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Executive Summary

This report was commissioned by the Department of Environment, Food and Rural
Affairs and has been undertaken by the ESRC Centre for Business Relationships,
Accountability, Sustainability and Society of Cardiff University. It aims to provide a
clearer understanding of the role which corporate social responsibility (CSR) currently
plays in influencing the activities of companies involved in the nanotechnol ogies industry
in the UK, and how CSR may contribute to protecting society from any health and
environmental risks which may emerge from nanotechnology applications in the future.

Structure of the Research
Findings are based on three phases of research which comprised:

Phase 1: A review of the literature on risks associated with nanotechnology and the role
of CSR  Two key elements of the literature review were to amalgamate all current
transnational and national standards and codes of conduct relevant to nanotechnology
sectors and the identification of general CSR criteriato be utilised in Phase 2.

Phase 2: an online suvey of global nanotechnology companies and products either
currently on the market or in development led to a sample of 78 companies based in the
UK, or with substantial Research & Development (R& D) and/or manufacturing capacity
in the UK, being selected for an online survey of CSR reporting. This study employed
quantitative and qualitative content analysis of these documents to examine the breadth
and depth of CSR reporting across six areas of material concern.

Phase 3 a programme of 22 interviews (7 public and 15 private sector) to examine
attitudes towards and assumptions about CSR activities relevant to the aims and
objectives of the research. If Phase 2 of the research concerned primarily what companies
reported publicly about their CSR activities, Phase 3 aimed to assess as far as possible
how companies and public sector actors understood the extent and depth of industria
activities in relation to CSR. It also included a roundtable event to allow interview
participants and other stakeholders to offer feedback on preliminary findings, and to
reflect further on the potential regulatory role of CSR.

Findings

Assessing these data in the light of the conceptual frameworks it utilises, the report finds
that the UK nanotechnologies industry remains in an early stage of development, with
progress very uneven across different sectors. Some commercialisation of products is
evident in fields like medical diagnostics and electronics, but most production of novel
materiasis still concentrated within industrial R&D.

One key finding from the research is that the scope of individual companies’ current CSR
activities is significantly affected by their size and the degree of commercialisation in
their sector. Two key areas where size and sector make a particularly significant
difference are:

Stakeholder engagement: wide engagement is not generally undertaken by
smaller companies. Further, companies also have mixed opinions about its
value: some see wide engagement as a valuable pedagogical device for
ensuring public acceptance of nanotechnological products. Others see it as an
expensive and in the last instance unnecessary activity.

CSR reporting: levels are very low among smaller companies and those
engaged in B2B activities and nanotechnology R&D (for example, 86% of
micro-companies and 73% of SMEs failed to report online on their CSR-
relevant activities at al).
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Nonetheless, the magority of the 15 companies we interviewed are engaged with
precautionary approaches to risk in the workplace, driven by existing regulations.
Elsewhere, some gaps in current practices are evident:

Assessment of risks at other stages in the product lifecycle is highly variable in
scope and depth, and its extent is dependent on severa factors:

company Ssize;

data gaps;

difficulties withrisk assessment methodologies,

costs;

availability of specialist expertise; and

the extent of business collaboration in producing and collating data.

Lifecycle risk management faces serious obstacles, the problem of orphan
products is perhaps not being widely addressed, and the role of stakeholder
engagement is currently limited

The report also identifies a number of drivers and inhibitors whose interaction is held to
affect how far and how widely CSR uptake has occurred, and which might continue to
exert a strong influence in the future. As well as company size and sector, these concern:

The extent to which CSR values are embedded within a company from senior
management on down;

The extent to which the market is seen as an arbiter of public acceptance of
new technological applications;

The perceptions within the company of costs of voluntary regulation;

The extent to which both CSR and some forms of technical expertise are
available to the company;

Intellectual property issues; and

The extent to which industry codes of conduct are seen as being of value.

Recommendations

The report makes several recommendations in Section 8.2, relating to what tools may be
needed in order to promote voluntary regulation as a response to the regulatory
uncertainty surrounding nanotechnologies. Regulators should:

Promote an effective industry code of conduct;

Facilitate access for al companiesto CSR and wider technical expertise;
Encourage collaborations between companies to develop CSR practices to
“crystallise” industry code of conduct, with the aim or promoting sectora
differentiationof practices and principles where appropriate;

Encourage sharing of CSR expertise within existing supply chains.

1 Introduction

1.1  Research Needs

This report aims to provide a clearer understanding of the role which corporate social
responsibility (CSR) currently plays in influencing the activities of companies involved in
the nanotechnologies industry in the UK, and how CSR may contribute to protecting
society from any heath and environmental risks which may emerge from
nanotechnological applications in the future.
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It has been suggested that regulators face considerable difficulties in regulating

nanotechnologies effectively, due to the wide variety of applications that employ
nanoscale science and to gaps in toxicological and other data relevant to potential human
health and environmental impacts. The benefits of voluntary regulation are seen as lying
chiefly in the contribution it may make to anticipatory and proactive management of
emerging risks, and in integrating different areas of concern. An example of such a view
isthe EU’s “Nanotechnology Action Plan” (EC 2005), where respecting ethical principles
and integrating societal considerations into the development of nanotechnologies is seen
as important at every stage of development.

This report provides below a comprehensive analysis of how CSR is currently viewed by
nanotechnology companies and public agencies involved in governance. Building on data
obtained via range of investigative methods, the report concludes with some
recommendations to policymakers regarding the potential future regulatory contribution
of CSR and how this may be promoted and devel oped.

1.2  Aimsand Objectives
The primary aim of this research is to assess the current penetration of CSR approaches
into the nanotechnologies industry, together with what drivers and inhibitors may
influence the future development of voluntary approaches to regulation. Specific
objectives were as follows:

1. To conduct a comprehensive review of the role of CSR policies, statements and
strategies within the nanotechnologies industry. This is intended to provide the
basis for:

0 ldentifying current practices and adequacy of modes of CSR within the
industry;

o ldentifying, where relevant, any existing gaps within practices,

o Providing an analysis of current measures from lega to self-regulatory and
their effectiveness;

0 Mapping current products and key industry players.

2. Tointerview arange of key companies on matters relating to risk management and
risk assessment and to identify drivers, inhibitors and motivational pressures
influencing the practices of companies within this industry and whether there are
distinct drivers across the industry as a whole or whether there are sectora
differences.

0 To follow the interview phase with a ‘round table’ event of key stakeholders,
held at DEFRA in London, in order to provide feedback on desk based and
interview findings and provided the industry, researchers and policy makers to
respond to findings to date, as well as to contribute further to the research viaa
scenarios exercise and subsequent discussion.

3. To conduct final analysis and to synthesis the gathered data to provide:

0 A setor drivers and inhibitors that influence the practices of industry including
factors which motivate the marketplace activity, modes of governance, the role
of media and public perceptions, lega liability and the role of scientific
protocols;

0 A life-cycle assessment of the role of CSR and assessment procedures from
pre-market, manufacture, use to disposal, it will also consider the priority of
factors involved in decision making and how where practicable companies
undertake assessment of risks without the full knowledge of potential risks;
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0 An assessment of the temporal assessment of the future uses of nanoproducts
after commercialisation;

0 A range of targeted recommendations to identify the most effective means to
manage potential environmental and human health risks associated with
nanotechnologies and to provide, where applicable, exemplar models of
practice.

1.3  Scope of Report

The report is divided into 7 sections. Section 2 outlines the methodological background to
the project, including its basic conceptual framework. In Sections 3 and 4, we present an
analysis of the results of the research, relating findings to key technical aims related to the
project’s main aims and objectives. There we examine, inter alia:

The extent to which companies report on their compliance ad beyond
compliance activities;

At what level of specificity this reporting operates;

What mechanisms of external assurance and oversight are in place;

How far companies consider CSR to be capable of making a vauable
contribution to protecting society from health and environmental risks; and
What assumptions are made by actors from the private and public sectors
about the opportunities and obstacles which surround CSR.

Sectiors 5 through 7 draw on these results in giving an overview of drivers and inhibitors
which may affect future yptake of CSR, and gaps in current practice. Finally, section 8
draws a number of conclusions from the foregoing results and provides a number of
recommendations which are intended to address some of the issues raised in sections 5
through 7.

The report aso includes eight annexes, which contain in detail the evidence to support our
anaysis. In particuar, Annex 3 deals with the on-line review of CSR documents
published by identified companies, whilst Annex 6 contains a breakdown of data from
both the public and private sector interviews. Finally, Annexes 7 and 8 provide details of
the scenarios created for the round table event, together with an analysis of discussions
and feedback from the event.

2 Methodological Background
2.1 Conceptual Framework

The conceptual background which informed our analysis of the results from these two
phases identifies a baseline understanding of CSR, which conceptualises companies as
social entities, not just private ones, whose responsibility to comply with certain norms of
behaviour extends beyond the expectation that it should make profits for its shareholders.
A company can have a range of impacts on society through its profit-seeking activities,
and therefore it has certain obligations to contribute to the management of these impacts.

One might isolate three steps to continuous improvement in the business practices by
which these impacts are |ooked after:

(a) Ensure compliance with legidation to the fullest extent;
(b) To proactively manage impacts beyond the level of compliance with existing
regulation; and
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(c) Ensuring that reporting on these activities takes place (with a preference for
external audits).

One way of thinking normatively about how this might operate (which informs phases 2
and 3 of the research, and our conclusions and recommendations) is to see a need to
develop a dynamic ongoing relationship between high level values, concrete policies and
regular reporting on key performance indicators.

This idea of continuous improvement has to be qualified, however. What actually
becomes the subject of improvement is, some scholars have argued, one of two models of
CSR performance. In other words, there are two contrasting directions in which CSR
values, policies and reporting can move.

The recent EU-funded RESPONSE study (RESPONSE 2007) of firms' attitudes to CSR
has identified two main orientations of CSR — towards minimisation of risks both to the
business and to society across the spectrum of a company’s activities on the one hand —
“do no harm” — and towards adding added positive dimensions of social value to the
company’s business activities - the company as “positive socia force” (see Figure 1
below).

Figurel: Corporate Social Responsibilitiesasa continuum (Peder sen 2009)

Modelling CSR

‘Do no harm” I‘erup ective ‘Pasitive farce’
Environment Minimise environmental ‘ - Be on the forefront of
footprint. sustainable innovation.
Products Be a market-driven product - Develop and market new
and service provider. "ethical’ products and services.
Employees Create jobs and ensure —_— Invest in education, career
% - o .
Z| | health and safety. development and diversity.
=
Communities =5 Avoid negative impacts —» Contribute to the
<2| | on local communities. community well-being.
"
| oy
Government Z| | Comply with rules and — Move beyond rules and
| ? :
| | regulations. regulations.
=
Shareholders Maximise shori-term « > Maximise long-term
shareholder value. shareholder value.
Stakeholders Meet expectations of — Meet expectations of primary
primary stakeholders. and secondary stakeholders.
Society Be an accepted member —_— Be an respected member
of society. of society.

The research is structured into three distinct but interrelated phases.

2.2 Phase1: Literature Review

Initial work on this project was directed at producing an exhaustive literature review of
academic, policy, and ‘grey’ literature relating to the role of CSR as a self regulatory tool
for the nanotechnologies industry. This was crucial not only to shape the main work on
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identifying current scope of CSR within the industry but also to identify general CSR
Criteria for application in Phase 2. This literature review is appended to this report (see
Annex 1) and that part of the review touching upon the famework of CSR is to some
degree replicated in the main body of this report.

The literature review examined research on: (a) NST risk and uncertainty; (b) regulatory
developments in the UK, EU and USA; (c) CSR thinking on areas of direct relevance to
the NST industry; and (d) current international and national CSR standards and
guidelines (see Annex 2). From this, six material CSR criteria (see Table 1 below) were
identified which were postulated as areas of concern which companies and regulators
should address to develop a comprehensive and integrated approach to “responsible
innovation”.

Tablel1l: Material CSR Criteria
Environmental Impacts = Including statements around specific environmental impacts of

current activities, but also definitions and programmes of
sustainable devel opment

Health and Safety What measures are undertaken to safeguard the safety of workers
and the safety of consumers?
Access Is IP shared with developing countries? To what extent are

upstream commitments made to sharing other benefits and
promoting development (NB this excludes corporate
philanthropy, defined as sharing of profits)

Social acceptance and To what extent are a range of internal and external stakeholders

understanding included consulted and/or informed about the company’'s
activities and future plans?

Legal compliance and What declarations are made about compliance with legal statutes,

liability regulatory regimes (including statements about judgements of
liability made against the company)
Risk management Is information provided about general approaches to risk

management and responsible innovation within the company
(such as LCA, product stewardship, precautionary approaches)?
This is in addition to specific statements about safeguarding
consumers and employees, or the environment — it concerns
whether systems of risk analysis are explicitly discussed.

2.3 Phase 2: Online CSR Survey

Phase 1 was followed by an online suvey of global nanotechnology companies and
products either currently onthe market or in development. The purpose of Phase 2 of the
research was to examine how companies involved in the nanotechnology industry in the
UK reported online on their CSR activities. From this survey, 78 companies based in the
UK, or with substantial R&D and/or manufacturing capacity in the UK, were selected as
the basis for an online survey of CSR reporting (producing a sample of 68 documents
during the period September — November 2008). This study employed quantitative and
qualitative content analysis of these documents to examine the breadth and depth of CSR
reporting across six areas of material concern that were identified in Phase 1 (see Table
1).

Online statements from 78 companies, all of whom advertise their interest in
nanotechnology either through membership of industry associations or through broader
research programmes, formed the basis of this study. Because of the jurisdictional remit
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of the DEFRA project, al these companies are ones either based within, or with
substantial research and development capacity based within, the UK. As the focus of the
project concerns a broad-based concept of what constitutes CSR, these documents were
not limited to annual reports, but also included policy statements and published codes of
conduct. Companies tend to incorporate more than one form of commitment in reporting
their CSR activities. These can range from general guiding values, through specific policy
guidelines, to quantitative performance targets designed to aid continuous improvement.

Companies were categorised as either:
- Micros (typically making use of university-originated 1P, with <10 staff);
SMEs (>10 and <250 employees);
Large (over 250 employees but based in one country) ; or
Multinational/MNC  (with substantial production, research or distribution
operations in more than two countries).

They were further categorised according to their positioning in the supply chain.

The unit of analysis for the study was explicitly taken to be individual sentences within
documents, as sentences typicaly form the unit of analysis for studies of CSR statements
even when this is not explicitly stated (Tilt 2001, 196). Declarative statements containing
information either about general commitments, specific policies or quantifiable goals and
measures of progress were counted across 7 individual thematic categories (see Table 1
and Table 2). The classification of these statements was further broken down to indicate
whether they applied specifically and explicitly to NST-related activities or were more
general in scope, and whether they applied mainly to the company on whose behaf the
statement was made, or whether the information provided concerned the supply chain
with which the company does business.

Table2: Examples of Declarative CSR Statements

Examples of general declarative CSR “We support efforts to improve access to
statements medicines around the world, in both developing
and developed countries.” (Access)

“We are committed to reducing our impact on
climate change.” (Environmental Impacts)

Examples of specific declarative CSR  “To help us better understand patient needs we

statements have set up advisory boards in the US and Europe
with representatives from a wide range of patient
groups.” (Social Acceptance and Under standing)

Examples of quantified declarative “We set new targets to reduce our climate change

CSR gstatements impact (CO, equivalent emissions) and energy
use in operations, and transport from 2006 levels
by 20 per cent per unit of sdes (based on a
constant exchange rate) by 2010 and by 45 per
cent by 2015.” (Environmental Impacts)

Statements were coded as “general”, “specific’ or “quantified”, and frequency statistics
for these three categories of statement were used to provide “profiles’ for different
categories of company across the various material CSR concerns, with the aim of
mapping the kinds of normative commitment upon which different categories of company
report. Only statements which related directly to the material concerns outlined above
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were recorded. These material concerns were taken to reflect the different dimensions
which would have to be included in order to build a comprehensive and integrated
approach to “responsible innovation”. No account was taken of philanthropic initiatives,
or community initiatives which did not relate specifically to stakeholder engagement or
access considerations as outlined above.

In addition, a qualitative analysis was undertaken to identify examples where companies
have begun to develop (either individualy or in concert with others) systems of
stakeholder, risk and responsible innovation management. These may potentially be
useful both in responding to potential NST hazards, should any emerge, and in shaping
the future direction of NST development in ways which reflect material CSR concerns
about access, social acceptance, environmental protection and product stewardship
through a product’s lifecycle. This analysis also considered, by way of comparison with
examples from the main sample, the NanoRisk Framework (NRF) developed by DuPont
and Environmental Defense, and the CENARIOS *nano-risk assessment tool” developed
by Innovationgesellschaft GmbH in Switzerland, and AssuredNano’'s certification
standard of the same name (at the time of writing, full documentation was not yet
commercially or publicly available). For the purposes of this study, DuPont's CSR
contribution was considered as an extreme outlier, given the unique nature of the NRF,
and was not included within the main survey.

A complete analysis of on-line statements is located a Annex 3.

2.4 Phase 3: Public & Private Sector Interviews

This phase consisted of a programme of 22 interviews (7 public sector and 15 private
sector) to examine attitudes towards and assumptions about CSR activities relevant to the
aims and objectives of the research

If Phase 2 of the research concerned primarily what companies reported publicly about
their CSR activities, Phase 3 aimed to assess as far as possible how companies understood
the extent and depth of their own activities in relation to CSR, and to relate these
understandings to those of government and public agencies.

Seven interviewees from public agencies and government departments were identified
with the assistance of DEFRA. 50 private companies were initially contacted, with
contactees being identified through the foregoing online CSR study, through previous
research on current products, via personal contacts, and via further online research (see
Annex 5). A series of 15 semi-structured interviews with representatives of companies of
different categories, sectors and positions in supply chain was undertaken as a result. In
both the public and private sector interviews, a set of interview questions were used as a
loose script for each interview (see Annex 4). Some difficulties were encountered. 13
companies (26%) declined to participate, with business confidentiality being widely cited
as reason for not participating, along with time and costs for SMEs of participating
(severa companies have been contacted by a number of researchers recently, as the
industry does not comprise a large number of companies). Four companies (8%)
responded by stating that they were not, technically speaking, involved in
nanotechnology. 15 (30%) companies did not respond despite various attempts to contact
them,, with a maority of these being companies involved in manufacturing consumer
products containing nanomaterials, some of whom did not have accurate contact details
on their websites.
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Limitations of Data

The interview sample, whilst including companies from a broad cross-section of the
UK nanotechnologies industry, does not necessarily enable a comprehensive
comparison between companies from similar sectors to be made. For example, while
such comparisons are to some extent possible between companies engaged in
producing specialty chemicals, the lower representation of e.g. the food, cosmetics and
pharmaceutical sectors make comparison difficult.

However, given that information from consumer-facing large and MNC companiesin
the cosmetics and pharmaceutical sectorsiswidely available online and has been
documented under Phase 2, extrapolating from the available interview datato a
broader picture of practices in these sectorsis arguably justifiable, with caveats.

Interview data for the public and private sector interviews was coded and analysed
according to different but complementary analytical foci (see Table 3 and Table 4 below),
which reflected the general stated aims and objectives of the research (see p. 7 above, and
Annex 6 for a complete breakdown of interview data according to these foci).

Table3: Analytical foci for public sector interviews

Public Sector

1. Government role in 2. Contribution of different 3. Extent of
promoting responsibility in  regulatory approaches. evidential gaps and
nanotechnologies industry. application of

precaution

4. Drivers within the 5. Companies concerns 6. Views on role of
industry that might regarding present and codesof conduct
encourage the uptake of future markets for their

CSR products

7. Examples of CSR in
industry/gaps in practices

Table4: Analytical foci for private sector interviews

Private Sector

1. Role of foresight/ 2. Nature and extent of 3. Sources of influence

anticipatory risk pre-market on company practices

management research/isolation of from within the industry
employee risk factors

4. External sources of 5. Technical questions 6. Temporal extent of
pressure which influence about manufacture, use risk assessment and
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practices and disposal which research and actions
influence product resulting from these
devel opment assessments

7. Extent and nature of 8. Extent to which 9. Influence of modes of
stakeholder engagement monitoring procedures governance on attitudes

practices for products containing to CSR
nanomaterials differ
from those not

containing nanomaterials

2.5 Roundtable Event

Following the phases 2 and 3 of the research, a roundtable event, hosted by DEFRA in
London, was held to which were invited public and private sector stakeholders who had
participated in Phase 3. The main part of the event consisted of a scenarios exercise (see
Annexes 7 and 8). This involved participants discussing and reflecting on three potential
scenarios for the next decade of nanotechnological development (“Low consensus, high
cost”, “High consensus, slow growth”, “High disruption, high growth™), and on the role
that voluntary regulation might play in changing the shape of these futures. These
scenarios were developed by the research team, based on work done on the EU-funded
Nanologue project, to reflect the initial conclusions of this project regarding current
strengths and weaknesses in CSR practice in the industry, and what factors might play a
role in driving or inhibiting CSR take-up.

3  Profiling Current Modes of CSR

3.1 Regulatory context

Based on Phase 1, it is evident that various national and regional jurisdictions are, at the
present time, pursuing modes of “soft” regulation which make a place for voluntary
action. These have included, for example, the voluntary reporting schemes to collect
information from industry on existing uses of nanomaterials in the UK (UK Government
2008b) and the USA (Environmental Protection Agency 2008). In the UK, the Royal
Society, Insight Investment and the Nanotechnology KTN have set up a working group
called Responsible NanoCode, which has produced a principles-based code of conduct for
the industry that stresses the need for effective and comprehensive risk assessment, wide
stakeholder engagement, and transparency, and which aims to be promoted on the basis of
a benchmarking model (Responsible NanoCode 2008). The German Chemical Industries
Association (VCI) has published a set of guidelines to help companies understand the
responsibilities pertaining to nanomaterials under the EU’s new REACh regulations (VCI
2008). For its part, the EU’'s “Nanotechnology Action Plan” (EC 2005) promotes the
integration of CSR concerns with private sector activities both at a high level and
throughout business practices.

However, some have argued that the promotion of voluntary approaches faces difficulties:
some suggest that voluntary initiatives do not produce high-quality data unless they
include effective incentives, are properly transparent, and are made mandatory after an
introductory period of some years (Hansen and Tickner 2007). Whether there is currently
any great appetite across the nanotechnologies industry for collaboratively developing
frameworks of best practice is difficult to determine on the basis of existing research.

Drawing specifically on Phases 2 and 3, a number of key findings were observed in this
regard. One of the key findings of the study was that most companies who engage in CSR
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see it as a tool to reduce risks and operational cost; only companies with very high
social performance rankings — a subset for the most part of the set of al large and
multinational companies - think about CSR as a means to drive product innovation and to
contribute to social values beyond those with afinancial dimension

3.2  Levesof reporting

From analysis of ontline statements, 86% of micro-companies and 73% of SMEs failed to
provide either a code of conduct, policy statement or annual report that addressed one or
more areas of material general CSR concern identified in the survey (see Figure 2 below).
Moreover, there were very few documents that made explicit reference to a company’s
nanotechnology activities, only 12% (8 out of 68 submissions across 43 submitting
companies) overal. There was in general no explicit and detailed discussion in any of the
documents examined of nanotech-related activities across any of the material CSR criteria
on which the survey focused. In general, it was assessed that micro-companies and SMES
who make submissions do not tend to refer to external CSR reporting standards or codes
of conduct. In contrast, submissions by MNCs regularly referred to external standards
(see Table 14, Annex 3) with ISO 14001 with the highest recorded number of references
with 13 of the 68 submissions.

Figure2: CSR Statements Available Online by Company Type
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The sectora profile (by SIC 2003 division) of the reporting sample shows that the lowest
level of reporting was among companies engaged primarily in R&D, including research
on nanomaterials and nanostructures. This sector sees a heavy representation of micro
companies (see Figure 3 below).

Use of third-party auditing for CSR reporting is widely recognised as essentia to build
trust and credibility (see e.g. GRI 2006). However, those micro-companies and SMEs
who make submissions do not tend to refer to external CSR reporting standards or codes
of conduct. Some degree of auditing is more common among MNCs, but even here is far
from universal (6 out of 22, 27%).
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Figure 3: Provision of CSR documents by industry sector (n=71)
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3.3  Extent to which NM-specific monitoring procedures are used

In the workplace, NMs are treated largely in accordance with existing risk management
protocols developed in response to existing regulation, although in some cases NMs are
treated according to additional protocols and with extra toxicology and risk assessment
being done. Products incorporating nanomaterials are made to meet the same standards as
apply to other comparable products, although in consumer-facing sectors, regulations are
seen as stringent enough to ensure that adequate pre- market research is done.

34 Influence of modes of governance on attitudes to CSR

Our Phase 3 interviews showed that companies were more or less unanimous in seeing the
impacts of taking mandatory regulation beyond what exists at present as potentially very
destructive. Nonetheless, regulatory uncertainty was also seen as destructive — athough
uncertainty was not itself widely seen as a strong incentive for companies to self-regulate.
Further, to place measures, which are currently beyond compliance into part of a
mandatory regime (e.g. LCA for new NMs), or extending REACh to all new NMs, were
seen as particularly disproportionate.

Companies were keen for better and more formal modes of engagement with regulators to
be in place, allowing more informetion to be exchanged, but also saw codes of conduct,
perhaps endorsed by government, as a big step forward. Companies tended to be
confident that the current regulatory situation would not change too much in ways which

H No

Yes
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might have a negative impact on their business, athough consumer-facing companies
saw it as holding some potentia threats, notably through EU-based labelling legidation,
which was seen as a blunt instrument. The cosmetics company we interviewed in
particular has acted in anticipation of this by demanding more public communication
from the EU on the balance of risks and benefits on e.g. sunscreens. Their argument for
taking this action was that labels would be interpreted by consumers primarily as
warnings.

3.5 Extent and nature of stakeholder engagement practices

Results from Phase 2 suggest that wider $akeholder engagement activities are very
uncommon among smaller companies. In addition, Phase 2 results show that even among
larger companies there is limited evidence of systematic approaches or of the setting of
specific performance targets in this area (see

Figure4 below). Further, little evidence was found to indicate that access to technologies
in the developing world is an issue much addressed in general CSR documents, although
one pharmaceutical company we interviewed in Phase 3 indicated that public perceptions
of inequalities in access to products have been a major factor in their revision of their
stakeholder engagement practices. This was borne out by evidence from Phase 2, where
companies involved in the medical/pharmaceutical sectors tended to be most interested in
more upstream, systematic and consultative modes of engagement. Within the
submissions from these companies, it was evident that in many cases these approaches
reflected responses to previous negative publicity.

From our Phase 3 interviews, it is evident that B2B companies, small and large, tend to
view stakeholder engagement as difficult, costly, and being best undertaken through
intermediaries (media, government, industry bodies). Across all sectors represented in the
interviews a frequent assumption appears to be that the rapid commercialisation of
beneficial products is seen as a key route to positive public perceptions, irrespective of the
impacts of stakeholder engagement activities. Along with this view tends to come the
assumption that it is individual products that are the subject of acceptance and rejection,
rather than whole technologies, unless these technologies are created as an object of
specific concern through e.g. the advocacy action of CSOs

Figure4: Stakeholder Engagement Profile by Company Type (n=68)
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4  Extent of LCA Approach
4.1  Foresight

Little evidence of systematic proactive management of product risks/product stewardship
approaches is available from the online CSR submissions of smaller companies. Even
larger and multinational companies tend not to frequently set themselves quantifiable
reporting targetsin this area.

Nonetheless, there is strong evidence from Phase 3 that activities which fall under
different analytical foci (see Table 4 above) and which reflect, to varying degrees, a “do
no harm” interpretation of CSR (see Figure 1 above) are engaged in by all the companies
we interviewed. This is despite there being notable differences in levels of reporting on
CSR among different categories of company and sectors (see section 3 above). Notable
exceptions were the three pharmaceutical and medical diagnostics companies we
interviewed, whose responses contained marked elements of a “positive social value”
approach to varying degrees (with the strongest indicators provided by larger companies).
The orientation towards risk minimisation extended from strategic foresight activities,
through occupationa health measures, to the employment of risk assessment protocols for
products.

There is, therefore, some evidence of anticipatory approaches to risk being employed
across different dimensions of companies’ activities. Some examples of areas into which
companies current foresight activities and thinking extend include:

The extent to which different approaches to product stewardship might be feasible
for NST-engaged companies of different sizes and sectors.

Some evidence among SMEs that a lack of regulation and a need to anticipate risk
can drive innovation.

Views that anticipating specific risks and uncertainties associated with products can
sensitize companies to potential areas of regulatory change.

A general sense that the role of industry or sectoral codes of conduct in making this
kind of risk management more systematic may be valuable.

The majority of companies we interviewed, across different sectors, claimed to employ
precautionary occupational health risk protocols, focused on minimisation and monitoring
of exposure within the workplace. Five of the smaller companies we interviewed (and two
of the multinationals) attributed their precautionary
commitments in part to values and attitudes held by directors or

senior management which reflect their experience in larger
technology companies or university research centres, which
have become embedded within the working practices (the compa
“DNA”) of the company. Larger companies tend more to working
describe well-established systems, e.g. “risk banding”, that have cutting
evolved across the full range of their operations in response to technolc
existing regulations.

Smaller companies, working at the cutting edge of technologies
in many cases, are perhaps closer to emerging risks, and

risks

potentially highly sensitized to them. Examples exist of specific
and extensive pre-market human and environmental toxicology
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being developed by individual companies, with some companies suggesting as a result
of their experiences that existing toxicology protocols tend to be unsuitable for NST
purposes, and better ones would encourage more pre- market research.

4.2  Technical questions

Although smaller companies tend to represent CSR as relatively inaccessible to
companies like them due to high costs, they undertake anticipatory assessments of the
risks and uncertainties which surround potential product development options in a way
similar to that taken by larger companies. Most companies we interviewed tend to
distinguish between:

i) Products with established benefits which are expected to be accepted by
consumers or business customers;

if) Products surrounded with known uncertainties which can be dealt with by
established precautionary protocols; and

i) Products where persistent and difficult to resolve scientific uncertainties make
them unacceptabl e business risks.

4.3  Temporal extent of risk assessment and research

One area where costs undoubtedly may impose considerable limitations on what measures
are possible for smaller companies is temporaly extended risk assessment and
management — through LCA, product stewardship and so on.
With respect to LCA, it is true that, given the early stage of
development of most sectors, many gaps affect the feasibility of
LCA, particularly in relation to data and modelling, even for
larger companies. However, costs of performing LCA for
products and, often, a lack of access to relevant expertise are
anticipated to make implementation difficult for smaller
companies.

Although they may not currently report on their activities in this
regard, our interviews show that approaches to product
stewardship are being explored by smaller companies, especially
those who have experience of industry codes such as Responsible
Care. For larger, consumer-facing companies, temporaly-
extended risk management is typically seen as essential to the manufac
company’s business. LCA is seen as extremely important, and product,
bespoke analytical tools are available for the assessment of

products, often developed by industry associations. Nonethel ess,

gaps in toxicological data, together with the early stage of product development in many
cases, are seen as maor — if not insuperable — obstacles for the use of LCA in
nanotechnological contexts.

Liability for orphan products has not been widely considered by smaller companies, but
where it has, the problem is seen as related to |P ownership passed up or down the supply
chain.

5. Drives
51 External Pressures

If small and large companies show capacity for foresight and precautionary practices to
avoid and/or mitigate business risk, there are clear differences between their attitudes to
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external pressures to adopt CSR measures, which appear to reflect their different
positions in the supply chain.

Many companieswe interviewed see business risks from negative public perceptions, and
relate these to inadequate communication by industry, government and media, with some
also citing the distorting effects of CSO activities. This is reflected in views of wider
engagement as being essentially about educating the public — not in terms of enabling
people to understand the science, but to appreciate the benefits of particular products.

But outside larger consumer-facing companies, there is little evidence (with some
exceptions) that perceived external pressures are driving changes in practice, particularly
where communication with stakeholders beyond peer companies, business customers and
employees are concerned (out of 13 norrconsumer facing companies of all sizes
interviewed, only four showed signs of extending

engagement beyond this circle).

CSR in th

5.2 Sze and sector

It is undoubtedly true that both the degree to which [RAACULE
companies are involved in activities which address “[...] we bas

a range of
doesn't use

material CSR criteria, and the extent to which they report
on them, are heavily influenced by their size and sector of
operation. Profiles for all CSR criteria analysed in Phase
2 demonstrate that much higher levels of general, specific
and quantifiable statements are produced by large
companies and MNCs, and that overall there is more for Japanes
integration of codes of conduct, specific policies and companies

performance targets in the reports produced by larger us because
businesses. The need to survive in the short term may

trump longer term views (cf. Baker 2003): “one of the X

real challenges for CSR is specificaly for small metal in the
companies where a long term - a long timeframe is six (company

months” (Company G). Without extra capacity (such as

might be provided by a department dedicated to dealing

with CSR practice, for example), smaller companies face

major difficulties developing comprehensive and integrated approaches to CSR. Further,
B2B companies, of al sizes, and those involved primarily in R&D activities, are less
likely to report or engage in CSR.

5.3  Supply chain pressure

A common concern for smaller companies is that, compared with larger companies, they
face cost pressures and an associated shortening of their temporal frame of reference
which may reduce their capacity for developing “beyond compliance” approaches. A
major concern for many of these companiesis, first and foremost, “getting the technology
to work” in ways which are functionally useful and add value to products. Determining
what technologies may add value to products is, for example, a significant concern for
smaler (and indeed, for larger) companies. Navigating markets and finding likely
customers is also a source of time and financial costs for small companies, an effect in
many cases of the sheer number of potential uses for novel materials.

Nonetheless, some of these pressures may themselves be important sources in motivating
CSR. For example, small manufacturers of NMs typically seek collaborations and
investment from larger companies, often beyond the EU. The CSR requirements of
operating within these supply chains may often be significant, forcing companies to treat
the costs of going beyond compliance pragmatically as business costs. Seeking ways of



21
adapting to the requirements of the supply chain is a crucial way in which smaller
companies can reduce their business risk.

The majority of CSR documents from larger companies analysed in Phase 2 make clear
that commitments from suppliers to follow certain EHS standards or practices are
required by their larger customers. As Figure 5 below indicates, our data suggests that
multinational companies in particular (who naturally tend to source materials from a wide
range of suppliers) often have a marked focus on specific supply chain policies. This was
borne out by the interviews we conducted: the need for smaller companies, particularly in
the speciality chemicals sector, to develop collaborations with larger companies to
develop products creates expectations among smaller companies that certain best practice
standards as well as regulatory compliance will be required of them. In some cases, this
led to changes in business models and manufacturing processes.

[...] we basically have a range of material that doesn't use any cadmium and
that really is a big deciding factor for Japanese companies to work with us
because they just don't like any heavy metal in their products. [...]So that's
going to be again another, another key issue for us to work with that in terms
of lifetime and performance and everything else that they outperform | guess
the cadmium based materials. (Company M)

Figure5: Statements on Supply Chain requirements by Company Type (n=68)
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54  Embedded Values
A range of companies small and large pointed to the influence that direction from senior
management can have on CSR activities. For MNC
companies, a change of CEO was seen as an event CSR in
which could have an enormous influence on DNA?
perceptions within the company. Smaller companies y
traced the influence of experienced directors or other “So you
members of senior management within working live it
practices in the company. This was particularly 1
apparent in relation to the implementation of
precautionary measures in the workplace, where
attitudes were aso buttressed by the natural orientation

need to
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of “overcautious’ scientists (Company M). It was also apparent, however, in genera
attitudes towards long-term liabilities. As one SME noted,

it's no use trying to hype up the technology, make a quick exit, get those
original shareholders, make those original shareholders money and then
leave the, if you like, the next generation of shareholders or owners with a
long-term liability.(Company G)

The importance of such values as a way of expressing a fundamental connection
between the normative assumptions of companies and those of the society in which
they operate was also stressed by severa interviewees. As one remarked: “no
responsible company should be in a position that says we want to take more risks than
the societies in which our customers are based are willing to actualy tolerate”
(Company G).

55  Freedomto operate

Public sector interviewees tended to assume that reputation and publicity are two key
drivers in causing companies to adopt CSR measures, due to their effect on company’s
position in the market. Companies tended to concur, interpreting these factors as
necessary components of their “licence to operate’, which required them to anticipate
future shifts in regulation and to satisfy themselves that their products and practices
complied with current regulations. Proactive attitudes to environmental and health
implications were seen as bringing key benefits to the industry, by helping to head off the
threat of costs being imposed through future legislation, and other business risks: “being
ahead of the game and under standing what the issues area in terms of both our customers
and our staff, that's far better than being told later” (Company K). This was also one of
the main drivers behind companies feelings about wider public engagement, which they
expressed in terms of the need to help the public understand the atual benefits of
nanomaterials and nano-enabled products. A connection between market advantage and
CSR was made by most companies interviewed.

5.6  Coordinated guidance and assistance

Where companies reported having access to guidance, information, expertise and
financial assistance for developing CSR policies through contacts they happened to have
within and outside industry, this was seen as having been a maor incentive to adopt a
more CSR-based approach. To make it more likely that CSR measures would be adopted
across the board, several companies suggested that it was necessary for government (and
in some instances, industry bodies) to take a more coordinated approach to providing
information, guidance, and in some cases funding for the support of CSR activities. These
measures could include the following:

i) Providing a research framework which helps companies focus EHS research
on specific areas where data and modelling gaps exist;

i) Setting firm guidelines (on the model operated by the EPA) regarding “risk
banding” for the production of NMs and NSPs, so that a transition from
precautionary mode to full toxicological assessment is triggered by scaling up
production;

iif) Code-of-conduct based guidance formulated in concert with CSOs and
government to help companies (particularly in the food sector) dea with
uncertainty,

iv) Well-publicised provision of coordinated advice and support to early stage
companies to understand risk issues; and
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V) Seed money to help smaller and larger companies in the same and in
different sectors to collaborate on toxicological research

0. Inhibitors

6.1  Lackof accessto CSR expertise

Thisis a problem noted by several smaller companies (from different sectors), and seen as
a serious stumbling block. Going beyond compliance — whether this concerns individual
material concerns like stakeholder engagement, anticipatory risk management, EHS
issues, or integrating these issues in a framework which can drive subsequent reporting —
is seen as extremely difficult due to alack of coordinated support, in terms of information,
guidance and extra capacity.

6.2  Cost perceptions

Although much of the R&D necessary to drive NST development was being done by
smaller companies, these companies are perhaps least able to bear the costs of
implementing proactive CSR measures, particularly where long-term risk management,
e.g. through LCA and product stewardship, might be a matter of concern. This point was
made emphatically by two companies we interviewed closely involved in industrial R&D.
In relation to cost problems, one interviewee noted that cost may deter companies from
even trying to find out about CSR, as it appears not to be something companies like them
can engage in: “they don't want to hear” (Company G).

High degrees of safety testing, LCA research and monitoring were al seen by one of
these companies as much more feasible for sectors where there are large mark-ups on
products: such an approach it was suggested, “does not work at all on anything else bar
the pharma industry; never has, never will” (Company K). In general, at least some
perception of CSR beyond basic compliance as having high costs was almost unanimous
among smaller companies interviewed, with ome seeing in particular the pressures that
would derive from future regulatory costs (particularly with REACh now exerting
additional pressure) as potentially crippling for the whole European NST industry if the
future development of regulation was not undertaken with particular sensitivity to the
needs of smaller companies.

6.3  Lack of effective regulatory engagement

Smaller companies we interviewed noted that making sure compliance is possible for
companies is amaor contribution of itself, which means ensuring that they are aware that
they should comply with existing regulations. Noting that there may be around 4.5 million
small companies in the UK, one interviewee wondered

how many of those companies actually have a comprehension or understanding
of what the regulations really mean and how they affect their business. There's
not enough education done | think on engaging people to actually help them
understand what their obligationsreally are. (Company N).

If such awareness exists, then it may itself be a driver of further CSR activities. Without
such awareness, however, further steps may be very difficult.

6.4  Intellectual Property Right Issues

Although business confidentiality issues were not widely discussed by interviewees, some
interesting comments were made about the specific role played by intellectual property in
stimulating growth in emerging technologies and the pressures that this could exert on
companies to avoid e.g. opportunities for public engagement and other voluntary
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measures in case commercial commerciality was compromised. Labelling was
mentioned as ae area in which IP issues of this kind could act as a barrier, and two
companies in particular (K, L) noted that data gathering exercises such as voluntary
reporting schemes, together with public engagement exercises, would face difficulties:

[...] thisis still very much an experimental type technology because you can
make massive changes in functionality very easily. Then you know, you have to
hold the IP close and | think that's what the NGOs find somewhat difficult to get
their heads round (Company K).

6.5  Competing standards

As was evident from Phase 2 of the research, a rumber of codes of best practice and
codes of conduct are becoming available. There was significant concern among both
private and public sector interviewees that perceived or actual competition among these
frameworks might slow down the take-up and implementation of CSR. A collective action
problem might result, with companies waiting to see which of the available standards
would become “the only game in town” (Public 7). It was widely thought that the industry
and public profile of any standard or code would be the key to its success. Participants in
the Scenarios Exercise and some companies interviewed in Phase 3 suggested that
government backing, provided perhaps via a set of well-publicised criteria thought
necessary for any standard to be effective might be a way forward.

6.6  Effectiveness of standards

Some interviewees noted that for any voluntary standard to be effective and to attain a
high profile, it has to include strong oversight mechanisms. The problem of oversight is
frequently mentioned in literature on CSR initiatives as a cause of perceived
ineffectiveness (e.g. Gunningham 1995). Without such oversight, it was thought that any
voluntary standards would be ineffective. Overcoming this problem was seen as very
difficult: one company suggested that a full and thorough implementation of independent
and professional oversight via review committees which did not include stakeholders
would be one way forward: “you almost wart professionals who have no axe to grind”
(Company G).

6.7  “Themarket will decide”’

As noted in section 3 above, one of the key assumptions evident behind the responses of
several smaller B2B companies (six in total) we interviewed was that the primary
criterion for increased penetration of nanotechnologies would be the commercialisation of
products that consumers would buy (rather than the acceptance of whole technologies).
Two companies aluded to the public acceptance of mobile phones as an example of how
this market—led dynamic might operate. If such a dynamic is widely accepted as the
primary mode through which societal concerns become aleviated, or at least neutralised,
then there is less incentive for smaller companies to extend their CSR activities beyond
risk minimisation in the workplace and compliance with standards in the supply chain.

1. Gaps

7.1  Inadequacies of data

There was widespread recognition among companies interviewed that persistent data gaps
continue to provide cause for concern. With respect to human health, these include the
nature of potential hazards and characterisation of reference materials, but also include
uncertainties about the best approaches to acute and chronic exposure modelling,
toxicological methods more widely, and testing protocols. These gaps also extend to
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environmental exposure, where fates of NMs, complex interactions with the
environment and latent effects continue to be of concern.

7.2  Lifecycleanalysis

These data gaps present a particular problem for wider adoption of lifecycle approached
to risk management. Here, in particular, the lack of modelling capability for complex
interactions between NMs and the environment or human body is felt particularly keenly
by smaller companies, particularly in the food sector. Another issue is that many products
or materials remain at a very early stage of development, and so filling data and
methodological gaps remains attendant on further development. It was evident from our
interviews that larger consumer-facing companies had more capacity, as well as access to
more data, but here the problem was seen as one of fostering further
industry/academic/government collaboration, given that “nobody has been able to put all
of the pieces together” (Company C).

7.3 Orphan products

Discussions of orphan products and successor liability in interviews were marked by little
evidence that smaller companies had considered this issue in depth. Two SMEs and
micros dealing with innovations in electronic components or spun out from wiversities
interpreted this issue in relation to IP arrangements. In the event of the company’s
dissolution, one company saw |IP and liabilities returning to the university, with the other
interpreting them as being taken on by larger customers who had incorporated N’s
proprietary technology in their mobile devices, textiles etc.

74  Sakeholder engagement

Generdly and for the most part, both private and public sector interviewees (with some
exceptions, mainly in the public sphere) saw the role of CSR in terms of risk
minimisation, “do no harm”. It is here that the problem of ELSI, the economic, legal and
social impacts, of emerging technologies and the proper place of these considerations in
the activities of companies becomes relevant. As one interviewee noted,

the question is: what is the purpose of regulation? And | think [ ...] that, in the
debate, that fundamental question is often lost and my view of regulation isit's
[...] effectively society's willingness to accept risk (Company G).

As recent studies (e.g. Gavelin, Wilson et al., 2007) of the various upstream public
engagement exercises undertaken in response to the Government’s Outline Programme
for Public Engagement on Nanotechnologies suggest, one dimension of public concern,
which may have a significant affect on acceptance of technologies (as it arguably did with
GM: see Kearnes, Grove-White et al. 2006), is the extent to which uncertainty is openly
discussed in relation to both the risks and benefits of emerging technologies. If regulation
reflects societal acceptance of risk, then it may also be thought of as representing
society’s acceptance of persistent uncertainty also. These persistent uncertainties may,
over time, crystallise around technologies and not just individual products, due to various
factors which may include but are not necessarily reducible to CSO advocacy activities
(see e.g. Kearnes and Wynne 2007).

In this light, there is perhaps a significant disconnect between the observation made by
several participants in the roundtable Scenarios Exercise, that latent health and
environmental impacts of new technologies (not products) may, in any event, be
unforeseeable, and the views of stakeholder engagement held by the majority of public
and private sector interviewees, as summarised in Section 3 above. These views can be
seen as a reflection of the drivers and inhibitors discussed previously, in so far as they
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represent wider stakeholder engagement as difficult and costly, but also often as a
necessary means of communicating benefits of specific products (as opposed to
technologies) to consumers. Treating stakeholder engagement as, primarily, a means of
communicating certainties may reflect assumptions about how best to minimise business
risk and societal risk — by getting across “the facts’ about products. But upstream
engagement has, as one of its aims, transparent discussion about uncertainty and how it
can be managed and responded to.

8. Conclusions and Recommendations

8.1 Conclusions: Current Scope of CSR

There are several key conclusions to be drawn regarding the current scope of CSR in the
nanotechnologies industry, which indicate both strengths in the industry as well as
significant gaps in practice:

The UK industry remains in an early stage of development, with progress very
uneven across different sectors. Some commercialisation of products is evident in
fields like medical diagnostics and electronics, but most production of novel
materias is sill for industrid R&D. The scope of individual companies CSR
activities is therefore significantly affected by their size and the degree of
commercialisation in their sector.

Two key areas where size and sector make a particularly significant difference are
in stakeholder engagement and CSR reporting:

0 Wide stakeholder engagement is not widely undertaken by smaler
companies. Further, companies also have mixed opinions about its value:
some see wide engagement as a vauable means of ensuring public
acceptance of nanotechnological products. Others see it as an expensive
and in the last instance unnecessary activity, as the market is seen as being
a more reliable mechanism for ensuring products with demonstrable
benefits are successful.

0 Public documentation and reporting of activitiesis very low among smaller
companies.

Most companies interviewed are highly engaged with precautionary approaches to
risk in the workplace, driven by existing regulations.

Assessment of risks at other stages in the lifecycle is highly variable, and its extent
is dependent on several factors: company size, data gaps, difficulties with risk
assessment methodologies, costs, availability of specialist expertise, and the extent
of business collaboration in producing and collating data.

A wider sample of companies would be necessary to fully assess how far these
issues affect different sectors, but it is evident that outside large companies,
lifecycle risk management faces serious obstacles, and that the problem of orphan
products is perhaps not being widely addressed.

8.2: Recommendations: Future Scope of CSR

1) Promote an effective industry code of conduct: to assist in overcoming regulatory
uncertainty, the promotion of an effective code of conduct (which provides both high-
level and concrete guidance on how to address areas of material CSR concern) is
essential. This is necessary in order to avoid the potential for competition between
different codes of conduct in the near future. Forms that such promotional activity might
take might include:
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Setting out requirements that any such code should include (both in procedural
terms, e.g. being developed by multiple stakeholders, and substantive terms, e.g.
to include reporting requirements, regular external auditing, adoption of proactive
and systematic models of stakeholder engagement);

Promoting being benchmarked against the code as a condition which suppliers of
goods and services to public organisations should meet; and

Focusing on encouraging adoption by larger companies in order to exploit their
supply-chain influence on smaller companies.

2) Facilitate access to CSR and wider technical expertise: it is essentid that
benchmarking against any such code should be adequately incentivised for smaller
companies, with access to regulatory information, CSR consultancy expertise,
toxicol ogical/risk management expertise, and possibly financial assistance. Bodies such as
NanoKTN could conceivably play a key role in encouraging the sharing of expertise.

3) Encourage sectoral differentiation: the development of principles and guidelines to
make a code of conduct a concrete urce of guidance for different sectors should be
pursued, which may require the setting-up of sector-specific working groups to allow
guidance to “crystallise” in forms suited to the specific conditions which obtain in
different sectors (a recommendation which was also made by participants in the
Roundtable Exercise). Companies who have already developed, or are developing
positive models of CSR and/or technical risk assessment and management expertise
should be used to energise activity.

4) Encourage sharing of CSR expertise within existing supply chains: it is not only
pressure to be benchmarked against codes of conduct that should be exploited by
regulators. Transfer of CSR knowledge and experience down the supply chain, with
sharing of resources, should also be encouraged. Exemplar models of practice should be
formulated.

Beyond these recommendations, however, wider questions should perhaps still remain
very much on the agenda for regulators. The degree of involvement in and reporting on
CSR activity is highly variable, as suggested in this report, and dependent on interactions
between a range of drivers and inhibitors. Does it
therefore make sense to conceptualise a more responsible
future as one in which more and more companies adopt
CSR policies, gradualy adopting high-level vaue
commitments which are realised in specific policies and
assessed against quantifiable performance targets?

According to this view, more effective voluntary
regulation requires incremental improvements in different
areas of CSR concern to close CSR gaps. But even if
these gaps are closed, it is possible that such a view would
be seriously mistaken. We stated earlier (see p. 8 above)
that business own understandings of CSR tend to fall
somewhere on a continuum between “do no harm” and adding “ positive socia value’. To
assess the future contribution which CSR may make to regulating nanotechnologies, it is
also necessary to ask which kind of CSR we will get, if incremental improvements go on
being made, and what kind emerging technologies might need.
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This point is particularly pertinent with respect to how best to address public concerns
(which may as yet be at a low level, based on recent research on public awareness of
NST). If effective regulation of emerging technologies involves building consensus about
what kinds of risks and uncertainties society is prepared to accept, then it may be asked
whether enacting policies that reinforce the assumption that CSR is about “minimising
risk” may be for the best.



Annexes

Annex 1: Literature Review
I ntroduction

At this point in time, the assessment of the social, juridical and ethical consequences of
nanotechnology relies more on hypothetical or even specul ative assumptions than on rigorous
scientific analysis. (Renn and Roco 2006, 154)

Governments have responded to the rapid development of nan
(hereafter NST) by proposing a variety of regulatory appro
face is how to develop an adequate and proactive regul
risks, in situations where strong scientific evidenc [ available, although
plausible risk scenarios may be (Hansson 2004). A proach ich promotes ex

either traditional risk regulation, or the precautionarisapproach that is currently
law. The reactive nature of traditional risk regulation tr ulatorsin a
of being unable to regulate while waiting for evidence of risk to arrive (Dorbeck-Jung 2007,
268-9). At the same time, the st

e science and technology
he major difficulty they

d precautionary roach is itself dependent on

with the European missiof, The aim is to _produce a system which is both flexible and
efficient at gatherigQ¥gformation, as well as fostering a “ culture of responsibility” (European
Commission 2008a, 7)

ty with which any regulatory system will have
to copg! These comp otential risks of current applications of NST on human
i %p{éble consequences of future applications which may
develops. Importantly, the uncertainties faced by
ot just a metter of “data gaps’ which affect our understanding of e.g. the
ties of /current nanomaterials;, they also arguably derive from “moral
by the potential economic and social consequences of NST
research (Dorbeck- 007, 267). We then end with a brief survey of how the regulatory
context in the Europgan Union, United Kingdom and United States contains provisions for
voluntary regulation, before going on to examine corporate social responsibility criteria
which are germane to NST applications, and how aurrent international and national CSR
frameworks articulate some of these genera criteria.

become ible as the
regulators
toxicological
gaps’ which are

Future Potential: Uncertain Benefits and Risks

In deciding what regulatory approaches might be best suited to oversee the development of
nanotechnologies, it is necessary to weigh visions of the potential benefits which may flow it
againgt anticipations of the risks which may result (Wolfson 2003). However, the keyword
here is “anticipation”. Manipulating matter at the nanoscale exploits the novel properties
which particles and structures with at least one dimension of a most a few hundred
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nanometres can have. But these novel properties, and how they might be exploited in the
future, are by their very nature the source of much uncertainty and ignorance (Swiss Re 2004,
Nel, Xia et al. 2006, 622-3). Many properties are thus ambivaent or ambiguous in terms of
their potential for risk (Renn and Roco 2006, 163-4; Swierstra and Rip 2007, 17). At the
moment, much of nanotechnological research concerns what has been caled “passive”
technology (Roco 2004), generaly involving the engineering of particles in order to produce
novel material structures and compounds, including for example carbon nanotubes, quantum
dots, and nanoscale metal oxides, which can then be incorporated into other applications and
products (Allianz 2007, 28-9). In the future, it is postulated that the skills and knowledge
gained through the early development of nanotechnology will lead to radical innovations in
the creation of complex nanostructures, which will in turn enable systems incorporating
numerous individual nanoengineered components to be built (R Roco 2006, 156-7).
The potential of such developments for revolutionising erials science, computing,
environmental management, medicine and other fields is ense (Anton, Silberglitt
et a. 2001). Nanotechnology is often represented as a t could enable other
existing approaches to engineering (including informati hnology biotechnology) to
converge, with far-reaching results (Bainbridge 2007y

Whether such expectations about future generétions$,of nanotechnological evolUtion can be
fulfilled is highly uncertain, and will depend upon sciégtific deelopments wider socia
conditions which are entirely unpredictable from the standgir{ihe present (Keiper 2007).

Concerns about the potential negativeeconomic, social andiethical consequences of future
innovations have nevertheless been 'wi articulated in se to the continuing
development of “first wave” nanotechnelogy, have incl uc%‘e impact of advanced
nanotechnology on the economies of developing countries (Corfea 2005; ETC Group 2005;
Hunt 2006), the possible impact of technological convergerice on accepted definitions of
the development of new generations of

regulatory responses to the uncertain futures of
nanot ing with such concerns directly as a necessary element of
' Mernance Council 2006), and as a means of securing

ch into an uncertain future (Siegrist, Keller et a. 2007).

ent” (as opposed to traditional “risk assessment”) in the

from government,
allowing socia conc
177; Gavelin, Wilso

ustry,and commentators in the potential of stakeholder engagement for
and ethical debate to be publicly articulated (Renn and Roco 2006,
al. 2007).

However, regulatory responses to the current uses of nanotechnology have themselves to deal
with conditions which, over ten years since the founding of the US National Nanotechnology
Initiative, are till characterised by widespread scientific uncertainty and ignorance about the
potentia risks of current nanotechnology applications (Bijker, de Beaufort et al. 2007). In
toxicology, characterising the risk of a given substance generally requires a thorough
description of its hazards and the potential for exposure of humans (and other organisms) to
these hazards. Current uncertainty about risk is generated by a continuing lack of knowledge
in both these areas. We now move to examine some of the areas of uncertainty and ignorance
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which hamper the application of traditional risk assessment and management approaches to
current NST devel opments.

Nanotechnology hazards: the status quo of current knowledge

Human health

There is no way to establish in some general way what the hazards associated with
nanoparticles of different elements are. When particles of familiar elements such as
aluminium and carbon are engineered at the nanoscale, it is true that some characteristic
changes in properties are shared by nanoparticles of different elements, such as larger surface
to volume ratios and changes in surface conductivity. It is also tru at physical properties
like these (as opposed to chemical ones) are seen as crucid in g whether or not a
particular nanomateria is hazardous (Chatterjee 2008, 342). er, the gecific variations
in such properties across different nanomaterials, and in t in which these materials
may interact with the environments in which they ar may be such that
characterisation of hazards is not possible until a e and used |n a
particular context (Uskokovic 2007, 46) or depl
Alvarez et a. 2008), as it is often interactio ween ambient properti

biological properties of the pulmonary or dig ive% Nose of the napématerialsin
guestion that produce unforeseen outcomes. Further, Farmful effects protuced by these

complex interactions may only emerge over a long peno&fQ;ne. Finaly, the properties

in a particular env

which may cause problems tend to be which are not usually considered in toxicological
testing regimes (Oberdorster, Maynard &t al. and the amo f nanomaterials which
are ingested may be so small as to make measurem ifficult (EnQlert 2007).

the health haz d;és@ociatzﬁth even a single material is
bon nanotubes (SWNTSs) s an example. SWNTSs are widely

applications for their high conductivity. They are expected

products/6r the first wave of nanotechnology (Besley,

a growi er of studies have indicated that introduction

larly the lungs) can cause damage like that produced by

, however, that this effect may only be produced by
(Donaldson, Poland et al. 2008).

m phenomena such as oxidative stress (Oberdorster 2004).
However, there is most no dose-response data on such hazards (UK Government
2006, 42), and data ong-term hazards will have to wait until currently ongoing in vitro
and in vivo studies” (Thomas and Sayre 2005; IRGC 2006, 22-3) are completed. The
importance of understanding the parameters which govern how NSPs can interact with the
human body over time is vitaly important given the strong possibility that some
nanomaterials will not be expunged by the body’s natural defences and may bioaccumulate
over time (European Commission 2004, 18; SCENHIR 2006, 50). However, studies on
bioaccumulation are still not far advanced (Allianz 2007, 4).

Environmental

Calls for greater priority to be accorded to ecotoxicological studies have repeatedly been
made by commentators and government advisors over the last few years (NSTC 2006, 31-2;
UK Government 2006, 88), in response to indications that the level of knowledge on the
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potential environmental fates and ecological effects of nanomaterials has been even lower
than on their possible effects on human health (Krug 2005). Questions have been raised about
the levels of funding given to studies on ecological risks: for example, Service (2004, 1734)
notes that the US National Nanotechnology Initiative claimed in 2004 that 11% of research
funding was spent on environmental studies, but that in fact the mgjority of this money went
on research into potential environmental applications of nanomaterials, not on toxicological
studies of existing materials. Despite greater efforts being made in this area, knowledge
remains piecemeal (Lubick 2008, 1821-2).

The priority of improving ecotoxicological knowledge is underlined by the need to
understand what environmental fates are possible for easily-trangportable nanomaterials
(Kuzma 2007, 1087), which requires that their behaviour both | ution and & colloids
should be understood (Klaine, Alvarez et al. 2008). It is also vital because of the variety of
potential hazards which are beginning to be indicated by r uch of this research has
concentrated on the dangers which maybe posed to key such as daphnia and
fish (Oberdorster 2004; Blaise, Gagne et al. 2008), alt ce of some earlier
studies has been subject to debate (Stern and Mc numerous other
lines of work have been opened up: some ave been _shown to inhibi

plants (Hannah and Thompson 2008, 296), Mad %s in ways thal/alter their
bioavailability, bioaccumulation and movement (Suthetland, Bailey et al. 2008, 823), and

may be harmful to important soil microorganisms (Klaine, %ﬁ al. 2008, 1842-4).

tic sp
he signi

Nanotechnology exposure: an overvi

In characterising the potential risks posed by nanomaterials, thé second key aspect after
hazard is the degree to which human and\environment (y; re may occur, ad through

through the skin ( Bruske-Hohfeld et a. 2004; Nel, Xia et a. 2006, 624-5). Research is
continuing on the various pathways that free nanométerials may take through the atmosphere
and through aquatic anthterresikia environmeénts, if released through e.g. a research
laboratory acci or throughyproduct s

nariomaterials can vary depending on how they are
produc d used. ExpoSlire pathwgys can also vary throughout a nanoproduct’s lifecycle,

exist at the various stages of a product’s life (Aitken, Chaudhry et a. 2006, 305-6).

Toxicologica research therefore continues to investigate whether or not workers, consumers
and the environment may become exposed to free nanomaterials during, respectively, the
manufacturing, use and disposal of free nanomaterials. For example, the potential for workers
being exposed through inhaation to e.g. carbon nanotubes during the manufacture of either
the nanotubes themselves or products incorporating them has been of great concern (Stern
and McNell 2008, 6), and to date has congtituted one of the main areas of NST health risk
research (Donaldson, Aitken et a. 2006). However, because of the knowledge gaps
concerning hazards discussed in the previous section, to date, risk assessments on
nanomaterial manufacturing processes have only been able to concentrate on the risks
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attendant on the manufacturing processes themselves, not on the risks of exposure to specific
nanomaterials themselves (Robichaud, Tanzil et al. 2005).

Use and consumption of nanomaterials brings with it a different set of concerns. As more and
more nano-enabled products enter the market across different sectors (Brumfiel 2006),
research is beginning to focus on the more widely used materials that are being incorporated
into consumer items, such as nanosilver (Chen and Schluesener 2008; Friends of the Earth
2008, 27; Luoma 2008), as well as carbon nanotubes (Kohler, Som et a. 2008). As medical
use of nanomaterials increases, questions surrounding the routes taken by nanoparticles
through the body and their eventual fates will become more urgent. Research on these
pathways and the kinetic properties of nanoparticles more generally remains scanty (Hagens,
Oomen et a. 2007). Derma exposure, through the use of eg. Ti sunscreens, has aso
been investigated (Schulz, Hohenberg et a. 2002), with some ies showing that the typical
size of metal oxide nanoparticles makes such a source re unlikely (Nohynek,
Dufour et al. 2008). As well as exposure to nanomateri uantum dots through
medical uses such as in drug delivery (Chan 2006), fu

The potential for migration of nanomaterials during use,or /d&%l makes th%sport and
fate of potentially persistent materials such as nanotubes apd metal oxides bei ng a particular
focus. Among the key anticipated
purification (Bellobono, Morazzoni et

potentlal of such gplications
uctures i the environment necessitates
rt partlcularly through aguatic and terrestria

of studies (e.g. Cheng and Cheng 2005;
7 2008). The potential for exposure of key
ed in relation to the foundations of ecosystems. Studies on
ealth, of terrestrial ecosystems) have suggested that
jg (Throback, Johansson et a. 2007), but are few and
es within marine sediments and on marine invertebrates

h need which threatens to hamper work into human and environmental
exposure scenarios r new instrumentation and testing methods which can detect
nanoparticles distributed within rea-world environments (Maynard, Aitken et al. 2006;
Englert 2007).

Regulatory Responses: M aking Room for Voluntarism

Being clear about the extent to which the current situation is characterised by uncertainty and
ignorance, as well as clear risk, is vital to framing regulatory action. The International Risk
Governance Council (IRGC) has suggested in an influential white paper that four categories
of risk can usefully be applied in understanding the potential hazards posed by NST: simple,
complex, uncertain and ambiguous (IRGC 2006). A subsequent report stressed that the
present generation of mainly passive nanomaterials may pose at most complex risks, with
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future generations of NST development (leading e.g. to the manufacture of active
nanostructures and their incorporation in living systems) may create Situations where the
effects of using nanomaterials are highly uncertain or ambiguous (Renn and Roco 2006), both
in terms of their toxicological impacts and their broader social consequences (for example, in
the sphere of human enhancement). The assurance that further risk research will lead in the
near term to sufficient characterisation of nanomaterial hazards has been criticised, lowever,
on the grounds that the limitations of knowledge in the present, especially regarding the
toxicological effects of persistent nanomaterials in the long-term through mechanisms such as
bioaccumulation, make some of the more serious potential risks very uncertain indeed
(Bijker, de Beaufort et a. 2007, 1218-19).

Callsfor pre-emptive regulatory action have been widespread, and
the scope of action advocated. Some have called for moratoria
of nanomaterials (ETC Group 2003). Other comment
precautionary measures on the part of researchers and ind
of workers engaged in NST research and manufacturi

varied enormously in
the production and release
e cadled for voluntary

2004) proposed that nanomaterials should be
chemicals, and that free nanoparticles should be remo
environmental exposure. The question of whether Ranomaterials are “substantially
equivalent” to bulk forms of the sametehemical remains a guestion to which reviews of
regulatory responses in different national jurisdictions have dr Q/zention (e.g. RSYRAENg

2004, 86; Ludlow, Bowman et al. 2007)\ The pertinence of this igSue is marked, as various
d stddies of current regulatory
approaches (e.g. Franco, . case-by-case assessment of

nano- and bulk version [ [ [ aterials have often demonstrated substantial
differences between the two ty differences can often be shown to be vitally
important in det [ can be argued, therefore, that a key
requirement of regulato obilise data-gathering on nanomaterials

tors where NST is developing, and how to
use this ractice gui

man : ye public acceptability of NST research, wide

omoted. To fulfil al these requirements, severa
and academiato develop flagship voluntary initiatives.

We now provide a Ily brief survey of responses at the government level from the UK,
EU and USA to thelisks and uncertainties surrounding NST. A common theme across
jurisdictions has b an incremental, step-by-step approach to the regulation of
nanomaterials, concentrating on already defined exposure scenarios (e.g. in the workplace),
utilising current regulations as much as possible, and avoiding blanket regulation across what
is largely felt to be a difficult to define technological sector. Linking these approaches with
effective transnational regulatory models (Marchant and Sylvester 2006), backed by
comprehensive international databases of nanomaterials (Put 2004, 120; Allianz 2007, 36) is
crucialy important, with international product standards offering one regulatory model which
could facilitate further development (Lee and Jose 2008, 117). The role of industry in the
interim as a partner in helping to promote voluntary forms of regulation and in taking
proactive precautionary action where necessary has also been emphasised. We briefly survey
in section 5.ii the prospects for the development of voluntary regulation, before going on in
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section 6 to look at some general CSR criteria which voluntary frameworks should
incorporate, and in section 7 at how some extant examples of such frameworks embody these
critieria.

European Union
In the EU, an incremental testing and regulatory programme (EC 2004, 23-4) is currently
favoured. Part of this approach is to encourage industry to pursue stakeholder dialogue, build
in life cycle risk assessment, and to take into account the wider impacts of its activitiesin line
with CSR criteria (EC 2005). In order for this approach to work, however, commentators
have argued that a number of modifications to the existing regime should be made (Franco,
Hansen et al. 2007, 180-2): occupational exposure be limited as far as possible, free NSPs
should be treated as inherently hazardous until shown otherwise
substances under REACh even if not produced in sufficient q
Franco et a. also point out that for an incremental appro
must be done, which requires overcoming the tendency fo
product data. Recognising that crucial knowledge gap
the key areas discussed above, a report for the
suggested that existing regulation should neverth
for the moment.

United Kingdom

The UK Government agreed with the RS/RAENg that nanopagticles should be removed from

waste streams and that their novel properti ean that they Should require specia testing

ith the RS'RAERQ’ s conclusion (2004, 77)

that a general moratorium on NST research would be i ropr¥ate, and that a case-by-case,

incremental approach would be required (U aa%nmm%Sb; 2008a). In order to obtain
e of current omaterials/production and to alow for the

creation of lifecycleprofiles, & voluntary reporting scheme was announced in 2006 by

coordinating research f
characterisation and expo
commitment to extending public participation in addressing
ly articulated in 2005 (UK Government 2005a), with the
%undertaken under the aegis of the Nanotechnology
Engagemenit, Group or NEGYGavelin, Wilson et al. 2007).
United Sates
The EPA ruled in 2008 that nanoparticles should be considered substantially equivalent
to bulk forms of th e element, despite the continuing debate over whether it is the
physical or the ch al properties of a given element that decide the risk potential of its
nanoscale form (Chatterjee 2008, 342). The EPA’s voluntary reporting programme, inspired
by the UK’s initiative, ams to fill existing data gaps on the potential hazards emerging within
the life-cycle of individual nanomaterials, and is running alongside a programme of research
amed at addressing outstanding risk research needs (NSTC 2006). As with other
jurisdictiors, the USA has avoided a sector-specific set of new regulations. In this
environment, it has been suggested that the regulatory approach in the USA may be pushed
ahead by individual states taking responsibility for “end-of-pipe’ regulatory measures in the
absence of any proactive lead from the federal government (Powell, Griffin et al. 2008).
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Voluntary Prospects

The various national and regional jurisdictions are also pursuing the possibility of voluntary
regulation as a way of responding to ongoing uncertainty. Ongoing initiatives include
voluntary reporting schemes to collect information from industry on existing uses of
nanomaterials in the UK (UK Government 2008b) and the USA (Environmental Protection
Agency 2008), together with the collaborative framework for dealing with risk developed
between the NGO Environmental Defence and DuPont (EDF - DuPont 2007), all which
emphasis the need to collect data to form lifecycle profiles of the risks of specific
nanomaterials. The Royal Society, Insight Investment and the Nanotechnology KTN have set
up a working group called Responsible NanoCode, to produce a principles-based code of
conduct for the industry that stresses the need for effective gad comprehensive risk
assessment, wide stakeholder engagement, and transparency (R e NanoCode 2008).
a set of guidelines to help

s under the EU’s new

REA Chregulations (VCI 2008).

However, voluntary approaches will have to overceme difficulties, with commentators
arguing that they do not lead to high-quality dat ess theysinclude effectiv tives, are
properly transparent, and are made mandatory aft iWory period of/'some years
(Hansen and Tickner 2007). Whether there is curr any® great appetite across the
nanotechnologies industry for collaboratively developingNrameworks of best practice is
difficult to determine on the basis of existing research. d\

For example, a recent survey of 40 c Germany 4314 Austria manufacturing
nanomaterials and/or products containing Ranomaterials origipating with others indicated a

near complete lack of anyvoluntary risk m ent framevork for nanomaterials (Helland,
Scheringer et al. ZMD of the 40 reporting that they did not actively investigate the

Q

possibility of huma’or environmental exposure of the materials they produced or used (ibid.,
642). Smilarly, abri
sectors conducted as an

rvey of/11 large companigs from the chemical and consumer goods
junci e EU-funded Nanologue project found that only 3 had
sibility policies, and that both stakeholder

socialy and ironmentally responsible. CSR is a means for a company to proactively
manage its impacti@n sociely and can provide opportunities for risk reduction and innovation.
In its “Nanotechnol ction Plan” (EC 2005) the European Union stresses the importance
of respecting ethical gfinciples and integrating societal considerations into the development
of nanotechnologies at every stage. Businesses need to take appropriate action to make use of
opportunities and limit risks while involving and informing stakeholders. “CSR management
also fosters innovation and risk reduction as stakeholders evaluate their own business
activities and strategies and map out current and future requirements and concerns’ (Schaller
2008).

The knowledge gaps which NST opens up provide space within which voluntary regulation
may serve as a \aluable way of putting flesh on the bones of a genera commitment to
precautionary handling of nanomaterials in workplaces, in the supply chain, and in the
marketplace and beyond. Corporate social responsibility provides conceptual and practical
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models for developing such a framework, with a view to promoting a culture of pro-active
ethical responsbility within industry (Carroll 1991). The idea that to promote future-
regarding corporate responsibility through a mixture of codes of conduct, best practice
models and gradual acculturation is in line with arguments provided by some ethicists on the
greater robustness of “virtue’ or “care’-based theories of responsbility in the face of great
technological uncertainty (e.g. Jamieson 1992; Keulartz, Schermer et al. 2004; Groves 2009).

Materiality

It is important for any industry to define and manage the most important CSR issues rather
than take a general approach to identifying “material” issues. Given the complex and varied
nature of the nanotechnology industry materiality will differ considerably from company to
company. The industry has the opportunity to address material i t at the beginning of
developing CSR strategies. While the detail of which issues areshaterial to each business will
vary there are common concerns that the whole industry must’ad in any CSR dtrategy if
it is to lead to any successful form of governance. Nat al mateéga CSR concerns are
negative; a successful strategy should balance the poteniti
careful assessment, mitigation and communication ofAisks.

Table5: Negative and Positive Impacts of Key Material Issmk/\ /
&

Material issue Negative impacts Positive impacts
Environmental - Release of manufactured -  Efficiency gains in
Impacts nanoparticles into the production due to cleaner
environment. manufacture and less
Life-cycle impacts of technology. resource use.
Problems a recycling and -  Nanotechnology-based
disposal phase. environmental
Manufacture of nanoparticles technology applications.
could be energy and resource
intensive.
Humanfealth ~ .  Scientific uncertainty regarding -  Opportunity for disease
the behaviour of nanoparticles in prevention (ed.
W the human body. improved food safety).
Privacy/human - Caollection of increasingly
rights sensitive data likely to raise

guestions about information
provenance and distribution.
Concern for civil liberties from

increasingly advanced
surveillance capabilities.

Access - Fears that the developing world - Potential to tackle
will not have good access to environmental and health
nanotechnol ogy due to issues in the developing
prohibitive costs. world.

Divide between the rich and the -  Poverty dleviation?

poor as only the rich can afford to
take advantage of e.g. high-end
medical applications.
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Acceptance/und - Little understanding/awarenessin - CSR can be used as a
erstanding general public about powerful communicative
nanotechnology and its potential tool to improve
impacts. understanding and

Concerns expressed regarding acceptance.
governance  structures  and

corporate transparency.

Liability - Difficult to establish a causal - CSR may be able to
relationship between the actions bridge some of the gaps
of a company and the resulting in legidation.
impact. - C as an enabler of
Concern that liability frameworks fhnovation.

are currently insufficient for the
regulation of nanotechnologies.
Risk that nanotechnology may
develop  outside  regulatory

control.
/ @
Sakeholder Engagement
It has become widely recognised that businesses are deeply enmeshed within various social
networks, members of which can indigectly or directly affé%;e affected by a company’s
operations. Voluntary strategies fo actively managi relationships with these
“stakeholders’ have been represent tageous to business and society

(Donadson and Preston 1995), both in texms of increasing the sacial legitimacy of business
and in accessing information which may be\germane to a ;:?/any’s operations. In particular,

good stakeholder relati ips are seen as\crucial in antiCipating and managing conflict
through negotiated tions, thus obviating the possibility that a conflict may have to be
settled through ext agencies) such as the courts or government agencies (Freeman 1984).
It has been argued that the practicality and ity of stakeholder management-based
ul for ggromoting CSR to managers (Jamali 2008).

social engagement activities in the context of technological
as been particularly stressed with regard to NST
al. 2006; Pidgeon and Rodgers-Hayden 2007), with

central to the deve
this subject are not
stakeholders are:

of dialogue around NST, but also note that “most discussions on
[tidimensional, multidisciplinary, or fully open” (433). These key

Technoscientists

Leaders of business and industry

Official or quasi-official bodies

Social science and humanities researchers
Fiction writers

Political activists

Science journalists and popular science writers
General public

NG~ WwWDNE



Munshi et al. raise a number of key points that have a bearing on the development of CSR in
the nanotechnology industry. Firstly, there is much definitional variation surrounding NST.
Given that defining CSR is also a contentious issue the addition of another complicated layer
of discourse to the CSR debate may prove problematic. There is a general lack of societal
debate on the socia implications of NST (Dunkley 2004), which leaves the social aspects
underrepresented. This is compounded by the fact that discourse on the social, economic,
legal and ethical implications of NST among social science and humanities researchersisin a
very early stage of development. Munshi et a. (2007, 439) note that “[...] researchers have
not produced literature yet, nor have they coaesced into functioning research communities’.

Political activists and NGOs (so crucial to the endorsement or critj of CSR) are wary of
NST developments and have tended to take a negative stance. However, some activists have
recognized that NST offers both potential benefits and sisk d have caled for the

application of the precautionary principle as a way of m ing nanetechnology (Montague
2004).

Like GM foods and bio-technology, NST has the/potential to produce fear

the general public, particularly with regards to.envir ment&t;lohuman health
is a “lack of trust in business leaders to minimize n hndhogy risks to Auman health”
(Cobb & Macoubrie 2004). The main problem at the rxorgeils that there is a lack of

confusion in

awareness in the general public of w ST is and what the future holds in this area “few
individuals are aware of this new science as entlre field [-kept secret” (Dunkley
that n o convince the public of

the benefits of nanotechnology; one way to\do thisisth hC

Munshi et al. (200’17;5?/ further points of interest. First, “[...]Jthe power to define what

is or is not nanoteghnology s with technoscientists [...] It is this very power that
privileges the tec
aspects’ (p. 446). Cruci
anngsdet hnical and

ironmental assessment and stakeholder management (Wood
and reduce potential sources of business risk, such as potential
labour unrest, or environmental damage (Orlitzky and Benjamin

1991) that tend to
governmental regul
2001).

Husted (2005) offersa“real options’ concept of risk management that could potentially be of
benefit to an industry where the risks are both significant and also frequently unknown, and
where “strategic adaptation by skilful, rigorous, and continuous management of unsystematic
(business) risk lies at the very heart of strategic management” (Bettis 1983). Husted (2005:
176) argues that “[a]s a real option, CSR projects provide a way of reducing the downside
business risk of the firm and are thus an essential element in the risk management of the
corporation”. CSR involves business decisions about the allocation of resources “careful
analysis of the costs and benefits of CSR projects in terms of cash flows, using traditional
techniques of valuation, often leads to the decision to forego such investments’ (McWilliams
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and Siegel 2001). However, in undertaking traditional cost-benefit analysis businesses often
fail to take into account the value of strategic flexibility that certain CSR investments may
Cregate.

Options quite simply confer “ preferential access to future opportunities’ . Real optionsinclude
both the option to undertake activities or to acquire. They allow a person or a firmto defer a
decision to commit resources until after the nature of an uncertain environment has revealed
itself. If future conditions turn out to be poor, hien decision makers can stop investment; if
conditions turn out positively, investment may continue (Husted, 2005: 177).

CSR may be used as an option to call upon the support and resources of stakeholdersin times
of crisis. A proactive CSR management system may provide mpany with strategic
flexibility that allows them not suffer too greatly when a riskA's reaézed. Such strategic
flexibility is crucial to the NST industry where so many of thefrisks are poorly understood; it
could allow companies to take pre-emptive action.

are captured by the firm. Indirect benefits inclugé the devel opment of firm-sp s that
are of value to the firm, but require further steps in%o tial of these
assets. In the case of real CSR options with direct bengfits, CSR may act as a vehicle for
innovation, which may provide atest of a product or servicébefore launching that product or
service to awider public” (Kanter 199

CSR and innovation
To be successful and innovative tod
environmental impact of their operational prac
collaborate with their/customers, suppliers and other blsiness partners in designing and
developing new preducts and sgrvices. The view that equates innovation exclusively with
high technology ard n roducts is slowly being abandoned and innovation is coming to be
understood as a broad, ti stematie” activity that takes place throughout the
enterprise . ; Hamel, 7 Vilaand MacGregor, 2007).

, companies consider the socia and
, stimulate employees to be creative, and

productive resources are developed and utilized to

inter pretative andither efor e subjective, rather than ‘rational’ and objective."
(O'sullivan, 2000:

The term “corporate social innovation” was first introduced by Kanter (1999: 125) who
argues that companies should use socia issues as a learning laboratory for identifying unmet
needs and for developing solutions that create new markets. The term corporate social
innovation can be defined as a way of "finding new products and services that meet not only
the functional needs of consumers for tasty food or clean clothes but also their wider
aspirations as citizens." (Patrick Cescau CEO of Unilever cited in Webb, 2007). Little explicit
attention has been paid to the space or fit between CSR and innovation i.e. very few
published works explicitly discuss CSR in conjunction with innovation (e.g., Midttun, 2007).
Implicitly, however, much work in each of the general domains of CSR and innovation has
overlapped, as in the case of sustainable development (Carpenter and White, 2004).
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There are two types of innovation that may be driven by CSR:

1. Innovations aiming at social improvements (i.e. health, education, community
development). Here the term socia innovation can refer to product innovations with a
socia purpose.

Nanotechnology is widely recognised as a great opportunity for disease prevention (e.g.
improved food safety); early disease detection (e.g. sensors for cancer detection) or medical
treatment (e.g. controlled drug delivery by nanocapsules). There has also been considerable
discussion about the potential benefits of nanotechnology in tackling issues affecting
developing countries (Turk, 2007).

2. Environmental or eco- innovation at the heart of their,work.

\

ecordesign, eco-p
rce for "environmentally

Sustainability innovations (also called eco-innovati
technology venturing) have been proposed as a ign growth"
(Dyllick, 1994: 60). Cleantech denotes new teehno and related business mogéls (such as
CSR) offering competitive returns for investors and cstomers while providing solutions to
global challenges through breakthrough product innovatign (Hockerts & Morsing, 2008).
Cleantech venturing is thus driven 0 main forces. hnology and competitiveness
ial problems in order to
generate new ideas (ibid.). At present there is a ' e will be environmental

rship, or clean

efficiency gairs in prodigction due to
[ QNS and |ess waste

use from the ability 40 build devices from the bottom up and
oper . bétter solar cells from molecular manufacturing

vironment technology applications, e.g. devices for waste

iniaturization effects, e.g. cleaner manufacture

efficiency gains
improve efficiency

as “CSR in action”. message is that an understanding and implementation of design is
necessary in order for"companies to include CSR in the production of the products, processes,
environments and services that create their image in the marketplace. The authors state that
SRD “focuses attention on the products, environments, services and systems that can alleviate
real world problems and improve quality of life.”

From the CSR point of view, interest has focused increasingly on certain corporate actions
and processes where companies have no choice but to innovate on several levels, including
products (where they have to satisfy the demand for socialy responsible products) and
processes (where they must pay attention to the implications of social responsibility across
the whole supply chain) (MacGregor & Fontrodona, 2008).
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However, as pointed out by Hockerts (2008), most companies remain focused on CSR as a
tool to reduce risks and operational cost; only companies with very high social performance
rankings think about CSR as a means to drive product innovation. Hockerts (ibid.) proposes
that corporate social innovation requires the creation of knowledge structures that result from
investments in corporate social performance. Blum-Kusterer and Hussain (2001) similarly
find that regulation and technological progress are the two main drivers for sustainability
innovations.

Conclusion
CSR is fundamentally about re-imagining the social contract between business and society. In
order to understand and classify the pro-active activities of companies, it has been suggested
that the CSR “imaginaries’ (deeply embedded assumptions abo nature and limits of
CSR) which underlie these activities should be mapped. CategOrizing approaches to CSR,
based on business own interpretation of how it should d i aterial CSR issues, has
become one influential way of understanding to what as penetrated agiven
industry, and with what emphasis. The recent EU-fu

placed somewhere on a continuum which h
No Harm” and “Positive Force”. The first of these conegntrateS\CSR activity .6n minimizing
health and environmental risks — and with them, busin isks. The second strives towards
adding positive socia value to the co iies in various ways. Examples
material concerns are given

below in Figure 6.

Figure6: Social responsibilities asa continuum (

Modelling CSR

‘Do o harm’ Pe rspect ive "Posiiive force’
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Minimise environmental
footprint.
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Shareholders
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Society
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Be a market-driven product
and service provider.
Create jobs and ensure
health and safety.
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Comply with rules and
regulations.

Maximise short-term
shareholder value.

Meet expectations of
primary stakeholders.

Be an accepted member
of society.

Develop and market new
‘ethical” products and services.

Invest in education, career
development and diversity.

Contribute to the
community well-being.

Mowve beyond rules and
regulations.

Maximise long-term
shareholder value.

Meet expectations of primary
and secondary stakeholders.

Be an respected member
of society.




Annex 2 CSR and Voluntary Initiatives: Current Transnational and National Frameworks Relevant to NST
Development

Table6: CSR and Voluntary Initiati ves: Current Transnational and National Frameworks Relevapt to Development
Transnational /\\
Standar d/Code of conduct Description Relevant principles

CENARIOS TUV SUD’s CENARIOS approach sets out | Includes an adaptation of the typical risk matrix used in risk

general requirements for a company’s overall | 8sessment  (classifying risks according to seriousness of
risk management system. consequences and according to probability of risk event
occurrence) which, given the lack of knowledge surrounding
the probability of particular potential consequences of the
introduction of an innovative technology, uses the seriousness
of these consequences as the primary classificatory variable.

Monitoring of information sources on product risk as the state
of knowledge changes is included as a crucia ongoing part of
the risk management system, recognising the extended temporal




European Commission Code
of Conduct for Responsible
Nanosciences and
Nanotechnologies  Research
(http://ec.eur opa.eu/nanotechn
ology/pdf/nanocode-

rec_pe0894c_en.pdf)

Published in 2008, this code of conduct is
intended to provide EU member states and all
stakeholders interested in NST with a set of
guidelines that seek to promote responsible
research. Member states are encouraged to
use the code as the basis of concrete
regulatory action, including encouraging
voluntary regulatory measures within their
jurisdictions.

aspects of the risk management process.

Features annual auditing to support award of accreditation, and
established responsibilities of risk (TUV SUD GmbH 2008, 23)
and production managers (TUV SUD GmbH 2008, 24) to
ensure that processes and systems are continuously improved

Action by member states should encourage precautionary
activity, together with forward thinking about potential future
impacts of products, with the aim being the creation of a
“general culture of responsibility” (EC 2008a, 7-8).

A key priority of concern for states should be initiatives
regarding the communication of benefits, risks and
uncertainties related to NST research, and also measures
designed to encourage private and public sector laboratories to
share best practice concerning risk (with due respect for the
protection of intellectual property).




FTSE4Good

(http://www.ftse.com/ftsedgoo
d/index.jsp)

The FTSE4Good Index Series is a family of
benchmark and tradable financial indices.
FTSE4AGood indices have been designed to
measure the performance of companies that
meet  globally  recognised  corporate
responsibility standards, and to facilitate
investment in those companies. Uses the
EIRIS framework.

Based on research from EIRIS (see above).







Global Sullivan  Principles
(http://mwww.thesullivanfounda

tion.or g/gsp/principles/gsp/def

ault.asp)

The objectives of the Globa Sullivan
Principles are to support economic, social and
political justice by companies where they do
business, particularly with reference to the
different dimensions of equaity and
tolerance. Organizations small and large are
encouraged to endorse them. The GSP
organization publicises case studies of best
practice under the principles.
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Relevant here are commitments to provide a safe and healthy
workplace, to protect human health and the environment, and to
promote sustainable devel opment.

The principles aso commit endorsers to work with
communities in which they do business to improve quality of
life (“their educational, cultural, economic and socia well-
being’). Endorsers are aso reguested to encourage

organizations with whom they do business to adopt and apply
the principles.




ILO Conventions
(http://www.ilo.or g/global/lan
g--en/index.htm)

A system of conventions focusing on the
fundamental rights of human beings at work,
which have been maintained since 1919. As
well as being supported by formal compliance
procedures, they also form the basis for
numerous transnational voluntary codes of
conduct.

Various conventions pertaining to health and safety contain
dtipulations which are relevant to the assessment and
management of NST risks. Some examples follow.

C187, Promotional Framework for Occupational Safety and
Health Convention, 2006a

Article 5.2.b states that employers shal “contribute to the
protection of workers by eliminating or minimizing, so far as is
reasonably practicable, work-related hazards and risks, in
accordance with national law and practice, in order to prevent
occupational injuries, diseases and deaths and promote safety
and health in the workplace’

Convention C170 Chemicals Convention 1990

Employers shall ensure that “al chemicals are evaluated to
determine their hazards’. Article 6.1. states that employers shall
maintain “[s]ystems and specific criteria appropriate for the
classification of all chemicals according to the type and degree
of their intrinsic health and physical hazards|...]”.

Article 12 states that employers should “ensure that workers are
not exposed to chemicals to an extent which exceeds exposure
limits or other exposure criteria for the evaluation and control
of the working environment established by the competent
authority, or by a body approved or recognised by the
competent authority, in accordance with national or
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SO 14000 Series
(http://www.iso.or g/iso/liso_14
000_essentials)

ISO is the worlds largest developer of
standards. ISO 14000 details accreditation
criteria  for environmental  management
systems.

international standards’. Further, that they should “assess the
exposure of workers to hazardous chemicals’, and “monitor
and record the exposure of workers to hazardous chemicals
when this is necessary to safeguard their safety and health or as
may be prescribed by the competent authority”. Findly, it
dtipulates that they should “ensure that the records of the
monitoring of the working environment and of the exposure of
workers using hazardous chemicals are kept for a period
prescribed by the competent authority and are accessible to the
workers and their representatives.”

In relation to environmental management systems, the key
standard is 1S014001:2004, whose am is to provide a
framework for a holistic, strategic approach to setting out an
organization's environmental policy, plans and actions.

The standard provides generic requirements for an
environmental management system (EMS). Its underlying
rationale is that the requirements of an effective EMS are the
same across organizations, regardless of the specific nature of
their activities. The standard is based on an iterative approach




I I e

Social Accountability 8000 | The socia accountability system, SA8000, | The primary relevant principles here concern health and safety
(http://www.sa- promotes the adoption of humanrights-based | practices in the workplace. The latest version of the SA8000
intl.org/index.cfm?& stopRedi | principles by retailers, producers and other | standard states that companies should, “bearing in mind the
rect=1) organizations. Their goal is to encourage just | prevailing knowledge of the industry and of any specific
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and decent working conditions throughout
supply chains.

hazards, [...] provide a safe and healthy working environment
and shall take adequate steps to prevent accidents and injury to
health arising out of, associated with or occurring in the course
of work, by minimizing, so far as is reasonably practicable, the
causes of hazards inherent in the working environment” (Social
Accountability International 2008, 6). Further, it stipulates that
companies should “establish systems to detect, avoid or
respond to potential threats to the heath and safety of al
personnel.”
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National

[ Framework/Code  of | National Description Relevant priAncipI&s
conduct Jurisdiction
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EPA Nanoscale
Materials Stewardship
Program (NMSP)

(http://www.epa.gov/op
pt/nano/stewar dship.ht
m)

USA  (but
potentially
wider)

The main purpose of the NMSP is to
encourage the submisson of
infformation from industry and
academia on the properties and
potential hazards  of new
nanomaterials. Submissions
regarding materials that are either
new or existing chemical substances
(as determined by the TSCA
Chemica Substances Inventory) are
invited.

Submissions are invited under either the Basic or In Depth
programmes.

For inclusion in the Basic programme, participants may submit
data on material characterization, hazard, use, potential
exposures, and risk management practices relevant to specific
nanomaterials. Participants who have aready developed risk
management plans may include this in their submission.
Confidentiality and intellectual property protection measures
are included in the scheme.

At present, the nature of information required under the In
Depth programme remains to be decided upon. The scheme will
operate by inviting Basic programme participants to sponsor the
development of additional data for characterising particular
nanomaterials. Sponsors will be allowed to work with both
other sponsors and other stakeholders in developing data
development plans.

The In Depth programme will be designed to link up with work
undertaken by the OECD’s Working Party for Manufactured
Nanomaterials.

N




ResponsibleNanoCode
(http://www.responsibl
enanocode.or g/)

Developed by the Royal Society,
Insight  Investment, and the
Nanotechnology Knowledge
Transfer Network (NanoKTN), the
am of the code is to transate CSR
criteria into a voluntary, principles-
based Code.

The Code is intended to be appropriate for organisations of all
sizes, and ams “to stimulate organisations to consider all
aspects of their involvement with nanotechnologies, including
the broader social and ethical issues’ (Responsible NanoCode
2008). Its key principles cover centra CSR criteria, including
accountability, the need for stakeholder involvement and
engagement in risk management, occupational health and safety
(for a company’s own workers, but aso including
considerations of relevant issues for workers involved at other
stages of a product’s lifecycle), heath and environmenta
impacts of a company’s activities, understanding of wider
social and economic impacts of its NST activities. Companies
are also encouraged to formulate specific policies for marketing
nanomaterials and for providing customers and other
stakeholders with information about products containing them,
aswell as encouraging other businesses to adopt the code.

In 2009 an independent group of stakeholders will be engaged




in benchmarking a set of selected companies to see how closely
they are adopting the code.




Annex 3. Analysis of On-line Cor por ate Reports, Codes and Policies

Introduction

The object of this exercise was to provide an overview of current online publication of
CSR-related literature from a sample of 78 companies within different categories
(university micro/micro, small, medium enterprises (SMES), large and multinational)
who have current research and commercia interests in nanotechnology. A major
source of cases was the Nanotechnology Industry Association’s Corporate Members
List.

Questions which the analysis aims to answer are:

a) How far companies of different types report op/materiah CSR considerations
which have been identified as likely to be of import to development of
CSR frameworks, codes of conduct an practice nd nanoscale
science and technology.

b) Whether information on nanotechro ) are

legies (risks and opportunii
publicly available through compan siat%
c) Whether companies have sections or tire policies delicated to

nanotechnology within codes of conduct, Cskiye statements or annual

reporting,

d) Whether current policies on product-stewardship, r ible innovation and
risk analysis i) extend the scope of risk agemenﬁss the lifecycles of
products (including R& D, manufacture, distributi d disposal), through the
value chain I Y prod% and ii) explicitly include

provisions

roactively both with unCertainties about the potential

d the risks associ with its introduction.

aval standalop€ risk management frameworks for
d techno ereafter NST) might build on and extend
revealed by our survey.

t of reporting across these criteria. Secondly, a qualitative
ents and reporting from across the sample was undertaken.

via two strands of analysis. Firstly, we examined current policies and practices which
could be helpful for developing frameworks for responsible innovation. Secondly, we
considered how far some persistent problems faced by voluntary CSR initiatives
could be addressed by, on the one hand, the policies and practice we identified and, on
the other, three examples of stand-alone NST risk management initiatives (i.e.
AssuredNano, CENARIOS and the NanoRisk Framework), which are designed to
help companies in implementing responsible risk management in the development of
nanotechnol ogies.
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M ethodology

Content Analysis
Online statements surrounding corporate social responsibility from 78 companies, all
of whom advertise their interest in nanotechnology either through membership of
industry associations or through broader research programmes, formed the basis of
this study. Because of the jurisdictional remit of the DEFRA project, al these
companies are ones either based within, or with substantial research and development
capacity based within, the LK. As the focus of the project concerns a broad-based
concept of what constitutes corporate social responsibility, these documents were not
limited to annual reports, but also included policy statements and published codes of
conduct. The reasoning behind this was that to assess the degrege to which existing
approaches within the industry to CSR incorporate a degr onsiveness to
emerging material issues, it is necessary to understand th ad range of normative
commitments to which companies lay claim in forming jheir oW approaches to CSR,
and to assess the degree to which these approaches incorporate more than one form of
commitment. These different types of commit rgpresent different levels of
gpecificity of commitment, from general guiging values, through ific policy
guidelines, to quantitative performance '

ets designed to aid INuUous
byw&si ng a codirg/é’enet of
which acopy is provided below at the end of this Anhex.
Document Categories

improvement. The coding was undertak
Codes of conduct typically contan miniaum stant% ehaviour to which

employees are expected to conform (including es of law with which the company
has to comply), and typically aso provide examples to apply these standards
in rea-life situations,-These standards ‘are aso typic represented as reflecting

all company agtivities. Sorme codes of conduct which are
are less detailed and comprehensive, and simply state in general

terms a set of guidifng values

ly artic ncrete measures which are intended to
W0 ways that reflect guiding values, which may be stated

de of conduct. They range in scope from genera
eas of concern (e.g. “to reduce environmental

hich may be specifically devoted to corcepts like CSR or
ent”, or which may form a subsection of the company’s annual
shareholders repOrt) detail how a company is actualy performing in relation to the
commitments it has made elsewhere (in codes of conduct, policy statements, or both).
A higher degree of specificity isrequired in such documents, with stress being placed
on measurable indicators of success, which are stipulated as requirements within
industry-wide codes of conduct like the ICCA’s Responsible Care initiative (ICCA
2007, 13-14). Annud reporting is itself also included as a requirement by many
independent CSR frameworks such as the Global Reporting Initiative (Global
Reporting International 2006).



Categories of Companies

Companies were categorised as either micros (making use of university-originated IP,
with <10 staff), SMEs (<250 employees), large (over 250 employees but based in one
country) or multinational (with substantial production, research or distribution
operations in more than two countries). They were further categorised according to
their positioning in relation to NST: does a given company make nanomaterials,
nanoparticles or nanostructures, which are incorporated into products by others? Does
it provide instrumentation for researchers or manufacturers? Does it make products
which incorporate its own nanomaterials, or products which incorporate
nanomaterials from another supplier? Does it act as a distributor for nanomaterials?
Many companies of course fall under more than one category in respect of their
business.

Categories of Satements
The unit of analysis for the study was explicitly taken té be indiv
within documents, as sentences typically form the of 'analysis fomstudies of CSR
statements even when this is not explicitly stat [
statements containing information either abougQgenera c%mmitments, specific palicies

or quantifiable goals and measures of progr. e counted across 6 indivi
thematic categories (see Table 7 and Table 8 below)NT he classification of

explicitly to NST-related activities
applied mainly to the company on

ignored if they were merely historical (i.e. if they referred,@nly to a point in the past

and were not involved indnaking a comparison with prgsent activities or future
targets).

Table7: Material CNern /

Environmental | mpacts Including statements around specific environmental impacts

of current activities, but also definitions and programmes of
sustainable development

Health and Safety What measures are undertaken to safeguard the safety of
workers and the safety of consumers?
Access Is IP shared with developing countries? To what extent are

upstream commitments made to sharing other benefits and
promoting development (NB this excludes corporate
philanthropy, defined as sharing of profits)

Social acceptance and To what extent are arange of internal and external stakeholders

understanding included consulted and/or informed about the company’s
activities and future plans?

Legal compliance and What declarations are made about compliance with legal

liability statutes, regulatory regimes (including statements about
judgements of liability made against the company)
Risk management Is information provided about genera approaches to risk

management and responsible innovation within the company
(such as LCA, product stewardship, precautionary approaches)?
This is in addition to specific statements about safeguarding
consumers and employees, or the environment — it concerns
whether systems of risk analysis are explicitly discussed.
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Table 8: Examples of Declarative CSR Statements

Examples of general declarative CSR | “We support efforts to improve access
statements to medicines around the world, in both
developing and developed countries.”
(Access)

“We are committed to reducing our
impact on climate change.”
(Environmental Impacts)

Examples of specific declarative CSR | “To help us better understand patient needs
statements we have set up advisory boards in the US and
Europe with representatives from a wide
range of patient groups.” (Social Acceptance

and Under standing)
Examples of quantified declarative CSR | “We \{argets to
statements (CO, equi
energy use in operations,
s by 20 per cent
saes n ‘agconstant exch

2010 anth by 45 per cent by 2015
. (Environmeiital Impacts)

N\

Taken together, frequency statistics for these three_categori statement have been
used to provide “profiles’ for different categories opipany across the various
material CSR concerns: We report on t rofiles fop/several key CSR criteria in
below).

erial concerns outlined above were
to reflect the different dimensions
to build a comprehensive and integrated
ovation”.! No account was taken of philanthropic
\% hich did not relate specifically to stakeholder
)?Sgg outlined above.

Only statements which related directly to the

companies begun to develop (either individually or in concert with others)
systems of st , risk and responsible innovation management which may
potentially be u oth in responding to potential NST hazards, should any emerge,
and in shaping the future direction of NST development in ways which reflect
material CSR concerns about access, social acceptance, environmental protection and
product stewardship through a product’s lifecycle. This analysis also considered, by
way of comparison with examples from the main sample, the NanoRisk Framework
developed by DuPont and Environmental Defense, and the CENARIOS *nano-risk
assessment tool” developed by Innovationgesellschaft GmbH in Switzerland, and
AssuredNano’s certification standard of the same name (at the time of writing, full
documentation was not yet commercialy or publicly available). For the purposes of

1 On this concept, originating in academic research on innovation, see for example Guston (2006) and
Cordes (2004).
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this study, DuPont’s CSR contribution was considered as an extreme outlier, given the
unique nature of the NRF, and was not included within the main survey. Our
gualitative analysis considers four emerging problems which CSR policies will have
to address, drawing on surveys of initiatives like the chemical industry’s Responsible
Care Charter, and provides a qualitative overview of how far existing CSR
approaches might assist in providing solutions.

Results
Sectoral Profile of Sample

Table9: Sectoral Profile of Sample by Company Type (n=71)

Company Type
Sector (by SIC 2003 code) Micro SME | Large | MNC | Other? | Total
11-Extraction of oil 0 0 0 1 0 1
14-Mining 0 0 0 1 0 1
22-Printing 0 0 0 1 0 1
24-Chemical Manufacturing 2 0 2 10 0 14
27-Precious metals production 0 0 1 0 0 1
28-Manufacturing® 2 14 2 3 0 2
51-Wholesale of  chemicals,
metals etc. 0 2 L 3 0 6
52-Dispensing chemists 0 0 0 1 0 1
73-Research and devel opment 6 10 3 0 0 19
;ﬁal(ilt;\gr (including testing and 1 4 3 2 1 11
85-Medical practice 0 1 0 0 0 1
93-Services (other) 0 2 0 0 0 2
Total 11 27 11 21 1 71

aterials grouped together) is represented in Table 9
Es and micro companies were concentrated largely in the
i tors (in that order). Multinational companies were

2 Used for companies where data on turnover and/or number of employees were not available.

3 “Manufacturing” includes the following SIC code subcategories, all of which involve operations
during which nanomaterials or nanostructures may be incorporated into final products: manufacture of
metal products, of special purpose machinery/engines, of electronic components, of precision
instruments, of auto accessories and other manufacturing.
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Figure7: Sectoral Profile of Sample by Company Type (n=71)
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The fi ' ith respect to the online statements we examined was that

very few ich could be placed in any of our three categories of document
were made ither migro companies or SMEs. 86% of micros and 73% of SMEs
failed to provi ithér a code of conduct, policy statement or annual report that
addressed one or more of the areas of CSR materia concern identified previously. By

contrast, all large and multinational companies surveyed provided one or more of
these documents.
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Table 10: CSR Statements Available Online by Company Type (n=78)

Type Yes % No % |
Micro 2 14 12 86

SME 8 27 22 73

Large 11 100 0 0

MNC 2 100 0 0

Other 0 0 1 100

Total 43 35

Figure8: CSR Statements Available Online by Company Type (n=78
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multinational y provided two or three.

Table11: Types of

ument Provided by Company Type

One Two Three

document document document

type types types

provided
Micro 2 100 0 0 0 0
SME 8 100 0 0 0 0
Large 8 73 2 18 1 9
MNC 5 25 10 50 5 25




Table 12: Numbers of Documents Published by Document Type (n=68)

Document Type Frequency | Percent
Code of Conduct 15 221
Policy statement(s) 29 126
Latest Annual Report 24 35.3
Total 68 100

Figure9: Numbers of Documents Published by Document Type(yA
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Table 13: Types of D

ment Submitted by Com

35%

pany,

/ype (n=68)

\

O Code of Conduct
O Policy statement(s)
@ Latest Annual Report

N
77

s Type of Docu N

;Qﬁmy Code of i L atest Total
T Conduct t(s Annual

Report
Micro rd 0 2
SME 0 8
Large 5 15
MNC 19 43
Total 24 68

This profile of submissions fits previous evidence as to the well-attested difficulties
faced by smaller companies in engaging in voluntary CSR measures, particularly with
respect to reporting annual performance indicators. Gunningham (1995, 65-7) notes
that the conflict between short-term profitability and the longer-term benefits (both

business and societal) of voluntary environmental initiatives tends to be a difficult one
for smaller enterprises to address. Higher profit margins and economies of scale make

it easier for larger companies to bear the costs of introducing environmental measures.
This is emphatically the case when we consider how far companies are able to
systematically implement CSR, an indication of which is the number of companies
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who are able to publish examples of all three types of documents listed in the
Methodology section above. There appear to be major barriers to this systematic
approach to reporting for smaller companies.

Figure 10: Types of Document Submitted by Company Type (n=68)
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The sectoral pr?&e/(by SIG 2003 divisiég of the reporting sample shows that the
lowest level of ting wasjamong companies engaged primarily in R&D, including
research on nanomatésials nanostructur his sector sees a heavy representation
of micro.companies ( able i 11 below).

CSR Documents Online?
Sector J Yes No Total
11-Extraction of / 0 1
14-Mining / 0 1
22-Printing 4 0 1
24-Chemical Manufacturing 13 1 14
27-Precious metal s production 1 0 1
28-Manufacturing® 8 5 13
51-Wholesale  of  chemicals, | 5 1 6
metal s etc.
52-Dispensing chemists 1 0 1

* “Manufacturing” includes the following SIC code subcategories, all of which involve operations
during which nanomaterials or nanostructures may be incorporated into final products: manufacture of
metal products, of special purpose machinery/engines, of electronic components, of precision
instruments, of auto accessories and other manufacturing..



Frequency

73-Research and devel opment 4 15 19
74-Other (including testing and | 5 6 11
analysis

85-Medical practice 0 1 1
93-Services (other) 1 1 2
Total 41 30 71

Figure 11: Provision of CSR Documents by Industry Sector (n=71)
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There were very documents that made explicit reference to a company’s NST
activities, only 2% (8 out of 68 submissions) overall. The mgority of these
references were only in passing, and did not mention substantive policies. Some
companies, however, made explicit reference to balancing potential hazards against
benefits. One multinational, for example, commented on the current state of
knowledge about dermal penetration as a way of arguing for a baancing of
uncertainties against known benefits of products. Another multinational made
reference to concerns about NST which had emerged in the course of a stakeholder
engagement event. There was, overall, no explicit and detailed discussion in any of
the documents we examined of NST-related activities across any of the material CSR
criteria on which our survey focused. This should be set against other recent research
on CSR and NST. For example, a recent suvey of 40 companies in Germany and

ENo

Yes
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Austria manufacturing nanomaterials and/or products containing nanomaterials
originating with others indicated a near complete lack of any voluntary risk
management framework for nanomaterials (Helland, Scheringer et al. 2008), with 30
of the 40 reporting that they did not actively investigate the possibility of human or
environmental exposure of the materials they produced or used (ibid., 642). Similarly,
a brief survey of 11 large companies from the chemical and consumer goods sectors
conducted as an adjunct to the EU-funded Nanologue project found that only 3 had
specific NST-related corporate social responsibility policies, and that both stakeholder
dialogue and transparency were broadly lacking (Turk 2007).

External Frameworks and Independent Auditing
A systematic approach to CSR is aso correlated with the use
to guide and inform the nature of reporting and the
indicators for inclusion. below indicates this correlation,

erna frameworks
ection of performance

implementing a comprehensive environ
achieved by SMEs in the survey (2 of 8, or 25%), atho the 1SO 9001 quality

management system standard is more widely awarde\E(QEs than to larger and

multinational organisations. Thosettarger companies which have achieved 1SO 14001
accreditation are typically being progress accredited forig on,a site-by-site basis.

Table 15: Use of External Standardsin Repo ingyc(ompanyde (includes all documents,

n=68) /\

Name of External Standard

Company | AA FTSE4  CGlobal Global ILO ISO ISO Responsible UN Global UNCTAD
Type 1000 GOOD  Sullivan Reporting Conv. 14001 9001 Care Compact
Principles Initiative
Micro /0 0o e N , o 0 0 0 0 0
SME 1 0 0 0 0 0 2 6 0 0 0
Large 0 \ 0 , 1 0 1 3 2 0 0

MNC 3 5 2 10 5 13 3 8 5 2
Total 3 6 ‘2/ 11 16 12 10 5 2

}/
These figures count all cases where companies have used external standards to
structure or inform their reporting, have stated their commitment to specific CSR
principles, or have cited their achievement of specific accreditation standards (e.g.

1SO9001). References could therefore have occurred within documents of any of the
three types we have identified for the purposes of this survey.

a1
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Figure 12: Use of External Standards in Reporting by Company Type (includes all documents,
n=68)

UNCTAD
UN Global Compact

Responsible Care

1S09001
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COMicro [COSME ®Large MMNC

References (frequency across all documents)
/ /

Although some |afge and many multinational companies refer to and use independent
CSR framewo s rovide criteriafor the on of performance indicators and to
CS erformance ther question that has to be asked in
ractice ross the sector concerns how far these
- party auditing of their reporting, as is required under
for full compliance and accreditation to be
With online CSR policies have externally audited

reports. 1 of these is alarge company which uses the

fency indicators with external auditing, to which it also refers
in its general pol atements. It should be noted, however, that none of these are
fully externally addited, and all feature some degree of self-assessment under the GRI
framework. Compliance is therefore nowhere of the highest order set out by the GRI,
with C grade (*beginning to implement CSR systems”) being a typical assessment.

Many of the companies in the survey are involved in chemical production or
processing, and so it is not surprising to find many of the multinational actors in our
survey making reference to the International Council of Chemical Association’s
Responsible Care code and management systems standard. 2 out of 8 (25%) large
companies and 8 out of 21 (38%) of multinationals refer to this.
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However, some criticisms of existing voluntary initiatives like Responsible Care in
the chemical industry, have often focused on the extent to which external auditing,
recommended in the programme itself, is actually sought by participating companies.
A recurrent concern with voluntary reporting initiatives that are not externally audited
is that the degree of confidence stakeholders can have in interpreting what reported-on
indicators mean is necessarily low (King and Lenox 2000) — an issue that will no
doubt be important in future assessments of NST-specific CSR initiatives.
Gunningham (1995, 70-2) notes that the implementation of Responsible Care has
historically been dogged by low levels of external auditing. Following a review of the
scheme which finished in 2002, augmented its codes with the Responsble Care
Management System (RCMS) (Yosie 2003, 403-4). A key feature of Responsible
Care is the implementation of policies which are designed ilitate continuous
improvement in key indicators, but even in 2007, fiv ter the review,
companies are largely left to decide for themselves whet rocess of verification
meant to be built into the standards is conducted intefnally or'Qy external auditors

(ICCA 2007, 89). \

Both the RCMS and its independent tg!(rAy\c tification requi S ae
designed to be compatible with the ISO 14001 precess, %‘reditation that peasures
the rigor of a company’s environmental management syst Yosie 2003,404). This
form of accreditation was also sought by a high number of multinationals and some
larger companies. The non-envirormental management\specific 1SO 9001 quality

management standard was the pri
smaller companies.

Material CSR Issue Profiles

early and frequent dialogue with stakeholders has been
luentjel attempt to draft a risk management framework for NST
published by the national Risk Governance Council (Renn and Roco 2006), in
which “concern ent”, a process by which societal concerns about the impact
of technologies on institutions and values can be registered and addressed, is
recommended as a means of ensuring that technologies are developed in a socialy
legitimate way. An affirmative stance towards early and regular dialogue is seen by
some writers on CSR as advantageous for businesses (Munshia 2007). This is because
it can complement effective processes of risk assessment and product stewardship by
providing information about how the social reception of a technology or product will
affect its marketability. However, there is little evidence in our survey of proactive
and regular processes of stakeholder engagement being generaly entered into by
companies involved in NST activities, although some exceptions are evident. These
are typically multinational pharmaceutical companies (see the section on Qualitative
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Analysis below for more details) who engage regularly with patient groups on
understanding side effects of drug treatments. There are no specific instances of
reporting which concern regular and ongoing upstream engagement activities linked
specifically to emerging technologies.

As with the implementation of external reporting and management standards and
independent auditing, it is evident that there is a significant divide between smaller
and larger companies on stakeholder engagement. This is particularly the case in
relation to making and reporting on specific measures, as is apparent from Table 16
and Figure 13 below. However, there is much less of a divide when it comes to
producing indicators and measuring performance on engagement _activities. This may
indicate (as is borne out by our qualitative anaysis in the rel
the systematic implementation of engagement systems, |
mechanisms for feedback and assessment processes, is
two exceptions. It is adso interesting in this regard
explicit reference to the AA1000 independent acc
and Figure 12 above).

Table 16: Stakeholder Engagement Profile by Compar%\e}ﬂ%
Company | Scope of Public | Statement
Type Engagement Statement | Frequency \
(Mean)
Micro General 0.00 /
: N
Specific 0.00 /

Quantified 0.00

SME Genera 0.13
Specific 7 000

Quantified N 0.00

A Large General 0.93

Specific 1.40

Quantified 0.20

MNC Genera 2.02

Specific 4.56

Quantified 0.42
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Figure 13: Stakeholder Engagement Profile by Company Type (n=68)
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Access

Again, a significant gap was evid etween the freqM policy statements by
multinational companies on access and th suc ents produced by
other types of organisation. This m thuted to tr‘lzgnthat multinational

Statement frequency (mean)

Scope of Statement

pharmaceutical companies often promote detail iCi gely developed against
a backdrop of pressure from stakeholders, on the pri:i)?of drug treatments in the
developing world

evidence of polj
sharing agr

ic medicines. At the same4ime, however, there was some
eloped by larger companies on intellectual property-

W Analysis below for discussion).

mpany Type (n=68)

V4
OGNiy /Mean
Type Statement /
Micro General .00
Wc "/ .00
Quantified .00
SME General )/ .00
Specific .00
Quantified .00
Large General 13
Specific .20
Quantified .00
MNC General 91
Specific 3.05
Quantified .37
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Figure 14: Access/| P Profile by Company Type (n=68)
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Risk Management

In the CSR literature, businesses with proactive CS carhmonly held to engage in
managerial practices like environment ent stakeholder management

(Wood 1991) that anticipate and\reduce potefitial sources of business risk,
governmeftal regulation,\labour unrest, or environmental damage
nd

such as potenti

(Orlitzky and Benjamin 2001). The low uptakef such an anticipatory approach to
risk management (“b liance”) among smaller companies has been noted by
s (e.g. Gunningham, T . 2005). Thisisreflected in our findings,

ific reporting by smaller companies in our survey on

i ro mes concerned with product stewardship),
the evidence'we colle’z%wn(;ws large differences between the number of
[ organisations and the number made by even large

management measures. There are, however, relatively few
ovided even by multinationals, which suggests that the

setting of and

of CSR which is paratively undevel oped.

Table 18: Risk Management Profile by Company Type (n=68)

Company Type Scope of Mean
Risk M anagement Statement Frequenc
y
Micro General 0.00
Specific 0.00
Quantified 0.00
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SME General 014
Specific 0.57
Quantified 0.00
Large General 209
Specific 1.36
Quantified 0.64
MNC General 131
Specific 7.14
Quantified 0.59

Figure 15: Risk Management Profile by Company Type (n=68) \

Statement frequency (mean)
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Mean
Frequency

No Submission

No Submission

Quantified No Submission
SME General No Submission
Specific No Submission
Quantified No Submission
Large General 2.60
Specific 220
Quantified 020
MNC General 163
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7.37

Quantified

0.53
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Figure 16: Risk Management Profile by Company Type (Annual Report Only, n=23)
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Table20: Risk M Wle by Compan

—&o—Large
MNC

\ /
4(%”0 atements Only, n=28)

Company Type Stat

RISk agement Statement | Fpeéquency
, ean)

Micro eral 0.00

Sp » 0.00

Quanti / 0.00

SME General i 013

Specific / 0.50

antiﬁa{ 0.00

Large General 186

Specific 043

Quantified 043

MNC General 211

Specific 10.08

0.75

Quantified
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Figure17: Risk Management Profile by Company Type (Policy Statements only, n=28)
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Emerging issues /
Although, as noted above, very few documents made anyAeference at all to NST
' [ icies;'which (:?}te not being NST-specific,

ip across a product’s lifetime
onsibility throughout the value chain of
potential stepping-stones for any CSR
and positive potentials of NST. They
e CSR policies of the companies in our

Qualitative Analysis

stry jnitiatives like Responsible Care (see Figure 12
. These palici féﬂt effective risk management as being part of a
ent to impl t more’general quality management systems, such as those

stewardship, it48,eviderit that there are significant problems future efforts must face,
which, taken tog , make visible gaps in otherwise promising initiatives. Among
these are problem’s which are familiar from the history of Responsible Care. We
present here a short summary of these issues, before surveying some notable features
of the current CSR environment taken from our data study which future efforts might
benefit from considering, and how they relate to these key issues. To assist in
outlining the current CSR landscape, we also consider some features of the three
major stand-alone NST-specific risk management systems which are currently, or
about to become, available to companies (NanoRisk Framework, CENARIOS,
AssuredNano), and whether they might assist in developing current CSR approaches
to address the problems we identify.
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1. The lack of a clear link between policies on other material CSR criteria like
access and public acceptance and under standing
There is little evidence of attempts to explicitly link these systems, processes
and approaches with measures on access and on stakeholder engagement,
under e.g. an umbrella concept of “responsible innovation”, This reflects
recent findings on the low incidence of CSR policies which centre on shaping
innovation (Hockerts and Morsing 2008). It is interesting that the IRGC
identified in 2006 two linked dimensions of responsibility in technological
innovation. These concerned both the assessment and mitigation of risks,
understood as the potential for harmful causal impacts on human health and
the environment, and the assessmert and mitigation of societal concerns over
wider social effects, persistent uncertainties and the ex ignorance about
the potential of nanomaterials with novel properties’for causing unforeseen
harm (Renn and Roco 2006). Among the societal swhich are regularly
reported on concerning NST are the potentia f tellectual property
regimes have developed in the industry (L

little evidence of policies on access and policies on‘stakeholder erigagement
being linked up with the planning and implementation of systems of risk
management to provide a rehensive approach to responsible innovation.
There are no doubt significant prastical difficulties vikich,have to be faced by
attempts to build such links. Kor ex the imple:gr(ation of Responsible

i i jurisdicti un i problems due to the
Responsible Care Global Chart uireme;tffu information sharing and
stakeholder grig ent. Once ingtance is the jdea of a “community right to
know” coV¥ering the, activities of \a company in a given locality, which
ave failetl to comply with, and even subverted, in Canada and
1995, 77-8).

content analysis of social acceptan arb%rier ding and access.

articipation among smaller companies may be reduced
i)st/f implementing structured risk management
luntary«fegul

ation typically face a collective action problem,
ight be rational for the industry (and society) as a whole
iona from the perspective of some smaller actors. There is

Care apprbach again presents an example of how this problem is dready
familiar in the context of established CSR policies, and in doing so, suggests
that different motivations are behind the differing attitudes of smaller and
larger companies to voluntary regulation. Responsible Care has been adopted
by larger chemical companies, because it allows them to make improvements
to their practices above and beyond what is required by regulation, making it
possible to cut future costs of compliance. Smaller companies, on the other
hand, often do not sign up to the system, and remain responsive only to
mandatory regulations. For them, the short-term costs of non-compliance are
gresat, but the longer-term benefits of Responsible Care implementation are not



76

perceived as being sufficient to offset these (Gunningham, Thornton et al.
2005, 302).

. How far participation and compliance can be ensured throughout the value
chain

Many large and multinational companies are in the position of manufacturing
products which incorporate proprietary materials originating with other
organisations. Smaller companies are often also in this position, but many of
them (like some larger chemica companies) are aso in the position of
supplying more basic materials or substances to others. Among smaller
companies, micro companies surveyed tended to be engaged in manufacturing
basic nanomaterias, particles or structures (57%) as rimary activity,
SMEs were amost as likely to focus on manufacture/f products incorporating
more basic materials or structures (37%) as materials (40%). If
voluntary regulation is to be a realistic propOsiti companies who
manufacture products incorporating mateg
assurance that their suppliers are committed t
For companies which supply materials to others, the same has e true of
their downstream customers. R sible, Care formulated,ui(é\rt, to
address the concern in the chemical industrysthat oneMoad actor could sully the
reputation of the whole industry (Gunningham 1995, 64-5). Many of the larger
and multinational compani e surveyed reported in their codes of conduct,
policy statements and/or annual Tteporting on thee res they had in place
to audit suppliers and encourage more widespread M of the same values
and policies that they themselves espou or y SMES, however, the

issue of cost may, once again, deter them frcWering information about
i on it. Nop/Only are there costs associated

S or customers in response to
also much reduced for smadler
mpanies.

oducts, and on the extent of uncertainty and
e possible outcomes of marketing products which
Sor components with these properties.
ised that a pressing goal within NST research is to nore
Ibe the nature of risks and uncertainties associated with
ich utilise materials whose properties, being novel, have not
een observed and documented. For example, the authors of the
DuPont and Environmental Defence NanoRisk Framework have concentrated
largely on the need for the research into and manufacture of products
incorporating nanomaterials which may become “free” at some point in the
product’s lifecycle to be accompanied by arobust process of documentation of
properties and their potential effects. With reference to trials of the NRF
carried out at DuPont on three different nanomaterials, they note that the role
of the framework could be both to guide systematic risk assessments, and to
provide “uncertainty assessments’ by indicating where important limitations
on current knowledge should influence decison making about product
development (EDF - DuPont 2007, 20-1). Both functions would be supported

;?ion, both on the potentially hazardous novel
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by the production of information (“base sets’) on the properties and
toxicological profiles (human and environmental) of nanoscale materials
across the lifecycle of a given product, from design through marketing and use
to disposal. Although it is not explicitly designed to cover the use of
nanomaterials in coatings (which would exclude, for example, some
applications in medical devices), the authors of the NRF suggest that their
toolkit is flexible enough to be adapted for use in such contexts. They aso
recognise, however, that one of the chief barriers to implementing such a
system is, as with (2) above, the costs that fully documenting the properties
and toxicological information for nanomaterials and products incorporating
them would have on small businesses. This will particularly be true for some
businesses whose activities take place in whole or i within the EU,
thanks to the increase in documentation which wil under the new
REA Chregulations (Ruden 2004, 336).

Prospects for addressing these issues

1) Promoting integrated responsible innovatfon Xd
It is significant that, among the current candidates fer a-fullyndeveloped industry-

reviewed risk management standard, neither the, NanoRisk Framework nor
CENARIOS, nor AssuredNano, f incorporate m to address the materia
CSR dimensions of access and \sociak_acceptance withi risk management
framework. Each of these standards focuses targely on how t@’respond to issues of
risk and, moreover, uncertainty about Their mhain concern is therefore
with how to construct standards for stewardship, with emphasis on the
responsibility of r ers and manufacturers to give due consideration to the
potential health

responsibility whi

extends throughout the lifecycle of products.

abov ral elements of the NanoRisk Framework

redNano, a private company, has developed, in close
tatiyes, a risk management system certification

iti mﬁuary 2009) the standard had reached a review
cialy available. The central element of the standard

romotion of responsibility for practical measures of risk

TUV SUD’s CENARIOS approach (TUV SUD GmbH 2008) sets out general
requirements for a company’s overall risk management system. This includes an
adaptation of the typical risk matrix used in risk assessment (classifying risks
according to seriousness of consequences and according to probability of risk event
occurrence), which, given the lack of knowledge surrounding the probability of
particular potential consequences of the introduction of an innovative technology,
uses the seriousness of these consequences as the primary classificatory variable.
Monitoring of information sources on product risk as the state of knowledge changes
is included as a crucial ongoing part of the risk management system, recognising the
extended temporal aspects of the risk management process. CENARIOS features
annual auditing to support award of accreditation, and established responsibilities of
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risk (TUV SUD GmbH 2008, 23) and production managers (TUV SUD GmbH 2008,
24) to ensure that processes and systems are continuously improved.

Across our survey there are indications that nanotechnology, together with the
complex relationships between risk, uncertainty, access and acceptance which
surround emerging radical technologies more generaly, are beginning to be the focus
of concerted efforts to forge a voluntary regulatory agenda on the part of larger
companies. There is ample evidence of voluntary collaborations, as well as
involvement on the part of multinationals in international programmes on standard
setting, metrology, and toxicological research (e.g. the involvement of various
companies in NanoCare). Specialist task forces being set up by some companies to
tackle emerging issues (including nanotechnology) consider how
considerations of business risk will increasingly have toAake on board not only
evolving societal pressures but also new legidative pro . Efforts to produce
voluntary standards for the assessment and managem [ e from high-level
and general statements of guiding values and
NanoCode to detailed risk assessment protocol s/such“as NanoSafe k 2006) and
NanoSure (Friedrichs 2007).

Going beyond nano-specific initiatives, it isﬁ \flﬂd amongé CSR

documents produced by larger (especialy chemi companies evidence both of
broad commitments to the kind of product stewardship priciples which are promoted
by programmes such as Responsible Care. These commitments,are often translated
into policies such as the use of in-ho nally-validated sustainability and/or
lifecycle assessment tools as part of of risk’ management. Ciba, for
example, provides a comprehensive set of product stewardShip principles which are to
cts and whiCh are intended to be adopted,
. The systematic approach it sets out is
the organisation, and to include supply
es provided testimony as to their

@S based on standardised models of the
products, such as the Pharmaceutical Research and
IRMA)’s PhATE model, which are designed to build

chain relationships.
|mplem tation of ri

inputted. The el then generates outputs in the form of predicted concentratl ons of
the substance in ion in sewage treatment plant effluents, rivers and drinking
water under diffevént flow conditions. The development of this model stemmed from
the recognition that past models had been undermined by discrepancies between

extrapolations of concentrations and actual data.

Some of these tools show signs of being developed to not only comprehensively
address lifecycle issues, but social acceptance issues as well. There was one instance
in our survey of arisk and uncertainty assessment tool employed by a multinational
chemical company which featured not only a broad tempora scope (including
lifecycle issues), but also covered potential societal concerns. It bases risk assessment
of new products on a comprehensive semi-quantitative profile of the environmental
and social impact (taking into account emerging issues and preparedness together
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with current and potentially emerging regulatory frameworks) of a product, together
with standardised exposure tools intended to be responsive to established and
emerging international standards.

Despite the rarity of signs of a fully integrated approach to responsible innovation, it
is possible to point to practices elsewhere which provide examples of how the
voluntary treatment of access and engagement issues might be improved, on the way
to producing more integrated CSR approaches to responsible innovation. The larger
pharmaceutical companies in our survey, probably as a result of their sensitivity to
campaigns over drug copyrights and also because of their relationships with patient
groups, report on a number of initiatives which are of interest. One multinational’s

developing world is
treated in depth by the multinational pharmaceutical e@dmpani the survey. Other

companies which are engaged in large scale d

sharing o benefits which arise from the oitation Qf genetic resou are
counted among the natural resources a given skgas detailed er the
Convention on Biological Diversity (CBD).° Less tion itgeneral, ev ithin the

pharmaceutical sector as represented by our sample, Ispaid to developing new ways
of sharing IP and technologies, talthough pharmaceutical companies once again

provided some counter-examples. nual report mentions technology-sharing
initiatives undertaken under TRIPS\with companies in I‘r?; voluntary licensing
g

initiatives, collaborative patent pooling, and innovation eted at diseases that

acceptance for new technologies is adso
some gompanies, although the quality and effectiveness of
activities is difficult/to judge, based on the relatively low
atio is material issue. AsFigure 13 above indicates,
orting of goals and performance in this area, and very
e tointernational accountability standards such as
ch require a systematic and iterative approach to
ting and continuous improvement. Again, as with
it was evident that multinational companies (see Figure 13)
e resources to engagement activities, although the most
emphasis was'given to/engagement as “information sharing”. However, there were
some examples the submissions of multinational pharmaceutical companies of
ongoing stakeholder engagement over issues like access to medicines in the
developing world, and on other issues. Two notable examples were provided by two
multinationals annual reports. In one, engagement activities were independently
audited by Bureau Veritas® against the AA1000 independent accountability standard,
while in the other, a self-assessed system of stakeholder engagement was described,
which had prepared in accordance with the AA1000 guidelines. The latter presented a
systematic approach to engagement, covering the mapping of stakeholder groups,
identification of material issues, analysing stakeholder perceptions of these issues and

® See the CBD website at http://www.cbd.int/abs/intro.shtml (accessed 18/12/08).
6 See www.bureauveritas.co.uk
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planning engagement activities at a variety of scales, beginning with activities
undertaken by management at individua facilities. With respect to early consultation
about emerging technologies, there was very little evidence of systematic
engagement. The former, Bureau Veritas-assessed report, noted that the company held
a stakeholder workshop in the USA in 2007 with representatives of retail customers,
regulators, environmental interest groups, health interest groups and academia. Here,
nanotechnology was one of the issues identified as a priority for environment, health
and safety policy. However, whether this was just a one-off and how exactly input
could be used to inform policy is not stated in the company’s report. Further, the
framework for holding such events is not explicitly detailed here, and it is not made
clear how engagement processes relate to research, developmert and innovation.

It should also be mentioned that criteria for risk comm
company and, in the event of a crisis, outside it, are
standard. Communication must take into account for
emerging technological and societal developmentshi
But there is no extensive treatment within the stantlard’s docum ion of any
systematic approach to public engagement of/the kind %jed within

oth within the
of the CENARIOS
ible outcomes of

sandard.

2) Genera implementation costs
The problem of implementation costs.is one which is lar under-addressed, both by
the three stand-alone risk frameworks iscussed, by companies in their
[ i ’?d%s about “assisting”
smaller companies with whom they \do business~with thé€ costs of incorporating
' t cost and risk sharing in
-alone frameworks, there are e acknowledgements of the
comp: will face. nder AssuredNano, it is proposed that

R&D. Within the
difficulties smal
existing practi
9001, will be consi

[
j any other external accreditation or reporting
d AssuredNano both also acknowledge that their

ensive for smaller companies to implement (ENDS Report
the problem of implementation costs, and sets out some
with the problem, such as using appropriate outside experts
university researchers to help implement systems, or creating
0 help provide resources (EDF - DuPont 2007, 17-18).

recommendati
such as consult
industry consorti

3) Supply chain issues

It is certainly the case that existing efforts to oversee e.g. environmental standards
throughout the supply chain are generaly much stronger in the larger and
multinational companies represented in our survey (see Table 21 and Figure 18 below
for profiles of different companies compiled on the basis of the mean frequency
values for general, specific and quantified statements companies made about their
policies on surveying environmental performance within their value chain).
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Table21: Environmental Impact in Value Chain Profile by Company Type (n=68)

General | Specific | Quantified
Micro 0 0 0
SME 0 0.25 0
Large 0.47 0.2 0
MNC 0.86 1.79 0.33

Figure 18: Environmental Impact in Value Chain Profile by Company Type (n=68)
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/.
iven iple relationships multinational companies

with Tndustry initiatives like Responsible Care, provide
for companies to take a more proactive stance towards
stances on the material CSR issues which form the

motivati
suppliers

is, as is shown Figure 12 above, present only in larger and multinationa
companies reporting, except for two references by SMEs to their implementation of
ISO 14001. All the stand-alone nano-frameworks make reference to the need for
suppliers of materias to provide information to customers on the properties of their
products (EDF - DuPont 2007, 25; TUV SUD GmbH 2008). Again, the cost of
undertaking assurance measures in the supply chain will be a problem for smaller
companies, which the EDF-DuPont framework recommends should be addressed
through cost- sharing arrangements amongst companies (EDF - DuPont 2007, 18)

4) Additional information costs
Smaller companies will aso be faced with the costs of more extensive testing and
more documentation. As larger companies, in many cases, already require certain
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standards from suppliers (see Figure 18 and Table 21 above), there is evidence in our
survey for a genera awareness among these more powerful actors that smaller
companies upstream in the value chain face additional costs arisng from materia
CSR issues and may require assistance in meeting them. The stand-alone frameworks
make, for their part, few suggestions as to how this requirement can be dealt with.
Under AssuredNano, it is hoped that an emphasis on recognising existing good
practice and improving it where necessary can be used as a certifying criterion where
possible, in order to keep the need for supplying new information to a minimum. The
NRF, with its strong emphasis on testing and information provision, recognises that
there are various factors which can affect information costs. for example, costs of
implementing the Framework would increase as a product gets nearer to release, or

the authors on how to mitigate costs, such as assuming that a material is toxic and
requires worker-protection protocols (rather than f cumenting exposure

time (as there may be a long period from early r

cooperate with each other to share informationAhrough t}xalue chain.
Conclusion

7

Several mgjor points emerging from the two halves of t%z;u:ishould be stressed.
[

Firstly, there is the very low leveltof_reporting from m companies or SMEs with
NST activities, with 86% of micros % of SMEs failing,to provide either a code
of conduct, policy statement or annu addressed opé€ or more of the areas
of CSR materiality identified in the ologysabove. This is consistent
with existing research on the probl ' ipaplementation of voluntary

use of external auditing for CSR performance,
ch as the implementation of rigorous, accredited
s, are not popular with smaller companies active in

critefia such as access and stakeholder engagement is reserved for
&S in our survey. Again, this is consonant with existing research
into the scope o CSR activity in companies. Reporting and evidence of activity
among even larger and multinational companies is patchy, however. Evidence of
systematic engagement activities is particularly hard to find, with one or two
exceptions.

The four problems we discuss in the previous section are ones which are not
necessarily unique to NST, but they have features which the current directions taken
by regulatory thinking on NST, as well as the current stand-alone risk management
frameworks, risk exacerbating. The need to implement new risk assessment and
management systems, fully document activities, and properly engage stakeholders to
deal with emerging issues of societal concern, as well as to perhaps go beyond the
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provisions for product stewardship present within Responsible Care and the NRF to
cover longer-term issues such as orphan products, all present the NST industry with
cost problems that will require sustained collaborative efforts to address, so that
smaller companies are able to reconcile the need to make a profit with the longer term
benefits to be had from strategic CSR implementation. Existing evidence of problems
with how initiatives such as Responsible Care are implemented should be used as a
resource for learning about how these problems can be addressed.

If the twin dimensions of risk and societal concern are to be addressed in order to
create both safe development in the near- and long-term, and socia acceptance going
forward, the need to develop CSR policies towards a pro-active and integrated model
of responsible innovation is imperative.
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Online CSR Survey Coding Sheet

Roles: Manoproductsincorporating proprietary materials
Comprany Wmic: Dulont TYPE: MNC Manomaterials Manufacturer
Type of Document Refto Externally CODER:
= TR If ¥, which
Code of Conduct/ Ethics external  — b i
Policy Statement(s) standards stanoaross

Annual Report

General Statements specific Statements Quantified Statements
General CSR MNanatech-specific General CSR Nanatech-specific General C5R Manotech-specific
Material Issues This Supply This Supply This Supply | This Supply [ This supply | This Supply
Company | Chain Company | Chain Company | Chain Company | Chain Company | Chain Company | Chain

Environmental Impacts |

environmental impacts of
activities, sustainability/
sustainable development)

Health and Safety (employees
and consumers)

Privacy/human rights
[collection of sensitive data,
surveillance and civil liberties
etc)

Access (e.g. sharing of IP,
Community projectsin
developing countries)

Acceptance/ understanding
(Statements on stakeholder
Engagement)

Ligbility | Statements on
compliance with liability and
other statutes)

Risk Monagement (precaution,
product stewardship, orphan
products)




Annex 4: Interview Questions

1. Public Sector

The Role of Government and Regulatory Agencies

1. What do you consider to be the role of government bodies in promoting the
responsible development, use, and end disposal or recovery of nano-scale
materias?

2. In your opinion what components of regulatory frameworks, (e.g. mandatory
regulations, guidance, information, etc) might the most important
contribution to ensuring that nano-scale materials afe for ed, manufactured,
supplied, and used safely? \

3. “Current existing legidation faces probl of coverage due to thessize/scale of
nano-scale materials’ — do you agree wi S stat t, and if so, h/ your
opinion might this issue be resolved?

4. What evidence base is required-to enable governmeft, agencies/bodies to develop
appropriate policies for nanotechnol ogy. companies?

er to rpére areas of possible

5. In particular, what indicators are
exposure?

t{é had/continue to have with industry, what would
concerns that companies have in relation to the present and
r the nano-scale materids/products they are
ufaCturing/using?

future
developin

8. Do you have‘any views on the benefits of and/or problems with corporate social
responsibility in general (i.e. not just with reference to the production and use of
nano-scale materials) as a means of encouraging self-regulation?

9. Are you aware of any particularly good or exemplary models of CSR or self
regulation being employed within the nanotechnologies industry?

10. Do you believe that important gaps exist in current industry approaches to self-
regulation? If yes, what do you think these are? Do you think they exist across
different sectors within the industry, or are specific to certain sectors?



86

11. What drivers do you think might have the most effect on encouraging industry to
increase its use of CSR/self regulatory approaches?

12. What is your view on the role of voluntary codes (e.g. Responsible NanoCode)
and third sector initiatives (e.g. Institute of Nanotechnology)?

2. Private Sector
General company information/char acteristics

pany? [Prompt:
no. of business units,

1. Please tell me some general information about y
business activities, age of company, no. of emplo
ownership structure, business plan].

2. What are your business goals; are they cl '(&ntified anddisseminated to

all those concerned?
3. How would you describe your ‘w )ﬂé:i ples,

i ‘ ing b% ? [Prompt
vision].

bellefs/prlnaNect your way of doing

: , or buy and refine nanoparticulate materia? If you

producé an | suchmaterial, are your pigjor customers
: r multinati mpanies

4. To what extent do your p
business?

CSR questions

8. How would you define CSR in relation to your company/the nanotech
industry?

9. Do you fed under any pressure to become engaged in the CSR agenda? If so,
from which sources does this pressure originate [Prompt: government and/or
agencies, NGOs, other companies, nanotech industry bodies, general public?]

10. Do you fed that you have enough support to understand and engage in CSR?
Which sources of support do you use?
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11. Have you heard of/are you involved with any of the following initiatives?

Responsible NanoCode

DuPont/Environmental Defence NanoRisk Framework
Responsible Care

DEFRA Voluntary Reporting Scheme

AssuredNano

® Qoo oTw

12. Do you think that voluntary CSR measures can be used as an effective form of
governance for the nanotech industry?

the nanotech industry?
aunching innovation
with legidation

13. What are the general challenges facing your comp
[Prompt: gaining financing, identifying market
strategies, risk identification and managem
etc].

14. What are the specific challenges your n trying to me more
socially and environmentally r : pt: | dentifyi Enzg/gssi ble
activities, promoting activities already carri , finding resources; receiving

support and information).

\/

ou/aéry ou

-related activities?

t}\rf be categorised as socially

ards/policies from its suppliers/customers?

CSR, €ustainability, H& S

so, does this conform to external standards? Is it externaly

dited?

C. ehalder engagement in consultative node

If so, with what stakeholders?

d. Butlding links with local communities e.g. sponsorship of local sports
teams, support of long-term unemployed, work experience, organising
schoal visits.

3. Do you communicate about CSR internally and externally?

4. What would you say are the benefits to your company of engaging in CSR?



Risk Management

5. Has your company identified sources of risk within the nanotechnology
activities in which it is involved?

6. Are there any magjor areas where scientific uncertainty may affect how your
business develops in the future unless more research is forthcoming [Prompt:
metrology, knowledge of properties of nanomaterials, toxicological data]

7. Does your company conduct specific risk assessments where nanomaterials
are involved?

8. How far do you think life-cycle approaches to risk agement are feasible in
your part of the sector? (to include LCA, prod ardship, establishing

frameworks for orphan products) k

9. What factors have been decisive in inclihing yrour company @, conduct/not
conduct RAS?

10. (if RAs have been performed) Have mw en based Oﬁése risk
assessments?

11. Do you take specific precautionary measures ;? nanomaterials are

Il proven otherwise,
Stakeholders /
e term stakeholder denote

ioritise the importance of different stakeholders?

.g. regular meetings to share information and concerns)
ematic (e.g. regular meetings to review product development and
back)

15. Can you give any examples of notably good or bad relationships you may
have experienced with a particular stakeholder?



Annex 5: Overview of Interview Participants

1. Public Sector/Government Agencies

Identifier

'—\

Organisation/Agency
Professor Simon Collinson, Cranfield University

2

Dr Brian Greenwood, Department for Business, Enterprise and
Regulatory Reform (BERR)

Gill Smith, Health and Safety Executive (HSE)

Keith Robson, NanoK TN

Christine Northage, Health and Safety Executive

E)

Kieron Stanley, Environment Agency (EA)

/

~No|ofb~hw

Hilary Sutcliffe, Responsible Nanocode /

2. Private Sector

ol

Company | Category | Role SIC
| dentifier / /2003)
N\ ~ / Code
A SME | nstrumentation Progess techinol ogy 7 | 2956
B MNC Nanoproducts w. Pharma/Consumer Health | 5146
supplied N
C MNC Nanoproductw Pharma/CWer Health | 2452
supplied NMs
D SME Nanomaterias \ Coatingsend Composites | 7310
_manufacturer }an
E SME / Nanomaterials \ Speciality Chemicals 2466
manufacturer R
F SME Chargcterisation / Food 9305
G m Specidlity Chemicals 5151
/ NMs
H fa MNC jels Speciality Chemicals 7430
anufacilrer
I NC anoproducts w. Food 2466
plied NMs
J M ,Nanoproducts W. Coatings and Composites | 2911
/ supplied NMs
K SME ¢ | Nanomaterials Speciality Chemicals 7340
manufacturer
L Micro Nanomaterials Speciaity Chemicals 2466
manufacturer
M SME Nanomaterials Speciaity Chemicals 7310
manufacturer
N Micro Nanoproducts w. Medical and Diagnostics 7310
supplied NMs
0] SME Nanoproducts w. Medical and Diagnostics 3310

supplied NMs




Annex 6: Analysisof Interview Data

1.  Introduction
Semi-structured interviews were conducted with 7 representatives of government art
nanotechnology CSR initiatives, together with 15 companies with substantial involvemen
companies involved were SMEs or micros, and five were multinationals. The a&)nals int
key sectors in the UK nanotechnologies industry, with NST involvement in ma0st (except for t

interviewed) being restricted to R&D: \
- food packaging \/

speciaity chemicals (with customers in e.g. the semiconductor industry) \

cosmetics and consumer health
pharmaceuticals and consumer health
coatings and composite materias

The profile of our sample of smaller companies ar ly reflects key sectors among the growing number of small playersin the industry.
. mdﬁ%ﬁuﬂomers, mainly for purposes of industrial R&D (five companies).

ts, agencies and government/industry supported
in the development of nanotechnologies. Ten
ed represented a cross-section of different
ood packaging and cosmetics companies

nostics (two companies)\
ing sizes (one company

)
technglogy (one company).

eferred to below, it is this sample of 15 companies that is being referenced.




2. Public Sector/Government Agencies

91

Analytical Focus

1. Government role in
promoting
responsibility in
nanotechnologies
industry.

Summary \
- Government’srole is not just about creatingdegidation, and nor isit
It should follow a variety of routes to e respogsibility and set
take the industry on beyond its current conc%a&arch and d
Setting research goals is vita to help create stand and data;
The provision of spaces for ate is vital both f
making; and
Government can also act to raise the profi codes of conduct or accreditation standards

t standing back and promoting CSR;
mate for commercialisation”, to

One respondent (Public 7) suggested that gop\yfr{ment s;?(d rot be involved too closely with simply promoting
voluntary regulation, &5 it.can raise suspicions among ipdustry and the public that they are not performing their
legidative role propérly. Some contrasting views on this issue, particularly in relation to the appropriateness of a
“light touch” ap to regulition were evident (e.g. Public 2, 7)

of this effort should be to create a broad range of reference materias, allowing
)&gve requirements to be determined, and moving towards standardisation

e in promoting the free flow of information, as in debate between scientists, and
public (Public 4), and by “inclusively” involving other stakeholders like CSOs and
third sector organ s (Public 6). Such a debate is necessary to promote a “reasonable, sensible” debate, in
place of immediatgy” mandatory, nanospecific legislation, which would — without a debate — most likely be too
much of a catch-all, and could severely damage the industry (Public 4).
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Finally, the Government could use its position to raise the profi
standard by stating that it will not buy anything from a compan

of a given code of conduct or accreditation
has not been benchmarked under it (Public

|
N\

2. Contribution  of
different regulatory
approaches.

Summary
Given persistent gaps in knowledge, )&plﬁ:ﬂﬁ precautio /proaches continues to be vital;
and
Thiswill largely involve, in the workplace, the extension of existing protocols from the chemical industry.
In addition to minding potentia r
(Public 2, 4, 6). For the HSE, precautionary of concrete examples of compliance is vital to

ensuring occupational health measures are taken “these are lines along which we expect people to work”
(Public 5).

nol ogy, workplaces is about appl;(gprecauti onary protocols already in use in the chemical
and providing advice. A\t the moment, the agency sees occupational health issues in the

as aequately coveregby existing regulations, including REACh (Public 3). It should
s report for the then DTI by BRASS suggested that there may be some issues
ueto (a) e triggers for data requirements (b) questions which remain over the

Precaution in nanot

of/bulk and nanoscale versions of a substance, particularly given that no
on the list of “substances of very high concern” (Frater, Stokes et al. 2006,

3. Extent of evidential
gaps and application of
precaution

to business andi@Cademia;
Consultation with industry has been used to fine-tune advice;
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Gaps include data on human exposure hazards and materials characterisation, but aso affect methods of
exposure modelling, toxicological methods more widely, and testing protocols.

These issues also affect ecotoxicology, with the added col s of traceability, complex interactions and
potential latency effects.

With respect to occupational health, an example is precauti onary
which has been written by the HSE and sent out to j rysand acad

potential “early warnings’ from academic r ch, and recommend
approach until individual companies can am ough data to do individu

prove that no toxicity exists (Public 5). Th ad\%gsoégtrle subject of gonsultation within HSE and within
government (e.g. DEFRA, EA) to make sure that itsr mendations don’t'impact adversely on the environment,

and was circulated to industry for “fine-tuning” input Whh\nw:esthe advice “more practical” (Public 5).

ice on CNTsin the form of a Guidance Note
hla This has been prepared as a response to
recautionary, exposure minimising
jske assessments (Public 3) and thus

Exposure studies at this stage often \invol tificial situati hich cannot serve as an adequate basis for

extrapolating to real world exposure situations ( ic 4). Toxigelogy methods and testing instruments are seen as
needing validation, with new ones potentially n

4. Drivers within the
industry that might
encourage the uptake

These might be activated by being benchmarked for a code of conduct or accreditation standard,;




of CSR

A strong profile is needed for any code or accreditation to succeed, which requires involvement of
organi sations outside business too.

Need for expert advice and information could be used as nal incentive to be benchmarked.

favourable publicity, this requires that one code be seen as

ies do\,which in turnr that the code develop a strong
profile as a result of pressure applied by O%nm industry pe?/anetsj so on (Public 7). Responsible
behaviour beyond compliance has to be driven by tangiblé market advantage’(Public 3).

5. Companies
concerns regarding
present and future
markets for  their
products

Summary
The industry remains at an early stage o
Extension of REACh specifically to NMs an
Companies still want unambiguous guidanc

the likeliest route to over-regulation; and
d useful snformation.

Many nanomaterialg’and o products remain at an early stage of development, and thus vulnerable to over-
regulation (Publi . At thig stage, not many companies are probably using large quantities of CNTSs, for
example, except for R&D (Public 5). But companies still want clear and unambiguous advice and guidance, which
’ do” as ipra command-and-control model of legidation (Public 3).

ducts on the basis of particle size or some other nano-specific criterion
ve any prospect of a global level playing field and disadvantage the EU.

6. Views on role of
codes of conduct

les of gonduct are intended to illustrate how compliance with legislation can best be carried out
ol@gies industry, and also to spread responsibility throughout organisations;
Such codes hayé€ to operate on the basis of benchmarking, to develop “good intentions’ into concrete policies,

and
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Processes of benchmarking are costly, and difficult to implement, but a favourable reception among
companies is expected.

Codes of conduct or forms of best practice accreditation ar
done the best they can” (Public 4). Responsible Nanoco
of compliance with existing legislation (Public 3). It is o&ntend
benchmarking of best practice basis rather than on is of ado
only those who are aready up to scratch.

as giving companies assurance that “they have
intended to illustrate and embody examples
be a body of standards, and to operate on a
, given that adoption will tend to catch

Its uniqueness lies in two features — that it d@cN equired behaviour in ay that can be communicated to

nonexperts, and, because it is based on principles, it CSR a cofhcern for every company department,

rather than defining behaviour in relation to technical I@\#i’in which typically concerns only one department
b

(Public 7). Processes of benchmarki required in ordertQ establish definite processes and procedures to carry
through the declaration of intent contained~_the code (Pubh . Smaller companies are seen as having less
trouble adopting a code of conduct, as with larger._compani ore internal bureaucracy has to be negotiated

(Public 7).

Benchmarking procgss is proving difficult, as gett| ng F{ding from industry (to be matched by government) is
becoming difficul#” - larger Gonsumer-facing companies are envisaged as the best bet (Public 1). Generdly,
however, indust sto b well-disposed Yo}he benchmarking approach (Public 1)

7. Examples of CSR in
industry/gaps in
practices

It was noted that e in the industry, particularly those in the specialty chemical sector, see Responsible Care as
a useful model, but that its usefulness might be questionable, due to the lack of credibility typically accorded to




measures undertaken by trade associations on their own (Public 7). Multi-stakeholder approaches (like the Marine

Stewardship Council, which was an influence on ResponsiblegNanocode) have been shown to have more

credibility. For codes of conduct to work, however, transpar t EHS measures and the like is necessary,

and thisis not always easy for companies to achieve (Public onetheless, Responsible Care was mentioned by

ing in providing guidance on how issues like

ary way (Public 4). Larger retailers in the
ess (Public 7).

Encouraging systematic and repeated particip ement activities by some larger

in upstteam stakehold
consumer-facing companies were consider %?otable suc of recent Government-sponsored
engagement efforts (Public 6), although some flndlng as equivocd (e.g. Gavelin, Wilson et a. 2007).

3. Private Sector

\\

Analytical Focus

1. Role of foresight/
anticipatory risk
management

Smaller compan|
concerns, yet with r

pi caII underaand the acity of SMEs in genera for foresight as constrained by cost
own actiyities, they often show a marked concern with foresight;
i this capaci values and attitudes held by directors or senior management ;

ated cases, seen as an important driver for innovation
/sof being sensitized to regulatory change.

A cored t of CSR, whether activities are oriented towards minimising risk or towards creating positive social
value, is pr ipatory action. Foresight, understood as the systematic use of critical thinking
concerning lon opments, can be understood as necessary to inform and guide such action. All

companies survey ed about foresight mainly in terms of anticipating new product developments, market
needs, and internal ipdustry pressures.




However, there is also some discussion of foresight as a means of anticipating business risk (cf. Wood 1991;

Orlitzky & Benjamin 2001) — whether it be from shifts in the regulatory environment, scientific uncertainties, or

uncertainties about potential risks or perceptions of risk. In thisr, it isinteresting that severa of the smaller

companies noted that other smaller companies in the industry/(pot just their sector) tended to see the long-term

costs of CSR as a difficult hurdle for companies in their pogrti et over, with these reported attitudes tending

to agree with findings from research on attitudes among ro companies to CSR (Gunningham 1995,
long term - a long timeframe is six months and

65-7)
IS ifically for ogapanies where to be honest a
inMy, Where?)grn big - for bigger players, the
big multinationals they are expecting to be around [W.]'Wh SMEsthey don't have the same - they're not

engaged to the same degree as perhaps larger orgal\'ﬂ\ions. Yet they tend to be at the cutting edge of

And | tell you one of the real challenges fo

technology. (Company G)

Some remarks from larger companies also bore this view, with one interviewee noting that making longer-
term risk management (such as LCA) mandato “that nothing in Europe is ever going to be
developed by a smaller ium sized compan%ompan ). However, this conflict between costs considered
over different timesc ot necessarily aways evidént when discussion turned to a company’s own view of

Foresight was , In sev smaller companies, as a capacity which derives from the values and experience of
directors and sen ement more widely. A comment from Company A concerning their work on novel
materials was perh pical: “the board members of the company took the view and said, look right assume its

deadly and manage it and make sure that, you know we're not harming our customers.”
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More unusually, this orientation towards risk minimisation was accompanied in the same interview with an
interpretation of business risk as a possible source of further technological innovation: “let's manage the safety
side and for usit's making us - it will make us come up with so echnologies to deal with that.” (Company
A).

In general, companies saw foresight as a crucial compon ‘2{) both anti cipating regulatory change and of helping
to shape it. One smaller company expressed this e
contract” between business and wider society: “regulation 1S society's williagness to accept risk.” (Company G).

2. Nature and extent
of pre-market
r esear ch/isolation
of employee risk
factors

oy ~N

Precautionary attitudes, focused on minimisation and %nj{:ng of exposure are claimed across the industry;,

Drivers for these attitudes vary, ingrained values WRich reflect operators backgrounds, to e.g. systems
of “risk banding” established across a global_company’ s operatigns;

Companies claim to avoid assumption that N e substsmé:/ equivalent” to bulk versions;
Examples exist of specific and extensive pre-market-hupnan and environmental toxicology being developed
by companies, 7”' /ﬂ

Some compani Isar

Consumer-facing jes have in pl\ extensive systems of safety testing to meet regulatory
ith eveloping NST-based products at present, or question whether — given

I product actually NST-based

Xisting toxicology protoc e unsuitable, and better ones would encourage more

Ibed as precautionary approaches to pre-market testing were described.
. nanomaterials manufacturers spoke of the connection between technical issues, such

bulk ones, and adapted toxicological approaches accordingly. Company G described low tests on their product




had looked at a number of environmental hazard scenarios (including the effect of their products on the toxicity of
other airborne particulates) and had produced risk profiles based ongparticle size, none of which gave them cause
for concern. Where toxicological protocols run by external Ao are relied on, however, some smaller
companies (E, K) reported that these did not fit well with the re of their NM-manufacturing processes (where

In fact, they tended to lack flexibility and to‘be excessively'slow to turn iyuﬂ,rewlts. Development of a new
generation of appropriate toxicological testing protoc as by thes& companies as key to encouraging
better pre- market testing.

Precautionary and risk minimisation\ app!

manufacturers, from micro to multinational — com

K) measures, generally including isolation in s&;t?b
0

le
encapsulation in matri ompany M) or gro

in different environments:
' iM in London it can be 0 to 100,000 - to a million in Oxford

ing. Then when your aircraft is out on the runway at calm down and the wind

of nanomaterials. orcement of a precautionary approach was often in smaller companies attributed to
ingrained ways of watking, inherited from larger companies or University departments from which they had been
spun off: “So you kfiow, we live it. We don't need to be told it, we live it” (Company K). Other small and large
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companies (e.g. Companies H, M) described the mandatory use of materia sfety data sheets for the new
materials and annual health screenings for employees to check exposure levels.

For larger companies, such as pharmaceutica multination iscussion of the nature of precaution covered
detailed systems of hazard definition, including the deli uncertainties and consequent minimisation
measures based on risk banding: “we take more of a con [ de to start with so that we can back off as
of a chemicals multinational, described
anding system as low risk, based on
the nature of the materials they made (Compan Furthex, the consumer-f tivities of pharmaceutical and
cosmetics companies give them a specific require ifi%d& to compy/c:tthat mandate higher levels of
precaution. New pharmaceuticals may take ten years t elop; incorporatifg e.g. the passage from pre-clinica

to clinicd trials, and requiring a higher level of data from ws of ingredients - to include, in the future, NMs,

once NM-based products are develop ompany B).

Company C, a cosmetics manufacturer, was careful to poin% that the materials they use are not, strictly
speaking, nanoparticles, but pigments and emulsions n the micron level, some of which were first
introduced to the market ever 25 years ago. R?gchers at the company continued to update the sizeable body of
studies aready done @h t materials. Acute and extehded exposure data for a variety of different scenarios
(from dermal expo;%ﬁ:g ion was available.

\/

. Sources
influence
company
practices
within
industry

of
on

from
the

7

ler and larger companies on product development is vita — in many cases

Navigating magkets”and finding customers can impose significant financial and time costs for smaller
companies.
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With respect to nanomaterials manufacture much UK production (especially with CNTSs) is currently for industria
R&D purposes. Smaller companies engaged in NM manufacture strong collaborative relationships with large
of MNC customers, typically in the USA or in East and South A common theme was that the hype over
the properties of NMs often obscures the real difficulties using them in actual products. One common
problem concerns the conditions under which the manuf rocesses employed by customers operate. A
re that supplied NMs do not lose their

properties during these processes. This means th f and expertise between companies is
common, and that this can include some communi ices from larger companies who often
have more established approaches to CSR, ao jeular standards, some of which
is amed at encouraging accreditation under €.g. : e.g. Company M, operating in
Japan, is typical: /

We basically have a range of materialthat doesn't use%gi(‘jmi um and that really is a big deciding factor
for Japanese companies to work with us use they just dont |jke any heavy metal in their products.

We spoke to some larger companies who are in the positi
These typically see nangtechnologies as generally being still potential contributions to their product portfolio,
whether operating in ticals (Company B) or alvanced materials (Company J). For companies in this
position, a commop’ experience\is being approached by “start up companies [with] perhaps single products that
they are promoting” (B), but “the technology itselfcompetes against all other kind of things that we look at” and
isjust “one possible routg” (J) mw@bﬂcents, and so considerations like the market value of a product

and whether a given technolegy adds of primary concern, not promoting atechnology because of some

being customers for smaller NM manufacturers.

:a% also in some cases to stress this point: that the promise of the technology
to redl products to make developing it worthwhile, which as Company F suggested,
oping nanotechnologies in the food ingredients sector. The need to commercialize
to supply to customers which will “actually improve their efficiency, cut costs, or add extra
\% at nanotech companies outside the EU are seen as “ much more advanced in looking at
" (Company N). So far, the UK and EU appear to be lagging behind in this regard, from
some SMEs. The drive to commercialisation may reinforce negative views of the costs

value’, particular
commercialisation i
the point of view
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associated with CSR, particularly among smaller companies (Companies C, G, H, K, N).

In addition, smaller companies often face significant research cogts Infinding potential customers, as the range of
applications for their products is often very large (Company L

4. External sources
of pressure which
influence
practices (e0.
media,
NGOS/CSOs,
public
per ceptions)

Summary

- Clear differences in attitudes to external pr ée evident
position
Many companies see business risks fr egativepublic perceptio d relate these to inadequate
communication by industry, government and medi WiMealso citi ng/Q£ activities,
Outside larger (particularly consumer-facing) }r&{e& there is little evidence (with one or two exceptions)
that these pressures are driving changes in practice; an
Rapid commercialisation of beneficiaproductsis seen key route to positive public perceptions.

ng companies based on supply chain

Among small and large companies, there were someevident dh?éces in attitudes to external pressures based on
their position in the supply chain. B2B companiesdifferedintheir sense of external pressures. Only a couple saw
very little business risk_eoming from public perception o?%;ir own area of activity. This was either because of

(Company L), or was linked to a perceived low awareness of NST among the

as possible where food applications were concerned (Company F). One
In the US Congress, involving CNTSs:

Companies across al categories and sectors saw the threat of such pressures as deriving mainly from widespread
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“hype’ concerning both the negative and positive potential of NST (Companies C, M). A common obstacle which
companies saw NST businesses as having to struggle with was the tendency within the media to treat Some saw a
negative influence here from CSOs, extending to the “misrepr i d mis-citing” of scientists (Company C),
driven by the need of civil society organisations to attr nding and prestige to big issue oppositional
campaigns (Companies G, K), and perhaps by their fr processes like peer-review (Company C).
Others suggested that CSOs had not, to date, taken a bl ainst NST, having recognised that “could
actually have some serious impacts on things like ...

How far such pressures and business risks havg’dgiven changes in compani

with respect to smaller companies (see Analytical ocus&al;eholder Engagement). Some small companies
(e.g. Companies A, M) expressed a desire to use the abSence of regulation as@n opportunity to develop models of
best practice in communication, and had sent representatives (Company A) on a recent course (March 2009)
organised by the RAE, NIA ano-Bio-Raise blic Communication & Applied Ethics of
Nanotechnology”), with a view to developin t strategy. But other small companies (e.g.
E, K) were negative about the benefits of indivi rying to communicate about their practices in
relation to CSR, on the basis that there was little app gst the public for “listening” (Company E: “you
must engage publicly, when you do, no one listens’)y or that there would inevitably be repetition from
companies of the es, and peoplé would stép listening (Company K). For one company (E), this
attitude was justified in relationto the interviewees experience in the “GM food industry”. Nonetheless, several
companies saw the prespect of Jnegative public yabtions as a good reason for joining industry groups like the

?d that the most effective route to public acceptance would be via the
p

tices is questionable, at least

erceived to be delivering major benefits. Two companies mentioned the
one Where significant uncertainties about risk existed and continued to persist, but
consumer benefits creates acceptance: “most people decide that the benefit to them
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couldn't really see the difference between the tomato paste they had in the fridge today versus the one they could
buy which was GM modified” (G).” Severd interviewees foresaw @ process of “natural selection” (E) in which
various applications of NST would fail to take off, while other make a huge difference to people’'s lives
and would be accepted. There seemed to be a view amongst smaller companies (A, D, E, G, M, N) that the
market would effectively differentiate between different u , solving the problems of perception created
by hype and sensationalistic reporting.

Nonetheless, companies whose products are m

“consumer facing” e more concerned to examine the
nuances of public opinion and how it might
company we spoke to (Company C), havin

ge or<be influenced o yne. One large pharmaceutical
invol in recent yearg’in “upstream” and “systematic”
stakeholder engagement activities, noted that engaginghin deliberative ents of public opinion had for them

been a powerful driver in changing business practices in‘the developing world. Initiatives developed as a result
(on access to products, IP and tech sharing) wouldNbe most likely also cover future products which

Incorporate nanotechnologies. V.

5. Technical
guestions  about
manufacture, use
and disposal
which influence
product
development

Summary

In looking at potential-paths of product de\//do/pment, panies tend to distinguish between (i) products with
established beneiits Wm’%are expected to lead 10 acceptance; (ii) products surrounded with known

uncertainties which can dealt with by established precautionary protocols and (iii) products where
scientific uncertaties make them unacceptable business risks; and
Other key technical Questi hich deterprine future investments concern the precise extent to which value

gical innovation

" There is some evidence however from research on fun?&mds which utilise GM to suggest that, with some technological applications, there may be inherent resistance
among consumers to them based on the nature of the technology (e.g. Cox, Koster et al. 2004). Whether and how this might also be the case among NST applications
(particularly those relating to food ingredients) is unclear.
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or disposa — see Analytical Focus 6 below), and (iii) products or materials whose risk profiles after use in
downstream products could not be determined with enough certaipty to make them an acceptable business risk
(see also Analytical Focus 1 above).

out that the particularly strict issues which
liers of NMs was critical, and where this
terisation studies of their own (B, N).
ought in nanomaterials, such as one

MNC operating in the food sector (Company sewhexe in the food ifferent views were apparent.
del IMertise in underStanding both exposure pathways
ich co to

<El
Company F saw a serious general lack of daté and
and fates of nanomaterials within the human body, ch be expect have a serious impact on the

development of products.

Pharmaceutical and medical companies (small and large)/poin
applied to them meant that the supply of accurate informéation from

of the technical issues which concerned
mnovations could add values to products (the
stakeholder engagement processes of would be

More than questions about scientific\ uncertainty, however,
companies were about the extent to which nan
company’s own, or a customer’s), and what trials, t
necessary to determine this (Companies B, D, E, F, J, K, N

6. Temporal extent
of risk assessment
and research and
actions resulting
from these
assessments
(including LCA,
product
stewar dship,
orphan products)

7

bility of LCA, pagticularly in relation to data and modelling;
ar oblem for srmaller companies;
ic funding ist in making LCA more commercialy viable;
f

Summary

dship are being widely considered, with development of existing legislation on
smaller companies; and

not been widely considered, but where it has, the problem is seen as related

up or down the supply chain.

nterviewed, large and small (13 out of 15), saw life-cycle approaches as potentially
ing risks to human health and the environment associated with emerging technologies.
However, views as t@’what such approaches might involve, what impact they would have on companies from
different sectors and of different sizes, and whether they should form part of a future regulatory regime differed
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enormously.

Producers of basic NMs, for example, are generally not at the
being commercialised, and so have not begun to undertake
would be needed.

e products containing their materials are
r,commission the kinds of exposure studies that

Some smaller companies see LCA as not presentin 'oMifficuIti r them, due either to the nature of the

ave an established lifecycle profile,
ithin thgnpany orin
\/

/f its subsidiaries or partners
Generadly, however, there were still seen to be signifi

roblems deriving either from gaps in lifecycle data
(Companies A, G), alack of modelli interactions between NMs and the environment or
human body (F, K), and/or the relatively t of a material manufacturing process or a
product (A), Larger consumer-facing companies (B,.C) had morg’capacity, as well as (C) access to relevant data,
but here the problem was seen as being that “ ncyy h le to put al of the pieces together” (C)

making assessment easier) or specia experti
(Companies C, G).

Addressing these gaps; | enerally agreed, requires/a lot of resources, too much for small companies to
ties ;1?1?
th

undertake such actj own in many cases. A lack of access to relevant expertise is aso a problem. To
LCA, callaborations betweeh small companies and larger ones with appropriate expertise

vernment sting, either through providing assistance with coordinating
ive arr S, or, as one company, aready extensively engaged in LCA for its
ut[ting] some seed morey in to alow companies to start to do some work”

way to dea with
life-cycle (Compan
problems, with a f

as legidation to bring together companies involved in different stages of a product' s
. But for smaller companies, such legidation was thought to present significant cost
take-back model being particularly damaging. Traceability (rather than full take-back by
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originators) was seen as the best model for product stewardship, and one for which some parts of the industry are
already prepared (Company E).

Discussions of orphan products and successor liability w arked by little evidence that companies had
considered this issue in depth. Some smaller companies ingWwith innovations in electronic components or

7. Extent and nature
of stakeholder
engagement
practices

Summary
- Stakeholders, for most compani out of 15, %Ndefined first and foremost as peer companies,
business customers and employees,
In general, wider engagement tended to be un oodin tsfé)f education — not in terms of enabling people
to understand the science, but to appreciate thebenefi articular products;
B2B companies, and large, view stakeholder engégement as difficult, costly, and being best undertaken
through intermegiaries “(media, government, industry bodies). Cosmetics companies are more engaged,
ream mode.
int

medical/phaan tical sectors tend to be most interested in upstream and
lof: t, often result of previous negative publicity.

model, or even
of manufacturing
market.

roduct jnnovation — a good example being Company M, who remarked on their development
that do not rely on heavy metals, motivated by the requirements of the Japanese
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Beyond this level, smaller companies often find the prospect of engaging with the public, media, CSOs and other
organisations daunting, particularly in an “upstream” mode, although most believe that such processes may have
positive business value. We will explore why they tend to believgthisance we have examined why a minority of
companies have a negative view of stakeholder engagement. After covering the attitudes of smaller companies,
we offer some comments on the activities of larger compani

One interviewee professed a “cynical” attitude to
that

At the end of the day it comes to, to you knéw, pedple puNhei r handsi
[...] buying the product (Company E) /

This stemmed, according to the intervi i in the GM food sector. Whether people saw concrete
benefits from individual products woul iCi
Analytical Focus 4, above), and while it\was imp
chemical companies) putting data in the publlc realm

fndustry organisations like the NIA or CIA (for
unicating about risk, it was not thought that “it'll
viewee noted, tended to happen when something goes

make an enormous differenee”. Engagement exereises, the i
wrong, when a COW it a brick wall. dont e alicence to operate.”
For another company ), the alue of engagemertt was undercut if too many people got involved in it on an

individual basis, as repeti U|ckly ren individual efforts increasingly redundant. A company involved in
that co that sector find themselves in a double bind over early engagement:

to talk about it to give their competitors an advantage [...]It is very

{Fbwt it. If they are doing it they can't talk about it for commercial
t
If they don't say anythi ng then people will think they are doing |t anyway,

For these companies, Wiler engagement was either something which had little value on its own account, marked a
failure to secure a “liCense to operate’ by managing risk effectively within the company, or was something which
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brought up collective action problems stemming from the logic of the market.

ider engagement could be an effective way
ively, and indeed that the risks of nanotechnologies
had to be placed in an appropriate perspective. Public engagemeni, in particular was seen primarily as a form of
i i i ithin public perception, generated primarily
n with technology as a source of risk.

Looking at the present climate, a number of interyi on the ten represent nanotechnology as an
over- unified field, which leads to assumptions ee%ﬁi!& the nanoscale such brings within it certain risks
which affect al its applications (Companies A, F, K One company (A) ed that it made excellent business
sense, therefore, to undertake to break what sometimes We a mutually rei nforC| ng bond between a lack of

public awareness and industry silence, e scare stories d ed the whole industry.

This company felt that both industry bodies like t A and Wdual companies should take responsibility for
engaging the public, but aso that, in common with 0 ler companies who had a more positive view of
engagement, this should be primarily via the media, an;j}?the cultivation of contacts with what were seen as a
growing number of joufnalists with a good record on scfence and technology stories. Models of upstream public

engagement which salicit more gonsultative input from a wide circle of stakeholders (Gavelin, Wilson et a. 2007)
were not mention panies as central 0 the meaning of engagement.

Company Me view of engagement activities in general, noted that certain
intermedijeri and the media (such as the Science Media Centre) had proven highly effective at

assistig j istsi ' inating and accurate depiction of science and technology issues. Skill in
acity which some (e.g. Company A) acknowledged they found problematic.
Success h ending on being able to discuss issues in terms which spoke to the everyday frame of
rder to successfully get across the likely benefits of a product — as opposed to the

the whole, they buy@products’). This indicates an assumption that it is individual products that are the subject of
acceptance and rejectiOprather than whole technologies, unless these technol ogies are created as an object of specific
concern through the afivocacy action of CSOs, etc.
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When it comes to intermediaries, government and industry associations such as the NIA and CIA were seen as having
important, though different roles to play. What links these roles, hewever, is the way in which they are seen as
providing a legitimizing function for the communications activiti individual companies may carry out via the
media. The NIA are seen as a coordinating function, through which a consensus industry view of current signature
products, redlistic future promise, and the current state of/kno ge on risks may be produced and promoted.
t activities was varioudly interpreted as the
anies F, G) and as coordinating efforts at
forward a balanced view of current

/eearchers from getting too much

Smaller companies we interviewed tended to operate in a mir‘\;cjto-busi ness environment, and this — as well as the
fic

provider of opportunities for upstream, multi-stakehol
filtering information, by e.g. setting up review ¢
research, preventing one-sided “inflammatory” i
attention (Company A).

guestion of cost — may well influence s about the difficOlties inherent for small companies in activities of this
kind (Companies K, M). For larger companies, it is interesti/ﬂl there was also an evident relation between

primarily business-to-business activities and a | of proactivg”involvement in wider stakeholder engagement,
beyond engaging Wlth the trade and, more occas aIIy, bli¢ media (Companies H, 1). Larger consumer-facing
companies (B, C) — smaller companla volved i %edical technologies (N, O) — have more of an active
[ st proactive being those involved in the pharmaceutical and medical fields (B, N, O).

lar and ongoing contacts with patient groups and panels of health professi onals and

authorities upstr during the process of product development: small or Iarge
con with “ patl and the GPs, we already do that and we engage them all the time”
ith them, the|r opinion of you know the ki nd of things were [.. ] possibly

t) and sustal nability. Some of this activity was felt to be aresult of past
s, and past “perceived imperfections’.

company we interviewed tends to engage wider audiences more downstream, taking up
y other organisations to present information on their activities, and their understanding
ciated with their products: they noted that “very often events that are organised by
industry groups are as being some sort of front to [...] brainwash people’ (Company C). Again, as withsmaller
companies, the intermediary role of government, industry associations and other organisations like consumer groups
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IS seen as vital in order to establish the legitimacy of downstream engagement.

8. Extent to which
monitoring
procedures  for
products
containing
nanomaterials
differ from those
not containing
nanomaterials

Summary
In the workplace, NMs are treated largely in accordanceAvith
response to existing regulation;

A generally precautionary approach is evident,

isting risk management protocols developed in

s to NMs being treated according to
ne; and

assumption that hazard types and | [ Imi isting sometimes very hazardous chemicals and
biological agents (including powerful acids, pei teratogenic substances), even though their
initial data suggests in many cases that nanom working with may not be anything like as
hazardous. Procedures of regular, systematic and ard assessment were also described by companies
working on novel mategials and other products; whi company (E) described as regularly checking with
to stop development.

toxicol ogists whetherthe “ bigued button” should be pr
A minority of ed that jthey typically monitor exposure levels for staff more stringently where NMs are
. ot

e.g. Company A). In general, however, NMs were not seen as representing
azard thatzwould redqoi nusual or especially innovative measures within the workplace
er, som aller companies also reported having run a series of toxicological tests to
ialg’in order to compare them with bulk version of the same chemical, which

nano-specific regulation. One larger company (1) noted that the manufacture of
aterials (such as films for use in food packaging) was geared to meet the same

products containi
standards as other pr
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The use of nano-pigments and emulsions in consumer products like sunscreens, one large cosmetics company (C)
suggested, did not present any novel problems at all, given nearly ears of research into the potential exposure
effects of such uses.

9. Influence of
modes of
gover nance on
attitudesto CSR

Summary
- Regulatory uncertainty is generally unhelpful, an

regulations apply to them;

Some proposed mandatory regulatory ap roacNere as economi;dg destructive, and a reaction to
anticipated public fear; /

REACh is seen as sufficient to
model, though costs are high;
Mandatory regulations to deal with un
economically destructive rather than a positive dr
Codes of conduct, for guidance and for accreyx{ni on,

ture NMs as it st , and is welcomed by some as a positive regulatory

ainties surroundiig NST (e.g. lifecycle risks) are seen as
for CSRuptake; and
as a useful step forward, on the other hand.

6 out of 14 companiesintervigywed emphasised that the current regulatory environment in the UK and EU was, as
they saw it, char ' Ificant uncertainties. Of these, two multinationals (C, 1) and one micro (L) saw
this situation as negati it as amix of positive and negative, and one SME saw the
Situation as a positive op to develop its own models of best practice (Company M).

Nonethél ess, to reso

r n) is seen as . A% one company pointed out,

a?/’éby consolidating at the very least authoritative forms of guidance for self-

controll ironment to levels that don't actually reflect necessarily the risk (Company G)

However, this was not a task which should be carried out, in the first place, by resort to hard law. One
obstacle to further datory regulations might be, as two companies (M, N) suggested, a persistent lack of
sufficient knowledge among companies of the regulatory environment in which they operate now.
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Companies small and large were generally keen to stress that they
which they are aware, but that further regulations designed to ¢
been associated with nanotechnology (such as lifecycle ri
example, the costs implied by imposing full liability for di
would mean such measures would be unworkable (Comp
cycle analysis of materials mandatory would be
(Company C).

In this regard, companies evaluations of REACh interesting. One smalw manufacturer, who had been
involved both with the DEFRA VRS and its counterpaft,in the USA run by the EPA, noted that the EPA version

featured a phased approach to declaration and risk asﬁent that corresponded to the different technical

jve to comply with all relevant regulations of
e of the risks and uncertainties that have
ight have serious negative consequences. For
anufacturers of NMs used in other products
imilar measures designed to make full life-
e nanotechnology industry in the EU

problems associated with lowvolum ufacturing for R&D on the one hand and high-volume manufacturing
for commercialisation on the other:

“We've got a consent order against manufacturing

they give us guidelines, that if we hit a certain valu guantity we then have to do full toxicological

rt, from the E.P.A. in the Sates and within that
f
1.1

t that's sensible regulation It allows development and allows us to get to the
ustlfyczz%sts of doing thIS and until you get to the point, you have to use a precautionary
E)

IS movi same direction, and would therefore encourage good practice in the
e high. Others (e.g. Company H) affirmed that the general approach of REACh

2008). This form
and companies eng
proposed EU m

In exploring how NST could be applied to food ingredients and packaging (F) noted that
es on labelling could be very counterproductive and should not be used as a “one-shot” form
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of regulation for the industry. Company C noted that, in conjunction with a general lack of public awareness
about NST, labels would be interpreted primarily as warnings, especially on sunscreens, despite the company
being assured that no evidence exists of health risks through der

cosmetic product that contains an ingredient that one or more dimensi@ens of the order of 100 nanometres or

less” would be covered by labelling. This was g{d w)ele@ defi /and potentially one that could
a stage.
/

lead to WTO-driven conflicts on the internati
In the current industry environment, some companies ch@gis{ed the most useful forms of regulation as CSR
as

“guidance’, perhaps provided throug es of conduct developed by multi-stakeholder groups including CSOs
(Company F). Another, related form of\gov
in particular) was accreditation for implementing
by having clear commercial benefits in terms of pro

es of condugt (E, G), which could drive the adoption of CSR

ce which w. /ygly sypported (by smaller NM manufacturers
iding“a “license to operate”. The uptake by several

companies of 1SO9001 1SO14000 indicatethat accreditation as a form of governance is something which
companies aready t reysly, particularly where they collaborate with large companies from overseas (see
Analytical Focus ove). However, Company E noted that accreditation standards, when connected to codes of
practice, need to hav mething, it was sdggested, that some other attempts at such standards (such as
those stemming from Responsible Care) have not possessed, and which industry bodies such as the NIA may help
to promote,~

/\\/



Annex 7: Scenarios Exer cise —Overview of Scenariod

Scenario 1: Low consensus, high cost

Summary

Market penetration

Breakthrough in upscaling
nanotube manufacture

Public institutions have been dow to plan for the possibility of health or
environmental risks related to ranotechnology and self-regulation on the part
of industry has been hesitant.

This regulatory environment, together with a global rec
first decade of the 21% century, has been widely i
expected spread of namotechnologies.
Some occupational health concerns have emerged,
worries about nanotechnol ogies escal ated.
Although nanoscale science is dill bel
applications, the term nanotechnologies’is used less, and the p

al-but disappeared. \ \

ion at the end of the
a dower than

as a result public

commercial
iX nano has

/

Scenario 1: Low consensus, high cost

Worries about occupational health
hazards in construction industry

\

Continuing slow growth in
nanodiagnaostic applications

ICT as key area of
growth

\

>

|
2009

| | | I I | | | | |
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Market pull

8 These scenarios were developed on the basis of ones employed in the engagement activities
undertaken by the EU -funded Nanol ogue project (see www.nanol ogue.net).
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Timeline

2009

A public opinion poll of European citizens showed that, among the
minority that had heard of nanotechnology, most had positive associations
with the term, though didn’'t necessarily trust either public institutions or
private businesses to govern the application of the science effectively.

Relatively slow R&D in key areas meant that nanotechnology products
were dtill peripheral in the marketplace. Much heralded applications in
healthcare and pharmaceuticals were still to emerge, with some companies
projecting up to 10 years for these to reach market.

2010

A magor venture capital firm announced that/it had® embargoed all
investment in nanotechnology-related products, €iting a failure of the
technology to deliver in the market as expected. This

by most in mainstream science. An editoral ify ‘ Nature™jagazine said the
decision was “not only foolish, but d

A number of different accreditaifon sch for nanotec odLction
companies have been launched iffthe y:;r% on a mixture6f CSR-
type approaches. ranging from high| codeshof conduct t0 detailed

lifecycle risk management policies with wdg{akeup has to date been
W
/

dow: companies app: be waiting to hich one becomes the
“industry standard”.

2010

Attempts to set up a glob approach\to\@ulat'wﬁ nanotechnology have
begun, following a series o in':?egdional meefings. The Framework on
ies ai in

place by 2012.

insiders highly Iikely to make commercialisation of a
lications ap’option, due to greater predictability of
costs.

2011

rocessor computing speeds based on extensive use of
other nano-based advances in semiconductor technology are

story of the year.

2012

ICT continues to be a mgjor area of application, with monitoring and anti-
counterfeiting technologies showing particularly strong growth.

2013

It is reported that some construction workers involved with cutting concrete
have begun developing difficult to treat respiratory complaints. They are
discovered to have unusual complications.

A UK newspaper publishes story about the constructions workers
ilInesses, suggesting a connection between their condition and the recent
emergence of nanotube-reinforced concretes in the industry. The story

surveys the growing use of nanotubes across a number of sectors. It also
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compares the workers condition to “World Trade Center syndrome’
(whose cause remains unknown), and recalls the studies published from
2006 onward concerning the potential toxicity of the materials.

2014 | A coherent EU regulatory framework for nanoscience and technology was
finalised, based loosely on the UK guidelines.

2015 | A consortium of European businesses published a report criticising the EU
framework and committed to developing its own, stricter guidelines.

2018 | Nanodiagnostics continue to develop, and with them, concerns over privacy

Applications are now no longer marketed explici as “nano”’. The
widespread nature of certain uses of nanoscale scignce IsYarely brought up
in debate.
C
I n depth
Risk management and regulation
Despite early attempts, it has proven impossiblexto ish a level playing field
globally for regulating the development of new teshnologies. Instead, we have a

piecemea approach. In Europe,
based on voluntary guidelines est
the UK.

have a lega framework, finalised in 2014 and
i by ajoint priv ublic working group in

voluntary initiatives.

discour s on afew high profile “scandals’. Many
this is holding back progress. The media has adopted

scientific
risks, the N
environmentall

od is har@l to come by. Likewise, in attempting to draw attention to
sector /has missed the opportunity of separating out socially or
cial applications of the technology from more worrisome ones.

Access and inequality

Due in part to the slow speed of commercialisation, and because the anticipated
economies of scale have not taken place, nanotechnology-enabled products tend to be
more expensive. It is thought this is likely to change in the near future, however, as
the geographical centre of production continues to shift eastward, and countries
formerly thought of as developing begin to determine the sort of products that are
released onto global markets. The untapped markets in these countries present
innovative companies with a mgor opportunity.
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Once this opportunity is exploited, nanotechnology-enabled products will probably
become available to a larger audience. At present there are few organisations
clamouring for private or public sector action to open up access to nanotechnology. If
anything, despite the benefits that nanotechnologies could deliver, prominent NGOs
are arguing that it is the poor who have less freedom to avoid potentially dangerous
nanoparticles.
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Scenario 2: High Consensus, Slow Growth

Summary

Regulation of new technologies has been standardised internationally and
strong accountability systems are in place.

Public sector incentives, supported by multi-stakeholder participation forums,
have directed research towards products that explicitly benefit society.

Local stakeholder forums debate issues that arise from the use of technology
(such as privacy) and make decisions for their local area.

The strong regulatory regime, especialy around issues
that health and safety risks are spotted early on and arg’'well-

O

Scenario 2: High Consensus, Slow Growth

Xicity, has meant
aged.

Manotech abundant, but
largely anonymous

First regulatory standards
announced in China

Mew EUJ regulatory platform
established ‘\
/ First stakeholder debates on

privacy take place
I I | | T | | | | | —>

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Market penetration

Market pull



Timel

ine

2009

Several new developments in the EU mark a potential shift in the regulatory
environment. Following new recommendations on labelling for cosmetics
containing nanomaterials and calls from MEPs for an extension of the “no
data, no market” principle, a review of the EU nanotechnologies action plan
for 2005-2009 has taken place.

As aresult, a new platform was developed for dialogue between scientists,
product developers, NGOs, consumer groups and others on the social and
environmental aspects of nanotechnology. Early pro was made with
some quick wins including:

Funding allocated for The European Cen
Safety and Toxicology (ECEHST)

Moves to include training on the

Environment, Hedlth,

completed ethical,

Education program ding to support development of skills
and mitigate anticipated skills shortage in EurOpe

Companies complain that ther
within coumntri internationall
Ccosts. 66\

and social aspectSYEL SA) assessment

is no longer &’level playing field, either
,'as larger companies can absorb additional

2010

An OECD precess far developing stamtards on nanoparticles is underway.
. e centre identified potentially harmful

particles) uidance for regulation (e.g. where moratoriums were
necessary safety issues for workers and users. The
development o life-cycle’analysis for nanomaterials was a particular focus.

2011

[t9s evident that growth in nanotechnology has slowed considerably. Many
sm companies have left the sector, with economic difficulties due to the
globa Jon being exacerbated by increased regulatory costs.

The f or is particularly affected by the extension of modified labelling
reguirements to the emerging sector of nanofoods.

The use of nanotech in electronics continues to grow, with a slow but
significant increase in its diagnostic applications.

2012

The first publication of standards for nanoparticles was announced in China.
The OECD standards on nanoparticles were launched quickly in response,
informed by data from the ECEHST. This is proclamed by some as
heralding a major step forward in providing a level international regulatory
field, but others argue that the damage to nanotech has already been done.
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International discussions begin on overhauling intellectual property/patenting
systems, with a view to ensuring access to important enabling technologies.

2013 | The first moratoriums were announced and a number of products were
recalled, based on research from the ECEHST.

Little progress has been made on issues of intellectual property.

2014 | Privacy came to the forefront of the debate over. Nanosensors tracked what
people bought, where they went and even what they said. The media and
civil rights groups began to talk about this as an infringement on civil liberty
and increasingly the public took notice.

2015 | Stakeholder debates took place across Europe to discuss what was off limits
with respect to the use of nanotech to collect
signposts were required where the technolo

used this type of surveillance technology

2016 | By now, it was clear that the ngz{( nanotechnology” was N@ylonger a
marketing tool. Nonetheless, nan alew:e in abundant uy%?thout

attention being drawn to its employment

2017 | Larger companies are €
sharing programmes with

ining the possibili developing technology-
ing countries, dr ing, on long-established
models from the pharmaceut [ .

%

L4
2019 | BBC documentary ‘Whatever happ to nanotgchnology? is broadcast.

revisits 2009, the fears” of the time and looks at
ents of th pasi ten y . The programme takes viewers back to
were made, as well as some of the
more seriou [ as those concerning the possibility of

The pro
develo

Risk Man egulation

ironment has evolved. International regulatory standards,
promoted by the D, have been in place since 2012. Environmental and socia
impact assessments are now required for every new application that uses
nanotechnology. Life cycle analysis is standard, analysing the impacts of each product
from production, through use, to disposal.

Based on findings from the ECEHST, set up in 2010, there have been a number of
moratoriums put in place on certain applications of nanotechnology.

There is a centra website resource from the ECEHST updated with al the
information on the vast number of safety standards related to nanoparticles. This is
mainly used by scientists and product developers but is free to access. EU and
government funded multi-disciplinary teams that include representatives from NGOs,
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companies, regional governments and delegates from local stakeholder forums, advise
on regulation and the direction of research funding.

Public debate
Early mapping of key stakeholders enabled the European Commission to engage
those with an interest in, those who might be affected by, or those who had a strong
influence over, the development of nanotechnology — including scientists, product
developers and other representatives from industry, NGOs, consumer groups, the
media and academia. Effective dialogue at EU, nationa and regional levels has been
key in directing nanotechnology towards more societal needs and building consensus.
Educated through a series of high profile media workshops early on, the media has
played a vita role in providing informed and bal information on
nanotechnology and galvanising effective public debate.

Although nanotechnology itself does not have a hi
specific debate, issues related to the impact of n
NGOs have also become much more targeted i thel
issues— to great effect.

Access and I nequality S/
An unintended consequence of the careful approach g‘t%k;:; new technologies to
ed

market has been to add a premiu nanotechnol ogy-r products. Consultation
and dialogue cost money, and it is event the consumer pays the price for this.
Although this hasn't affected the success of preducts in the gr'ngze)t/ it has contributed
to an emerging “nanodivide” in Europe and th opingZworld. Therefore, rather
belatedly, significant effort is going into Egejc;loping mechanisms to broaden
access, although thigp many difficulties. For exapiple, some NGOs are entering

ive market power and raising barriers to entry for
i fgﬂr&s was made. Today, some are placing great

companies to open up access based on some established IP
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Scenario 3: High Disruption, High Growth
Summary

Scientific progress has been faster than expected and nanotechnology-related
products are making a real impact on society and the economy.

Dramatic improvements have taken place in the efficiency of solar
photowoltaic (PV) cells.

Long-term investments in fossil fuel resources are progressively losing value
and new market entrants are growing quickly.

The speed of change has left regulation behind. Non , public debates
seem to indicate that people feel the benefits so far outtveigh the risks.

L N

Scenario 3: High Disruption, High Growth

Growth in robotics
applications

Py efficiency
improvements begin

\

Governments struggle to cope
with social and economic
effects of technological
innovation

| | | | I | | | | | |
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Market pull
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Timeline

2009

UK nanotech companies take the lead in backing a new code of conduct-
based model of voluntary regulation, overseen by a trade association. Some
commentators note the resemblances between this approach and Responsible
Care in the chemical industry.

Many smaller companies are concerned at the potentia costs of
demonstrating they are compliant with the code.

2010

After a short recession, business confidence is buoyed up by the emergence
of small, efficient fuel cells, which are beginning lace batteries in
smaller electronic devices such as mobile phon d laptops. Progress in
this area drove research in other areas of f
advances in larger fuel cell technology for tr

2011

There were dramatic improvements i Sexperimental cells were

2012

operating at 30 per cent efficiency. PriCes began,to drop. 7
Rapid developments occurred with the fir cmally availab}(printable

W
Governments across Eur ruggled to keeNith the rapid pace of
technological change. Th lack of definéd. regulation. However,

products were seen to have le benefits, so there were few
objections.

2013

Euroths offered | gébsi di @Aomehowners who invest in
ation.

microg
9)| ndustry’s syst f voluntary regulation, arguing that it
ey poirted to the emerging long-term problems
and waste agement.

shartage in engineers and researchers resulting in an

2014

Many o(t,he old energy giants lobbied hard against the decentralisation of
energy production.

Greenpeace produced a report on resource use, which highlighted the limits
of platinum availability and concerns about the lack of recycling of
nanomaterials.

2015

A Nobel prize was awarded to the team responsible for developing cheap,
efficient spray-on solar cells.

Robotics started to kick off due to small, cheap and highly efficiert batteries.
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2016 | Concerns over resource use and pollution continued to increase. The
recycling issue had still not been resolved.

The first mgor nanotechnology-related incident at a manufacturing plant
highlighted the risks involved and forced a rethink from governments on
regulation.

There was a worrying skills shortage in Europe.

2017 | The rapid spread of spray-on solar cells led to a worldwide rise in renewable
energy production. For the first time there were signs that major reductions
in CO2 emissions might be achievable. The importanceg,and timing of these

had reached 400ppm.
The religious right in the US scaled up its op,

a publication called ‘The End of God's Chil
religious implications of the advancing sefen

/a'entas

There is increasing unrest |n countries that hagr&c&s to the technology

2019 | In 2019 the disruptive nature of tpe/ elopm ts has become
centralised energy production beginsto f

and representatives are c on government d corporations to ensure
wider distribution.

I n depth / / /
Risk Manag and Regulation

The regulatory envi up with the pace of technological
change. d concerns over life-cycle impacts have
. Because of the increasing complexity of

Public Debate

In the years leading up to 2019, most public opinion polls showed an overwhelmingly
positive response to nanotechnology. Nanotechnologies are seen by most to be
delivering an obvious societal benefit. However, debate has intensified about the
trade-off between rapid progress and the potential down-sides. Spray-on solar has
raised awareness of the potential issues around how waste is deat with when the
product has reached the end of its useful life. There is increasing pressure for
biodegradable alternatives to be developed. There is also increasing unease in
religious circles about the path that the advances in technology are taking us,
particularly with respect to advances in the science of human modification.
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Access and I nequality
There are still a number of developing countries that have not been able to take
advantage of the rapid development of technology due to lack of infrastructure and

investment. There is growing demand for energy technology to be made more
universally available.

\
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Annex 8: Analysis of Scenarios Exercise

Summary
- In general, effective anticipatory action on the part of industry and regulators requires
that both stakeholders engage better with each other in more formal and systematic
ways.
Effective communication with regulators and with the public is one of industry’s chief
obligations, which may require institutional innovations within the industry.
The role of voluntary standards or forms of accreditation was seen as important, but as
not providing anything like a panacea. Government needs to provided guidance on what
such standards should cover.
Foresight is not just about anticipating negatives, but alsp7abo ticipating benefits,
and enabling these to be spread as widely as possible/without engendering negative
SOCi0-economic impacts
Upstream and consultative modes of wider eng roblematic, but in the
face of insuperable uncertainties about laten
initiatives are possible and necessary will pr

The scenarios exercise was run as part of a rcmlekt for reprg atives from

Introduction
companies who had participated in the interviews in 3, academia, and regulatory
serve as the b of discussion of what were

agencies. Three scenarios were provid

considered to be less and more des ture outcom r the development of
nanotechnologies within society over the next d ~Each scenafio was constructed around
outlier” or wild card events which were of low ity ,» but which could have a high

impact. Each consisted summary, at imeli developments from 2009, and a
more in-depth look at issues strcounding risk management ‘and regulation, public debates about

the technology, an onomic Ympacts (see Annex 7 for full description of each). The

development of these arios, using a set developgd by the EU-funded Nanologue project as
, ' teiaitial findingsffom Phase 2 and Phase 3 of the research.

1. What could bugiress and regulators have done to prevent or avoid negative outcomes?
2. What might be&'the barriers here in 2009 to dealing successfully with the issues that arise
within your scenario?

In thinking about these questions, they were asked to consider in each case drivers which might
be important within the three areas that are addressed “in depth” in each scenario: public
debate, risk management and regulation, and technology access.

They were requested to formulate 3-4 measures which should be undertaken (a) by regulators
and (b) by business in order to address the barriers they had identified as existing in the present.
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Participants

Identifier Organisation

Group 1 (Scenarios

1&2)

A Academic

B HSE

C MNC - Food

D SME - Medical and Diagnostics

Group 2 (Scenarios

1&3) /\

E NanoKTN

F SME - Food /
G SME - Instrumentation

H Academic

Discussion \u x
Overal, Scenario 1 was interpreted as the scenario that inBustry fears most, in WhICh regulatory

gaps and/or poor practices lead to a sifuation which threatégs to blight the nanotechnologies
industry. Tackling such a situation was o require severa different measures.

First, clear and early communication about risk and benefit was as vital, both within and
outside the industry, in order to counteract potential negeti segquences of media reporting.
Trade organisations were as playing a le here, the goal being to help a wider
d the technologies, why they are being developed, and what
understand\it more they may be prepared to adopt it.”
s must avoid “tatking down” and also have to make the
ticip. F). But legitimacy and trust would be
nment t on communication efforts, as they would be
S|t| on as regulators in doing so (E). One suggestion for how
of umbrella organisations striving to represent the
, sectoral bodies could be constituted, helping define

Companies and trade
message “credlble and

Secondly, a lack of d toxicological knowledge was seen as a contributing factor in the
emergence of the CNT>related health scare. Participants suggested that more action should be
taken at EU level to coordinate toxicology efforts, and that, at the national level, more targeted
regulation based on exposure, risk and potential harm should be looked at in order to better
capture the differences between potential applications of nanotechnology in different sectors.
There was aso some discussion of how well technology graduates are being trained to examine
their activities in light of ethical and duty-of-care considerations. It was also possible,
participants noted, that the latency of an exposure problem might make it impossible to predict
its emergence, no matter how much toxicological research was done. Nevertheless, regulation
had to be proportionate and react to risk and uncertainties as they were discovered.

Although Scenario 1 was felt to be highly negative, Scenario 2 was felt to represent another
source of danger — over-regulation. Indeed, this scenario was interpreted as demonstrating
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some of the difficulties inherent in attempting to put in place the kind of measures that were
Seen as necessary to avoid Scenario 1.

Early and heavy regulation in this scenario (particularly around the need to engage with the
public in upstream mode) was interpreted as having added to economic difficulties caused by
the recession (in the present. Compliance with regulation was seen as having imposed heavy
costs on smaller players, with the result that many small companies had been driven out of the
industry. The main response participants saw as appropriate to this scenario was much more
engagement between regulators and industry to decide early on what level of regulation would
be necessary in order to ensure acceptance of technologies, along with safety.

Perhaps the key interaction here was seen as between public copsultation and a lack of

to both Scenarios 1 and 2, with some concern evid

without engendering a collective action problem. Wnless companies were giv clegar view of
which of several standards would be the best o tionnMey would be [)Kely top wait
to see which one survived a process of VHS versus Betamax-styléwnatural selection (Participant

conduct or accreditation standard migh to meet, and thém allowing different standards to
be devel oped.

E). One way forward might be for the Government to specw kinds of criteria a code of

Scenario 3 was much seen in a much mor
technological advances detailed in the sc

e am e benefits of the rapid

were as Ieadlng directly to public
acceptance, but that a able lack of foresight from industry and from regulators was
evident, given the prOblems wkich emerged ound the recycling, reuse and disposal of
sophisticated and ¢ nano-devices and material

cling and disposal infrastructure suited to

signature products fete are”consumer products) a concerted programme of public education
about the best ways t0/reCycle products would be necessary. This scenario was seen as being
one which most obviatisly required a great deal of complex coordination of efforts at a global
level.

Conclusions

It was evident that participants from both public bodies and private companies saw in the three
scenarios evidence that led them to call for better engagement between regulators and industry,
both to avoid situations like the exposure problems detailed in Scenario 1, the issues of
overregulation which participants saw as central to Scenario 2, and the lack of foresight
apparent in Scenario 3. The need to differentiate between different uses of nanotechnology,
both in terms of assessments of risk and of benefit, recalls various observations recorded during
Phase 3 of the research (see pp. 104 and 114 above). The need to build in such considerations
to processes of communication was seen as particularly important, both in terms of the forms of
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information being promulgated, and in terms of the ingtitutional innovations which might be
necessary to communicate effectively (such as sectoral industry bodies representing food,
speciality chemicals, and so on).

As some participants noted, however, the possibility of latent and unpredictable problems
(perhaps both in terms of health and environmental risks, and socio-economic issues, as in the
technology access problems within Scenario 3) remains something which is extremely difficult
to address, if not impossible. It is interesting here that the processes of wider engagement and
consultation described in Scenario 2 were viewed negatively. As one company we interviewed
suggested, regulation could be thought of as representative of “society's willingness to accept
risk” (see p. 98 above). If these kinds uncertainty are unavoidable, then questions of how
regulation extends to encompass them (which some have suggested may extend to formal
processes).

N\
O
-

4
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