any nal comments.
Participants were then asked to discuss their general opinions about CDU and to
comment on: (a) any perceived risks and benets of the technology; (b) the utility
of CDU in tackling climate change and; (c) comparative preferences for CDU vs.
other carbon mitigation options. This discussion lasted approximately 20
minutes and took a semi-structured format.

Having completed the FG discussion, participants spent the last part of the
session completing the post-discussion questionnaire. They were nally invited to
ask any nal questions or make any nal comments before being debriefed,
thanked, paid and dismissed.
Data transcription and analysis

The FG audio-recordings were fully transcribed and analysed using an exploratory
thematic analysis approach.25 All transcripts were rst-coded by one of the authors
(WS) who was not present during the FGs. Two additional members of the research
k Additional questions were included in the post-discussion questionnaire; however, due to small
differences in how these questions were asked in FGs 1–2 versus FGs 3–6, these data are not reported
on further.
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team (CJ and DK) then independently second-coded one FG transcript using the
coding manual created by WS. All coders then convened to discuss and conrm the
emergent themes from the FG and to check the reliability of the initial coding
scheme created by WS. Any missed coding or disagreement was discussed, before
relevant adaptations were made to the coding manual. CJ and DK then indepen-
dently analysed a further three FGs before convening a secondmeeting. Within this
meeting any disagreements or missed coding were again discussed, before any
nal, relevant changes were made to the coding manual. WS then used the revised
coding manual to recode (where relevant) all the FG transcripts.
Results
Focus group ndings

The thematic analysis24 of the FG data is presented and discussed in accordance
with participants' evaluation of: (1) the style and content of the informational
video; and (2) the perceived risks and benets of CDU. In order to aid interpre-
tation of the comments relating to the video, the analysis is structured according
to the issues of source, message and audience.25
Informational video

Source factors. Participants noted that it was unclear who the source of the
video was. This led to questions about who was behind the video (and CDU more
generally) and what their motivation was. The lack of clear authorship, in
combination with the perceived “simplistic” nature of the video, negatively
affected perceptions of its scientic credibility:

.it denitely wasn't a scientic backed-up video. It could've been an advert for
anything. (FG4)

Participants suggested that this issue could be resolved if the video were to
include interviews with visible, neutral, expert sources. It was suggested that this
would put a face to the technology, which should help to engender more trust in
the message content and more generally CDU.

Message factors. Opinions were shaped by the perceived intent of the video
(i.e. whether it was designed to entertain or inform) and the groups discussed
what level of entertainment might be needed in order to keep peoples interest.
Participants agreed that more visually and emotionally engaging video content
was needed and they criticised the video for being quite rushed, lacking a
consistent visual style and for being quite dull.

Participants questioned whether the information in the video contained
sufficient detail and clarity of expression to effectively describe the technology, its
purpose and how it differs from CCS.

It [the video] doesn't necessarily very well convey the difference between CCS and
CDU. I think you need to make clear that CCS proposes to store it [CO2]; you are
proposing to do something else. On reection I don't think that comes over particularly
well or easily. (FG1)

Some participants suggested that the central message behind the video was
not apparent and that the explanation provided in the video needed to follow a
more logical, narrative structure in order to appropriately engage with the
audience.
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.actually seeing what the problem is and explaining the problem, and what is the
solution that you are looking for, that is the main focus of the research, and that was
not very deeply touched upon. (FG4)

Comments were also made about some of the technical language (or jargon)
used within the video. The following exchange highlights how a number of
scientic terms used within the video promoted confusion and misunder-
standing among some of our participants, also leading them to question the
viability of the video for a general, lay audience.

P1: .no-one cares about carbonates, I'm probably one of the only people in the
university who cares about them, no one knows what they are.

P2: I don't know what synth oil is?
P3: It's synthetic oil.
P2: If [the video] is for a general audience then .
P4: What does feed-stock mean? When I hear that I think of animals. (Laughter) I

don't have a background in chemistry. (FG2)
The video was also perceived to be lacking a balanced critique of CDU.

Participants suggested that the potential risks of CDU were not fully addressed
and therefore the video came across as one-sided and as an effort to persuade
people to like the technology. This imbalance negatively affected the perceived
credibility of the message and led to suspicion as to why CDUwas being presented
in such a positive light.

P1: Like you said, there is no debate [about the risks] so you think well ‘what are
you not saying’.

P2: It is just like one sided, they are trying to sell you something. (FG3)
Audience factors. Participants commented that it was unclear as to who the

intended audience was for the video and agreed that establishing this was a high
priority for understanding the purpose of the video and determining the appro-
priateness of the style and message content.

I don't understand the point of the video, or whether it was trying to tell me to take
action or to improve something or to go on the website, I don't know what the point
was. (FG1)

Participants tended to agree that the video provided a reasonable basic
introduction to CDU but that it was lacking in depth and detail if it were to be
used for any other purpose than a basic introduction to the concept. This led to a
tension among our participants, who desired more detail (to fully engage in the
focus group) but recognised that such detail would increase the length and
complexity of the video and thus negatively affect audience interest outside of the
experimental context.

Having more facts or gures might make your video altogether a bit boring because
it really wouldn't make sense to the wider audience who are not involved in the
research. A little bit of it [more detail] would denitely help, giving more examples,
actually seeing what the problem is and explaining the problem, and what is the
solution that you are looking for, that is the main focus of the research, and that was
not very deeply touched upon. (FG4)

Participants' age appeared to shape evaluations of the adequacy of the video.
While our adult participants tended to feel that the video was too simplistic and
lacked seriousness (bearing in mind the seriousness of the issue it was trying to
resolve), our high school groups tended to be less critical on these grounds. It was
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suggested that developing multiple, tailored videos intended for different age
groups would be very useful in the future.

I think it [the video style/content] depends on the audience, because you were trying
to appeal to everyone by having facts and stuff in as well as the cartoons and the music
and stuff, so they should split it up ideally, one for a younger audience and one for
older audience. (FG5)
Perceived risks and benets of CDU

Three principal areas were discussed by participants, relating to the conceptual
issues, technical issues and societal issues associated with CDU. Conceptual issues
related to the general underlying principles of the CDU concept and its position
relative to other carbon mitigating options (i.e. should we do this); technical issues
focused on the technological and market feasibility of CDU (i.e. can we do this);
and societal issues related to the implications that might result from an invest-
ment in the technology (i.e. what are the consequences).

Conceptual issues. Participants saw CDU to be a technology that would not
provide a long term solution to CO2 emissions but would simply stall an inevi-
table release of CO2 into the atmosphere.

.I like it [CDU] because it is doing something, but it shouldn't be seen as a long
term x, because you are not really going anywhere you are just hiding it [CO2] right?
(FG2)

Some examples of CDU were particularly susceptible to this criticism (e.g.
synthetic fuels) and tended to be negatively evaluated by participants. In contrast,
CDU options that implied a longer-term storage of CO2 option (e.g. plastics,
concrete) tended to be more positively evaluated.

I think also a lot of what you think about this technology will also depend on its
application, [.] if you are getting carbon dioxide from a coal red power plant and
turning that carbon dioxide into polymers that go into plastic, you have created kind of
a legitimate carbon sink where it is xed and it is not going into the atmosphere [.].
But if you are turning it into, somehow managing to turn it into a fossil fuel, that you
can use to run on a car, train, whatever, then all the effort that you are going to put into
turning that CO2 into some sort of fuel it is still going to end up as carbon dioxide in
the atmosphere. (FG1)

While ‘delaying the inevitable release of CO2’ was considered problematic,
participants did note the pragmatic value of CDU as a ‘stop-gap’ technology
option (i.e. something which could ‘buy us time’ as we transition to a low-carbon
economy) and as something symbolic of efforts being made to combat climate
change.

I just feel that it [CDU] is a step in the right direction, providing that [.] if you can
do this [capture and use CO2] and it works then brilliant. (FG3)

There was also a sense that investing in current CDU technologies could also
expedite the development of other CDU options that would not suffer as much
from the prospect of re-releasing captured carbon (e.g. using CO2 from the air).

I think if there was potential in the future of just not using CO2 from power plants and
just using CO2 from the atmosphere then I might feel like the power plant one might be a
step on the way and maybe that would swing it [the participant’s opinion]. (FG1)

CDU was conceptually criticized for presenting an ‘end of pipe’ solution to the
problem of CO2 emissions; a solution that did not address the root cause of the
336 | Faraday Discuss., 2015, 183, 327–347 This journal is © The Royal Society of Chemistry 2015

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c5fd00063g


Paper Faraday Discussions
O

pe
n 

A
cc

es
s 

A
rt

ic
le

. P
ub

lis
he

d 
on

 1
1 

Ju
ne

 2
01

5.
 D

ow
nl

oa
de

d 
on

 8
/1

/2
02

5 
7:

40
:5

0 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online
problem (i.e. the activities that were producing CO2 in the rst place). In short,
CDU was seen as treating the symptoms of the problem as opposed to the cause.

.they [CDU technologies] are trying to x something but they are not going to the
root of the problem, that there is more cars, more population, more pollution, more
everything. So they are trying to x that but not the actual problem that humans are
creating more and more pollution. (FG2)

Participants outlined an array of alternative supply and demand side options
that they felt would more appropriately address the CO2 problem at source (e.g.
promotion of more sustainable living practices, direct investment in renewables).
These points are noteworthy bearing in mind some participants believed CDU to
be a barrier to necessary lifestyle changes and questioned why renewable energy
was being used in the conversion of CO2, rather than being used to more directly
power the economy (see below).

Technical issues. High investment costs and cheaper alternatives (e.g.
unmitigated emission) were thought to be an economic obstacle to CDU
(particularly in a climate of austerity). Participants questioned as to whether CDU
would ever become cost-effective without some kind of market intervention.

.there is also a question of cost-effectiveness. Kind of sticking a chimney up and
spewing out CO2 I imagine is going to be a whole lot cheaper than the capital
investment needed to build either a carbon capture and storage facility or kind of a
CDU facility. So there would have to be some sort of pricing mechanism in place. (FG1)

The value of CDU was calculated in more than just economic terms. Many
participants suggested that they would endorse the economic cost of investment
in CDU if there were signicant environmental benets in doing so. However,
there was uncertainty about how readily demonstration CDU operations could be
scaled-up and what magnitude of environmental benet would be realised by
CDU.

It [CDU] might be signicant but we don't know how signicant it might be. General
logic says that it should be, because CO2 emissions would increase, we will have more
cars, more people, carbon dioxide and utilizing them would help. But I don't know
what impact or how much of an impact it could make for the future generations. (FG4)

This uncertainty was related to the fact that participants felt ill-informed about
the relative technical and economic feasibility of CDU vs. alternatives. Indeed,
while participants appeared to have a generally favourable attitude to CDU, this
opinion was evidently conditional upon CDU performing well against these other
options.

The question is what alternatives are there, because I'm all for ‘we’ll spend a little
bit more if it has benets' [CDU]. But if we spend a little bit more on this and there is
actually something out there that will work better I'd probably rather spend my money
on that. (FG3)

Debate of the likely impact of CDU was also tied to perceptions about the
timeframes for bringing the technology to market. There was tension between the
seemingly long period of time needed to develop CDU into an economically
competitive technology option and the urgency of addressing climate change.
However, it was recognised that nancial investment in CDU would be necessary
for it to become economically competitive. Parallels were drawn with the photo-
voltaic industry, where investment in solar had eventually made it competitive
with more traditional energy sources.
This journal is © The Royal Society of Chemistry 2015 Faraday Discuss., 2015, 183, 327–347 | 337
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P1: Well that [economic cost] is an argument that they had against early solar but
as oil production starts to come lower and lower, prices do go up and eventually the
argument could be that if they develop the technology to do this [CDU] then it will
become cost effective.

P2: By the time that happens it will be probably too late.
P1: I don't know; solar got there, solar is cost-efficient now, competitive with oil.

(FG2)
Participants were sceptical about whether CDU would result in a net reduction

in CO2 emissions across the whole lifecycle. The sense was that emissions asso-
ciated with the energy needed to convert CO2 into commodity chemicals would
undermine any savings resulting from utilisation. Participants drew upon other
purportedly ‘green’ initiatives (e.g. early solar) which turned out to emit more CO2

than they would save to back up this concern.
.we have had too many cons, I think especially some of the early solar panels and

things like that when they were so inefficient that [.] once you had it in its box it was
saving carbon dioxide, but to produce the sucker and especially if you went back to the
mines to mine the silicon [.] you were causing so much more damage than anything
that you were saving. (FG1)

This issue was deemed particularly important when considering CDU for fuel
synthesis. For some participants it seemed counter intuitive (and thermody-
namically infeasible) to burn a fossil fuel only to then capture the CO2 produced
and expend signicant amounts of energy to convert it into another ‘fossil fuel’.

Participants' recognition that CDU processes were energy intensive also
highlighted the importance to them of using renewables to power the processes.
The prospect of using large amounts of renewable energy in CDU, however, led
participants to consider whether or not there would be more benets from just
using the renewable energy more directly.

.I like the fact that you show that you use renewable energy to do it. So it is not as
if we are going to produce 20 tons of CO2 to get the energy to use up 1 ton of CO2. That
to me was a crucial message. (FG1)

.if you are using renewable energy to convert carbon dioxide into something else,
couldn't you use the renewable energy sources to make energy [electricity]. (FG2)

Societal issues. There was concern that as an ‘end of pipe’ solution CDUmight
be used as an excuse for people to continue their environmentally-damaging
lifestyles. Participants therefore tended to believe that CDU should only be
considered alongside demand-side CO2 reduction strategies.

.people might sort of think like ‘great we can, you know, keep going and use loads
of cars and doing this that and the other because we've got all this green stuff now’. It's
not quite as it might seem. (FG3)

It was also feared that CDU would propagate a ‘business as usual’ approach to
the use of fossil fuels in powering the economy and it was felt that the technology
might create societal complacency towards tackling climate change.

.sometimes these things [CDU] can get used to justify more and more coal power
stations, ‘ah we can capture, you know, a bit of the CO2 from them and make a plastic
cup’ [.] if it was like that then it wouldn't be worth it. (FG3)

The belief that CDU might produce ostensibly ‘unsustainable products’ was
also of concern to some participants. Plastics and chemicals, even produced from
captured CO2, were deemed to run counter to a drive to reduce anthropogenic
environmental impact. This led some to devalue the products of CDU.
338 | Faraday Discuss., 2015, 183, 327–347 This journal is © The Royal Society of Chemistry 2015
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.most of the things that are mentioned [in the video] do look like they have a bit of,
they don't look exactly environmentally friendly, things like chemicals, you know
people don't look at chemicals and think that is good for the environment. Plastic, cars,
fuels are not things that people associate with environmentally friendliness. (FG2)

Finally, there was a sense that there might be unknown chemical risks and
localised environmental impacts from CDU processes (e.g. acidication of soil or
chemical explosions).

There must be dangers involved in like the manipulation of carbon dioxide I would
think [.] I'm not sure of the process so. (FG2)

However, in the absence of a full outline of the CDU process, participants felt
that they could not comment on these ‘capture’ risks with certainty. Instead,
when considering the risks of CDU, the discussions principally focused on the
issue of CO2 sequestration (e.g. CO2 leakage) as opposed to specic concerns with
utilisation per se.

Overall evaluation of CDU. Overall, participants appeared to be generally
favourable towards CDU. They knew that there were drawbacks but could see
value in the idea of trying to recycle CO2. There was also recognition that with new
industry would come new jobs, and it was acknowledged that CDU could produce
useful products. However, this positivity was caveated by participants' realisation
that they still knew very little about CDU, leaving some requiring more convincing
of its value.

The idea of recycling CO2 sounds like a good idea in theory but I don't know enough
about this process at all, to say whether the process is a good idea. (FG4)

I'm more favourable to capture than to utilisation [.] I believe that the CDU, it is a
bit bizarre, it is trying to, well you know it is making plastic that. I'm not convinced
by CDU basically. (FG4)

Also, participants only appeared willing to entertain the prospect of investing
in CDU alongside investment in other mitigation options.

P1: I think that it [CDU] is good because they are looking at another [option to
mitigate climate change], it is just one of the things that they are looking at.

P2: Yes, it is good to consider them all. (FG3)

Quantitative survey ndings

Statistical analysis of some of the key questions in the pre- and post-discussion
questionnaires was conducted. This analysis focused on identifying participants'
attitudes to CDU and the factors underlying these attitudes. The analysis also
indicated the presence of any initial pseudo-opinions.

Pre-discussion questionnaire

Pseudo-opinions. Of 44 participants, 5 stated that they had heard of CDU
before beginning the FG. The remaining 39 participants stated that they had ‘not
heard’ of CDU (n ¼ 34) or that they ‘didn't know’ (n ¼ 5). Congruently, self-
reported knowledge of CDU was low, with just 2 participants holding ‘a little’
knowledge of the technology. Factoring out those who had heard of the tech-
nology and/or stated holding ‘a little’ knowledge of CDU (n ¼ 6), we investigated
the stated pre-discussion attitudes of the participants. While the majority of these
participants stated that they held a neutral attitude (n ¼ 9) or that they ‘didn't
know’ what their attitude was towards CDU (n ¼ 18); 11 participants registered
This journal is © The Royal Society of Chemistry 2015 Faraday Discuss., 2015, 183, 327–347 | 339
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holding either a fairly (n¼ 8) or very positive (n¼ 3) attitude. We feel that this can
be taken as reasonable evidence of these participants (25% of our sample) having
registered pseudo-opinions before beginning the study and, as such, as a justi-
cation for using FGs within the current research activities.

Post-discussion questionnaire

CDU belief statements. Responses to the 26 belief items were assessed by
comparing the mean score for each statement with the scale midpoint (i.e.
‘neutral’) using one-sample t-tests. Items where there was a signicant deviation
from the midpoint were indicative of emerging agreement on the positive or
negative attributes of CDU among our participants. Six items showed a signicant
positive deviation (t values $ 3.85, p values < 0.001) from the midpoint, with six
showing a signicant negative deviation (t values $ 3.60, p values # 0.001).
Details of these items can be found in Table 2. The remaining items were
statistically comparable to the midpoint using a Bonferonni-corrected alpha level
of 0.002 (t values # 3.15, p values $ 0.003).

The six positive items related to three key issues: (1) the value of CDU as an
example of efforts being made to combat climate change; (2) the positive delaying
potential for CDU in helping to address climate change; and (3) the potential for
Table 2 CDU belief statements showing significant positive or negative deviation from the
scale midpointa

N Mean SD

Positive deviation from scale midpoint
CDU is a step in the right direction for combating climate change 41 3.78 0.85
CDU will help to delay the negative effects of having too much CO2

in the atmosphere
41 3.59 0.97

CDU will create new employment opportunities 41 4.05 0.77
CDU will produce useful products 43 3.93 0.77
CDU indicates a commitment to tackling climate change 42 3.69 0.90
CDU will ‘buy us time’ as we aim to tackle climate change 42 3.52 0.86

Negative deviation from scale midpoint
CDU will promote a ‘business as usual’ approach to current wasteful
lifestyle practices

39 2.56 0.85

CDU will have a limited impact on CO2 emissions 37 2.35 0.95
CDU should only be considered alongside other technologies for
tackling climate change

41 1.81 0.90

CDU will draw funding from other technologies better suited to
tackling climate change

33 2.21 0.82

CDU will undermine efforts to promote behaviour change among
the general public

40 2.43 1.01

CDU will only delay the inevitable release of CO2 at high economic cost 38 2.42 0.91

a Notes: negatively worded items were reverse coded such that higher scores for all
statements reected a more pro-CDU opinion. All means discount missing data and
respondents who answered ‘Don't Know’ when responding to the item. Signicance vs.
scale midpoint (3.00) using one-sample t-tests, calculated using Bonferroni-corrected
alpha value of p ¼ 0.002. Statement 1 (“CDU will help to slow the negative effects of
climate change”) was removed from the analysis due to the misspelling of the word slow
in the surveys distributed to FGs 3–6. A full list of the 26 belief statements can be found
in Appendix 1.
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CDU to create useful products and employment opportunities. The retained
negative items also related to three key issues: (1) the potential for CDU to
undermine necessary behaviour and/or lifestyle change; (2) the limited impact of
CDU on CO2 emissions; and (3) a concern that investment in CDU might affect
other, more preferred, options for addressing climate change.

Post-discussion knowledge, attitudes and attitude certainty. Forty-three
participants completed the post-discussion questions relating to their CDU
knowledge, attitude and attitude certainty. Self-claimed knowledge of CDU
improved markedly from pre-discussion levels, with 41 participants stating that
they now knew either ‘a little’ (n ¼ 24) or ‘a fair amount’ (n ¼ 17) about the
technology aer the FG. On the basis of these ndings, we can be fairly certain
that our participants had developed a basic understanding of CDU.

Overall, post-discussion attitudes towards CDU were fairly positive, with the
mean attitude (mean ¼ 3.35, SD ¼ 0.84) differing signicantly from the scale
midpoint, t (42) ¼ 2.72, p ¼ 0.010. Overall, post-discussion attitude certainty
(mean ¼ 3.47, SD ¼ 0.80) was also found to differ from the scale midpoint in an
affirmative direction, t (42) ¼ 3.83, p < 0.001. This is indicative that participants
were on average ‘fairly certain’ of their opinions about CDU post-discussion.

Post-discussion attitudes, green identity and ecological worldview. With the
emerging ambivalence in the perceived ‘green credentials’ of CDU within our
sample (e.g. CDU was seen as a delaying solution for climate change but a threat
to lifestyle change), we investigated how participants' green identity and ecolog-
ical worldview related to their post-discussion attitudes towards CDU. Two of the
44 participants were omitted from these analyses as they did not provide useable
response data.

Spearman’s rho correlations (two-tailed, pairwise deletion) conrmed the
expected signicant positive relationship between participants' green identity
(mean¼ 3.92, SD¼ 0.61) and NEP (mean¼ 3.61, SD¼ 0.48) scores, r (42)¼ 0.31, p
< 0.045; and indicated that there was a signicant negative relationship between
ecological worldview and attitudes (mean ¼ 3.36, SD ¼ 0.85), r (42) ¼ �0.31, p ¼
0.048. Participants with a stronger pro-ecological worldview tended to hold less
favourable attitudes towards CDU. The correlation between green identity and
attitude was not statistically signicant, r (42) ¼ �0.07, p ¼ 0.665.
Discussion

This study combined focus group (FG) and survey methods to (a) establish more
about public perceptions of CDU; and (b) help identify appropriate means of
communicating with the lay public about CDU. While there are limitations to the
current research design; we believe we have fullled both aims and that our nd-
ings offer pioneering insight into the emerging nature of public opinion towards
CDU. The remainder of this article will seek to summarize the main ndings from
the study in relation to public engagement and communication efforts before
outlining some of the limitations and key future directions for research in this eld.
Main research ndings

The ndings indicate that by the end of the research process our participants had,
on average, formed a tentative positive attitude towards CDU. This attitude
This journal is © The Royal Society of Chemistry 2015 Faraday Discuss., 2015, 183, 327–347 | 341
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appeared to stem principally from the ‘delaying potential’ offered by CDU in
combating climate change, its symbolic status as an attempt to address climate
change and its potential to generate useful products and employment opportu-
nities. This positivity was, however, rmly caveated by participants' recognition
that they knew little about CDU (related to perceived inadequacies in the infor-
mational video) and by several conceptual, technical and societal tensions.

Lack of awareness. Before participating, only 5 of 44 participants stated that
they had heard of CDU and even then self-claimed knowledge among those 5
participants was low. Despite claiming to have no awareness or little knowledge of
CDU, 11 participants (25%) claimed to hold (very) positive attitudes towards the
technology. While it should not be assumed that these participants were being
deceitful, these data conrm the potential for registering ‘pseudo-opinions’9,11 in
the current context and thus arguably justify our choice of a focus group method
for our research.

The lack of awareness and knowledge of CDU negatively affected participants'
ability and willingness to comment on the perceived risks, benets and appli-
cations of the technology. While evidently posing problems for maintaining uid
FG discussion, we feel that this conrms the opportunity facing CDU proponents
at the present time. Specically, not only is there growing evidence of the benets
of upstream public engagement (if done correctly) in helping to foster the success
of emerging technology5,8 but it is recognised that the optimum time to shape
opinion towards new phenomena is when awareness is low and attitudes have yet
to form.18 CDU evidently fulls these criteria and conrms that now is the time to
begin a dialogue with the public about CDU.

Importantly, our results also point to the importance of considering the
purpose and adequacy of any planned communication in order to lessen the
potential for misunderstanding or misrepresentation of the technology. Indeed,
one of the key ndings from the FGs related to how our participants evaluated the
adequacy of the informational video used as an aide to discussion. While many
felt that this video could reasonably act to spark public interest in CDU, they
questioned the sufficiency of the information in providing the depth of coverage
required to debate the technology in full. In short, the perceived quality of the
video was tied to beliefs about its intended purpose (and the intended audience).
Some participants were also seen to question why they were being asked to
discuss CDU at all, which is to say they were unclear as to the purpose of the
engagement activity (e.g. what implications there would be for their comments).
While we did attempt to clarify the purpose of the research activity, we feel that
both these comments underline the same issue: the importance of communi-
cating the purpose of engagement activities and careful selection of communi-
cation tools. This conclusion is not novel – the importance of identifying and
communicating the goals of planned engagement is well-established26,27 – but we
feel that the point is illustrated well in the present context, in that a brief infor-
mational video was deemed incongruent with the apparent substantive goals of
the FG and hence was more negatively evaluated by participants.28

There were a number of other stylistic and content concerns that affected
participants' evaluations of the adequacy of the video. Issues of message clarity
(e.g. words used, structure of narrative) were important and it appeared that trust
in the video was undermined by its ‘facelessness’ and the lack of discussion of
risk. These factors led participants to speculate over who would stand to benet
342 | Faraday Discuss., 2015, 183, 327–347 This journal is © The Royal Society of Chemistry 2015
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from the technology, what risks had gone unmentioned and whether the video
had positive persuasive intent. To the extent that trust is used as a heuristic in
guiding decision-making has been found to be important in shaping perceptions
of similar technologies (e.g. CCS21). If the intent of future communications is to
provide impartial information so as to allow people to make an informed
judgement about CDU technology, then including a fuller description of the
anticipated risks and more clearly identifying the source (and beneciaries)
would appear prudent.

Conceptual, technical and social tensions. There was a desire for more
information among our participants and it is possible that many of the registered
technical concerns (e.g. issues of technical and economic feasibility; lifecycle CO2

emissions and energy critique, etc.), might have been addressed by the presence
of more detail on these matters. Arguably, future correspondence should build
upon our ndings in order to formally address these concerns and counter the
emerging gaps and misperceptions in lay understanding of the technology.
Importantly though, while more information is perhaps needed, one should not
assume that the simple provision of this information alone will guarantee
acceptance of CDU. Not only are there known limitations to interventions centred
solely on presumed knowledge decit29 but there is evidence within our study that
attitudes were shaped by more than a simple lack of technical understanding.
Rather, attitudes were also governed by more subjective considerations of the
conceptual (e.g. end of pipe critique) and societal (e.g. encouraging wasteful life-
styles) implications of investing in CDU.

Further research into how these conceptual and societal concerns might shape
perceptions of CDU is a key avenue for future research. Not only will they likely
shape public opinion of CDU in their own right but they may also impact upon
how any provided technical information is interpreted and used.30 A particular
focus of future research might be placed upon the apparent conict forming over
the pro-environmental credentials of CDU. For instance, while we found that
participants with a stronger environmental worldview tended to be less favour-
able to CDU; it cannot be inferred that more pro-ecological individuals will
automatically reject CDU outright. Rather, whilst they might see CDU as making a
direct (e.g. locking away CO2) or indirect (e.g. raising the prole of CO2 reduction
attempts) contribution to tackling climate change, it is possible that such indi-
viduals might show a reluctant acceptance of the technology – akin to that shown
in the responses to the recent reframing of nuclear power as a low-carbon energy
option.31,32

Agnosticism on CDU attributes. While a large number of interesting issues
were raised and discussed within the FGs, relatively few were clearly evaluated as
positive or negative. Rather, participants remained largely agnostic about many
perceived attributes of the technology. These ndings are remarkably similar to
those from a study by Flynn and colleagues13 into public perceptions of hydrogen
energy technologies (HET) and help to conrm the challenges faced by engaging
in upstream discussions about a new technology. We feel that as more informa-
tion on the relative costs and benets of CDU becomes available, systematic
investigation of how this information affects public agnosticism on some of the
identied issues will be important. Thus it should help to clarify whether the
tentative positivity seen towards CDU in our study will likely become strengthened
and less caveated, or undermined and more negative over time.
This journal is © The Royal Society of Chemistry 2015 Faraday Discuss., 2015, 183, 327–347 | 343
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Limitations & future directions

While the current research has succeeded in providing some initial insight into
public perceptions of CDU technology; when seeking to transfer our research
ndings to other groups or contexts, one should carefully consider the limitations
relating to this study.

Transferability of ndings. The present research was conducted on a conve-
nience sample of participants recruited principally via a university mailing list.
While few of the university participants were engineers and/or pure scientists; the
self-selected, well-educated nature of our participants presents limitations to the
direct transferability of our research ndings. This argues in favour of repeating
the research – perhaps with more purposive sampling – on participants from
more diverse backgrounds. This should help to identify the extent to which the
opinions of our participants are socially shared.

Future research could continue to have a qualitative focus although conrm-
ing our ndings via quantitative methods would also be useful. One option would
be to conduct a nationally representative survey of public opinion; however, such
activity would need to recognise the issues presented by the low levels of public
awareness (e.g. the prospect of registering pseudo-opinions). Distributing an
Information-Choice Questionnaire (ICQ)9 could present one solution to this
problem and formative efforts to pilot a CDU ICQ have already been made by the
current authors.6

Framing of materials. The perceived imbalance in the description of CDU
present within the informational video (i.e. the absence of considerations of risk)
indicates that the technology was positively framed in this research. While this did
not prevent participants engaging in considering potential drawbacks of CDU, it
does have implications for the strength of the conclusions that can be drawn.
Specically, studies show that the manner in which information is presented or
framed, can exert an impact upon people's decisions and preferences.33 Thus, one
could hypothesise that the positive tone of the video may have yielded more
favourable opinions of the technology than would have arisen in a context where
the potential drawbacks of CDU were more explicitly considered (or were the
focus of the video). While the deliberative nature of the FG context (i.e.where both
the benets and risks of CDU were debated) should have lessened the impact of
this positive framing in the current context; we contend that a systematic inves-
tigation of the impact of purposive framing on comparative preferences for CDU
(or different CDU options) presents an important, empirical question for future
research.
Conclusions

With a growing recognition of the impact that public opinion can have in shaping
the social acceptance (and likely success) of emerging technologies,4 investing
time and appropriate resources for developing public engagement and commu-
nication strategies is essential.5 In the context of CCS, an awareness of the value of
public engagement has not only promoted invaluable social scientic research
into the factors underlying public perceptions of the technology but has given rise
to best practice guidelines designed to inform more effective engagement and
education programmes.18,19
344 | Faraday Discuss., 2015, 183, 327–347 This journal is © The Royal Society of Chemistry 2015
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Consistent with this precedent, the current study has provided formative insight
into the beliefs that are likely to underlie emerging public opinion of CDU; helping
to shed light on the current low level of awareness of the technology and how this
might feed technical misunderstanding and shape perceptions about conceptual t
and societal implications. While we found that participants generally valued the
idea of recycling CO2, this general-level support masked differences in the favour-
ability of different CDU options and was strongly qualied. We feel that now is the
time to work with the ndings and limitations of the current study to engage in a
fuller programme of research in order to investigate how this qualied support of
CDU holds up to further scrutiny and which CDU options are most preferred.

Appendices
Appendix 1

The full list of the 26 CDU risk and benet statements presented to participants in
the post-discussion questionnaire (“To what extent would you agree or disagree with
each of the following statements relating to CDU?” 5-point scale: strongly disagree
to strongly agree). CDU is/will/should/has: (1) a step in the right direction for
combating climate change; (2) help to delay the negative effects of having too much
CO2 in the atmosphere; (3) create new employment opportunities; (4) be good for the
environment; (5) be good for the UK economy; (6) a cost-effective way of tackling
climate change; (7) promote a ‘business as usual’ approach to current wasteful
lifestyle practices; (8) have a limited impact on CO2 emissions; (9) only be considered
alongside other technologies for tackling climate change; (10) the wrong solution for
tackling climate change; (11) produce useful products; (12) be accepted by the
general public; (13) indicates a commitment to tackling climate change; (14) be
negatively evaluated by the general public; (15) draw funding from other technolo-
gies better suited to tackling climate change; (16) undermine efforts to promote
behaviour change among the general public; (17) promote an unwelcome
continuing use of fossil fuels; (18) only delay the inevitable release of CO2 at high
economic cost; (19) alleviate the storage risks associated with Carbon Capture and
Storage (CCS); (20) only delay the inevitable release of CO2 at high energy cost; (21) a
‘green’ technology; (22) many unknown risks; (23) more risks than benets; (24) ‘buy
us time’ as we aim to tackle climate change; (25) not become a commercial reality in
my lifetime; (26) help to slow the negative effects of climate change.
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