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Executive summary 

The NanoDiode project establishes a coordinated programme for outreach and dialogue to 

support the responsible development of nanotechnologies in Europe. NanoDiode initiates 

engagement activities at all levels of the research and innovation process: from policy making 

and research to the diffusion of research outcomes in society. 

This report summarises the findings of a literature review, a series of expert interviews and 

discussions within the NanoDiode consortium on current ‘needs’ for outreach and dialogue on 

nanotechnologies in Europe. It sets the stage for the various activities within NanoDiode by 

discussing specific needs and suggesting ways to address them.  

The most important observation during these initial explorations was that it is impossible to 

define a single set of substantive needs for outreach and dialogue within the NanoDiode project, 

for two reasons. First, stakeholders perceive different needs, depending on their position in the 

debate. For some, it is to promote consumer acceptance of nanotechnologies. Others see a need 

to increase stakeholder involvement or citizen participation. There is a range of competing 

needs and interests in the debate on nanotechnologies. The second reason why it is impossible 

to define the needs for outreach and dialogue within the NanoDiode project is that needs differ 

across the different levels of engagement. Upstream engagement responds to the need to involve 

citizens in policy decisions; midstream engagement concerns stakeholder involvement to 

modulate research decisions; downstream, there is a need to develop more engaging forms of 

education and communication that go beyond ‘selling’ nanotechnologies. 

Because of these reasons, this report does not attempt to define a determinate set of substantive 

needs for outreach and dialogue. Instead, it identifies the following procedural requirements for 

the effective governance of nanotechnologies in Europe:  

1. The need to operationalise the notion of Responsible Research and Innovation in the context 

of nanotechnologies;  

2. The need to assess public attitudes and perceptions of nanotechnologies in Europe;  

3. The need to address risks and concerns on nanotechnologies;  

4. The need for more engaging outreach and public communication on nanotechnologies.   

This report discusses each of these requirements in further detail and suggests how the 

activities within NanoDiode intend to address them. Its findings support the development of 

new strategies for outreach and dialogue in work packages 2 - 5. As a map of the nanotechnology 

engagement landscape, this document may provide feedback for both policy makers and 

practitioners.  
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1. ‘Needs’ for outreach and dialogue on nanotechnologies in Europe   

The NanoDiode project establishes a coordinated programme for outreach and dialogue to 

support the responsible development of nanotechnologies in Europe. NanoDiode initiates 

engagement activities at all levels of the research and innovation process: from policy making 

and research to the diffusion of research outcomes in society. The different work packages 

within NanoDiode each address a specific level of engagement:  

− WP2 - INSPIRE organises engagement and dialogue at the ‘upstream’ level of 

nanotechnology research policy; 

− WP3 - CREATE enables processes of co-creation at the ‘midstream’ level of concrete 

nanotechnology research and innovation processes; 

− WP4 - EDUCATE aims to professionalise nanotechnology education and training; 

− WP5 - ENGAGE establishes a programme for outreach and communication on 

nanotechnologies. 

This report summarises the findings of a literature review, a series of expert interviews and 

discussions within the NanoDiode consortium on current ‘needs’ for outreach and dialogue on 

nanotechnologies in Europe. It sets the stage for the various activities within the NanoDiode 

project by discussing specific requirements in further detail, and suggests how the activities 

within NanoDiode intend to address these requirements.  

 

1.1 Method and data collection 

The findings in this report are based on a literature review, a series of expert interviews and 

internal discussions within the NanoDiode consortium during the first nine months of the 

project. 

Literature survey  

A wide range of documents was consulted for information on the attitudes, interests and value 

judgments of citizens in Europe towards nanotechnologies, including: 

− Social surveys such as the Eurobarometer and other public perception studies, including 

those in earlier European projects; 

− The outcomes of European and national engagement programmes (e.g. the NanoKommission 

in Germany and the Nationale Nanodialoog in the Netherlands); 

− EU nanotechnology policy documents (Work Programmes, Action Plans and 

Communications). 

 

Expert interviews  

The following experts were consulted on key questions within NanoDiode, including perceived 

needs for outreach and dialogue on nanotechnologies (the questionnaire for WP1 is provided in 

the appendix below. Experts were consulted on all or parts of the questionnaire, depending on 

the area of expertise and level of involvement in the project).   
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1. Dr Anne Dijkstra, Twente University (NL) 

2. Prof Dr Bärbel Dorbeck-Jung, Twente University (NL) 

3. Mr Andreas Falk, BioNanoNet (AT) 

4. Dr Erik Fisher, Center for Nanotechnology in Society, Arizona State University (US) 

5. Dr Cristina Gabellieri, Inserm Transfert (FR) 

6. Dr Jurgen Ganzevles, Delft University of Technology (NL) 

7. Dr Leon Gielgens, NanoNextNL (NL) 

8. Dr Agueda Gras-Velasquez, European Schoolnet (BE) 

9. Dr Antje Grobe, Dialog Basis (DE) 

10. Ms Sonja Hartl, BioNanoNet (AT) 

11. Dr Paul Hix, Deutsches Museum (DE) 

12. Ms Janneke Hoedemaekers, Agentschap NL (NL) 

13. Dr Hildo Krop, IVAM (NL) 

14. Dr Lino Paula, European Commission (BE) 

15. Dr Erica Poot, European Commission (BE) 

16. Mr Andrej Porovic, Nanotechnology Industries Association, (UK) 

17. Ms Thirza Ras, ZonMw (NL) 

18. Dr Adrienne Sips, RIVM / NanoNextNL (NL) 

19. Ms Shannon Spruit, Delft University of Technology (NL)  

20. Dr Christos Tokamanis, European Commission (BE) 

21. Dr Pieter van Broekhuizen, IVAM (NL)  

22. Dr Rens Vandeberg, NanoNextNL (NL) 

23. Mr Jan van den Berg (NL) 

24. Ms Hannie van den Bergh, Studio HB (NL) 

25. Prof Harro van Lente, Copernicus Institute, Utrecht University (NL) 

26. Mr Bart Walhout, Twente University (NL) 

27. Dr Thomas Zadrozny, NanoFutures Association (BE) 

 

Discussions within in the NanoDiode consortium 

In addition to the literature survey and formal and informal conversations with relevant experts, 

the needs for outreach and dialogue were also discussed within the NanoDiode consortium 

itself, via email, telephone conferences and during the first project meetings: the kickoff meeting 

on 19-20 September 2013 in Amsterdam, the first Steering Group meeting on 10-11 December 

in Brussels and a WP5 meeting on 26-27 February 2014, again in Brussels. These discussions 

focused on the question why we engage in dialogue on nanotechnologies, what ‘needs for 

outreach and dialogue’ might be, and how the consortium might come to an agreed outlook on 

the purpose of engagement.  
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1.2 Findings  

The most important observation during these initial explorations was that it is impossible to 

define a single set of substantive needs for outreach and dialogue within the NanoDiode project, 

for two reasons. First, the debate on nanotechnologies involves a wide range of stakeholders, 

each of which perceive different needs for outreach and dialogue, depending on their position in 

the debate. Citizens have wildly varying ‘needs’ for outreach and dialogue: they may or may not 

want to learn about nanotechnologies, and they may or may not want to become involved in the 

debate on nanotechnology. 1 Depending on their personal interests and concerns, they might 

show strong support for the development of nanotechnologies development, acquiesce in the 

situation, or feel the need to protest. Industry has an interest in nanotechnologies insofar as they 

enable innovative products, improved product properties or enhance the efficiency of 

production. Their ‘need for outreach and dialogue’ is to increase consumer acceptance of 

nanotechnologies. Researchers seek funding for their research; their need is to promote the 

scientific and technological opportunities that nanotechnologies present. Civil society 

organisations are concerned about the possible adverse impacts of nanotechnologies on society 

and the environment. They have a need to increase stakeholder and citizen involvement in 

nanotechnology policy and research to encourage the equal distribution of risks and benefits.  

Trade unions are concerned about the safety of workers. Their need is to raise awareness of 

potential risks and strengthen participation of worker representatives in decisions concerning 

the workplace. Governments, finally, seek to enhance the competitiveness and economic growth 

of their country or region. They have a need to gather public support for their nanotechnology 

funding programmes. Hence, there is a wide range of competing needs and interests in the 

debate on nanotechnologies, rather than a determinate set of needs.  

Since the NanoDiode consortium itself brings together a range of stakeholders, involving 

partners from industry, nanotechnology research, risk research, social science, trade unions and 

artists, it proved equally difficult to determine one particular substantive set of needs for 

outreach and dialogue. The internal dialogue within the consortium thus constitutes a social 

experiment in itself: to what extent can such a diverse consortium find common ground on 

which to engage in outreach and dialogue?  

                                                      
1
 The Special Eurobarometer 401 on “Responsible Research and Innovation (RRI), Science and Technology” of November 

2013 provides further information on the views of European citizens on public involvement. The survey asked 

respondents about the level of involvement they thought citizens should have in decisions made about science and 

technology. It states: “The most common response is that citizens should be consulted and their opinions considered 

(39%). Three in ten (31%) think that citizens should only be informed, while 12% think citizens should participate and 

have an active role in such decisions. Around one in twenty thinks that citizens do not need to be involved or informed 

(6%), while 4% think that citizens’ opinions should be binding. Overall, more than half of Europeans believe that when it 

comes to decisions made about science and technology public dialogue is required (55%) whereas less than four in 10 

respondents believe that it is not (37%).". See: http://ec.europa.eu/public_opinion/archives/ebs/ebs_401_en.pdf, p. 37.   
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The second reason why it is impossible to define the needs for outreach and dialogue is that 

needs differ across the different levels of engagement. The priorities for upstream public 

engagement are very different from those at the midstream and downstream levels. The need 

for upstream engagement involves the development of meaningful dialogue that involves 

citizens and stakeholders in decisions on the direction of research and has the capacity to affect 

policy decisions (see also the criteria for best practices in D1.2). The need in midstream 

engagement concerns more robust interactions between stakeholders such as industry and 

CSOs, or between risk assessors, researchers, innovators and policy makers to ‘modulate’ 

research decisions in response to ethical, social or environmental considerations. Downstream, 

there is a need to develop more engaging forms of education and communication that go beyond 

‘selling’ nanotechnologies. 

Because of these reasons, this report does not attempt to define a determinate set of substantive 

needs for outreach and dialogue. The literature survey, interviews and internal discussions 

instead point towards a number of procedural requirements for the effective governance of 

nanotechnologies in Europe:  

1. There is a need to operationalise the notion of Responsible Research and Innovation in the 

context of nanotechnologies; 

2. There is a need to assess public perceptions and attitudes towards nanotechnologies in 

Europe;  

3. There is a need to address risks and concerns on nanotechnologies;  

4. There is a need for more engaging outreach and public communication on 

nanotechnologies.   

This report discusses each of these requirements in further detail, and suggests how the 

activities within NanoDiode intend to address them. Its findings support the development of 

new strategies for outreach and dialogue in work packages 2 - 5. As a map of the engagement 

landscape, this document may provide feedback for both policy makers and practitioners.  
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2. Operationalising the notion of Responsible Research and Innovation  

An important requirement identified in the interviews and discussions was the need to 

operationalise the notion of Responsible Research and Innovation (RRI). RRI offers a new 

approach to research and innovation, suggesting changes in the way research and innovation are 

driven, carried out and evaluated. It considers widely shared moral values as the starting point 

for technological design and targets early involvement of stakeholders in research and 

innovation processes. This perspective is in line with the focus on societal challenges in Horizon 

2020, the European Commission’s new framework programme for research and innovation. RRI 

is a ‘cross-cutting issue’ in Horizon 2020, which means that it features in each of the different 

parts of the Work Programme, including Nanotechnologies, Advanced Materials and Production 

(NMP) programme. The precise ramifications of this status as a cross-cutting issue are not yet 

entirely clear in these early stages of the Horizon 2020 programme, but there is a growing need 

to clarify what RRI implies at the level of the specific programmes. In other words, the concept of 

RRI needs to be operationalised: specific and measurable parameters have to be developed in 

order to determine what is, and what is not RRI.    

        

Some headway has been made into operationalising RRI in recent years. Several projects, funded 

under the European Commission’s FP7 Science in Society programme such as RES-AGORA, 

RESPONSIBILITY and GREAT (see also D1.2 detailing best practices for NanoDiode), are 

currently expanding on the definition by Von Schomberg (2011), which states that:2  

“RRI is a transparent interactive process by which societal actors and innovators 

become mutually responsive to each other with a view on the (ethical) acceptability, 

sustainability and societal desirability of the innovation process and its marketable 

products (in order to allow a proper embedding of scientific and technological 

advances in our society).”  

Von Schomberg distinguishes a product dimension and a process dimension of RRI. 3 The 

product dimension refers to the desired outcomes of research and innovation. The process 

dimension concerns the ways to work towards the envisaged result. Von Schomberg has 

specified a product/process matrix to specify the types of activities that fall under the header of 

RRI.4 Activities include technology assessment and foresight, application of the precautionary 

principle, innovation governance, stakeholder involvement, pubic engagement and debate.   

Elsewhere, Von Schomberg identifies three essential elements for RRI:5  

                                                      
2
  Von Schomberg, R. (2011), The quest for the «right» impacts of science and technology. An outlook towards a framework 

for responsible research and innovation. In: M. Dusseldorp et al. Technikfolgen abschätzen lehren. Bildungspotenziale 

transdisziplinärer Methoden. VS Verlag..  
3
 Thole, E. & D. Schuurbiers (2012): "René von Schomberg on responsible innovation: See ethics as a stimulus and not as an 

obstacle." LEV 8, November 2012.14-18. http://www.society-

lifesciences.nl/fileadmin/user_upload/docs/Publicaties_PDFs/LEV/LEV08-nov2012-Schomberg-EN.pdf  Last accessed 31 

March 2014. 
4 

Von Schomberg, R. ( 2013). A vision of responsible innovation. In: R. Owen, M. Heintz and J Bessant (eds.) Responsible 

Innovation. London: John Wiley, forthcoming 
5
 See Von Schomberg in LEV 8 p. 18. 
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1. RRI does not focus on any single stage of governance such as policy, research or societal 

acceptance, but considers the whole innovation process from idea generation to production 

and distribution;  

2. RRI seeks to involve stakeholders in early stages of research in which policy makers, 

researchers, manufacturers and users collectively define priorities for European research 

and innovation; 

3. RRI considers ethical, legal and social dimensions not as constraints, but as drivers of the 

research and innovation processes. In other words, the fundamental question is not how to 

prevent harm arising from new technological developments, but how to ‘create good’ with 

technology.  

 

The Science in Society programme has specified six specific ‘keys’, or dimensions, for RRI:6 

engagement of societal actors, gender equality, science education, open access, ethics and 

governance. Owen et al (2013) identify different ‘capacities’: reflexive, deliberative, responsive 

and anticipatory capacity. 7 While these initiatives may for shed further light on RRI in a general 

sense, the operationalisation of RRI within the specific programmes within Horizon 2020, 

including the NMP programme, still deserves attention. The NanoDiode project aims to consider 

the practical implications of RRI in nanotechnology policy and research practice. It will explore 

the different meanings attached to the concept and will design its activities accordingly.    

Since the precise implications of RRI as a cross-cutting issue in Horizon 2020 are not entirely 

clear, RRI still has a high degree of semantic flexibility: the discourse on RRI contains traces to 

public engagement, responsible conduct of research, constructive technology assessment and so 

on, as Von Schomberg’s product/process matrix and the different RRI-keys above indicate. This 

combination of shifting meanings of RRI along with a relatively unclear but apparently 

important political status as a cross-cutting issue makes RRI a political resource for those who 

seek to impact research and innovation practices. For some, RRI offers an opportunity to 

encourage long-awaited changes in the research and innovation system. Others may consider 

RRI to be another administrative burden on an already strained research and innovation 

processes, and will seek to minimize its impact. The result is a process of ‘opening up and closing 

down’ its meanings and implications (see Stirling 2008).8 These negotiations of meaning and 

impact, which to some extent are a natural part of political processes, are particularly complex in 

the case of RRI because of the normative plurality that is inherent in the term responsibility: 

what is considered ‘responsible’ is dependent on one’s preferences, political tastes, and 

worldview.    

Given these considerations, NanoDiode will not try to determine what RRI in the context of 

nanotechnology really ‘is’, but instead will map the types of considerations and rearrangements 

suggested to be a part of RRI by different stakeholders.  

                                                      
6
 Responsible Research and Innovation: Europe’s ability to respond to societal challenges. 

http://ec.europa.eu/research/science-society/document_library/pdf_06/responsible-research-and-innovation-

leaflet_en.pdf Last accessed 31 March 2014. 
7
 Owen, R., J. Stilgoe, P. Macnaghten, M.E. Gorman, E. Fisher and D. Guston (2013). A Framework for Responsible 

Innovation. In Owen, R., J. Bessant and M Heinz (eds.): Responsible Innovation. John Wiley & Sons Ltd. pp. 27-50.  
8
 Stirling, A. (2008) ‘"Opening up" and closing down"; Power, participation, and pluralism in the social appraisal of 

technology’, in: Science, Technology and Human Values 33(2): 262-294. 
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As an initial mapping exercise, we have gathered responses from a variety of actors in the 

nanotechnology research and innovation system (from scientists and engineers to policy makers 

and from industrialists to ethicists and philosophers) as part of the formal and informal 

interviews for NanoDiode. The results can hardly be said to be ‘academic’ - the sample is not 

representative, nor was there a fixed questionnaire. Still, a pattern emerges in responses to the 

question: ‘what is RRI, according to you?’ We have mapped four types of responses:       

1. The neutralist response. This type of response identifies RRI as a misnomer: technologies 

are value-neutral, so they cannot be said to be responsible or irresponsible (this position is 

comparable to the statement: guns don’t kill people, people kill people);  

2. The minimalist response. This response acknowledges the need for minimal normative 

requirements for the conduct of research: research and innovation ought not to transgress 

socially accepted norms. This is comparable to the ‘traditional’ interpretation of research 

ethics: it draws the normative lines that research and innovation should not pass (the 

assumption being that what happens within the lines is by definition beneficial);   

3. Procedural responses. This type of responses refers to Von Schomberg’s process dimensions 

in defining RRI. Response include:  

a. socio-ethical reflection: researchers should be aware of societal implications  

b. public engagement: engaging stakeholders at early stages of development  

c. impact assessment: socio-technical scenarios 

d. governance mechanisms: transparency, risk regulation, monitoring, codes of conduct 

Respondents who offer these responses often make a distinction between basic and applied 

research. While RRI makes sense in the case of applied research, fundamental research 

should be left alone.  

4. Substantive responses. These responses refer to Von Schomberg’s product dimension:  

a. RRI targets innovation that helps address societal challenges (e.g. environmental 

sustainability / cleantech)  

b. RRI targets innovation that embodies public values. 

While there is considerable variation in these responses, innovation actors mostly interpret RRI 

as a call for a more accountable, responsive research and innovation process (this intention is 

sometimes designated by the Latin term plus respicere - to take more into account) - but it is 

largely unclear to respondents what this would imply on the practical level of day-to-day 

research decisions.  

The challenge for the NanoDiode consortium is to find ways to meaningfully engage with the 

concept of RRI - to perform specific activities under its heading - while taking into the variety of 

meanings attached to the term, and the varying interests of the project partners. The semantic 

flexibility of RRI provides a political opportunity within the consortium to reflect on the drivers, 

characteristics and outcomes of research and innovation processes. This is done in two ways:  

1) by designing new forms of citizen and stakeholder engagement at the level of research 

policy (in WP2) and at the level of research and innovation processes (in WP3) to 

increase the responsiveness of the research and innovation system   

2) by enabling a constructive multi-stakeholder dialogue within the consortium itself. 
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If the consortium can reach agreement on the value and purpose of new forms of citizen and 

stakeholder engagement within specific nanotechnology research projects (consider the user 

committees in task 3.2 for example), it will have taken a significant step in operationalising RRI 

in nanotechnology. NanoDiode may thus suggest options for the integration of RRI perspectives 

in the Commission’s NMP programme in Horizon 2020.    
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3. Assessing public perceptions and attitudes towards nanotechnologies in 

Europe 

Written by Mikko Rissanen (USTUTT) 

Insight in public perceptions is a first prerequisite for responsive research and policy processes. 

Whereas it can be argued that the different stakeholders have lacked methods and instruments 

for truly making these views count, their attitudes, hopes, fears and concerns have been 

measured both in European-wide and national studies. A recent overview by the project 

Nanoview9 identified 88 studies on public perceptions of nanotechnologies internationally, 

published after 2000. In their meta-analysis the authors conclude that the key dimensions 

addressed in most public perception studies include public awareness of and knowledge on 

nanotechnologies, the balance between risks and benefits as well as the overall attitude towards 

nanotechnologies. Although the approaches taken and questions posed in this multitude of 

studies are diverse, a clear consensus emerges of what counts as important public opinion and 

thus needs to be measured.    

 

Although several national studies go far more in detail, the Eurobarometer study “Europeans 

and Biotechnology in 2010. Winds of Change?”10 still constitutes as a central effort in measuring 

Europeans’ views about nanotechnologies The key findings of the Eurobarometer, providing 

information both on the EU27 and on individual member states, can be summarised as follows:  

− Most Europeans (75%) had either not heard or only occasionally heard about 

nanotechnologies; only every fourth European had engaged in a discussion or searched 

information on the subject.  

− Almost two thirds (61%) of Europeans conclude that nanotechnologies should be promoted. 

This overall support varies nationally and is greatest in some Nordic and Eastern European 

Countries (Iceland 83%) and lowest in Southern Europe (Turkey 41%).  

− Concurring with the overall awareness, a large number of Europeans (25-45%) were not 

able to position themselves when confronted with different statements regarding 

nanotechnologies’ risks and benefits. 

− Nanotechnologies’ benefits are seen to be first and foremost economical. The broad majority 

of the Europeans able to state their opinion considered nanotechnologies profitable for their 

national economies. Compared to e.g. environmental impacts or helping people in 

developing countries, the economic benefits gained far stronger approval.  

− At the same time, an equally broad majority agreed with the assertion that nanotechnologies 

benefit some people but put others at risk. As concerns related to health and environmental 

risks were echoed too, the Eurobarometer findings can be interpreted as an early plea for 

Responsible Research and Innovation (RRI, see below).  

 

In Germany, a comparison between two qualitative consumer studies conducted in 200811 and 

201112 allows for an overview of current developments. Although the results are specific to the 

                                                      
9
 Correia Carreira, G. et al. (2013). Nanoview – Einflussfaktoren auf die Wahrnehmung der Nanotechnologien und 

zielgruppenspezifische Risikokommunikationsstrategien. Berlin: Bundesinstitut für Risikobewertung.  
10

 Gaskell, G. et al. (2010). Europeans and biotechnology in 2010. Winds of change? Brussels: European Commission, 

Directorate-General for Research.   
11

 Grobe, A. et al. (2008). Nanotechnologien. Was Verbraucher wissen wollen. Berlin: Verbraucherzentrale Bundesverband 

e.V..   
12

 Grobe, A. et al. (2011). Nanotechnologien aus der Sicht von Konsumenten. Was Verbraucher wissen und was sie wissen 

wollen. Bern: Bundesamt für Gesundheit & St. Gallen: Stiftung Risiko-Dialog.   
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German situation, they provide valuable insights for fostering public dialogue on 

nanotechnologies. First of all, public knowledge on nanotechnologies – analysed through a 

number of indicators – is fading in Germany. Compared to 2008, the consumers rate their own 

knowledge lower, are less frequently able to define or describe nanotechnologies and know 

fewer possible fields of application. Even more interesting is however that the views of the 

public regarding the risks and benefits of nanotechnologies also become blurred.  

 

Although the bulk of the German consumers are still positively inclined towards the use of 

nanotechnologies, ambivalence is strongly on the rise. As in the Eurobarometer, consumers find 

it very difficult to name or assess the benefits and risks of nanotechnologies as a whole or those 

of different applications. Especially the possible benefits have become vague for the consumer, 

whereas different risk debates (health, environmental risks) are echoed on a general level. 

Regarding this ambivalence, consumers themselves hypothesise that nanotechnologies are not – 

no longer or not yet – currently discussed in public. Two argumentation patterns arise: some 

respondents conclude that nanotechnologies never worked and therefore remain invisible; some 

state that they are still only a subject for basic research and not yet of interest for consumers or 

the market. 

 

Considering that “public perceptions” are most often addressed on a level of overall attitudes 

and that consumers are uncertain how to weigh different benefits and risks on more specific 

levels, it can be argued that the ways in which public perceptions are assessed also need to be 

improved, if it is to provide more effective, targeted research and policy guidance. The 

development of more responsive research and innovation policies requires more in-depth 

information on public preferences for fields of innovation. NanoDiode aims to capture public 

opinion in WP2 in a three-tiered way: first, by means of an internet survey measuring European 

citizens’ preferences for innovation areas, their hopes and information needs; second, by means 

of qualitative interviews explaining and elaborating the survey results; third, by a series of 

citizen and multi-stakeholder dialogues that specify desired innovation areas and the possible 

contributions of nanotechnologies to different societal challenges.  
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4. Addressing risks and concerns on nanotechnologies

Another need for outreach and dialogue identified in the literature survey, interviews and 

discussions concerns the appropriate assessment and management of both risks and concerns 

on nanotechnologies. IVAM has explored these topics in the two documents below, discussing:

1. Dilemmas in risk assessment of nanomaterials

2. Enabling a process of regulatory research for effective risk assessment

  

 

4.1. Dilemmas in risk assessment of nanomaterials

(written by Pieter van Broekhuizen)

 

Introduction 

Within the nanodebate a number of dilemmas are subject to serious debate. Some of them have a 

technical character; others belong to the area of ELSA (ethical, legal and social aspects). This 

document summarizes some of the t

domain of the 1st generation nanostructures. It regards issues like solubility/dissolution rate, the 

hazard-based or concern-based risk assess

precautionary principle, a case

generated nanoparticles, the nanofraction in conventional products and the surface treatment of 

manufactured nanomaterials. 

the assessment of risks versus benefits.

A relevant distinction between the different natures can be made by distinguishing the 

nanomaterials considered in different developmental generations, which 

different risk governance frameworks. Gen

the first describes the passive nanostructures, i.e. the “simple” nanomaterials nowadays used 

frequently in many professional and consumer products. These concern inorganic metal and 

metal oxide nanomaterials and carbon

graphene. The 2nd, 3rd and 4th

stage, experimented at laboratories in academia and industrial research institutes (see figur
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the first describes the passive nanostructures, i.e. the “simple” nanomaterials nowadays used 

in many professional and consumer products. These concern inorganic metal and 

based nanostructures like nanofibers, fullerenes and 

generation nanostructures are still largely in a developmental 

stage, experimented at laboratories in academia and industrial research institutes (see figure). 
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The risks of “common” manufactured nanomaterials (MNMs) in the 1st generation are generally 

assessed with current RA methodologies. The nano-enabled products manufactured with these 

materials are assessed with the tools available within current legal risk framework, which may 

not fully cover the specific (new) properties of nanomaterials. Some adaptation of the 

established RA methodology is needed. Adapting the current RA methodologies is a technical 

debate. Materials of the 2nd, 3rd and 4th generation are of a completely different nature, which 

raises doubts as to the applicability of current RA methodologies. A risk governance frame for 

these structures and systems may need to be developed. 

In this document we briefly describe some technical dilemmas. Some of these dilemmas play a 

role in current discussions around RA of nanomaterials and may pop up as well in WP3.3 where 

regulatory research is discussed.  

 

Technical dilemmas 

 

1. Solubility/dissolution rate  

The physical/chemical behaviour of nano-sized particles, being non-soluble, persistent and 

possibly having a very specific shape, may be different compared to their molecular, ionic or 

large-size equivalents with a chemically identical composition. Risks of the conventional 

substances are assessed with developed risk assessment (RA) methodologies as outlined in the 

EU Technical Guidance document 1488/94/EC. A fundamental element in this RA methodology 

is the solubility of the substance. In test systems it is quite common to dissolve the substance 

before administration to the organism (external dose). The internal dose (the dose at the site of 

action in the affected cells of the organ) is generally also in the dissolved phase. In this document 

the approach describing soluble substances is referred to as classical RA or classical toxicology. 

For non-soluble nanoparticles (both in water and in fat/oil) or nanoparticles with a (very) low 

dissolution rate in biofluids (blood, lymph, in the lungs, intestine or skin) it is the particle itself 

that may cause the effect, and for some particles even irrespective of the chemical nature. 

Whether uptake from the lung system into the blood or lymph is the critical step triggering 

adverse effects, or that secondary reaction of the immune system cause adverse effects, or a 

combination of both mechanisms is still subject to scientific debate.  

Particles are removed from the lungs by a lung clearance mechanism. For some types of fibre 

nanoparticles this clearance may be frustrated, for particles like quartz clearance may be too 

slow, and other nanoparticles may be so small that a fraction may pass the lung barriers and 

taken up in the body. Consequently, after uptake, their release or fate from the organism may be 

so slow that they might tend to bioaccumulate in a comparable way as some substances 

considered in the classical toxicology. In other words, it is not simply the solubility of the 

nanoparticles that plays a role in establishing the potential hazards, but rather the dissolution 

rate. These phenomena are dealt with by particle toxicology. 

 

Stakeholders’ positioning relating to REACh development 

Industrial organizations (IOs) state that the RA methodology is not specifically developed (and 

applicable) to the soluble fraction and therefore current methodologies are sufficient, also for 

MNMs. 
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CSOs state that a difference should be made in the RA methodologies since insoluble 

nanoparticles may cause different adverse effects than the soluble fraction. A nanospecific RA 

methodology should be developed. Asbestos is brought forward as an example.  

Governments state that any modification of the current RA methodology must be scientifically 

based. Furthermore the direct economical impact of eventual adaptations must not be too large.  

 

2. Hazard-based versus concern-based risk approach 

Many of the current methodologies to establish specific health hazards as outlined in the REACh 

guidances or CLP legislation are not appropriate for, or not yet applicable to nanomaterials, due 

to specific properties of nanomaterials, which differ from properties of bulk materials. This has 

especially to do with thermodynamic and quantum mechanic properties, which consequences at 

the nanolevel are not yet fully understood. For the time being this leads to large gaps in 

knowledge about the hazards of the nanomaterials. For nanomaterials evidence is growing that 

their small size, shape and biopersistence play a dominant role in their hazard characteristics, 

and might initially more relevant to take into account than their chemical composition. 

Consequently the hazard of most nanomaterials cannot be determined yet. For a responsible RA 

a shift has to be made towards qualifying a health concern level, in which the level of concern is 

determined by the expectation that specific MNMs might generate a hazardous effect. More care, 

i.e. more risk control measures should be taken with situations with a high concern level; lower 

care is acceptable at lower concern levels. REACh and CLP approaches are formulated on a 

hazard-based approach, and consequently do not consider (and consequently do not accept) a 

concern-based approach 

 

Confusion may arise for (bulk) substances already classified according to the CLP or registered 

in REACh. Some substances may also have an established Occupational Exposure Limit (OEL), 

set according to the procedure described in the Chemical Agents Directive (CAD). The properties 

of the nanoform may/might differ from the established properties for the bulk form and as such 

it might be appropriate (or even be necessary) to derive nano-specific OELs or DNELs/DMELs. 

As such confusion arises with employers and employees (and especially the officials dealing with 

risk management) as to how, when and to what level to apply risk control measures. What are 

safe levels and is some form of precaution acceptable for the labour inspectorate. 

 

Nano Reference Values (NRVs), as developed in the Netherlands and Germany, are a provisional 

and precautionary response to the dilemma of the impossibility to set safe exposure limits. 

However the use requires the acceptance of a paradigm change towards a concern-based 

approach for RA. 

 

Stakeholders’ positioning towards health- or concern-based approaches 

IOs state that the RA methodology is hazard-based. Therefore hazards must be established by 

standard methodologies including when certain risks cannot be quantified yet. Some individual 

companies and branches accept the approach of NRVs on a voluntary basis.  

CSOs state that for situations where hazards cannot be established yet the precautionary 

principle should be applied and risk management measurements should be based on concern.  
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Governments state that the current RA methodology is based on standardized methodologies 

and that a hazard-based approach is indicated. At the same time the need to invoke the 

precautionary principle in cases of scientific uncertainty is subscribed. However, a concern-

based approach for MNMs has no legal basis (yet) in existing legislation and as such “private 

initiatives” are stimulated. 

 

3. Precautionary approach.  

When specific hazard data as outlined in REACh and the CLP are not available, and when there 

are reasonable grounds for concern of possible adverse health effects and scientific uncertainty 

persists, applying the precautionary principle is indicated. To make the principle applicable for 

use in the workplace it should be made operational into a precautionary approach.  

The actual understanding of how to apply the precautionary principle, as a deliberative principle 

in which a certain operating procedure can be agreed between involved stakeholders (e.g. 

employer, employees, labour inspection and eventually external experts), is very low. The 

straightforward (mis)-interpretation as: refrain from use as long uncertainty persists, is quite 

persistent amongst limitedly informed stakeholders, which easily leads to strong oppositions 

between opposing stakeholders. It also frequently observed that companies postpone the use of 

MNMs just to wait for more info to become available for a reliable hazard assessment. 

For the practical use of MNMs sometimes a reference is being made to specific sources of 

process-generated nanoparticles, like welding fumes and rubber fumes. For these sources 

specific OELs are agreed (be it that the nanosized form of the presumable large part of the 

emission is not taken into account by setting OELs for these workplace-generated emissions, and 

consequently that the levels chosen might to need to be nuanced in respect to “nano”). For 

manufactured nanomaterials (MNMs) scientific uncertainty persists about safe exposure levels 

and it may take quite a long time before enough data will come available for the establishment of 

nanospecific OELs. This has led to an approach that advises to avoid all exposures. This principle 

can be summarized with the one-liner: no (hazard) data - no exposure. Practice however shows 

that a zero exposure is not easily realized, taking maintenance, cleaning operations and fugitive 

emissions into account. If no further information is available on safe exposure levels it is an 

option to apply the precautionary approach as for example by using nano reference values (see 

point 2). These might be used as reference when indicative exposure measurements of particles’ 

number concentrations can be carried out.   

 

Positions towards the precautionary principle 

IOs state that REACh is already underpinned by the precautionary principle and therefore does 

not need any modification. Many IOs consider the PP as a stand-still principle. 

CSOs state that REACh does not (fully) cover new hazards and that for many nanomaterials 

brought at the market in low market volumes large gaps in data will remain to exist, due to the 

fact that there is no requirement to derive specific for low market volumes. For these cases a 

precautionary approach must be developed and applied. 

Governments state that REACh is underpinned by the precautionary approach but that not all 

chemicals are covered by REACh (as is the case for example for incidental, non-manmade 

nanoparticles). For these it may be useful to develop a precautionary approach. 
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4. Case-by-case approach.  

In general, a workplace-specific risk assessment is carried out using a case-by-case approach. If 

specific hazard data are not available a generic approach is acceptable (e.g. using read-across or 

using QSARs). Exposure scenarios also use a generic approach for common workplaces, allowing 

the employer to use these as reference and avoiding the necessity to carry out exposure 

measurements. Control banding instruments also use a generic approach, generally basing their 

hazard assessment on physical-chemical data available for the substances and grouping of 

specific health concerns.  

For risk assessment of the professional use of nanomaterials also a case-by-case approach is 

preferred. However for hazard assessment of the MNMs a case-by-case approach may not be 

possible since it is still problematic to formulate unambiguous toxicological mechanisms. As 

such risk assessment, using a control banding approach based on concern indicators (i.e. size, 

shape, biopersistence etc) is indicated.  

 

Positions towards the case-by-case approach 

IOs state that for each case (for each specific nanomaterial) a full investigation must be made. 

What exactly is a ‘case’ is governed by the substance definition for nanomaterials 

CSOs state that the risks of the nanoform of the substance may differ from the bulk. Therefore 

the nanoform might have to be considered as a different substance than the bulk. CSOs 

emphasize that so far read-across or structure-activity-relationships (SARs) cannot be applied 

unambiguously with the information from the bulk, and as a consequence a generic 

precautionary approach should be applied. 

Governments state that the current framework can be applied to the nanoform and therefore 

nanomaterials should not be concerned as a different substance.  

 

5. The metric: mass- versus number-based approach.  

To express a dose-response relationship and for the establishment of an exposure limit value for 

substances a mass-based approach is commonly used. Fibre-form substances for which the dose-

response relationship is expressed as the number of fibres per volume are an exception (e.g. 

asbestos). There is growing evidence that a mass-based approach is not the appropriate metric 

for nanomaterials, and that the nanoparticles’ surface area is a better metric to approach the 

reactivity or the hazard and fits better the observed effects. A surface-equivalent and better 

measurable metric is a particles’ number-based approach. In other words for nanomaterials 

workplace exposure measurements it is preferable to use the nanoparticles’ number 

concentration s an indicator for a possible risk. In risk assessment of nanomaterials (or ultrafine 

particles) this number-based approach finds growing support. Beneficial is also that detection 

limits of number concentration measuring equipment are generally much lower than for the 

equipment used to measure the mass exposure. A consequence of this number-based approach 

is as well that occupational exposure limit should be expressed in this unit.  

 

Positions towards a number-based approach 

IOs state that the number-based approach is less applicable than the mass-based approach due 

to technical limitations. The conversion of mass measurement into number is complex and 

unreliable. They state that the current mass-based risk assessment is understandable and 



 

NanoDiode is a Coordination and Support Action funded by  

the European Union under Grant Agreement n
o 
608891. 19

therefore preferred over a particles’ based approach.  Current RA methods are based on a mass-

based approach so do not need adaptation.  

CSOs state that the number of interacting nanoparticles causes the adverse effects and therefore 

the dose-concept for nanomaterials should be number-based.  

Governments agree with the position of IO.  

 

6. Incidental nanomaterials – Process-generated nanoparticles - PGNPs.  

Apart from Manufactured Nanomaterials (also assigned as Engineered nanomaterials) exposure 

to other types of nanomaterials is common. This is recognized by the EU recommendation of the 

definition for nanomaterials by mentioning explicitly incidental nanomaterials. These incidental 

nanoparticles originate from different well-known and less-known sources. For the airborne 

route background nanoparticles (in environmental studies referred to as ultrafine particles – 

UFPs) originating from natural sources (such as forest fires, volcanism, erosion, wear) and 

anthropogenic sources such as traffic and industrial and urban emissions are one possible 

source. At workplaces nanoparticles’ emitting sources can be identified as heating and 

combustion processes, electro motors, laser equipment, and other high-energy appliances. These 

incidental nanoparticles are called process-generated nanoparticles (PGNPs).  

 

Positions towards taking PGNPs into account in RA 

IOs state that MNMs are marketed as new and possibly hazardous materials and as such specific 

attention for MNMs in RA is indicated. PGNPs are recognised but must be dealt with under the 

common RA approach at workplaces (like for example the risk management of welding fumes or 

diesel exhausts).  

CSOs state that in particle toxicology there is always a particle effect independent of the 

chemical composition. Additional chemical effects may increase the toxic effects. Therefore the 

start is the presence of all nanoparticles including the PGNPs. Currently at many workplaces this 

is a continuous emitting source, dominating emissions of MNMs, and should be taken into 

account in any RA. There should also be a downstream information supply about the possible 

emission of PGNPs during using of high-energy equipment.  

Governments agree with the position of IOs. 

 

7. Fraction of nanoparticles in conventional (non-nano)powders .  

For occupational settings inhalation of airborne nanomaterials is by far the most important 

route of exposure. Imission through the skin is likely to be limited because, so far, the healthy 

skin has shown little penetration. Obviously for inhalation the nanomaterial must have become 

airborne through active agitation of (nano) powders or use of other dispersive techniques. This 

points at the information supply of the employer; to be well informed about the character of 

used materials. Used “conventional” materials may not be defined as nanomaterial according to 

the EU definition, but may nevertheless contain a substantial fraction of nanosized particles that 

may become airborne during use. This must be taken into account in RA 
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Positions 

IOs advocate for an adaptation of the EU definition in such a way that conventional powders, at 

the market for a long time such as pigments, fillers, additives, are not considered to be 

manufactured nanomaterials. They state that emission of NP from these sources is an issue at the 

workplace and is covered by the general dust limit values.  

CSOs are still somewhat ignorant towards this potential source of conventional powders  

Governments are not convinced that this is an issue or a problem. 

 

8. Surface-treated MNMs.  

To influence the properties of MNMs are generally coated. Coating may done be by chemically 

reacting with a specific group (e.g. hydroxyl – OH) on the surface or by physically encapsulating 

the nanoparticle with e.g. a polymer. The coating may influence the hazardous properties of the 

MNM. The coating on the MNM is generally not taken into account in RA.  

 

Positions towards surface treatment 

IOs state that a proper description of the nanomaterial is required under REACh including the 

surface of the materials. The risks can then be covered in the same registration. If not hundreds 

to thousands different registration files must be prepared. 

CSOs state that surface treated MNMs especially the chemical ones show such different fate and 

most likely toxic behaviour that they should be considered as different substances since if not, 

not enough data will be generated and the safety report is then inadequate to guarantee a safe 

use. 

Governments state that the behaviour of surface-treated MNMs can indeed be quite different but 

that the economical consequences of the registration cannot be overseen yet 

 

9. Risk Governance Frame 1 vs Risk Governance Frame 2.  

RGframe 1 generally can be tackled using conventional RA methodologies, which are adapted to 

the nanosize. The context for RGframe 2 is more complicated, multi-faceted and conventional RA 

methodologies are not applicable. It requires the development of technological trajectories in 

which criteria are identified and operationalized that have not been previously considered. The 

IRGC considers that in this case a concern assessment needs to be included. Maybe the initial 

development of such a concern assessment can be an outcome of this NanoDiode WP3.3.  

 

10. Risk vs benefits. 

It is suggested that the potential benefits for certain nano-enabled products as belonging to the 

Risk Governance Frame 1 outweigh the risks. In this case regulators have applied or developed a 

scientific-based risk profile for this product. Regarding the assessment of the potential benefits 

no established framework or agreed criteria are available to quantify the benefits. 

This is the same for RGframe 2 products regarding the benefits assessment, but here the RA 

methodology is also not available. As such is purely speculative to make a distinction between 

acceptable risks and (in)-tolerable risks.   
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The IRGC considers in this case using scientific, technological and social scenarios to develop 

such a system to assess NT knowledge creation leading to new products. The concern 

assessment is linked to risk perception and stakeholders’ concerns, and public perception. The 

last includes psychological factors like perceived threat, familiarity, personal control options and 

a positive risk-benefit ratio and political and cultural factors like perceived equity and justice, 

visions about developments and effects of personal interests and values. Research in the area of 

NT have resulted into findings that there is low public trust in the government and that industry 

is viewed with a high degree of suspicion on the one hand but also that despite a lot of media 

attention most people have not heard about NT before.13  

 

 

 

 

 

  

                                                      
13

 J Nanopart Res 2013, 15, 1838: Five factors on societal introduction of NT: Benefit perception, Risk perception, Necessity 

perception, Direct contact concern, Time frame of availability. 
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4.2. Enabling a process of regulatory research for effective risk assessment 

(Written by Hildo Krop and Pieter van Broekhuizen - IVAM) 

 

This document attempts to develop a framework for current uncertainties in the risk assessment 

of Nanoparticles or Nanomaterials. 

The International Risk Governance Council (IRGC) describes an emerging risk as a risk that is 

new, or a familiar risk in new or unfamiliar conditions. Although a lot of attention has been given 

to the characterization of the types of risk, it is the current belief that the actual nanomaterials’ 

risks, at least those determined by the 1st and 2nd generation nanomaterials,  are not new risks, 

but can better characterized as familiar risks under new or unfamiliar conditions.  

Risk assessment is a process where the risk is quantified with a reference to an acceptable level. 

This level is normative and can vary in time and acceptance. As such the risk in the current 

framework is quantified according to a mutual agreed risk assessment (RA) procedure. This 

procedure contains standard tests whose values are used in an agreed RA model.  

For the analysis of the needs for and influences on regulatory research for effective risk 

assessment it might be helpful to use an uncertainty matrix  (as a free interpretation of the 

“Rumsfeld knowns and unknowns”) . The main aspects are elaborated in each cell. 

Horizontally we define the required knowledge into knowns and unknowns. Vertically we define 

the existing knowledge into knowns and unknowns.  Table 1 illustrates this matrix. 

 

Required 

 knowledge 

Existing 

knowledge 

known unknown 

known 
known - knowns 

(1) 

known - unknowns 

(2) 

unknown 
unknown - knowns 

(3) 

unknown - unknowns 

(4) 

  Table 1 Known – unknown knowledge matrix 

 

As an example we further elaborate on the RA framework for chemicals as outlined in REACh. 

The 2nd regulatory review that is currently being discussed is especially focused on the question 

how to deal with Manufactured NanoMaterials (MNMs).   
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REACh is based on an RA methodology for chemical substances as outlined in the EU Technical 

document (1488/1994). In the before-REACh time  governments were held responsible for 

performing the RAs. It was estimated that a complete set of hazard data for one substance, for a 

full RA would cost about €1.500.000, if all (identified as essential) data would have to be 

determined experimentally. With around 100.000 substances at the EU-market it is clear that an 

astronomic budget is needed. It is no surprise that in 10 years time only 15 substances are 

assessed. Discussions on for example the quality of available information for example took a 

long time. With the implementation of REACh  the burden of proof for the safe use of chemicals 

particularly shifted from government to industry and obliges the industry to generate relevant 

hazard data in a short time span of 12 years (2006 – 2018).  

 

1. The known – unknown matrix 

We will apply the matrix to the RA framework for chemicals and specify this on the specific 

features of nanoparticles. Firstly we elaborate on the content of the different cells. Secondly we 

elaborate on the different interests of relevant bodies/institutes, CSOs and industry and their 

positioning within this matrix . 

 

Cell (1) the known-knows 

The legal framework, as for example defined for REACh, can be fully situated within the cell 1, as 

being based on known-knowns. If gaps in knowledge should be identified the chemical industry 

and importers are obliged to generate new required hazard data (activity cell 2). REACh defines 

the framework as to what is currently accepted  as being a safe use. To make this practicable RA 

approaches, including risk and safety factors, market volumes and subsets of required data were 

extensively discussed, negotiated and finally accepted as a frame for the data requirement of 

chemical substances and for allowing these substances at the market. This means that an 

agreement was reached on the conditions under which substances may be brought at the 

market, even if (especially for substances with lower market volumes) relevant hazard data are 

not available. In fact a part of the "unknowns" was accepted as "sufficient information". 

 

REACh obliges the producer/importer of a chemical substance to identify its safe use, i.e. to 

make a risk assessment for the intended use of the substance. The identified risks should apply 

to three categories: workers, consumers and (organisms in) the environment. The 

producer/importer has to a chemical safety report (CSR) for any intended use. As such the CSR is 

a measure of identified and accepted risks for chemical substances under different uses. It must 

be emphasized that the CSR does not exclude uncertainties or unknowns per sé.  

Types of uncertainties are for example: 

a. The extent of the RA procedure depends on the production volume. For example 

producers / importers are not obliged to register their substances if produced in a 

market volume below 1 tonne/ year/ company.  High production volume substances do 

require a more extensive data set than lower production volume substances.  

b. The CSR does not need to be established for substances produced below 10 tonnes/ 

year/ company  

c. The RA procedure still depends on timing. Currently REACh is implemented and 

substances produced in volumes between 1 and 100 tonnes/year/company need only to 

be registered before 1st of June 2018. 
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d. The CSR needs only to be established if hazards are identified. Identified hazards are 

defined within the frame of the standard test protocol of REACh. Hazard data should be 

generated with the agreed standard tests following the standard protocol. The results 

are such that the substance must be classified according to the Classification, Labelling 

and Packaging Regulation. (If a specific hazard is not pre-defined in the protocol, the 

generation of data for this specific is hazard is not required). 

e. A lot of data required for a RA can be established by models, QSARs (Quantitative 

Structure-Activity Relationships) or even by read-across (deriving the test value from 

results of similar substances) 

 

We can conclude that the REACh regulation still contains a number of unknowns when dealing 

with the risks of chemical substances but these unknowns have been accepted  and where 

necessary quantified. While REACh focuses on substances, the Chemical Agents Directive (CAD 

88/24/EC) focuses on the use of substances. The CAD does not include a methodology on how to 

perform a RA. The REACh-RA methodology must be used for substances that are identified as 

hazardous and are produced above 10 tonnes/year/company even for workers, the Chemical 

Agents Directives  instructs each employer to make a RA for all substances and material present 

and/or formed (not used only) at the workplace. While REACh is a significant support for the 

employers making a RA, it must be emphasized that important groups of substances are out of 

scope of REACh (for example process-generated materials “without owner” like welding fumes, 

diesel exhaust fumes, and for example process-generated nanoparticles). 

In sum, the field of known-knowns is the field where existing legislation can be allocated. 

Legislation is based on existing knowledge and may set the frame for the generation of so far 

unknowns or unknown data. However, this field may also include unknowns that are (so far) 

accepted as irrelevant to be leading in legislation. 

 

Cell (2) known - unknowns 

Gaps in knowledge regarding the hazards of nanomaterials hamper an easy derivation of the 

CSR. An important hurdle is that REACh uses standard tests for the identification of relevant 

data for the RA. These standard tests are standardised for water soluble material and are not 

suitable to test insoluble materials. Many of the nanomaterials are insoluble and as such will 

remain as a dispersion in the water phase. Therefore these standard tests cannot be used to 

establish the hazard data for the common nanomaterials and so full hazard quantification 

remains impossible. Important is to realize that insoluble nanoparticles behave differently than 

larger sized particles. Physical/chemical properties result in differences in uptake and transport 

in the body and may generate additional or  (so far) unknown adverse effects. To cope with this 

it is possible to adapt the methodology to derive DNELs (or OELs) or to accept a precautionary 

approach in risk assessment. Adaptation of the existing methodology generally requires much 

time, which may be unacceptable due to societal pressure. It may be faster to find ways and 

means to operationalize and accept an uncertainty approach for RA. The required action is to 

adapt the existing framework in the sense that it becomes possible to provisionally use “concern” 

as a basis for RA instead of “hazard-based”. As such it is for example  necessary to agree to use  

concern-based exposure limits in the CAD as temporarily acceptable as  maximum exposure level  

for the workplace for those nanomaterials for which it is not possible to derive a health-based 

OEL.   
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The following paradigm change is thus operationalized: 

���� = ����	
 × �����	�     �     ���� = �����	� × �����	� 

Attempts can be undertaken to establish levels of concern within the existing regulation. For 

nanomaterials the following attempt are knowns: establishing Control Banding Tools (CBT), 

Nanoparticle Reference Values (NRVs), the principle no data - no exposure.  

Important to realize is that the Precautionary Principle and the development of a Precautionay 

Approach fall in Cell (2).  

 

Cell (3) unknown - knowns 

Cell 3 is the domain of the existing knowledge that is not operationalized for risk regulation. The 

existing knowledge is not (yet) identified as relevant for risk regulation. An example is the 

wealth of existing knowledge in colloid chemistry or thermodynamics to explain the behaviour 

of nanoparticles. An example for nanomaterials’ new risks is the findings that very small 

insoluble particles (<30nm) may be taken up in the body and be transferred to systemic organs 

which in the current RA methodology was only assumed to be characteristic for the dissolved 

fraction of the material. It is the nanotoxicology (especially the particle toxicology) that studies 

the effects of nanoparticles in the body. Assumed is then that these small particles may cause 

adverse effects that are not identified with the standard experiments in the existing RA 

framework.  

Cell 3 is also the domain to “think outside the box”, for example the demand for an holistic 

approach to RA of nanomaterials. In this sense normative discussions of what to include in RA 

and what not may take place on this level. Even more important is the identification of new risks 

(which are as a consequence not covered by the existing framework).  New risks can be 

identified in several ways and, due to their normative nature, might have to be accepted as a new 

risk in a deliberative process. Consequently existing knowledge might be used to develop new 

methodologies (tests) to assess the risks. When these new risks are accepted as relevant to 

assess the full risk of the nanomaterial, product or process an adaptation might have to be made 

in the risk regulation (as activity in cell 1).  

In principle, uncertainties are not part of cell 3 (their place is in cell 2).  

 

Cell (4) Unknown - Unknowns 

Explorative science and fundamental research are largely assigned to this cell. Suspicion can 

develop into new risks but not necessarily so. Risk assessment of 3ed and 4th generation 

nanomaterials, as for example self-replicating nanosystems or small nanomachines (as 

experimented in research projects) may fall in this cell 4. It is extremely speculative to discuss 

these risks within the existing RA-framework and may have a strongly normative character. 

 

2. Positioning of stakeholders  

For a further understanding of the analysis made with the matrix a subdivision is made between 

different stakeholders: governmental regulators, CSOs (environmental and consumers’ NGOs 

and trade unions) and industry. 
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The regulator finds its activities primarily in Cell (1), where usually as well the framework for 

cell (2) is defined. Regulation is based on existing knowledge. Gaps are identified that should be 

filled to be able to apply the regulation appropriately. In Cell (2) research is carried out to 

generate data (and knowledge) to fill the gaps identified in the regulatory framework (e.g. 

establish occupational exposure limits) . An example is the work of the OECD - WGNM who’s 

main task it is to adapt the standard tests used in the RA methodology to dispersed materials. It 

is an activity leading to a direct flow of information from Cell (2) to Cell (1).  

 

Research activities that generate an information flow from Cell (3) to Cell (1) is possible but 

likely not too common. As indicated before this type of research questions the appropriateness 

of the existing RA framework and is therefore related to new risks or with criticizing the existing 

RA framework. A current example is the activity to incorporate the risks of Endocrine Disruptors 

(EDs) into the RA framework. Regulating the risks of EDs requires an adaptation of the RA 

framework since hazard endpoints cannot be defined in the conventional way. For 

nanomaterials’ RA an example is the identification of process-generated nanoparticles (PGNPs), 

which are distinct from manufactured nanomaterials (MNMs) in the sense that they are not 

manufactured but “incidentally” generated by processes and machines. So far they are excluded 

from the nanomaterials’ RA framework in REACh because they are not identified as a specific 

chemical substance and as such do not have an “owner”.  

 

In sum: The activities of the regulator regarding regulatory research are mainly confined to a 

flow of activities within cell1 and cell 2 of the known-unknown matrix. A stream can be 

indentified of (research)money and information between Cell (1) and Cell (2) 

 

k - k  (1) k - u (2) 

u - k (3) u - u (4) 

   Table 2 Known – unknown knowledge matrix  

Flow of activities, money and information between  

regulators and researchers 

 

Nanoresearchers involved in regulatory research are primarily found in cell 2, because large 

budgets are often allocated to this type of research. The research leads to information that can 

be useful to Cell (1). Therefore in this case information as a result of the research flows from Cell 

(2) to Cell (1).  

 

Common, already existing knowledge may be identified as important as new (additional) input 

for regulation. An example for nanoparticles is the growing evidence that the size and form of 

the nanoparticles, rather than the chemical composition, determines a large part of the risk to 

organisms. I.e. the chemical identity of the particle seems to be of lesser importance, 

emphasizing the need for good data on the size, the form, the (in)solubility and the 

biopersistency of the nanoparticle.  
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This means that the identification of unknowns in Cell 2 results in activities in cell 3, which 

generate the new (additional) input for cell 1. Responsible research in this case could be defined 

as the researcher analyses also critically the framework of the RA.  

 

k - k  (1) k - u (2) 

u - k (3) u - u (4) 

   Table 3 Known – unknown knowledge matrix  

   flow of activities, information between regulators  

and responsible researchers 

 

Activities of specific stakeholders can also be identified in certain cells. the Dutch Social and 

Economical Council (SER) for example finds its activities mainly in Cell (2).  

CSOs find their activities predominantly in Cell (3). Their common activity is to criticize 

governmental regulatory activities and to critically follow the industrial activities (common and 

innovative), and near to market product (and process) developments. Their starting points may 

be different, depending on their formulated goals. Environmental NGOs will more exclusively 

focus on environmental issues and formulate their demands within the frame of environmental 

defence, sustainability, etc. Consumer organizations will have the health and wellbeing of the 

consumer as a focus, while trade unions focus on the safe working conditions, and conditions of 

employment.  CSOs may criticize the current framework (of RA of Nanomaterials for example) as 

insufficient to solve the new risks. As an example two types of activities may be distinguished. As 

a direct flow from Cell (3) to Cell (1) the activity of "agenda setting" can be identified. Based on 

their “different” frames of reference the may demand to adapt the current (or proposed) 

regulation. Another, more research-like type of activities are for example activities as generated 

within the NanoCap project where an information flow was generated from Cell (3) to Cell (2) 

with the message  to include specific regulatory elements in the regulatory system, leading to 

research in cell 2, with a message to Cell (1). In this case the uncertainties in RA of 

nanomaterials were operationalized to an acceptable level for the participating CSOs.  

 

k - k  (1) k - u (2) 

u - k (3) u - u (4) 

   Table 4 Known – unknown knowledge matrix  

   Flow of activities, information between regulators and CSOs 
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Industries, in issues related to regulatory affairs, find their activities predominantly confined to 

Cell (1), which is as well the field in which nanotechnologists are mainly are active; dealing with 

issues that are known and can be quantified. But obviously, they may as well be active to 

generate so far unknown data to fulfil the requirements of the regulatory system. Issues like 

confidentiality and traceability seem largely confined to Cell (1).  

 

3. Regulation of risks of Nanomaterials, hard and soft law 

One of the actual activities within the REACh frame (and the CAD for workers) emphasizes the 

question on how the risks of the nanoform of the chemical substance should be identified and 

how this should be included in the regulation. At this moment the 2nd regulatory review of 

REACh takes place on this item. The EC has commissioned several initiatives to see whether the 

risk assessments as described in other regulations such as on food or cosmetics actually can 

considered to be “nano proof” and unambiguous regarding the specific properties of 

nanomaterials. In addition several other soft law initiatives took place as well, i.e. initiatives of 

social partners to agree on a specific (non-legislative) approach towards governing potential 

“nano-risks”.  

 

The establishment and revision of existing laws are generally deliberative processes. The 

perspective, interests and view of different stakeholders in the deliberation may vary strongly. 

In the interplay of forces some  stakeholders take the stance to plea to reduce the existing risks 

framework for NMs, others  just want to extend it. Although it is accepted by all stakeholders as 

a general principle that known and unknown risks should be minimized, it is clear that the 

perception that current regulation is over- emphasizing or ignoring these aspects depends on 

the background and interests of the stakeholder. Private initiatives of relevant stakeholders can 

be identified leading to agreements that can be characterized as soft law. 

 

The role of the government in this interplay is dualistic. They have they primary task to regulate 

and they have a duty of care. Analysis of how the government has dealt with new risks shows 

that one of the key issues is that citizens and their organizations should be taken more seriously 

by the government and should have a respected role in the deliberation, i.e. participatory 

governance and acknowledgement of the “early listeners”.  

Emphasis should be put to improve the communication not only between the different 

governmental departments but especially between the government and the civil society. 

Without getting into too many details regarding regulatory interests, there is a demand from 

industry (although dualistic) to keep the regulatory RA framework simple and where possible  

to reduce superfluous rules. Their goal is generally to generate less costs, less administrative 

burdens and  in this way organize a better useable frame, leaving the RA goal and performance 

at a reliable level.  

Besides the dynamics in the legal framework agreements for safe working procedures are made 

at the private level, and may include as well negotiations and agreements made between 

industry and CSOs. CSOs may emphasize that the existing framework insufficient to deal with 

new perceived risks and may strive for a better, fine-tuned framework, taking other (normative) 

issues into account as well. Agreements made in the private sector may be binding as well and as 

such could be called “soft law”. The different positioning can be graphically represented with 

different overlapping squares: 
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Figure 1: stakeholders influencing hard and soft law 

 

4. Overarching principles for the safe nanowork place 

There is a multitude of international (worldwide) initiatives to harmonize regulatory issues 

regarding safe working with nanomaterials.   

− The EU Agency for Safety and Health and the USDOL Occupational Safety and Health 

Administration (http://www.useuosh.org/) have established a Memorandum of 

Understanding in 1995 to promote sharing information on current safety and health topics 

of common interest. (to be further laborated). 

− An extensive activity of the ISO organizations took place to agree on common grounds for 

characterization of nanomaterials and for a control banding approach. (to be further 

laborated). 

− The 7th EU-US conference of employers organizations, trade unions and governmental 

institutions held in July 11-13 in Brussels agreed on overarching principles regarding 

nanotechnologies development and precautions that should be taken regarding potential (so 

far unknown – not quantifiable) risks. These are summarised below: 

• The health of workers should not be undermined by their work with nanomaterials  

• When workers handle nanomaterials, risk assessments must be performed and exposure 

limited to extent possible  

• Process generated nanomaterials cannot be ignored when assessing nanomaterials at 

the workplace 

• If the risk is unknown strict precautions  should be used to protect workers  

• Harmonized definition of ENMs 

• Transparency and traceability   

Regulatory Framework (Hard Law) 

 

Soft law Wish to extend the regulation 

CSO Industry Government 

Strive to reduce the 

regulation 
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5. Developing more engaging outreach and public communication on 

nanotechnologies 

Another need identified during the exploratory stages of the NanoDiode project was the need to 

move beyond what has been called the ‘information deficit model’ in science communication. 

This model assumes, first, that acceptance of nanotechnologies is determined by the availability 

of information on the nature of technological processes and the benefits that they may bring. 

Second, communication has been set up as a one-way process, where the purpose of 

communication is to ‘get the message across’.14 This view has practical difficulties: bringing the 

entire European population to a knowledge level where the intricacies of nanotechnologies are 

generally understood is optimistic at best. But it also has conceptual challenges: the deficit 

model assumes that the appreciation of new technologies will improve along with increased 

knowledge levels. Several studies have pointed out that the relations between public attitudes 

and levels of knowledge are more complex: as citizens become more knowledgeable, they also 

become more concerned about the potential risks involved in new technological developments.15 

WP5 constitutes a significant programme for outreach and communication as part of the 

NanoDiode project. This work package aims to professionalise nanotechnology outreach and 

communication. ‘Professionalisation’ implies that we do not intend simply to add more to the 

plethora of communication activities, but that we seek to integrate the experience and lessons 

learned of what works - and what doesn’t. The activities integrate the lessons learned during a 

decade of European nanotechnology outreach, as well as several decades’ worth of general 

science communication theory and practice. In the early stages of the NanoDiode project, the 

consortium agreed on the following guiding principles for public engagement, which constitute 

the bottom line for all communication and engagement activities within NanoDiode. 16 

5.1 NanoDiode guiding principles for public engagement  

1. The NanoDiode consortium comprises a wide range of stakeholders involved in the 

governance of nanotechnologies, including researchers from the natural and social sciences, 

industrial associations, civil society organisations and the media. We have different 

motivations for engaging in the debate on nanotechnologies. We see this diversity as a 

strength: our engagement activities incorporate different visions on the role and purpose of 

nanotechnologies in society. They aim to transcend one-sided representations of either the 

benefits or risks of nanotechnology research and innovation by reflecting a much wider 

array of beliefs, hopes, convictions, doubts and concerns surrounding nanotechnologies. 

                                                      
14

 D. Schuurbiers (2003). Who should communicate with the public and how? Report of four focus workshops in Brussels, 

Copenhagen, Warsaw and Madrid. Funded by the European Commission under contract number QLG7-CT-2002-30162. 
15

 1. Hansen, J., L. Holma, L. Frewer, P. Robinson & P. Sandøe (20103). Beyond the knowledge deficit: recent research into 

lay and expert attitudes to food risks. Appetite 41 (2):111–121. 

2. Sturgis, P. & Allum, N. (2004). Science in Society: Re-Evaluating the Deficit Model of Public Attitudes. Public 

Understanding of Science  13(1):55-74. 
16

 These guiding principles can be downloaded from the NanoDiode project website: 

http://www.nanodiode.eu/publication/nanodiode-guiding-principles-public-engagement/   
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2. We realise that information is never neutral. Rather than wanting to ‘explain the facts’ on 

nanotechnologies, we want to elicit interest and invite reflection on the possible futures that 

technological advances may bring forth.  

3. Our purpose is not to promote acceptance, but to discuss the acceptability of nanotechnology 

research and innovation. 17 Our activities are not intended simply to pave the way for 

nanotechnologies or to repair presumed knowledge deficits within the general public, but to 

engage broader publics in constructive dialogue on the ways that nanotechnology research 

and innovation may shape society. 18   

4. The format for these engagement activities will vary from country to country, taking into 

account cultural preferences and habits and acknowledging the rich cultural diversity within 

Europe.  

5. We aim to transcend the perspective of ‘benefits versus risks’ (as in: “nanoparticles can be 

used in photovoltaics to better harness the energy of the sun, but the uncontrolled disposal of 

solar panels at the end of the life cycle may present environmental health risks”). Instead, we 

consider the ‘soft impacts’ 19 of nanotechnologies in addition to quantifiable impacts (for 

example the question: “nanotechnologies might improve the efficiency of energy production in 

several ways - but how does this relate to energy saving? Will citizens become less frugal if they 

know their energy is produced more efficiently, thus resulting in a net negative effect on energy 

use?).20  

6. Engagement is a mutual process. It requires responsiveness from those who engage in 

dialogue. This applies to the engagement activities themselves: they will avoid one-way 

information transfer and seek to enable a conversation instead. The condition of 

responsiveness also applies to the results of the activities. Citizens may shape their views 

and preferences in response to the interactions, but the outcomes of the dialogue should also 

be able to influence technological trajectories. This is why we seek to enable feedback from 

the activities towards the level of research and policy making. 

7. It will be impossible, even with an unlimited budget, to engage every citizen of Europe; but 

we extend an invitation to all those who feel inclined to share their views, and for whatever 

reason (wanting to be informed, to engage in dialogue, to voice concern, etc).  

The principles outlined here constitute the bottom line for all communication and engagement 

activities by the NanoDiode consortium. They will inform the activities undertaken throughout 

the duration of the project and will be used as qualitative evaluation criteria. These principles 

will also serve as input for policy feedback towards the end of the project. 

                                                      
17

 Acceptance describes a state of events, that there has been no public protest against the introduction of new 

technologies for instance. Acceptability has a normative connotation: it implies that technological developments are 

aligned with moral values and beliefs. 
18

 Anticipating the future necessarily involves speculation (one might say it is the definition of speculation). Yet in reflect on 

possible impacts of nanotechnological innovation, we take note of Alfred Nordmann’s critique of ‘if-and-then-reasoning’ 

and stay close to imaginable applications. See Nordmann, A. (2007). If and Then: A Critique of Speculative NanoEthics, 

Nanoethics 1 (1): 31-46. 
19

 See: Swiertra, T & Te Molder, H. (2012). Risk and Soft Impacts. In: S. Roeser, R. Hillerbrand, P. Sandin & M. Peterson (Eds). 

Handbook of Risk Theory. Springer, 1049 - 1066 
20

 Consider the example of fluorescent tubes which are more efficient than traditional incandescent lamps but also 

encouraged people to leave the light on in the office all day, thus causing an increase rather than a decrease in total 

energy consumption. 
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6. Conclusion: addressing needs for outreach and dialogue on 

nanotechnologies in Europe  

This document has outlined the ‘needs’ for outreach and dialogue on nanotechnologies in 

Europe as they emerged from the literature survey, expert interviews and discussions within the 

consortium. In the coming years NanoDiode intends to address these needs in the following way: 

1.  The need to operationalise the notion of Responsible Research and Innovation in the 

context of nanotechnologies will be addressed by: 

a. designing new forms of citizen engagement (task 2.3), deliberative processes (task 

3.1) and stakeholder involvement at the level of research and innovation processes 

(task 3.2) to increase the responsiveness of the research and innovation system;   

b. enabling a constructive multi-stakeholder dialogue within the consortium itself;  

2. The need to assess public attitudes and perceptions of nanotechnologies in Europe will be 

addressed by means of an internet survey, followed by a series of in-depth interviews on 

European citizens’ preferences for nanotechnology innovation areas (task 2.1);  

3. The need to address risks and concerns on nanotechnologies is addressed by developing  

regulatory research processes (task 3.3); and the establishment of a multidisciplinary 

community of practice that will create a capacity-building module for health and safety 

governance of nanotechnologies at the workplace (task 4.3); 

4. The need for more engaging outreach and public communication on nanotechnologies is 

address by developing a robust nanotechnology education strategy in WP4 and a 

coordinated programme for nanotechnology outreach and dialogue in WP5.  

As suggested above, the fact that these outreach and dialogue activities are developed within 

such a diverse consortium makes NanoDiode a social experiment in itself: to what extent can the 

project establish more constructive forms of stakeholder dialogue on nanotechnologies? 21 

Considering the Gartner Group’s hype cycle, now might be the right time for nanotechnologies to 

move towards more constructive forms of dialogue (although the question whether 

nanotechnology has reached the ‘slope of enlightenment’ or still resides in the ‘trough of 

disillusionment’ is a matter of debate). 22  

A preliminary finding from discussions within the consortium is that collective reflection and 

anticipation of the possible positive and negative consequences of the introduction of 

nanotechnologies in society is more fruitful than maintaining entrenched positions of promotion 

versus resistance. Responsible research and innovation in this case means that potentially 

negative consequences are recognised in an early stage and innovation trajectories are 

modulated so as to minimise negative impacts and maximise desired outputs.  

                                                      
21

 In some respects, the project evaluates the possibility of introducing the Dutch ‘poldermodel’ in Europe. 
22

 http://www.gartner.com/technology/research/methodologies/hype-cycle.jsp  



 

NanoDiode is a Coordination and Support Action funded by  

the European Union under Grant Agreement n
o 
608891. 33

Even though nanotechnology continues to escape a definition (to some extent, ‘nano’ merely 

denotes a dimension of interest), there is undoubtedly a major a socio-political effort for 

‘nanotechnology’ - along with all its scientific, technological, social, rhetorical, financial and 

political connotations. The focus on societal challenges within Horizon 2020 constitutes an 

invitation to reflect with citizens and stakeholder on the ways that nanotechnologies may shape 

European societies.  

This report was written during the early stages of NanoDiode. As the project advances, our 

insight in the different motivations for engagement and criteria for constructive multi-

stakeholder dialogue will steadily grow. We are slowly beginning to see the contours of what 

responsible research and innovation in nanotechnologies should look like - it will be interesting 

to document how this particular social experiment unfolds.  
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Appendix - Questionnaire for NanoDiode Task 1.1 (July 2013) 

 

General questions 

In your own words: what are the primary objectives of NANODIODE? What are the main routes 

to achieving those objectives? 

What do you expect NANODIODE to have achieved when the project ends in 2016? How has it 

altered the playing field around outreach and dialogue on nanotechnologies in Europe? 

What is in your view the most important purpose of dialogue and engagement on 

nanotechnologies in Europe? Who should engage in dialogue with whom, and how?  

Based on your own experience, what are the most important lessons for dialogue and 

engagement on nanotechnology in Europe? What should NANODIODE do differently with 

respect to earlier dialogue projects within NMP (or within Science and Society)?  Which 

mistakes should NANODIODE prevent?   

 

Re Task 1.1: Identifying current needs for outreach and dialogue on nanotechnologies in EU 

civil society  

What needs for engagement and dialogue in Europe? Which studies or reports (from your 

country or on an EU level), (national or international) projects, and which experts / key 

informants should NANODIODE consider when identifying current needs for outreach and 

dialogue on nanotechnologies in EU civil society? (up-, mid- and downstream) 

 

Re Task 1.2: Analysing previous experiences and European projects and identifying best 

practices 

What previous outreach and dialogue projects and activities (including concrete products, 

prototypes and publications) at national and EU level (NMP and Science in Society) should 

NANODIODE consider when analysing previous experiences and European projects and 

identifying best practices? (up-, mid- and downstream) 

 

Re Task 1.3: Developing new strategies for outreach and dialogue along the nanotechnology 

value chain 

WP Leaders: what is your plan for the activities your respective work package? Could you 

describe specific and measurable objectives for these activities? What is your timeline for 

carrying out these activities?  

How will these activities integrate earlier work in this area? (e.g. your own earlier work and/or 

the best practices identified above) 

How will you engage the other partners involved in this Work Package? What specific division of 

labour and responsibilities do you foresee?  

 

Re Task 6.1: Evaluation and impact assessment 

When would you say your activity was a success?  
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How should we evaluate its outcomes towards the end of the project? By what criteria would 

you assess the expected outcomes of these activities?  

o Who are your target audiences?  

o How many will you reach?  

o How will your activity affect them? (measurable changes in interests, value 

judgments, etc?)  

Can you specify what the planned deliverables for your work package will look like? (in terms of 

outcomes, style, audiences, quality and quantity)    

How do you expect your activities to change the nanotechnology engagement and dialogue 

landscape in Europe?  

 

Re Task 6.2: Cross-links and feedback loops between the work packages  

How does your own earlier work influence your current activities in NANODIODE? What should 

other project partners know about this? How will you inform them?  

Which points of convergence can you identify between your work for NANODIODE and activities 

in other work packages? How will you engage with the other activities? What can they learn 

from you / would you like to learn from them?      

What initiatives beyond the project should we relate to? (for all levels of engagement) How can 

we ensure fruitful exchanges between our own activities and these further projects?  

 

Re Task 6.3 Implementing Responsible Research and Innovation (RRI) as a cross-cutting 

issue. 

The project aims to operationalise the concept of Responsible Research and Innovation in the 

area of nanotechnologies. What does RRI mean to you in the context of nanotechnologies? Which 

actors need to be involved, and how? How should NANODIODE contribute to realizing RRI?  

 

Re WP 5: Information and communication 

How will you inform others outside the consortium of the activities and outcomes of your WP?  

What elements of your WP could feed into the communication programme of WP 5, e.g. 

• 5.2 a) best practices / materials / prototypes for the Guerilla Stores   

• 5.2 b) content for NanoTube video channel 

• 5.3 a) content for the website 

• news items for 5.3 c) print of 5.3 d) social media. What newsworthy information do you 

expect to have? When?  

 

Re Kick-off Meeting  

How would you like to present your plans for the activities in your WP at the kickoff meeting?  

What specific questions / planning arrangements / agreements would you like to address in 

preparation for the activities in your WP?     

How would you like to draw on the available expertise at the meeting? How do you plan to 

involve the other partners who are active in this WP? 
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Conclusion 

What meetings and conferences (nanotechnologies / European policies / social sciences / 

communication) do you think will be essential for NANODIODE in the next three years (to attend 

/ to give a presentation / to hold the next steering group meeting as a satellite meeting)?  

What are our next steps in preparation for the action plan for your WP? (Delivery date of Action 

plans / Start date for WP 2- 5: December 2013)  

Do you consent to inclusion of your name in the list of respondents for the WP1 report? (your 

responses will be anonymized)  

Are there any other topics or issues that you would consider to be relevant for this project?   

 

 

 


