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1 Introduction

This paper is focused on the interaction of a set of factors that are regarded as being a key
component in the feasibility of carbon capture and storage (CCS), including its four value
chain components of capture, transportation, injection and storage. Along with other
dimensions such as technological feasibility, competent regulatory oversight, acceptable
economic costs and supportive public policy frameworks (Leiss and Krewski, 2019),
social acceptability is one of the dimensions that will determine whether CCS will live up
to the original expectation that was set for it almost fifteen years ago.

This expectation may be phrased as follows: If a sufficient number of large-scale
CCS projects are put in place around the world, with new ones coming into play as earlier
ones are completed, all together they will make a significant contribution to meeting
stated greenhouse-gas (GHG) control targets. Current targets are based on the Paris
Agreement objective of holding global average temperature increases at or below +2
degrees C (UNFCCC, 2015). Specifically, CCS is expected to contribute to 12% of the
total emissions reduction in 2050, a key contributor to global emissions reductions (IEA,
2016). Annual emissions reductions could equal 8Gt/CO, by 2050, requiring over 3000
CCS projects operating worldwide in both developed and developing countries [CCSA,
(2012), p.1]. The total costs are measured in the trillions of dollars (IEA, 2010).

In this paper we will be concentrating only on the social acceptability of CCS. Its key
importance has been well-identified by one of the leading sponsors of research in this
area, Australia’s national science agency, the Commonwealth Scientific and Industrial
Research Organisation, which stated in its 2013 summary of CCS social research: ‘Public
acceptance of carbon capture and storage technology has been identified as a potential
showstopper for its development and deployment’ [Ashworth et al., (2013), p.vi]. A
journal article reiterated this observation [Ashworth et al., (2012), p.402): ‘CCS is still
very much at a developmental stage and the full-scale projects required to test the
technology have proven difficult to implement, with lack of societal acceptance
considered a key contributing factor to this delay.” In additional studies (Backstrand
et al., 2011; Kefford et al., 2018; Shackley et al., 2009), levels of perceived risks and low
awareness about CCS were cited as key barriers to CCS deployment by advocates in
industry, government and the NGO sector.

CSIRO’s summary report (Ashworth et al., 2013) looked at a total of 900 publications
and chose for further analysis the 14 articles that were cited by others three or more
times; this set was then combined with a content analysis of 25 reports issued by the
Global CCS Institute, for a total of 39 key outputs, within which seven core themes were
identified:

1 Framing: CCS projects should be presented within the broader contexts of energy
policy and climate change policy, rather than as advocacy for CCS as a standalone
technology.
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2 Local context: All CCS projects have a specific storage location and therefore
intense involvement of local communities is essential.

3 Trust: “Not just trust in the capability of operators to carry out CCS safely, but also
trust in the motivations of those delivering the CCS message. .. will influence the
levels of risk an uninformed public perceives in relation to a project.”

4 Communication and engagement processes: Both early engagement and a ‘high
level” commitment of engagement and communication resources, using experienced
professionals, are important.

5 Information: Again, presentation of information within the wider energy and climate
change context is essential.

6  Risk perception: Attention should be paid to the specific, local risk perception
factors.

7 Governance: “...[T]he need for well established regulatory guidelines for all
processes of the CCS chain and transparent and fair processes are critical.”

The large literature database out of which these priority themes were extracted lends this
summary a high degree of authority.

1.1 Analytical framework: the social acceptability continuum

This paper proposes that four determinants of acceptability have to be understood in their
logical relationships with each other, rather than in isolation; also, part of this logic is that
the sequence across the continuum is fixed — that is, earlier steps must precede later ones.
The four determinants are:

1 understanding risk and benefit perception among stakeholders and the public

2 practising effective risk and benefit communication, including information provision
under conditions of full transparency

3 undertaking meaningful stakeholder engagement

4 developing fair and robust decision processes.

Then, all of the foregoing need to ‘come together’ in the final outcome:
1 public and social acceptability.

Taken together, the dynamic nexus in which these factors interact may be called the
construction of social acceptability. Meaningful stakeholder and public engagement may
be regarded as the bridge, or mediating phase, between risk perception and
communication, on the one hand and, on the other, credible decision processes which
may lead to the final objective of public and social acceptability. In other words, there is
a continuum along which may be arrayed the components of acceptability, as follows:

Step 1 Step 2 Step 3 Step 4 Step 5
Risk/benefit Risk/benefit Stakeholder Decision Public/social

Perception Communication Engagement Processes Acceptability
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Ideally, along this continuum, accurate current knowledge about the public perceptions of
the risks and benefits associated with CCS (Step 1) will be integrated into outreach
programs using awareness of effective communication and dialogue processes, including
provision of relevant information, about the risks and benefits of CCS as assessed by
competent and trustworthy authorities (Step 2). These communication processes will
occur within a network of public engagements (Step 3), with all interested groups and
individuals, involving a variety of settings — open meetings, web-based resources with
interactive components, social media and others. These engagements should occur within
a larger context of robust decision processes (Step 4), wherein the individuals and groups
who have been engaged in the dialogues can see clearly how their inputs have been taken
into account by decision-makers.

Finally, all this may lead to public acceptance of CCS (Step 5), both at the local level,
with respect to facility siting and at the national level, with respect to broad public
support for a policy framework. With respect to the latter, the costs and risk/benefit
tradeoffs of CCS would necessarily be endorsed over the long time-frame which CCS
requires in order to realise its core objective in reducing GHG emissions around the
world. Meeting this objective entails planning, constructing and operating literally
hundreds — and eventually several thousand — major CCS projects across the nations and
regions where GHG emissions are now and are expected to remain for the foreseeable
future (IEAGHG, 2017).

Actual acceptability will be won or lost over the long term on both the local and the
multi-national fronts: Since each project necessarily requires an individual, successful
siting process, the local arena will be heavily involved in all of them. And the overall
prospects for CCS is entirely dependent on the success of a set of many concurrent
national policies that are regarded as allocating risk, costs and benefits fairly.

In the following pages each of the five elements along the continuum are explored in
some detail. The special case regarding communication and transparency in risk
assessment and risk management is also addressed. It should be said at the outset that
CCS is unique, as a new technology and policy initiative of global dimensions, in that
both industry and governments have devoted significant resources, at an early stage, to
the social dimensions of this initiative. This is particularly true in three areas — public
perception studies, communication and outreach guidelines and stakeholder engagement
protocols.

2 Risk and benefit perception

CCS is an unusual case in this regard, in that the perception of benefits — or the failure to
appreciate the benefits of CCS — may be more important than perception of risks (the
normal case is the exact opposite). As L’Orange Seigo et al. (2014, p.31) explain: “It
seems that the public is not overly frightened about potential risks of CCS but exhibit
higher levels of uncertainty about the role it may play in the mitigation of climate
change.” Indeed, most studies and surveys have focused on the general acceptability of
CCS as a mitigation strategy. And yet even this opinion research has been met with some
criticism because the knowledge base of respondents is generally low, thereby leading to
responses that are not necessarily based on informed opinion (Wallquist et al., 2012).

The low information base of survey respondents for CCS has been confirmed in many
studies [e.g., de Best-Waldhober et al., (2012), p.S147], which shows that the information
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deficit extends to the most basic scientific findings about CO, itself, even in a national
population that otherwise might be regarded as knowledgeable:

“This study illustrates the nature and magnitude of doubts and knowledge gaps
among the general Dutch public regarding our energy system, CO,, climate
change and CCS. Only very few people understand how our current use of
fossil fuels leads to CO, emissions which in turn lead to climate change, even
though almost all people state to know about global warming. The test revealed
several misconceptions that were shared by a major percentage of the
respondents...”

These interesting findings were also reported in much greater detail, in the context of a
major 2012 report on survey respondents across Japan, Australia and the Netherlands
(Itaoka et al., 2012). Many useful examples of the limited knowledge and misconceptions
about carbon dioxide itself and the impact of these factors on the consequent lack of
understanding of CCS and its purpose, are provided in this report.

National surveys conducted in 2011 across a wide swath of European countries, as
well as in Canada, had similar findings. The IPACCO2 (2011a) survey of public
awareness and acceptance of carbon capture and storage in Canada concluded: “Overall,
14% of Canadians have heard of CCS and know what it is, while a further 30% have
heard of CCS but don’t know what it is... Provincially, respondents from Saskatchewan
(40%) and Alberta (27%) are the most likely to have heard of CCS and know what it is,
while respondents from Atlantic Canada (10%) and Ontario (9%) are least likely.” The
European Commission’s 2011 Eurobarometer survey on public awareness and acceptance
of CO, capture and storage, which covered twelve out of twenty-seven EU nations,
reported (European Commission, 2011) that:

e Only one in ten (10%) said they had heard of CCS and knew what it was; a further
one in five (18%) had heard of it but did not really know what it was.

e Just under nine out of ten (88%) respondents in six countries where there is a major
EU co-financed CCS project, when asked if they had heard of the project in their
country, said they had not.

e A high proportion of respondents (38%) felt that they ‘would not benefit’ from CCS
technology if it was used in their region.

e Generally, people would be concerned about CCS technology if an underground
storage site for CO, were to be located within Skm of their home: 61% said they
would be worried, of which just under a quarter (24%) said they would be ‘very
worried’.

Finally, in 2013 the European Commission issued a sobering update on the situation,
observing that the continuing low level of both information and acceptance of CCS was
having a decisive effect on the EU’s attempts to site and operate demonstration projects:
“Some projects that envisage onshore storage face strong public opposition... Despite
much effort and significant EU support, CCS commercial scale demonstration projects in
the EU are delayed and available funding is not sufficient” [European Commission,
(2013), p.18].

A study of CCS perceptions in four US states (Massachusetts, Minnesota, Montana
and Texas) reveals another aspect of the perceived benefits conundrum with respect to
CCS (Chaudhry et al., 2013). The authors noted a frequent failure to mention reduction of
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CO, emissions in response to open-ended questions about the rationale for undertaking
CCS projects and hypothesised that the potential benefit of emissions reduction is being
‘offset’ by a view of CCS as a ‘fossil-fuel-perpetuating technology’ which will prolong
society’s dependence on this energy source, thus inhibiting the development of
alternative energy forms. This same result also appears in a study of public attitudes in
the three provinces of Western Canada (British Columbia, Alberta and Saskatchewan
[L’Orange Seigo et al., (2014), p.31], where “concerns that CCS might be perceived as
‘the’ solution to climate change and divert funds away from renewable energy
technologies” were heard. Boyd et al. (2017) reported on a national survey conducted in
Canada in 2010, at which time there was low support for CCS development and funding
when models took into account risk perception, views on climate change and trust in
government (but with variable findings when proximity to a project was taken into
account).

Where general risks have been identified, Mander (2011) and agencies such as the
IEA and GCCSI have found the greatest risks to be associated with regulation,
governance, finance and generally with the basic CCS concept itself. In those studies
where the focus is on the dimensions of perception towards the health and environmental
risks emanating from the components of the CCS value chain, discussion remains at a
high level; for example, Johnsson et al. (2009) report that citizen’s panels in the US,
Japan and Europe identified a few risks of common concern — transport, handling,
leakage and seismic activity. In EU countries, the above noted 2011 Eurobarometer
survey found the two main concerns to be ‘effects on the environment and health’ and the
‘risk of leaks while the site was in operation.” Worldview and beliefs about local benefits
of a CCS project and concerns for safety, were found to have the greatest impact on an
increase or decrease in acceptance of a nearby facility in coal-intensive Indiana (Krause
etal., 2014).

The results of the Project Pioneer opinion survey on local community perceptions in
Alberta (GCCSI, 2011) cited the most frequent main concerns or drawbacks as potential
leaks or ruptures, the cost and possible unknown long term effects. In a study on the
views of experts in Spain, six primary risks were highlighted: accidents in power plants,
seismic activity due to CO, storage, impacts on water reservoirs, the effects of leakage
from storage on ecosystems, human health impacts and pipeline failures (Sala and Oltra,
2011). L’Orange Seigo et al. (2014, p.30), reporting results from the three Canadian
western provinces also found low knowledge about CCS and correctly concluded: “It is
certainly necessary to educate the public about CO, and CCS, because knowledge is a
prerequisite for making informed decisions and knowledge was generally low in our
sample”. And they also make the important point connecting risk and benefit perceptions
to the next phase along the acceptability continuum: “This insight can help to structure
risk communication materials and tailor them better to their audience.”

3 Risk/benefit communication and information provision

As noted previously, there are two scales of activities for the challenge of monitoring risk
perceptions and doing credible risk communication activities: At the project level, where
the highest risks and uncertainties may exist in the local community when capture,
transport, injection or storage exists or is proposed; and at the regional, national or even
international level, when CCS technology is discussed as a global CO, mitigation option.
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A direct result of the findings about severe CO, and CCS information deficits, reflected
in the perception studies referred to above, should be obvious: namely, that a very
significant effort in communication and information provision in these areas is essential.
Ashworth et al. (2010a) suggested that there are four audiences in CCS communications
activities: influential others, wider community members and groups, educational
institutions or groups and project-specific stakeholders.

However, for the period 2002-2009, Ashworth et al. (2010b, p.430) reviewed 33 case
studies of CCS related communication and research activities and noted that “overall the
expenditure in the area of communication and public awareness has been insignificant
when compared with the allocated budgets of the CCS technological research and
development programs”. The majority of programs were designed to inform researchers,
policy and environmental NGOs and local stakeholders. Relatively little communication
activity has targeted the general public.

Perhaps in response to this relative neglect, the Global Carbon Capture and Storage
Institute sponsored the preparation of two practical guidebooks for risk communication
on CCS, the Communication/Engagement Toolkit for CCS Projects (Ashworth et al.,
2010a) and Communicating the Risks of CCS (Bradbury et al., 2011). A later report from
the same organisation (GCCSI, 2013), entitled Communications for carbon capture and
storage: Identifying the benefits, managing risk and maintaining the trust of stakeholders,
reviews the communication approaches of five CCS projects and explores the common
challenges and themes they faced. It notes that potential failure to gain ‘public
acceptance’ is one of the key risks facing CCS demonstration projects, in conjunction
with ‘regulatory uncertainty’ and ‘funding challenges’. It identifies a ‘CCS image crisis’
involving the following factors:

e The large, international scale of the enterprise and its individual facilities
e The fact that it will not result in a noticeably cleaner environment

e The perception that it facilitates prolonged use of fossil fuels

e A poor understanding of technology and geology.

The report further recommends a conceptual framework of balancing benefit, truthfulness
and assurance in order to gain stakeholder approval.

Where the risk issue itself is relatively new and thus unfamiliar to the public (as is the
case with CCS) and also involves deployment of an interlinked set of emerging
technologies (carbon capture, compression to a supercritical state, injection and the
long-term safe sequestration of massive volumes of CO, deep underground'), the
requisite level of transparency assumes a highly significant role in public understanding
and acceptance. The importance of this aspect of risk communication has been
well-recognised. For example, the 2012 CSA Standard for CCS stipulates that risk
communication and consultation should specifically address the thoroughness, accuracy,
transparency, traceability and consistency of the risk assessments and the nature and
degree of understanding of known or perceived risk scenarios (CSA, 2012).

We can best appreciate current communications and outreach materials by briefly
examining and describing the web-based content of some major CCS projects in Canada
and elsewhere.

The Weyburn-Midale enhanced oil recovery project in southern Saskatchewan uses
CO, from a coal gasification plant in North Dakota that is sent by pipeline across the
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border, as well as from SaskPower’s Boundary Dam coal fired electricity station. It has
been operating since 2000 and injects ~8000 tonnes per day underground. As of the time
of writing, the most complete and current independent website for this project,
including an account of the controversy in 2011 over alleged leaking of the stored carbon
at the Kerr farm, is the Wikipedia entry (http://en.wikipedia.org/wiki/Weyburn-
Midale Carbon_Dioxide Project). A local landowner alleged in January 2011 that CO,
was leaking onto the surface of his property from the underground repository; a study
commissioned by an arm’s-length environmental monitoring organisation used isotopic
analysis to argue that the gas was of natural origin in the surface locality, see Boyd et al.
(2013) for extensive quotations from media accounts and initial expert reactions. There is
no mention of this controversy in an otherwise fine 2014 information booklet with good
graphics (no longer posted online), What Happens When CO2 Is Stored Underground:
Q&A from the IEAGHG Weyburn-Midale CO, Monitoring and Storage Project. The
project reference on the website operated by the Petroleum Technology Research Centre
(PTRC, 2019) is also silent about the controversy. On the other hand, the initial
Weyburn-Midale project operators, Cenovus Energy, continue to feature its report and
press release on its own investigation into the allegations, both from November 2011, on
its company website (Cenovus Energy, 2014).

The Boundary Dam Integrated Carbon Capture and Storage Demonstration Project, at
a coal-fired generating station operated by SaskPower in Saskatchewan, will combine
both EOR and a small scale sequestration-only storage project (operated by the PTRC).
In a press release from April 2014, announcing a collaboration agreement on CCS
between SaskPower and the large German energy firm Vattenfall, the Boundary Dam
project was described as “the first commercial post-combustion carbon capture system in
the world,” which is expected to result in 1 million tonnes/year reduction in CO,
emissions. At least initially, most of the CO, will be sent by pipeline for EOR at the
above mentioned Weyburn field, with some going to geological storage through a PTRC
research project known as the Aquistore Project (http://aquistore.ca/). The sequestration
is taking place “3.4-kilometres deep in a layer of brine-filled sandstone called the
Deadwood Formation ... located near Estevan, Sask.”

In Alberta, the Shell Quest Project is designed to capture 1 million tonnes/year of
CO, from Shell’s Scotford Upgrader plant in Fort Saskatchewan, transport it by pipeline
80 km. north and inject it into a saline reservoir more than 2 km. underground. The
project website (Shell Canada, 2018) provides a video as well as text-based information.
The Alberta Carbon Trunk Line Project is approved to capture CO, from a number of
industrial facilities in the industrial heartland and transporting it to EOR facilities via a
240-km. pipeline. The capacity is up to 14MT/year, which would make it one of the
largest CCS project in the world; the initial phase, starting imminently, will capture and
store 1.5MT/year. The project website (ACTL, 2018) has a good map and video.

In British Columbia, while still in the feasibility planning stage (GCCSI, 2018), the
Fort Nelson Project (conceived by Spectra Energy, now Enbridge) is also designed to
rank among the largest CCS projects in the world, capturing CO, from a natural gas
processing plant and by 2017 sequestering up to 3MT/year in a nearby deep saline
carbonate rock formation. An interesting aspect of this project is that most of the up-front
development funds were provided by the US Department of Energy (DOE, 2009), with
additional funding from the Government of Canada’s ecoEnergy Technology Initiative
and the province of BC. At the time of writing, multiple attempts to determine the status
of the project were unsuccessful.
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In the US, the FutureGen Project involved a near-zero-emissions, coal-fired
generating station designed to capture 1.1 million tons/year of CO,, transport it 30 miles
by pipeline to a sequestration site and inject it 4,000 feet underground in a brine aquifer.
In 2014, the project website was a good model for communication with the public on
CCS projects; it included a fine graphic and written description of the specific geological
formation chosen for the storage site, as well as a full account of the monitoring and
verification protocol. The project is suspended, with US federal funding cancelled in
2015.

In addition, it must be noted that Australia has been one of the most active countries
in early CCS major project development (Cook, 2017), including the Gorgon
Project (Chevron, 2018). When completed it is expected to be the world’s largest
commercial-scale CO, injection facility, injecting up to 4MT/year of carbon dioxide in a
reservoir 2km. beneath Barrow Island off the northwestern coast of Western Australia.

Attention has been paid to Norway’s Sleipner field, the longest running commercial
CO, sequestration project operating since 1996, a second offshore project at Snehvit
(Eiken et al., 2011; Ringrose, 2018), as well as to the general topic of offshore, subsea
sites for CO, sequestration. This is a direct result of findings from a large EU-funded
research venture, called ECO,, designed to study risks associated with storing CO,
beneath the seabed. The research utilised autonomous underwater vehicles using sonar
and seismic profiling to penetrate the geological formations, asking questions such as:
“Are there any high permeability pathways for gas and fluid flow cutting through the
overburden and linking the storage formation to the seep sites discovered at the seabed?
Are seepage rates amplified by the ongoing storage operation at Sleipner? May CO,
stored at Sleipner and elsewhere ultimately leak through the overburden via seismic pipe
and chimney structures, fractures and abandoned wells?” The Sleipner field lies within
the Utsira formation and the findings revealed previously-unknown horizontal and
vertical fractures within the formation, near the storage site. There was discussion about
the nature and significance of these findings with respect to the long-term security of the
site (Monastersky, 2013). At the time of writing, the sequestration project operator,
Norway’s Equinor (formerly Statoil), has no references at all to this discussion on its
website and a new project is being developed to receive CO, from several industrial
sources (Equinor, 2018).

There is one other noteworthy failure in the trove of internet-based information on
current CCS projects, namely, the account of the In Salah project in Algeria. Begun as an
on-shore sequestration project connected to a gas field development in 2004 and
eventually operated by three partners, Britain’s BP, Norway’s Statoil and Algeria’s
Sonatrach, injection was suspended in 2011 (and has not yet been resumed), as a result of
concerns over leakage. Ringrose et al. (2013, p.6232) explain that

«

. analysis of the reservoir, seismic and geomechanical data led to the
decision to suspend CO2 injection in June 2011. The future injection strategy is
currently under review and the comprehensive site monitoring programme
continues. Concerns about possible vertical leakage into the caprock led to an
intensified R&D programme to understand the geomechanical response to CO,
injection at this site...”

This problem is flagged in the project page on a Massachusetts Institute of Technology
(MIT, 2018) sequestration database, but the websites of the three industry partners do not
have any clear and accessible information about it. (The three joint-venture partners also
operate the Amenas gas field in Algeria, which was the location of a notorious terrorist
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attack in January 2013). Given the obvious general concern about leakage from CCS
sequestration projects, this is a serious oversight. Ringrose et al. (2013) provides a good
discussion of the risk assessment of the In Salah problem and Bui et al. (2018) make note
of the pressure increase that caused the cap rock fracture but these are not easily-
accessible sources for members of the public.

4 Stakeholder engagement

In general, communication and outreach activities for a public policy issue such as CCS
are closely related to stakeholder engagement strategies. This is because CCS is always
and necessarily, in the first instance, a facility siting matter (leaving aside the national
policy issue about CO, mitigation). Thus it is interesting to note that in the area of
stakeholder engagement for CCS a number of sophisticated and elaborate general
guidance documents have been prepared by reputable bodies. These include, from the
Institute for European Environmental Policy (2010, p.iii), the Review of the Public
Participation Practices for CCS and non-CCS Projects in Europe:

“The European project NearCO?2 is investigating European public perceptions
of carbon capture and storage (CCS) via case studies, surveys and focus groups.
The overall aim of the project is to investigate and develop communication
strategies that are designed to convey the advantages and risks of CCS to
stakeholders and to the public, as well as which strategies may be used to
involve these parties in local decision-making on CCS projects.”

The World Resources Institute (2010), a well-regarded public-interest organisation,
prepared its Guidelines for Community Engagement in Carbon Dioxide Capture,
Transport and Storage Projects. This provides both highly-credible principles and very
detailed practical suggestions for those who are responsible for carrying out public
engagement programs detailing the risks and benefits of CCS projects.

The US Department of Energy’s National Energy Technology Laboratory is an
important actor among public-sector organisations which are doing planning and
development work for CCS projects. It published a Revised Edition of a detailed
guidebook issued in 2009 and again in 2013, Best Practices for Public Outreach and
Education for Geologic Storage Projects (NETL, 2017) that reflects actual experience
from its regional carbon sequestration partnership (RCSP) activities (see also Daly et al.,
2011). “The primary lesson learned from the RCSPs’ experience is that public outreach
should be an integral component of project management. Although conducting effective
public outreach will not necessarily ensure project success, it can make important
contributions to schedule adherence, cost controls and community goodwill” [NETL,
(2017), p.44). (The 2013 text suggested that: ‘underestimating its importance can
contribute to delays, increased costs and community ill will’). The booklet contains
guidance in the following specific areas:

e Best Practice 1: Integrate public outreach with project management.
e Best Practice 2: Identify outreach goals with project management.
e Best Practice 3: Establish a strong outreach team.

e Best Practice 4: Identify key stakeholders.
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e Best Practice 5: Conduct and apply social characterisation.

e Best Practice 6: Establish an outreach program.

e Best Practice 7: Develop key messages.

e  Best Practice 8: Develop outreach materials tailored to the audiences.

e Best Practice 9: Implement and manage the outreach program.

e Best Practice 10: Assess the performance of the outreach program.

e Best Practice 11: Be flexible — adapt the public outreach program as needed.

Continued attention to best practices in stakeholder engagement for CCS projects is
underscored by the case of a significant siting failure in the Netherlands in 2010. Shell
operates a refinery in the town of Barendrecht and in 2007 — in response to a tender
issued by the Dutch government — the company proposed to capture CO, emissions from
the refinery and store the carbon in an on-shore depleted natural gas reservoir over a
period of 25 years; the government had allocated $39 million in public money to support
the project. However, strong local opposition emerged, quite unexpectedly, leading not
only to the cancellation of this specific project, but also to a decision by the government
against approving any further on-shore underground CCS storage projects. A detailed
study of the development of the public controversy (Feenstra et al., 2010; see also
Brunsting et al.,, 2010; Terwel et al., 2012) identified many failures in the
communications process between proponents and the local community, as well as
corresponding failures in the outreach activities. For example, when the community first
learned about the project, it was presented to them as a fait accompli, that is, as already
agreed to between the company and the national government. The extensive, detailed
section in the excellent Feenstra (2010) study What Happened at Barendrecht? — entitled
‘conclusions and lessons learned’ — is so valuable that it should be required reading for
all future CCS project proponents anywhere in the world.

Further to the extensive literature on why and how public engagement on CCS should
unfold, Xenias and Whitmarsh (2018, p.103) surveyed European-based CCS experts,
including but not limited to those who engage with the public directly, for their views on
the value of public engagement as a process and their use of best practices and other
social science insights regarding public engagement. While the experts recognised “the
importance of public engagement... for both substantive and instrumental rationales and
are largely aware of the range of factors (knowledge, values, trust, etc.) influencing
public engagement” there appears to remain room to improve the connection between the
public engagement literature and those charged with delivering it. This is based on the
findings of a relatively low salience of early and substantive engagement amongst the
CCS experts.

5 Robust decision processes
Arvai and colleagues (Arvai et al., 2012; Bessette and Arvai, 2018; Campbell-Arvai

et al., 2019) have been investigating the use of structured decision making as a decision
support approach to help citizens and decision makers grasp the trade-offs involved in
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preferences for alternative energy-delivery systems. Here we use the phrase ‘decision
processes’ in a more general sense, as the institutional mechanisms implemented by
governments to arrive at credible decisions on large-scale energy projects. Specifically,
the simple question to be addressed, in the context of the acceptability continuum
discussed in this paper, is the extent to which stakeholders — especially members of the
general public and public-interest organisations — can detect the impact of their
interventions on the deliberative processes leading to final decisions and how well
satisfied they might be with those results. An example of what is required in this regard is
provided by the approval decision for the Shell Quest project, issued by Alberta’s Energy
Resources Conservation Board (2012), which notes: “[371] Second, the importance of
genuine consultation. Shell said its engagement showed a genuine concern for how
people felt about the project and it identified problems and potential solutions. Based on
feedback from community people, project details were modified, as illustrated by the 30
reroutes of the pipeline.”

One of the most important documents in this area was produced by a leading actor,
DNV GL (formerly Det Norske Veritas, the well-known engineering consultancy
headquartered in Norway, which has been in business for 150 years and which provides
technical services to the maritime, oil and gas and energy industries
(http://www.dnvgl.com/)). Issued in early 2013 and focusing on CCS projects, it is
entitled CO2RISKMAN: Guidance on CCS CO2 Safety and Environment: Major
Accident Hazard Risk Management (see also Larkin et al., 2019a). Among other
guidance, the document

e  suggests that as experience grows within the CCS industry it is important to actively
share knowledge and learn from others. This will help ensure risk management for
CCS projects is economic, effective, robust and transparent.

e Discusses communication and consultation with external and internal stakeholders:
the need that this takes place during all stages of the risk management process; that
this addresses issues relating to the risk itself, particularly its causes, its
consequences and the measures being taken to reduce it. The goal is to be
accountable and to ensure understanding for why decisions are made.

e Recognises that stakeholders make judgements about risk based on perceptions of
risk (clearly linking back to the first step of the social acceptability continuum being
described here); that perception can have significant impact on decisions; that
communication and consultation need to facilitate “truthful, relevant, accurate and
understandable exchanges of information, taking into account confidential and
personal integrity” [Det Norske Veritas, (2013), Level 3, p.18].

CO2RISKMAN also includes a reference to a UK oil and gas decision support
framework to improve decision making arrangements and processes and facilitate more
transparent and demonstrably justifiable decisions. It is reproduced in Figure 1.

The DNV document suggests that adopting this framework should help promote
decision making transparency as well as consistent stakeholder dialogue and engagement
and provide assistance to firms in identifying where improvements can be made in
managing health, safety and environmental risks.
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Figure 1 A decision support framework for major accident hazard safety (see online version
for colours)
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Source: Originally published by the United Kingdom Offshore Operators
Association (Det Norske Veritas, 2013)

6 Public and social acceptability (local and national)

As suggested at the outset, public and social acceptability is the final step on the
continuum we have been discussing in this paper whereby:

e Public perceptions reflect judgements by citizens on public policy issues that are
informed by both access to information, prior knowledge, level of interest and
underlying values.

e  Effective communication involves such factors as delivery of information in a timely
manner; the reliability and credibility of information, which may include, e.g.,
independent expert evaluation; an acknowledgement by the major actors of the
legitimacy of differing perspectives on issues; and the effort made to ‘translate’
technical knowledge, in a credible way, into language understandable by
non-experts.

e An effective public engagement strategy, which is “a key element in a successful
development. An effective engagement meets the needs of the community, is
initiated early in the process, is proactive and is integrated with the technical
activities” (Oltra et al., 2012).

e Decision-support tools are designed to assist citizens in clarifying the judgements
they make, for example, with difficult matters such as trade-offs among multiple
objectives.

Of special note that throughout these first four steps, transparency would involve such
factors as ease of access to information and the fullest possible disclosure of all decision
inputs in risk assessment and risk management decision-making.



Risk communication and public engagement in CCS projects 397

e  Finally, public acceptability will include an acknowledgement of the public good
(need for CCS) that the projects represent, since projects must be paid for by citizens
in one form or another; a strong level of comfort with the level of environmental and
health risks, as assessed; and a strong level of confidence in the robustness of
regulatory practices.

In an ‘ideal case’, adequate attention and required resources will have been deployed on
all these elements, in a timely fashion, by all major actors on CCS issues (project
proponents, governments and regional or national public-interest groups), but especially
by governments, which have the most important responsibilities in this area from the
standpoint of good public policy. Throughout all of these elements there runs one
common theme, that is, the building of trust between project proponents and the public:
The importance of trust has long been emphasised in the literature on risk communication
and it has an obvious bearing on the possibilities for adequate public understanding and
acceptability.

In a study of five cases of efforts to establish CCS projects in Europe (two in
Germany, one each in the Netherlands, Poland and Spain, in which three were successful
and two were not), Oltra et al. (2012, p.242)

...classified the main factors involved in community responses to CCS into six
broad areas: the characteristics of the project; the engagement process; the
public perceptions; the actions of the stakeholders; the characteristics of the
community; and the socio-political context. All of these elements can influence
the probability of generating a negative local reaction to a siting process. But
no factor alone can guarantee success or failure in siting...

This emphasis on a multi-factorial explanation rules out — correctly, we think — a simple
“NIMBY” phenomenon as an explanation for failure (see also Boyd, 2017; Krause et al.,
2014; Lock et al., 2014; Wallquist et al., 2012). The successful operation of CCS-EOR
(enhanced-oil-recovery) projects offers one substantial proof of this point. According to
the MIT Sequestration database (MIT, 2018), there are currently more than two dozen
EOR projects around the world, in the USA, Canada, China and elsewhere, most of
which appear to have been operating for decades with little controversy, judging by the
information provided on the project page descriptions in the database. The local
communities involved have one characteristic in common: namely, they are very familiar
with oil and gas operations; EOR thus is a simple add-on to an industrial process that they
know well.

But as is already clear, the worldwide objectives of CCS, in relation to reducing CO,
emissions as part of a global climate change policy, will require many sequestration-only
projects as well as those for EOR. Here too reactions among local stakeholders and
communities are likely to differ according to their degree of familiarity and closeness to
traditional resource development activities. Thus we would expect most people in
Western Canada, including British Columbia, Alberta and Saskatchewan, to have a
relatively muted response to newer CCS-sequestration projects (provided that
engagement processes have been carried out well), in comparison to those which will
eventually be sited in some other provinces (Boyd et al., 2017). We would expect the
same muted response to be true in countries like Australia. However, the combination of
much higher average population densities and a highly-involved citizenry in much of the
European Union, for example, appears to indicate that the routine achievement of public
acceptability for CCS projects is more challenging. With the exception of Norway (not a
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full member of the EU), just one project in the Netherlands is at an advanced stage of
planning, with several others at early stages in the UK (GCCSI, 2018).

7 Overview and conclusions

The general public, for example in Canada, has had quite limited exposure to the many
aspects of carbon capture and storage thus far. One reason is, of course, that competing
issues such as the oil sands, hydraulic fracturing and new pipelines have tended to ‘crowd
out’ CCS from public issue agendas in recent years. The other main reason is that CCS is
quite new and that the most intensive interactions have occurred, primarily behind closed
doors, between industry and governments. The sole sequestration-only CCS project at
present in Canada, Shell Quest in Alberta, was given final approval in 2012 after an
extensive, multi-year process of regulatory review and in this case there is a large amount
of publicly-available documentation on the process. As we have seen in our discussion of
project websites, there is a fair amount of good general information available in Canada
and elsewhere. However, there remain noted gaps in Canada with respect to transparency
in risk assessment and risk management (Larkin et al., 2019b).

7.1 The transparency issue

As shown in a number of careful analyses of the regulatory review documents for Shell
Quest (Larkin et al., 2019b) a great deal of sustained effort is required in order to extract
any meaningful sense of the risk assessment and management process in this case. This is
because the way in which the documentary evidence is structured makes it difficult to
assemble the many separate pieces into a coherent whole. And, when that task has been
completed, there is still no comprehensive risk estimation for the project as a whole (i.e.,
there is no ‘roll-up’ of the different components of risk into an overall assessment).

The independent project review of the storage component of Shell Quest, managed
and facilitated by the consulting firm Det Norske Veritas (2010) (now DNV GL) states:

“Shell’s risk register [which is not available publicly] does not include any
reference to potential hazards that has been considered but disregarded on the
basis of being insignificant. For completeness and transparency it is
recommended that a register is kept for recording hazards that have been
considered, but considered insignificant. This register should also include a
brief explanation for why the associated hazard was judged to be insignificant...
In terms of transparency, the analysis could benefit from enhancing the
transparency of the probabilistic model by more clearly defining the
assumptions behind the assignment of effectiveness and uncertainty scores for
safeguard performance.”

Further, the CSA Standard (2012, p.35) states: “For all elements of concern other than
those that strictly involve the project operator’s interests, the documentation shall specify
the criteria by which risk is deemed acceptable or tolerable.”

One can contrast this lack of a detailed, publicly-available technical risk assessment
profile in the Shell Quest case with the documentation provided in the Environmental
Impact Statement (EIS) for the FutureGen project in Illinois. The initial EIS, a collection
of documents in excess of 3,000 pages and posted on the Internet, recorded an elaborate
comparative risk characterisation for four potential sites, two in Texas and two in Illinois,
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after which the preferred site was chosen. The ‘Final Environmental Impact Statement’
for the preferred site in Morgan County, Illinois carried out by the US Department of
Energy pursuant to the National Environmental Policy Act, remains available in its
entirety — all 1,422 pages — on the internet (US Department of Energy, 2013). Standard
practice in the USA for EIS documents of this type is to issue a draft report, invite public
comments and hold a public hearing. The final report includes detailed agency responses
to the public comments.

Canada, on the other hand, does not have legislative requirements at the provincial
government level for issuing EIS documents containing a detailed record of risk
assessment and risk management decision-making. But in our opinion it is a virtual
certainty that the public and important stakeholders will begin to demand more and
credible information on the evaluation of risk as proposals for additional CCS projects
begin to proliferate.

The ‘low level of public awareness and understanding’ about CCS, which has been
found repeatedly in many studies to date, may not matter much for the time being, since
for the most part industry and governments are advancing the technologies and paying
the bills without significant public involvement. But in the long run any serious lack of
both information and trust may come back to haunt the future prospects of CCS. As
mentioned at the outset of this paper, CCS makes sense, in both a national and global
context, only if it is ultimately done on a massive scale — with commensurate costs to be
borne directly by energy consumers or indirectly through government subsidies. Faced
with those hefty bills, a public that is ill-informed about the need for CCS itself, or the
potential environmental and health risks associated with it, may very well be unwilling to
pay them.
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1 The transport component of the value chain is not considered to be a new technology.



