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12.1 Introduction

Geoengineering has been defined as the “deliberate large-scale manipulation of the
planetary environment to counteract anthropogenic climate change” (Royal Society,
2009, p. 1). The diverse range of putative technologies that have been proposed for
manipulating the climate in response to anthropogenic activity are currently subject to
a great deal of scientific uncertainty, with the risks and benefits poorly understood. But
beyond the considerable scientific uncertainties around geoengineering technologies, the
very concept of intentionally manipulating the Earth’s climate system raises a range of
social and ethical issues that include acceptability, informed consent, and governance
(Corner and Pidgeon, 2010). Indeed the UK’s Royal Society states that any geoengi-
neering research that may impact on the environment, or any moves toward deployment
of geoengineering measures should not proceed without dialogue between, for example,
policy-makers, scientists, and publics (Royal Society, 2009). While scientists may be
able to outline the range of options for geoengineering, it is ultimately society which
must judge their acceptability (Royal Society, 2009; Corner and Pidgeon, 2010). This
in turn raises questions over how we can best meaningfully engage with such diverse
actors, and how such engagement can contribute to the responsible innovation of these
potentially world-changing technologies.
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Many emergent technologies are accepted into society with little fanfare, yet due to the
“spectres of public resistance against technoscience (e.g., agricultural biotechnology) . . .

lurking in the discursive background ” (Felt and Fochler, 2010, p. 221; see also Grove-
White, Macnaghten, and Wynne, 2000), those involved in the introduction and gover-
nance of technologies which are believed to have the potential to “mobilize populations”
(Poumadère, Bertoldo, and Samadi, 2011), have been especially cautious about how their
induction into the public sphere occurs (Pidgeon et al., 2012). Past modes of engage-
ment with publics can be characterized as Decide, Educate, Announce, and Defend
(DEAD) – (see Hartz-Karp, 2007), with a view to persuading publics, by tackling the
now highly criticized “knowledge deficit model,” to support new policies or technological
developments.

Participatory processes have been developed in response to numerous criticisms of pre-
vious forms of engagement, not least the desire to move away from “the well-entrenched
linear model of science communication and its embedded values” (Felt and Fochler,
2010, p. 220). As Chapter 5 by Sykes and Macnaghten has depicted, there are numerous
reasons – normative, instrumental and substantive – underpinning the development of
participatory processes (see also Fiorino, 1990). In addition to the logics for participa-
tory processes set out by Sykes and Macnaghten we feel it is important to briefly explore
why substantive reasons have emerged as such an important rationale for engagement.
Indeed, for us, substantive reasons are why we are particularly passionate about the
inclusion of publics in engagement processes.

Substantive reasons have emerged out of discussions concerning the expansion of
sources of legitimate knowledge, in particular recognizing the value and importance of
lay knowledge and social intelligence (Wynne, 1992, 1993: also see Fiorino, 1990). For
Wynne (1991, p. 114), public understanding of science is not about experts or scientists
educating publics, instead it “represents an iterative process between lay people and
technical experts rather than a narrowly didactic or one-way transmission of information
packages” (see also Petts, 2008). Additionally, for some, participatory processes are
representative of a citizen’s right to be involved in decision-making about science and
technology, and it is such involvement, which – in part – affords them their citizenship
(Fiorino, 1990; Irwin, 1995, 2001). Jasanoff (2003, p. 243) suggests that what is needed
is a move away from “technologies of hubris,” where science is the authority on
mapping out future impacts and development trajectories, to including “technologies
of humility,” which “would engage the human subject as an active, imaginative agent,
as well as a source of knowledge, insight, and memory.” Such a shift would allow
“plural viewpoints and collective learning” (Jasanoff, 2003, p. 240) – “co-intelligence”
(Hartz-Karp, 2007, p. 2).

A number of key criticisms have been levied against participatory processes (see
Chapter 5). First, questions have been raised over which publics are invited to take part.
Petts (2008, p. 826) notes that “[m]any formal engagement processes . . . tend to privilege
the middle-class and the educated.” A more subtle reflection on this point is offered
by Wynne (2007, p. 107), who points out that in the enthusiasm for promoting such
approaches, in Europe in particular, a gradual co-option of publics has taken place by
policy and science institutions – such that participation with “invited” publics often inad-
vertently forces (science-led) framings onto proceedings. He contrasts this situation with
the more creative possibilities offered by “uninvited” public participation, in particular
for challenging ordinarily unacknowledged normativities.



Deliberation and Responsible Innovation: a Geoengineering Case Study 221

A second key criticism of participatory processes is that they may occur too late,
when positions are entrenched or “after a controversial social or ethical question has
arisen in relation to a new technology” (Rogers-Hayden and Pidgeon, 2007, p. 345). In
some circumstances, engagement processes have been accused of simply attempting to
mitigate such controversy – ironically often leading to its exacerbation (Jasanoff, 2003;
Rogers-Hayden and Pidgeon, 2007). Tokenism is also an accusation when “engagement
comes too late to influence significant decisions or applications that are locked in by
commercial or other constraints” (Rogers-Hayden and Pidgeon, 2007, p. 345).

To avoid tokenism, “upstream engagement” has been advocated by a number of
researchers (Grove-White et al., 1997; Grove-White, Macnaghten, and Wynne, 2000;
Royal Society, 2004; Wilsdon and Willis, 2004). It involves “[d]ialogue and deliberation
amongst affected parties about a potentially controversial technological issue at an early
stage of the research and development process and in advance of significant applications
or social controversy” (Rogers-Hayden and Pidgeon, 2007, p. 346; also see Grove-White,
Macnaghten, and Wynne, 2000), and is increasingly being presented as a means to more
fully embrace normative and substantive reasons for participation (Chapter 5). A specific
challenge of upstream engagement is that the technologies under discussion often only
exist “in terms of future-oriented promise rather than as material reality” (Macnaghten,
2010, p. 24). As such, there is a possibility that discussions become too focused on
normative assessments of technology and science. Stirling (2007) argues that upstream
engagement should not be pursued as a means for “legitimising technological choices,”
nor should it be a method for “closing down” public contestation. Instead, he suggests
that “the truly innovative potential for ‘upstream engagement’ lies in ‘opening up’ broader
attention to the full range of potentially viable choices” (Stirling, 2007, p. 293). Through
careful, critical reflection both on the aims of engagement and on ways to promote “mean-
ingful interaction” with interested parties (Jasanoff, 2003, p. 238) – whereby publics feel
enabled to take part in such discussions – innovative upstream public engagement pro-
cesses are able to access publics as socio-techno-scientific citizens (Macnaghten, 2010).
By this we mean varied publics are able to “offer opinions, discuss the issues, and reflect
on future politics and their contingencies” across technical and socio-cultural dimensions
(Macnaghten, 2010, p. 24).

Although raising significant challenges, including the unfamiliarity and ethereal status
of many such technologies, evidence from sociological approaches to public engagement
with upstream technologies (e.g., Pidgeon and Rogers-Hayden, 2007; Barben et al.,
2008), has concluded that people are often perfectly able to reason about and debate such
risk and technology issues. While people will typically come with very limited technical
knowledge of the topic, many will engage enthusiastically with the subject by drawing
upon a range of shared cultural narratives and resources regarding the ways science
is located in (and shapes) society, and about both the promise and perils of scientific
“progress.” Examples here include shared discourses about the morality of interfering
with “natural” systems (Bloomfield and Vurdubakis, 1995; Macnaghten, 2010) or the
trustworthiness and perceived interests of social institutions promoting and regulating
scientific developments (Bickerstaff, Simmons, and Pidgeon, 2008; Pidgeon et al., 2009).

Although a full discussion of both the extensive strengths and weaknesses of par-
ticipatory processes in all of their forms, as well as this growing and important set of
literature, is beyond the scope of this chapter, we hope the value of upstream engage-
ment has been made clear. It should be noted that we see upstream engagement as one
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aspect of responsible innovation, contributing to the characterization and integration “of
broader social concerns in a proactive manner” into research programs and the devel-
opment of technologies as early as possible (Macnaghten, 2010, p. 23). In particular,
we propose that the substantive reasons underpinning participatory processes and the
benefits of upstream engagement mean it is well placed to contribute significantly to
responsible innovation.

What constitutes responsible innovation has already been discussed extensively in
earlier chapters of this volume (see, for example, Chapters 2 and 3). The aim of this
chapter is to discuss responsible innovation in relation to geoengineering as a practical
example, through the examination of empirical work derived from an upstream engage-
ment exercise on the topic of geoengineering with members of the public. In the following
sections we detail what geoengineering is, very briefly, what public attitude and engage-
ment work has already taken place, how our analysis – building upon the framework
proposed by Owen et al. in Chapter 2 – differs from this existing work, and the method
and methodology underpinning the empirical work on which this chapter is based.

12.2 Public Perceptions of Geoengineering

In essence geoengineering (also known as climate engineering) aims to reduce the aver-
age global temperature by using either solar radiation management (SRM) techniques to
reduce incoming sunlight (i.e., increasing the Earth’s albedo), or carbon dioxide removal
(CDR) techniques to remove carbon dioxide from the atmosphere and redress the imbal-
ance of carbon dioxide causing accelerated climate change (Royal Society, 2009; Buck,
2012). Some suggest that geoengineering could be used to ameliorate specific climate
change impacts, for example, lower temperatures regionally or alter ocean chemistry at
a localized scale (MacCracken, 2009), however, this is not the focus of present research
given implementation feasibility constraints. Over the last several decades geoengineer-
ing has moved from the fringes of science and science fiction, and is gaining traction
with a small but growing number of scientists within mainstream science (Poumadère,
Bertoldo, and Samadi, 2011; Pidgeon et al., 2012).

There exists a wide variety of proposed techniques under each of the broad headings of
SRM and CDR. Such techniques range from the relatively benign, for example, painting
buildings white under SRM, and afforestation for CDR,1 to what could be described
as more intrusive, for example, stratospheric particle injection under SRM, and ambient
air capture and storage of carbon dioxide for CDR (for an overview of many of the
techniques see Vaughan and Lenton, 2011; Royal Society, 2009). It is important to note
that even the “benign” forms of geoengineering, for example, biochar, would need to be
operationalized at a hitherto unseen scale to have a significant impact (Jamieson, 1996).

A second key point is that many of the techniques of geoengineering currently do
not exist – they are in some respects potential “future-oriented promise[s]” (Macnaghten,
2010, p. 24). We use the word “potential” as currently most of the ideas are being discussed

1 Of course what constitutes “benign” is open to interpretation and highly dependent on context and social assumptions. For
example, re-and-afforestation on the surface seems benign, but if there are competing land-use issues, this could potentially
become a highly politicized and sensitive social and environmental justice issue. There are also numerous potential physical
environment impacts of re-and-afforestation at a large scale that may not be considered “benign,” for example, fertilizer
run-off, albedo impacts at high latitudes, hydrological cycle interactions, and so on.
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and reviewed not just based on their technical feasibility, but increasingly on moral
and ethical dimensions (Corner and Pidgeon, 2010; Gardiner, 2011), and issues around
responsible governance (Royal Society, 2009; Rayner et al., 2010; Asilomar Scientific
Organizing Committee, 2010; Poumadère, Bertoldo, and Samadi, 2011; Macnaghten and
Owen, 2011). Those involved in such discussions (including publics and governments)
may deem geoengineering an unacceptable development strategy. Given the importance
of the social and ethical dimensions of geoengineering, together with the move toward
upstream engagement processes with publics (and its accompanying benefits), commen-
tators have called for research which explores public (un)acceptability of geoengineering
in principle, and particular techniques of geoengineering specifically.

To date, relatively little public perceptions work on geoengineering has been completed
(for a review of existing work see Corner et al., 2012). Of that which has been undertaken,
much has focused on using quantitative survey techniques to gauge public knowledge
of geoengineering – confirming it is low (e.g., Leiserowitz et al., 2010; Spence et al.,
2010; Poumadère, Bertoldo, and Samadi, 2011; Pidgeon et al., 2012) or that the term
“geoengineering” is ambiguous (e.g., Mercer, Keith, and Sharp, 2011) – and that there is
a generic preference for CDR techniques over SRM (e.g., Spence et al., 2010). Pidgeon
et al. (2012; see also Mercer, Keith, and Sharp, 2011) in a preliminary analysis of inter-
view data found that the term geoengineering is unfamiliar to interviewees, who often
confuse it with “geothermal” techniques for producing energy. Once interviewers briefly
explained what geoengineering is, initial reactions of interviewees included excitement,
fear, anger, and disbelief.

A small number of qualitative studies, employing deliberative upstream engagement
processes have taken place over the past two to three years, beginning with the Royal
Society (2009), followed by Experiment Earth? (“EE” – carried out by Ipsos-MORI
(2010) but funded by the Natural Environmental Research Council (NERC, UK), and
lastly the set of workshops on which the empirical evidence of this chapter is based
(more detail about this is given in Section 12.3). Such work has found that participants
had serious concerns over safety, wished for geoengineering activities to be linked with
mitigation activities, were more likely to support techniques which were deemed more
“natural,” and were worried about the reversibility of certain geoengineering techniques
(ibid.; also see Corner, Parkhill, and Pidgeon, 2011, for a fuller examination of EE). It is
beyond the scope of this chapter to give a “state of the art” review of all geoengineering
public perceptions work and beyond (see Corner, Parkhill, and Pidgeon, 2012). In the
following section we will give details of the empirical study on which this chapter is
based, including how we have analyzed the data, and how this analysis has been informed
by thinking through responsible innovation.

12.3 Exploring Public Perceptions of Geoengineering:
an Empirical Study

12.3.1 Context

In 2010 the Engineering and Physical Sciences Research Council (EPSRC), the NERC
and the Science and Technologies Facilities Council (STFC) – all UK-based funding
bodies – released a funding call with the aim “to fund research which will allow informed
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and intelligent assessments about the development of geoengineering technologies”
(EPSRC/NERC, 2010). As a result of a review process, two projects were awarded
funding: (i) Integrated Assessment of Geoengineering Proposals (IAGP – of which the
authors of this chapter are formally a part) and (ii) Stratospheric Aerosols for Particle
Injection (SPICE). The aim of IAGP is to develop a mechanism by which existing,
proposed, and as yet un-imagined geoengineering proposals could be assessed against
criteria ranging from the technical to socio-cultural. As such, computer modeling
(climatic and engineering) and, stakeholder and public engagement activities form
the work of IAGP. Whereas IAGP does not focus on any particular geoengineering
technique, SPICE, by way of contrast, seeks to investigate the potential means, efficacy,
impacts, and modes of delivery of a particular form of SRM – stratospheric particles.
One basic hypothesis that SPICE researchers wish to test is that stratospheric particles
can be injected via a 20 km pipe held up by a large balloon. As with IAGP most of the
intended work will involve laboratory-based and computer modeling. However, there
is one work package where the researchers wished to scale-down the 20 km pipe and
balloon to a 1 km test-bed, with the aim of exploring the engineering challenges of
using this mechanism, and the accuracy/efficacy of using computer models to predict
the pipe and balloon movement. The SPICE proposal did not involve any real world
testing of the cooling properties of stratospheric particles, and would only consist of
pumping fresh water.

Due to a stated commitment to responsible innovation, and on the recommendation
of a review board, the Research Councils implemented a stage-gate process where they
withheld the funding for the test-bed work package until the lead investigator of SPICE
was able to collate evidence, which could then be reviewed by an expert panel who
would make a recommendation to the Research Councils on whether or not to release
the funds (see Macnaghten and Owen, 2011; and Chapter 2, for an overview of the state-
gate process). As part of the evidence needed, EPSRC requested that IAGP researchers
with expertise in public deliberative engagement work complete an “extra” work package
on geoengineering, culminating with a specific focus on the SPICE project. Accordingly,
a research team led by Prof. Nick Pidgeon and Dr Karen Parkhill set about designing,
collecting, and analyzing data to assist the stage-gate evidence gathering.

12.3.2 Method: Deliberating SPICE

After extensive piloting, three deliberative workshops were completed in three cities
(Cardiff, Norwich, and Nottingham) within the UK. Each workshop had between 8
and 12 participants (n = 32) sampled theoretically along demographic criteria (e.g.,
gender, age, educational qualifications, socio-economic groupings) to attempt to ensure
we captured a diverse spread of opinion and life circumstances.

The workshops were completed over 1.5 days with a homework task given to partic-
ipants overnight. Importantly the SPICE project was not discussed until day 2. During
day 1 participants were guided through a set of activities, with the focus funneled down
from climate change as a general topic to specific geoengineering approaches. Geoengi-
neering was situated as one of three possible societal responses to climate change, with
conventional mitigation and adaptation comprising the other two. Framings of “natu-
ralness,” “climate emergency,” “CDR dealing with the causes of climate change” were
explored fully as and when they emerged as discourses from participants, but were not
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introduced by the research team (see Corner, Parkhill, and Pidgeon, 2011, for more
detailed discussion of different framings in upstream engagement on geoengineering).

The analysis on which this chapter is based stems from the materials collected on day
1, that is, before the SPICE project was discussed. In the first instance, this included
small group discussions on initial reactions to geoengineering, only after broad definitions
of geoengineering, SRM and CDR were given. Small group discussions also occurred
after an expert gave an overview of some of the proposed techniques (CDR – biochar
and ambient air capture; SRM – stratospheric aerosols and cloud brightening). It was
emphasized that these were just some of the many ideas for geoengineering being thought
about by scientists. All of the workshops were facilitated by the IAGP Cardiff University
team. Also in attendance was an expert on climate science and geoengineering. All
group discussions were audio- and video-recorded to aid transcription. All transcripts
were carefully reviewed to ensure participants’ quotes were accurately transcribed. After
transcription all transcripts were anonymized. For more detailed information see Parkhill
and Pidgeon (2011).

12.3.3 Analysis

The analysis completed for the stage-gate (Parkhill and Pidgeon, 2011) carefully inter-
rogated the data exploring public perceptions of, in particular, the proposed SPICE 1 km
test-bed, and thus focused on the discussions on day 2. However, to be able to contex-
tualize the findings, we also briefly analyzed data from day 1 which could illuminate
perceptions of SRM and CDR more broadly. In summary, and for reasons of brevity,
that analysis found that CDR techniques are considered more favorably than SRM,
with stratospheric aerosols of particular concern. The basis for this concern was that
these techniques might distract from mitigation and were too far-fetched, with the addi-
tional difficulty of predicting long-term impacts and governance issues (e.g., difficulty of
garnering international agreement, issues of territoriality, and how to regulate misuse).
With regards to the SPICE test-bed, we concluded that participants had significant con-
cerns regarding the deployment of geoengineering techniques, in particular stratospheric
aerosols, but were willing to entertain small-scale research if governance and regula-
tory structures were already in place or being developed, and if research findings were
shared freely.

The present analysis has applied a different analytic lens to some of the data presented
in Parkhill and Pidgeon (2011), and other data from the same workshops excluded
from that first analysis. In particular we have – in part – developed our analytic lens from
Chapter 2 by Owen et al. For a reminder of the four dimensions see Box 12.1 below.

Box 12.1 Four Dimensions of Responsible Innovation (Chapter 2)

1. Anticipatory – describing and analyzing those intended and potentially unintended
impacts that might arise, be these economic, social, environmental or otherwise.
Supported by methodologies that include those of foresight, technology assess-
ment, horizon scanning, and scenario development, these not only serve to artic-
ulate promissory narratives of expectation but to explore other pathways to other
impacts, to prompt scientists and innovators to ask “what if . . . ?” questions.
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2. Reflective – ethically reflecting on such narratives of expectation and the social
transformations these might bring, the underlying purposes and motivations and
their potential impacts; what we know and do not know, the associated uncertain-
ties, areas of ignorance, assumptions, questions, and dilemmas.

3. Deliberative – opening up such visions, impacts, and questioning to broad, collec-
tive deliberation through processes of dialogue, engagement, and debate, inviting
and listening to wider perspectives from publics and diverse stakeholders.

4. Responsive – using this collective process of reflexivity to influence the direction
and pace of the innovation process itself through effective mechanisms of gover-
nance. This should be an iterative, inclusive, open, and adaptive learning approach
with dynamic capability.

These dimensions, together with a focus on the concept of “social intelligence” (Wynne,
1992, 1993) – that is, exploring data where publics engaged in critical reflection on
science and knowledge – led us to ask the following questions during the analysis:

• What do varied publics believe are the intentions and motivations (of scientists, gov-
ernments, and so forth) behind the development of geoengineering techniques?

• What do publics believe are the desired outcomes of geoengineering techniques?
• Do publics believe there are wider products/impacts of geoengineering? What of sci-

entific (un)certainties?
• Who do publics feel is responsible for responding to climate change and investigat-

ing geoengineering? What role, if any, do publics feel they have in the responsible
innovation of geoengineering?

12.4 Public Perceptions of Geoengineering through the Lens
of Responsible Innovation

12.4.1 Intentions

Our participants largely regarded scientists, engineers, and designers as innovators
working for the common good. It was often assumed that scientists were acting with
altruism, attempting to brainstorm different ways of responding to climate change and
that geoengineering was one example of this. To such participants, innovators are “the
smart kids on the block working on these things” (William, Norwich). Additionally,
even if participants did not necessarily support geoengineering, they could see value in
the underlying intention of trying to do good:

I guess the more ideas that come through the scientists and engineers are going to come up
with, it’s going to generate more ways of doing it.

(Barbara, Norwich)

Such discourses marry with previous research that shows there is an element of idealism
around the general notion of science:
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Science is an icon of modern society . . . “science” (in general) enjoys high public esteem
and interest in surveys yet suffers apathy and worse in many specific encounters (Wynne,
1991, p. 112 – emphasis in original; also see Chapter 5).

Whilst the idealization surrounding science was a dominant discourse, science as some-
thing objective was not. Some participants suggested that the results of science are open
to interpretation:

Well, computer modelling I think they could probably make it work to their favour, whatever
happens.

(Iowerth, Cardiff)

However, as stated, most participants felt confident that the intentions of scientists and
innovators are good, yet this did not transform into blind faith. Participants were fully
willing and able to interrogate whether or not the intention of doing good, of responding
to climate change, was justification for pursuing geoengineering.

When it came to the specificities of how geoengineering may materialize and be
mobilized, whether or not the innovators had good intentions became less important
than the motivations of those who might fund and subsequently deploy such innovations.
This occurred at a number of scales. First, participants would shrewdly question the
motivations of (industrial) sectors:

Some of them may make money out of it anyway depending on where the [Carbon Dioxide]
stores are and where the process is going to be because that’s job and things and buying
things and you have to make something to do that bit of processing and stuff like that.

(Fiona, Norwich)

Of course Fiona’s excerpt is not just about how new industries may be generated, it also,
in some ways, speaks to the important issue of employment – a significant concern for
many under present economic conditions. Some participants were more vocal in their
belief that financial motivations would cause the segueing of original intentions into
business opportunity – altruism to profiteering (see Buck, 2012, for a full discussion of
this issue):

Motive. Why people do it? Why are people doing it? It’s not going to be cost free when
you first start doing this. You can see an altruistic motive there, but people will do these
things if there is a financial incentive, if there is a reason for doing it, if governments pay
them to do it, if they can get a spin off from it . . . then people are starting to mess with our
lives for their financial benefit.

(Bert, Nottingham)

The second and most prevalent scale at which participants questioned the intentions
of pursuing geoengineering was through an examination of the possible motivations in
different global regions. As a starting point, participants were quick to recognize the
importance of geo-politics and that there could be heterogeneous intentions on the part
of different nations for pursuing geoengineering. In such circumstances, participants
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questioned if responding to climate change would remain the motivating factor, or if
others, for example, weather modification, could possibly become the priority.

Important in such accounts is not only that our participants could envision weather
modification and enhancement usurping climate change framings, but also that such
possibilities would potentially be pursued despite the materialization of negative effects
on other territories. Whilst potential negative effects of geoengineering were a continual
source of concern, that negative impacts may be the result of weather enhancement
rather than a side-effect of responding to climate change seemed particularly unpalatable
to participants. Perhaps this resided in the presumed vindictiveness of a country putting
their own needs above the wellbeing of others.

It was not just nation’s motivations that were interrogated. Although EE? found little
evidence that geoengineering would undermine participants’ support for mitigation and
adaptation (Ipsos-MORI, 2010), our participants felt that this would be a particular
danger. To these participants, geoengineering techniques (and intervening with large
engineering technologies) were seen as being easier and quicker to implement than to
generate significant uptake of lifestyle change:

People are resistant to change and someone could come up with a nice magic way of making
it that we can carry on the way we are that would be the easy option.

(Bert, Nottingham)

In such circumstances, as Bert suggests, the intention to respond to climate change
morphs into finding ways that facilitate current lifestyle trajectories. Bert later reveals
how he could envision geoengineering not just leading to the continuation of business
as usual, but instead to an exacerbation of activities leading to worsening environmental
and social injustices:

I’m cynical about carbon capture, because it’s just another way that the power station can
burn coal. Because at the moment they’re limited as to what coal they can burn. But if they
suddenly find they can burn anything they can pull out the ground, you’re going to find a
mine in your back garden before very long. Because resources that were not economically
viable at one time, suddenly will become, and you thought you got a nice garden but then
there’s an open cast mine there.

(Bert, Nottingham)

Indeed other participants, despite preferring SRM techniques the least, were able to
imagine how Western territories may pursue them in inequitable ways, perhaps through
manipulating more impoverished, less powerful countries:

I mean if you were asking to put it up somewhere where they’re incredibly poor and
someone at the top is corrupt, they’re going to say, ‘Yes, thank you very much, we’ll take
your money, you can put it up here’ cause they’re not going to have too many concerns
about the people living there. If you’re talking about doing it in the UK, then everybody
and their auntie want ten pennies of their input put in.

(Barbara, Norwich)

Clearly, our participants posited that there are a range of intentions and motivations that
may impact on how geoengineering is pursued. The clearest message from participants,
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which will be explored in Theme 3: Impacts, is that whatever the possible good intentions
(of scientists, innovators, governments, industry and so forth), these do not necessarily
ensure good or positive outcomes. First, however, we wish to explore how our participants
navigated the complexities of responsibility.

12.4.2 Responsibility

Discourses of responsibility covered a broad number of interlinked topic areas. To begin
with participants were clear that everyone has a responsibility to try to respond to climate
change. For some there was a greater responsibility for developed nations, due to legacy
emissions and perceived wealth. For others current higher emitters were depicted as
needing to take greater responsibility. It was recognized that different responses were
needed, dependent on circumstances. Some participants intimated that a social contract
needs to be formed between publics and innovators, whereby publics take responsibility
for implementing lifestyle change to help mitigate climate change, whilst innovators lead
on developing possible technical solutions including, but not limited to, geoengineering.

Whilst there was tremendous uncertainty over developing geoengineering, some
participants felt it was important that innovation should not be stifled. Indeed, some sug-
gested that it was the responsibility of others to allow innovators the freedom to develop
ideas. In part, despite the unknowns and potential impacts, participants felt the conse-
quences of doing nothing could potentially be greater than pursuing such development.

However, many participants were also concerned that geoengineering may distract
from mitigation. In a modified moral hazard argument, this was less about whether
or not people would be motivated to undertake mitigation given a so-called “technical
fix” had been developed, but more about whether innovators would be encouraged to
concentrate on mitigation given the “tempting option” of geoengineering. The basis of
this concern was that our publics envisioned there to be a limited skills base available
and thus innovators would have to choose which to pursue: mitigation or geoengineering.

Participants felt it was the responsibility of innovators to ensure that their ideas are
safe and safely developed. This meant thinking through exhaustively the impacts geo-
engineering might have, including the improbable. For many this meant incremental
development stages, freely sharing knowledge (including successes and failures), and
not allowing hubris to emerge. For the latter, previous science controversies acted as a
precautionary heuristic:

. . . it’s scientists’ ability to satisfy and negate the risk before going that far. I’m struggling to
think of an analogy. Thalidomide. Everybody was reassured that Thalidomide was going
to be a safe drug and we’re still living with the consequences . . . And for an experiment
of that nature, stratospheric aerosols, God forbid you had a catas[trophy] – but there was
something that had not been considered.

(Riley, Norwich)

Concerning decisions over whether or not to pursue the development and eventual
deployment of various forms of geoengineering, participants felt that it was the role
of innovators to provide rigorous evidence as it became available. As such, participants
implied that geoengineering techniques should be subject to continual regulatory and sci-
entific governance processes – constantly interrogated through scientific rigor. Ultimately
though, many participants felt it was the role of politicians to decide if geoengineering
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should be pursued. For some participants, this politicization of science could lead to
procrastination, missed opportunities and unnecessary delay:

Like Owein said, you know with the air capture, that’s the only thing that’s actually proven
to definitely work, all these are still . . . well, these two [cloud brightening and stratospheric
aerosols] mostly are still unknown and now so they’ve got this [ambient air capture] taking
a long period of time, well if it’s known to be working why don’t they just set it up
somewhere and so what if it takes 30 years . . . .

(Morgan, Cardiff)

It was also apparent that new governance structures need to be developed and that
ultimately responsibility should not necessarily rest with individual nations. This was
particularly the case with SRM techniques. Yet participants also felt it important that
individual nations should be able to pursue their own geoengineering development paths
and not be dictated to by the “intergovernmental geoengineering committee”: it should
act more as an overseer, helping to co-ordinate and regulate action.

Participants were concerned that governance structures be rigorous enough to prevent
manipulation, with individual wealthy nations taking control by merit of their financial
position:

Will the rich and powerful countries get to decide? Cost must come into it somewhere
because some of these developing countries, there’s no way they’re going to be able to
afford some of these whizzy ideas.

(Beven, Cardiff)

Indeed, participants suggested it was the responsibility of richer nations to facilitate
developing countries’ involvement, and that, even before deployment, as many nations
as possible be involved in decision-making. It is interesting that so much emphasis
was placed on the role of governments (national and international). Participants would
nearly always default to this scale in discussions of the governance of geoengineer-
ing. Whilst participants accepted that some geoengineering activities could be led by
industries and commercial entities, it was assumed that even these activities would be
monitored and regulated by the wider governance structures already discussed.

Discussions of responsibility inevitably also included thinking through accountability
and the inherent potential difficulties of attributing this, especially in the event that some-
thing went badly wrong. SRM techniques were seen as particularly problematic given the
complex nature of interactions that may occur with this type of intervention. Participants
envisioned territorial disputes arising from negative effects, which may be associated by
the “victim” country with those deploying SRM:

How do you prove that that [SRM] was why it happened? So we’d say well we didn’t do
it, it was gonna happen anyway.

(Orville, Norwich)

It was not necessarily the case that those deploying geoengineering would deliberately
attempt to avoid taking responsibility (although this was certainly seen as a possibility)
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for negative impacts, but that participants were sympathetic to problems of tracking
causality.

Of significant concern to most participants was the notion that we may be burdening
futures through the development of geoengineering, refusing to “assume responsibility”
for excess carbon dioxide (Adam and Groves, 2007). Such thoughts coalesced around
both the long-term commitment necessary if SRM geoengineering was pursued (i.e., the
need to continue the intervention whilst excess carbon dioxide is present, or face a more
dramatic rise in temperature than even current trends of global warming), and the legacy
of CDR producing vast “waste” stores:

As we are trying to save the planet are we leaving the problem for someone else to deal
with it?

(Frank, Norwich)

All of those things they have, even the air capture, where you’re going to store it. All of
these things seem, well they’re artificial aren’t they, they’re artificially trying to make it
better but the problem, if we don’t change the way we are, it’s still going to be there.

(Marge, Nottingham)

In this sense, our participants recognize how “future-transforming processes” cause
“future making” to slide into “future taking” (Adam and Groves, 2007, p. 79). As also
by discussed Adam and Groves (2007), some of our participants questioned whether we
would be able to develop institutions capable of adapting and extending into the future,
particularly as the burden of excess carbon dioxide is likely to keep increasing:

Fiona How long can they control it for if we’re gonna keep moving in the same fashion
because –

Frank Yeah and what are the implications of it?
Fiona will the controls be able to manage in another 100 or 200 years time? (Norwich)

12.4.3 Impacts

In the main, as has been noted before, the “wider products” (Chapter 2), of geoengi-
neering most focused on by participants were the unintentional, unknowable amorphous
“side effects” (Ipsos-Mori, 2010; Parkhill and Pidgeon, 2011). In this sense, whilst inno-
vators were expected to have thought through how geoengineering interventions interact
with complex interlinked systems, there was also the full expectation that, due to limits
of what is knowable, some potential impacts may be “overlooked.” Even with careful,
iterative, rigorous development and governance, participants questioned how prepared
we would be after such testing:

. . . it’s all still only on trial isn’t it? And research, we don’t really know what would happen
on such a big scale, they might have done little bits on dropping water droplets rather than
having a boat shooting up water . . . But when they start doing it [cloud brightening] with
these boats . . . and throwing up all that, you never know what might happen.

(Iowerth, Cardiff)
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CDR and SRM were both believed to have potential impacts, however, the potential
scale of impact for SRM was seen as much larger. Similar to Genetically Modified
Organisms (GMOs) (Grove-White et al., 1997; Marris, 2001), the complexity of the
systems involved meant participants felt attributes of control were highly unlikely:

You attempted to cure one problem and actually create another problem by changing the
weather patterns elsewhere in the world. I can’t believe that it would be local.

(Henry, Norwich)

Negative impacts were not the only potential wider products. Participants also felt that
developing geoengineering could lead to other forms of innovation:

Well the pro is that people are actually thinking about it and looking for ways to mitigate
the problems that we’ve got . . . And I guess the more ideas that come through the scientists
and engineers are going to come up, it’s going to generate more ways of doing it . . . Until
you throw the idea in it doesn’t generate other ideas and once you do then people – it’s a
stepping stone to something else . . . .

(Barbara, Norwich)

Whilst SRM was predominantly the focus for thoughts concerning wider, large-scale
impacts of geoengineering, as we have stated previously (Parkhill and Pidgeon, 2011),
participants were keen that all forms of geoengineering should be subject to careful
regulation. Participants recognized that both SRM (due to both intended and potential
unintended impacts) and CDR (due to the core aims of manipulating the carbon cycle)
would have global implications.

The focus on side-effects and other forms of innovation as the wider products of
geoengineering is, however, a rather narrow categorization. In reality, wider products are
not just the technical, material manifestations of geoengineering or their potential effects:
also included are socio-cultural (e.g., potential environmental and social injustices) and
political (e.g., new governance structures).

12.4.4 The Role of the Public

Deliberative engagement as part of a democratic process assumes that publics should
(and wish to) be involved in decisions over whether or not to pursue geoengineering. In
addition, Section 12.1 made clear that there is value in engaging with publics to include
varied viewpoints and ensure co-intelligence is created (Wynne, 1991, 1992, 1993; Hartz-
Karp, 2007). However, we found that it took a great deal of effort to persuade our
participants that, despite their apparent lack of technical expertise in science, engineering
or governance, they had valuable input that they could offer. Often it was implied
that they could not contribute to decision-making through the use of “they”, “them”,
and “others” rather than “we” and “us.” Sometimes participants would be explicit in
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stating that due to the complexity and scale of interventions being discussed under
geoengineering, they could only have a limited input:

William No we need to do this [investigate geoengineering] but the answers I think are a
bit – well they’re beyond me anyway.

Frank Yeah, I don’t think the answers can be done by a layman. That’s gonna take
someone more intelligent than me to sort it out. (Norwich)

Sentiments such as those expressed by William and Frank were particularly pointed when
discussing what were deemed as more “tech heavy” and “extraordinary” approaches to
geoengineering (e.g., ambient air capture and stratospheric aerosols). For such approaches
some participants felt it was much more important to have “experts” input and that
ultimately politicians should decide on whether or not they are pursued. In part this
seems to be based on whether or not they could envision the techniques as part of either
their or wider societies present and future material reality. By way of contrast, techniques
such as biochar were associated with “ordinariness” (Parkhill et al., 2010) by drawing
upon their current material experience (Butler, Parkhill, and Pidgeon, 2011) of familiar
mundane tasks, such as gardening, and with participants much more comfortable with
suggesting how they might manifest. For example, they speculated that drier countries
may be more inclined to use biochar as they perceived it may help such countries keep
moisture in the soils and thus help their crops.

Participants also questioned if, given the emergent stage that most geoengineering tech-
niques are at, it was even worthwhile for them to take part in deliberations. They struggled
with understanding what help their ruminations could be when the techniques are likely to
radically change throughout the development process. Such struggles were indicative that,
at times, participants would get “lost” in the details of a technique. Once brought back to
broader dimensions (such as intentionality, responsibility, governance, impacts, ethics,
and so forth), most participants seemed comparatively more comfortable deliberating. Of
course what this also underscores is the importance that deliberation and engagement are
“[s]ustained interactions between decision-makers, experts, and citizens, starting at the
upstream end of research and development” (Jasanoff, 2003, p. 242 – emphasis added).

Regardless of whether or not they felt comfortable and able to be engaged on such
issues, some participants felt they have a limited ability to influence development trajecto-
ries or governance decisions, which is analogous to findings related to public engagement
in GMOs (Grove-White, Macnaghten, and Wynne, 2000):

I just don’t think my opinions would matter and things are going to happen whether I dislike
it or not.

(Ruby, Nottingham)

Cynicism and disenfranchisement regarding current deliberations seemed to be derived
from their experiences of past formal consultations, where they felt their concerns were
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usurped by the agendas of what they perceived as being more powerful actors (e.g., gov-
ernments, experts, and stakeholders). Although these were qualitatively different types
of engagement exercises, these past experiences meant our participants were wary and
cautious of all forms of engagement exercises – including ours. However, we should
also point out that most participants, despite the difficulties, did feel that publics should
be engaged on a continual basis (Parkhill and Pidgeon, 2011).

12.5 Conclusion: Geoengineering – Responsible Innovation?

Public engagement has a critical role to play in the responsible innovation of geoengi-
neering. Indeed, Owen et al. in Chapter 2 state the aim of their third dimension of
responsible innovation (“Deliberative”) is to open up dialogue, relating to imaginaries
and visions of social transformation that a new technology may cause, including with
publics. Whilst literatures associated with public engagement processes depict core con-
structs of engagement (e.g., transparency, democratic decision-making, co-intelligence,
and so forth) as advantageous or desirable, a commitment to responsible innovation
would seem to suggest that processes of public engagement are essential and foster
“technologies of humility” (Jasanoff, 2003).

On careful analysis, it is clear that our participants have incidentally engaged with
the dimensions of responsible innovation that Owen et al. set out in Chapter 3. Most
crucially, intentionality – reflecting on and probing the intentions of scientists and other
stakeholders involved in the development of geoengineering – has revealed some inter-
esting nuances to the already existing public perceptions work. Our participants did not
want to stifle innovation since many of them saw it as a valued part of contemporary
development. They were, however, deeply concerned that commercial interests might
override the good intentions of scientists. As such they questioned the “sociology of
promises or expectations” (see Chapter 13); that is, the claims put forward with regards
to what geoengineering would prove able to do for society (Kearns et al., 2006, p. 293).
Indeed, it would be fair to comment that, whilst most of our participants were happy to
discuss the perceived benefits of geoengineering, this was juxtaposed with a desire to
have frank and meaningful discussions over the difficulties, challenges and uncertainties,
including the perspective of innovators.

In terms of responsibility and impacts, our participants were on the whole appreciative
of the role of scientists and others involved in the development of geoengineering tech-
nologies, whilst simultaneously implying that stakeholders must critically reflect on the
“technoscientific imaginaries” (i.e., the future worlds which are being imagined and pos-
sibly brought into being through the development of certain technoscientific practices)
and which scientists and innovators are complicit in championing (Kearns et al., 2006,
p. 293). This included the desire to inject a healthy dose of humility, so that innovators
recognize the potential “asymmetry between what is intended and what is merely brought
about” (Jamieson, 1996).

Concerns over the role of commercial entities in the development and future deploy-
ment of geoengineering echo an emerging concern of David Keith – a geoengineering
researcher – who has recently argued against the privatization of, in particular, solar
radiation technologies and has called for patents on such technologies to be banned
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(Scientific American, 2012). Indeed, at the time of writing this chapter, the SPICE team
researchers have also opted to cancel the 1 km test-bed, in part as it has emerged that
two of the team are involved in an existing patent for the balloon technology (Nature
News, 2012). As such the SPICE researchers appear to have been reflecting a growing
awareness of the sensitivities surrounding SRM techniques.

Some of the concerns raised in this chapter, for example, those over commercializa-
tion and uncertainty of impacts, are reminiscent of similar discourses expressed during
the GMOs controversies. Indeed, it is perhaps, in part, the earlier public concerns
expressed over the role of GMO companies like Monsanto (a key commercial entity
in the development and commercialization of this technology) that provide the context
for our participants’ sensitivities to concerns over the privatization of geoengineering.
Monsanto were criticized in the 1990s and early 2000s for their domination of GMO
developments and their restrictive practices of not allowing farmers to keep unused seeds
for use in the following year’s crop. Distrust of commercial entities in the development
of GMOs is attributed as a key reason for the public contestation in Europe over their
introduction (Dickson, 2000). It is not unreasonable to propose a connection between
such instances and geoengineering, given that we know risk perceptions are “sensitive to
the history of controversy surrounding the issue or associated with technologies deemed
similar as a context to people’s attempts at making sense of an emergent technology”
(Pidgeon et al., 2012, p. 4180). Geoengineering techniques share with GMOs many of
the underlying issues, for example, uncertainties over impacts, potential for the paradox
of control (see Chapter 2), difficulties of transboundary impacts and the fact that there
are a plurality of approaches rather than a single technological pathway or discipline
(Pidgeon et al., 2012; also see Corner, Parkhill, and Pidgeon, 2012).

Given the discussion so far, what do our data say regarding the ways in which a process
of responsible innovation may operate in a real world example? Whilst many of our
participants were genuinely surprised and pleased to be engaged with, some were unsure
how their participation would be utilized (the dimension of responsiveness discussed by
Owen et al. in Chapter 2). As such it might be beneficial if the dimensions of responsible
innovation were overtly discussed with publics to help them and those involved in future
public engagement exercises to better situate their roles and responsibilities in the context
of (geoengineering) governance. We would also suggest that those involved in developing
geoengineering (and other emergent technologies) need to be visibly responsive to the
dimensions of responsible innovation, particularly in the context of our discussions,
listening to and reflecting on public engagement through the publishing of publically
available outputs. Yet, at the same time, we would also suggest that the responsible
innovation framework itself could benefit from more tangible engagement with various
publics – invited and uninvited, developed and developing nations.

We do not make such a suggestion lightly – we are fully aware of the difficulties
of public engagement. Yet we feel it important to underline the significant roles our
publics were able to take on during their discussions. Our participants became socio-
technical “scientific citizens” (Irwin, 1995; Macnaghten, 2010), philosophers, moralizers,
governors, regulators, ethicists, and much more. They questioned the role of scientists,
innovators, politicians, businesses and other publics. They made and challenged assump-
tions. They were cynical, sceptical, enthusiastic, and thoughtful, in the same breath as
provocative. More often than not, they were humble. Although, as we stated earlier,
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public engagement processes – particularly those upstream – pose significant challenges,
it is these qualities and “foibles”, which make publics particularly well placed to help
ensure we are at least committed to try innovating responsibly.
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