29.09.2016

Responsible Research and Innovation:
From theory to practice to integration

Phil Macnaghten
Professor of Technology and International Development

8 WAGENINGEN[NGEHE

iy

e

ce =new dilemmas’




Responsible (research and) innovation: what
IS it?

(How) can we steer the
development of science and
technology so that it meets [l
widely shared societal 1.

goals? IMPROVED LIVES

ILDING AN inneVvAT

An old idea — but set within 2 N 5 R
a new science and
innovation policy context

EUROPEAN [
COMMISSION | *
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cPSRC

Engineering and Physical Sciences
Research Council

What is ‘responsible innovation’ —and what is different
about it?

Why is it important — and why now?

Implications for UK research councils?

Defining Responsible Innovation

“Responsible Research and Innovation is a transparent, interactive process
by which societal actors and innovators become mutually responsive to each
other with a view on the (ethical) acceptability, sustainability and societal
desirability of the innovation process and its marketable products (in order
to allow a proper embedding of scientific and technological advances in our
society)”

(von Schomberg, 2011)

“taking care of the future through collective stewardship of science and
innovation in the present”

(Stilgoe, Owen and Macnaghten 2012)
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Obijective: to build a framework for
responsible science governance

Our approach:

Responsible innovation needs to respond to
kinds of questions that publics typically ask of
scientists and innovators, or would like to see
scientists ask of themselves

Purposes

Trust

Inclusion

Speed and direction
Ethics and trade-offs

® o0 oo
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Product questions

Lines of questioning on responsibility (derived from
public dialogue on synthetic biology)

Process questions

Purpose questions

What are the likely risks and

benefits ?

How should research and

innovation take place?

Why should this research be

undertaken?

How will the risks and benefits

be distributed ?

How should standards be drawn

up and applied?

Why are researchers doing it?

What other impacts can we

anticipate?

How should risks and benefits be

defined and measured?

Are these motivations transparent

and in the public interest?

How might these change in the

future?

Who is in control?

Who will benefit?

What don’t we know about?

Who is taking part?

What are they going to gain?

What might we never know

about?

Who will take responsibility if

things go wrong?

What are the alternatives?

How do we know we are right?

Anticipation

«From predictive to participatory
«Expectations and Imaginaries
«Tools
« Anticipatory Governance
«Vision assessment
«Scenarios
«Barriers to anticipation
*Guston, 2012; van Lente, 1993;
«Fortun, 2005; Barben etal,

Il

Reflexivity
[

*From 1% to 2" order
“Tools

«Codes of conduct

*Midstream Modulation
*Wynne, 1993; Schuurbiers, 2011;
*Swiestra, 2009; Fisher et al, 2006

«Dialogue and ‘mini-publics’
«The challenge of legitimacy
«Input and outputs

* Lovbrand et al 2011

R i

Inclusion

+The ‘new’ scientific governance

*Wilsdon and Willis, 2004; Grove-White et al, 1997;
+Goodin and Dryzek, 2006; Irwin et al, 2013;

ResponsjveRess .

oV; esign
« De facto governance

»Politigal economy of innovation
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Andicipadion’

What is
plausible?

What is

possible?

O ‘What if’ O
Consider guestions
contingency? o
o
3 O O

‘Anoticipatio

D::O

Increasing resilience
Shaping agendas for socially-robust research
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Indicative techniques and

Dimension
approaches Factors affecting implementation
Anticipation Foresight Engaging with existing imaginaries
Technology assessment Participation rather than prediction
Horizon scanning Plausibility
Scenarios Investment in scenario-building
Vision assessment Scientific autonomy and reluctance to
Socio-literary techniques anticipate

inclusion
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What publics and
stakeholders are
represented?

How diverse is

the group?

How much

How early O v
How serious and & are people care is given to
continuous is the consulted? group design?
discussion? o)
0O O O
o o ° (o)

I nclusion’

)

Dialogue as a learning exercise
Opening up a conversation on the social and ethical dimensions

. i Indicative techniques and
Dimension

approaches

Factors affecting implementation

Inclusion Consensus conferences
Citizens’ juries and panels
Focus groups
Science shops
Deliberative mapping
Deliberative polling
Lay membership of expert bodies
User-centred design

Open innovation

Questionable legitimacy of
deliberative exercises

Need for clarity about, purposes of and
motivation for dialogue

Deliberation on framing assumptions
Ability to consider power imbalances
Ability to interrogate the social and
ethical stakes associated with new
science and technology

Quality of dialogue as a learning

exercise
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Theory of
Reflexivity

( Observer )
World

Mindful of
framing of
issues

Self-referential
critique

Mirror to one’s O L
O own Aware of limits to
Second order commitments knowledge
reflexivity o
5 ° o) o)
o (0} o (o)

‘Reflexivity

9]

Institutional reflexivity
A public matter
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e ——
Indicative techniques and

Dimension
approaches Factors affecting implementation
Reflexivity Multidisciplinary collaboration and Rethinking moral division of labour
training Enlarging or redefining role
Embedded social scientists and responsibilities
ethicists in laboratories Reflexive capacity among scientists
Ethical technology assessment and within institutions
Codes of conduct Connections made between research
Moratoriums practice and governance

RESPONSIVENESS

29.09.2016
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Alignment to societal

values

Leadership
and openness

[®) O
O

O Ability to respond to

hew knowledge

Ability to
embrace
diversity

Ability to answer
new views and
norms

O
£ o

‘“Responsiveness

)

Commitment to the public interest
Alignment of actors

] ] Indicative techniques and
Dimenson
approaches

Factor s affecting implementation

Responsveness Conditution of grend chellenges and
thematic research programmes
Regulation

Standards

Open access and other mechanisms dfistitutional cultures

transparency

Niche management
Value-sensitive design
Provision of information
Labelling

Moratoriums

Stage-gates

Alternative intellectual property

regimes

New institutional structures and norms

Strategic policies end technology
‘roadmaps’
Science-policy culture

Institutional structures

Institutional leadership
Openness and transparency
Intellectual property regimes

Technological standards

29.09.2016
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Responsible innovation in action
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Climate engineering
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The Stratospheric Particle Injection for Climate

Engineering (SPICE) project

—

Climate Engineering:
CO, removal & Solar Radiation Management Approaches

Incoming Solar Radiation

=@=Sunshades

top of atmosahere

$r1%0s Stratospheric aerosols

Increase cloud albedo
Afforestation m‘

50km
tropopause

15km

Increase surface

albedo
Air & reforestation +
capture H
Human settlement P ; 3 Nutrient Carbonate p Enhantl:lg
Agricutture Bio-char i addition : * * ‘addition ownwelling
' Sea ke
[P [P 8,84C0 -__._’_.::~_._
Enhance

upwelling

Fig courtesy of Nem Vaughan & Tim Lenton




SPICE prOjeCt: Stratospheric Particle Injection for Climate Engineering

EPSRC, NERC, STFC funding
Obijective: to investigate the effectiveness of reflecting heat & light back into
space using stratospheric particles.

Evaluating candidate particles : what would be an ‘ideal’ particle to inject into
the stratosphere (maximizing solar radiation scattering while having minimal impact
on climate, weather, ecosystems and human health).

Delivery Systems: feasibility and design of using a tethered-balloon to inject
particles into the stratosphere. Use data from the 1km high test-bed project
computer models to investigate how a full-scale system might work at an altitude of

20km.

in

Climate and environmental modelling:
what can be learned from past volcanic eruptions. Also modelling the potential

impact on ozone layer concentrations, regional precipitation changes and
atmospheric chemistry.

SPICE FIELD TRIAL

Water sprayed through a 1-kilometre-
high hose will test equipment with
potential for climate engineering.

e—
BaiIoDn—,__,—‘— N\ Wind

e _,) \ / direction

1 kilometre

Figure Macnaghten and Owen, 2011

29.09.2016

14



Balloon Supported Aramid Reinforced Pipe
Design Pressure 6000 Bar

—> @

Stratosphere
(15-50km)

—

16.5 cm od pipe, 5 cm id
502 flow 120 kg /s
~3MTe/yr

Fig courtesy of SPICE project team

stgtleBE FIEl.dllﬂ'!'nghl. lomete

r el rou; -KHOm £2

Hih hiose il fest cquipment with The Stakes:
potential for climate engineering.

Balloon: ' Wind
- ,”! o A balloon 1 km high

spraying water over
Cambridgeshire

1 kilometre

or

engineering technology

Figure Macnaghten and Owen, 2011

UK'’s 1stfield trial of climate-

29.09.2016
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EPSRC’s Societal Issues Panel (approx. 2010)

The oversight
panel

* Aerospace engineer

* Atmospheric
scientist

* Civil society actor
e 2 social scientists

29.09.2016
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Stage Gate responsible innovation criteria

1. (Dimension: reflexivity)

e The field test deployment is safe, the principal risks have been
identified and managed, and are deemed acceptable.

2. (Dimensions: reflexivity)

e The field test deployment is compliant with relevant regulations.

3. (Dimension: reflexivity, inclusion)

e The framing of the project (nature, purpose) for external
communication is clear and advice regarding this has been obtained

4. (Dimensions: anticipation, reflexivity)

e Future potential application(s) and associated impact(s) have been

described and mechanisms put in place to review these as significant
information emerges.

5. (Dimension: inclusion, reflexivity)
e Mechanisms have been identified to understand wider public and
stakeholder views regarding these envisaged applications and impacts.

29.09.2016
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ETC Group
News relezse

27 September 2011
Www efcgroup org
‘W econewus info

SAY NO TO THE “TROJAN HOSE™ :
NO SPICE IN OUR SKIES, SAY ENVIRONMENTAL JUSTICE GROUPS

Orver 50 concerned groups from around the world are calling on people to sign an open letter
(link) acking the UK Govemment and Research Councils to scrap the controversial SPICE
expenment designed to test hardware for deployment of stratosphenic serosol injections as a way
to artificially cool the planet. The SPICE project (Stratospheric Particle Injection for Climate
mvolves four three research councils, several govemnment departments

along with private company Marshall Aerospace.

Groups signing the latter to Environment Minister Chris Hubne and the UK Research Councils
hope it will gather enough support before the test fo get authorifies to reconsider allowing the
controversial experiment to go shead. The experiment, which involves spraying water flom a
kilometre long hose suspended by a giant balloon, is scheduled to takie place on a disused
military aivstrip in Sculthorpe, in Nosfolk, UK between October 6 and 23id. Groups objecting to
the tast say it will send the wrong sigmal to the infemational . which adopted a
moratorium on seoensmneenng activities last October at the Convention on Biclogical Diversify
(CBD) in Nagoya, Japan.

“On the one hand, our is involved in around
bindiversty by funding. chairing and actively paricipating in discussions at the CED. Onlhe
other hand, it is preparing the hardware for d of lly very d

Eeoengineering tecknology. Such fests should certainly not be allowed to proceed before thers is
an infernational decision to £o down that path ” sayz Helena Paul of Econexus. one the NGOs
involved in the CBD talks and in the open latter.

Diana Bronson of EIC Group, an : £y watchdog says: “This 15 2 Trojan
Hose — ow objection is not that they want fo spray water but that fhey are preparing the
technology that can shoot sulfates into the stratosphere to &y to block sunlight from resching the

exth. This so-called Selar Radiation could have

altering patterns, iz foid splies s ubic healih, rstraying oo il
dimmishing the effectiveness of solar power, in addition fo many other known and unknown
impacts.”
&mﬁsm\ﬁwlewpmdhcmymguﬂmwgﬁdﬂhakmhzbmﬁenf
i to signal their

For more information:

Helena Paul, Econexus in London: cell: +44 (0)7724 711183
bopaul; or;

Diana Bronson, in Montreal: +1 514 629 9236

[News

Want to mimic a volcano to combat global
warming? Launch a Wembley-size balloon

Monster blimp would fire
water into atmosphere
Scientists hope droplets
can reflect the sun's heat

John Vidal
Environment editor

It sounds barmy, audacious or sci-fi: a
tethered balloon the size of Wembley
stadium suspended :mlm: above Easth,
linked to the ground den
hose pumping Saairads of o ot
minute chemical particies a day into the
thin stratospheric air to reflect sunlight
and cool the, A
But a team of British academics will
latet this month formally announce the
first step towards creating an artificial
vvluno golng with the world's
“gea-engineering” field test in
thnnex: few months. Theulnmug:

sphere that bounce some of the sun’s

energy back into space, so preventing it

{rom warming the Earth and diminishing

the effiects of man-made. .

Before the full-sized system can be
the research

Soimagine how big a helium balloon you

29.09.2016
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Stage Gate responsible innovation criteria

1.

(Dimension: reflexivity)
The field test deployment is safe, the principal risks have been
identified and managed, and are deemed acceptable.
(Dimensions: reflexivity)
The field test deployment is compliant with relevant regulations.
(Dimension: reflexivity, inclusion)
The framing of the project (nature, purpose) for external
communication is clear and advice regarding this has been obtained
(Dimensions: anticipation, reflexivity)
Future potential application(s) and associated impact(s) have been

described and mechanisms put in place to review these as significant
information emerges

(Dimension: inclusion, reflexivity)

Mechanisms have been identified to understand wider public and
stakeholder views regarding these envisaged applications and impacts

Stage gating — oversight and governance

SPICE FIELD TRIAL

Water sprayed through a 1-kilometre-
high hose will test equipment with

potential for climate engineering.

1 kilometre

Figure Macnaghten and Owen, 2011

Investment

Stage Stage Stage
Gate0 | Gatel| Gate?2
.

Time

29.09.2016
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EPSRC

Engineering and Physical Sciences

Research Council

HOME FUNDING

RESEARCH

Qur partfolio

Facilities and equipment

Centres and major
investments

Case studies
Partnerships

Framework for

A
Responsible Innovation

Anticipate, reflect,
engage and act (AREA)

Support

Expectations

Acknowledgements

and resources

Skip Navigatien | Accessibilty | Media Enquires |  Accep

Change text size: E E

RESEARCH INNOVATION

Home > R h>F for R ible I ti
FRAMEWORK FOR RESPONSIBLE
INNOVATION

EPSRC is committed to develop and promote Responsible Innovation.
This site reaffirms our own commitment and sets out our expectations
for the researchers we fund and their research organisations.

INTRODUCTION

Responsible Innovation is a process that seeks to promote creativity and
opportunities for science and innovation that are socially desirable and
undertaken in the public interest. Responsible Innovation acknowledges,
that innovation can raise questions and dilemmas, is often ambiguous in
terms of purposes and motivations and unpredictable in terms of
impacts, beneficial or otherwise. Responsible Innovation creates spaces
and processes to explore these aspects of innovation in an open,
inclusive and timely way. This is a collective responsibility, where
funders, researchers, stakeholders and the public all have an important
role to play. It includes, but goes beyond, considerations of risk and
regulation, important though these are.

As a public funder of research, we have a responsibility to ensure that
our activities and the research we fund, are aligned with the principles of
Responsible Innovation, creating value for society in an ethical and
responsible way. EPSRC does not wish to be prescriptive about how
Responsible Innovation is embedded in the research and innovation
process. We recognise that some researchers are already well engaged

NEWS, EVENTS AND

EPSRC

Engineering and Physical Sciences
Research Council

HOME FUNDING

RESEARCH

Qur portfolio
Facilities and equipment

Centres and major
investments

Case studies
Partnerships

Framework for
Responsible Innovation

Anticipate, reflect,
engage and act
(AREA)

Support
Expectations

Acknowledgements
and resources

RESEARCH INNOVATION

Skip Navigation | Accessibilty | Media Enguiries |

Change text size:

Home > Research > Framework for Responsible Innovation > Anticipate,

reflect, engage and act (AREA)
ANTICIPATE, REFLECT, ENGAGE AND
ACT (AREA)

A Responsible Innovation approach should be one that continuously
seeks to:

Anticipate — describing and analysing the impacts, intended or

Accept Gt

[al [

NEWS, EVENTS AND P

otherwise, (e.g. economic, social, environmental) that might arise. This
does not seek to predict but rather to support an exploration of possible
impacts and implications that may otherwise remain uncovered and little

discussed.

Reflect — reflecting on the purposes of, motivations for and potential

implications of the research, and the associated uncertainties, areas of

ignorance, assumptions, framings, questions, dilemmas and social
transformations these may bring.

Engage - opening up such visions, im
deliberation, dialogue, engagement and debate in an inclusive way.

acts and questioning to broader

Act - using these processes to influence the direction and trajectory of

the research and innovation process itself.

29.09.2016
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EPSRC Centres for Doctoral Training

Call type: Invitation for outlines
Closing date: 16.00 hrs 4 April 2013

Related themes: All

Responsible innovation

Science and innovation not only produces understanding, knowledge and value,
but it can result in unintended impacts, questions, and ethical dilemmas and, at
times, unexpected transformations in social life. In EPSRC we recognise that we
have a duty of care to promote approaches to "responsible innovation” which will
initiate ongoing reflection about the potential ethical and societal implications of
the research that we sponsor on behalf of the taxpayer and to encourage and
train our research community to do likewise.

As a research sponsor, our aim is to build capacity within our research
community to discuss and consider social and ethical questions. A key element
in building awareness and capacity will be through appropriate multi-disciplinary
training embracing aspects such as social science and ethics. However, we feel
we should not be prescriptive about such training but rather students and their
supervisors should be allowed to be imaginative and develop and discuss what is
appropriate within a broad framewaork,

EPSRC would like to encourage training around the concepts of responsible
innovation. In doing so you may wish to seek to consult and work with others
outside of the EPS sphere e.g. social scientists, ethicists and public engagement
experts.

Responsible innovation is not

29.09.2016
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Responsible innovation is not

, = | choice

Responsible innovation is not

Scientists

| \ Social
scientists &

ethicists

Division of

22



Responsible innovation is not

29.09.2016
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Embedding these kinds of questions into scientific

practice

Product questions

Process questions

Purpose questions

What are the likely risks and

benefits ?

How should research and

innovation take place?

Why should this research be

undertaken?

How will the risks and benefits

be distributed ?

How should standards be drawn

up and applied?

Why are researchers doing it?

What other impacts can we

anticipate?

How should risks and benefits be

defined and measured?

Are these motivations transparent

and in the public interest?

How might these change in the

future?

Who is in control?

Who will benefit?

What don’t we know about?

Who is taking part?

What are they going to gain?

What might we never know

about?

Who will take responsibility if

things go wrong?

What are the alternatives?

How do we know we are right?

29.09.2016
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Thank you!
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