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1. Broad entrance: simple indicators of impact of 
nanotechnology do not suffice 
 

2. What is a Nano Product 
 

3. TA of nano in the present 
 

4. Anticipating on impacts requires future-oriented 
analyses (or FLA) combined with TA 
 

5. Some examples 



CHALLENGE: SIMPLE INDICATORS OF 
IMPACT FOR EMERGING 
TECHNOLOGIES DO NOT SUFFICE 

PART I 



Monitoring and anticipating impacts of 
nanotechnologies 

• There are big promises about 
socio-economic impacts of 
nanotechnologies and there are 
attempts to trace and evaluate 
them (see OECD/NNI meeting in 
2012) 
 

• such attempts are fraught with 
difficulties, because: 
– there is no linear-causal relation 

between nanotechnology 
innovation (cf. co-production).  

– Impacts are heterogeneous, 
distributed across R&D hubs, value 
chains and in the eventual use,  

– more often than not it is difficult to 
disentangle the web of activities 
and attribute an impact to a single 
point source.  

• This is a generally recognised 
issue, but still there is a demand 
for indicators of unilinear impact.  
 

• This is the second main difficulty, 
the need of policy makers and 
administrators to have indicators, 
so that decisions can be made on 
their basis, without having to go 
into the complexities of the 
actual developments.  
 



Monitoring and anticipating impacts of 
nanotechnologies 

• There are big promises about 
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between nanotechnology 
innovation (cf. co-production).  

– Impacts are heterogeneous, 
distributed across R&D hubs, value 
chains and in the eventual use,  

– more often than not it is difficult to 
disentangle the web of activities 
and attribute an impact to a single 
point source.  
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issue, but still there is a demand 
for indicators of unilinear impact.  
 

• This is the second main difficulty, 
the need of policy makers and 
administrators to have indicators, 
so that decisions can be made on 
their basis, without having to go 
into the complexities of the 
actual developments.  
 

The challenge :  How can  indications of 
impact be captured in the present and 
how can they be anticipated  
(to be able to monitor progress of 
nanotechnologies and assess returns on 
investment?) 



WHAT IS A NANO PRODUCT 
ANYWAY? 

PART II 



Packaging Manuf. Packaging meets food In the shops 

Specialised 
Manufacturers 

Smaller players 

University 
foundries 

Research 
Institutes 

Retailers 

Retail 
Associations 

Consumers 

Consumer 
Groups 

Types of food 

Drinks 
Processed 

foods 
Fresh 
food 

Types of containments 

Bottle/ 
flask 

Container Films 

Integration locations 

Large food production firms 

Waste 

Tips 

Incineration 

Composting 

Recycling 

Nanotechnologies to enable higher performance and 
safe fuel cells and electric vehicles 

 

Nanotechnologies are promising to improve the 
competitiveness and feasibility of non-fossil fuel energy 
systems for vehicles.  For hydrogen fuel cells, detecting 
hydrogen leakage is essential, single-walled carbon nanotubes 
functionalised with palladium are one example of here. 
Nanotechnologies for more efficient lithium batteries are 
predicted to enable more efficient electric vehicles. 

The specific impact of nanotechnologies on making cars greener is difficult to 

entangle.  As an enabling technology, it works in conjunction with other technology 

components and adds functionalities within a configuration of functional 

technologies.  A nanosensor for hydrogen may enable hydrogen fuel cells to be 

more suitable for use in cars, though it is not a necessary functional component of 

the hydrogen fuel cell itself.  

 

Adapted from Robinson DKR (2013) Tracing impacts of nanotechnologies. 

Forthcoming. 
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Nanotechnology for Greener Cars 
 

A shift in perspective from bionananomaterials impact on the packaging 

sector (a techno-centric perspective) to an application-centric 

perspective.   
 

The car as a complex system of technologies provides a number of 

opportunities for nanotechnology to enable greener vehicles to varying 

extents  

Green Nanotechnology supply chains for food packaging 
(bottom left) include biodegrable nanocomposites, bio-based 
nanomaterials produced from waste materials, edible films and 
coatings.  Impacts are can be seen along the packaging value 
chain, in packaging manufacture firms, where the packaging 
meets food, effects on consumers, effects of waste management 
and also for food packaging regulations, standards and risk 
assessment. 
 

Enabling efficient fuel 
cells 
 
 

Tyre innovation to improve performance and 
reduce abrasion 

 

Carbon black has been used for years as a pigment and 
reinforcing agent in the automotive industry.   For tyres, 
mixing rubber with other materials can give a better 
performance,  and nanomaterials combined with rubber 
are offering important advantages such as resistance to 
wear and tear. 

Reduction in fossil fuel consumption via 
light-weight nanocomposites 

 

Vehicle weight is one of the major factors that 
influence the amount of fuel to be used in a 
vehicle.  Light-weight, but still structurally 
efficient materials offer a means to reduce 
fossil fuel consumption.  Nanocomposites offer 
a multitude of materials for use in the chassis, 
the internal structure, the external structure 
and windscreens. 
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What is a nano-product?  
Where are the impacts?   
Nano can play a role in many sectors (both 
products and manufacturing processes) and 
to a varying degree of intensity  

Nanomaterial 
 
Nanocrystal 
 
 
Nanobiosensor 
 
Nanobiopolymer 

Nano-element 

Antibacterial coating 
 
Photon conversion 
 
 
Improved detection 
 
Biopolymer with Rigid 
and fluid impermeable 

Function/role 

Food processing 
 
Photo-voltaics 
 
 
Medical diagnostic 
 
Food and drink 
packaging 

Enabled innovation 

Safe Jam / Jelly 
 
Competitive solar cell 
options 
 
Disease detection 
 
Biodegradable and 
biosourced packaging 

Envisioned product 



What is a nano-product?  
Where are the impacts?   
Nano can play a role in many sectors (both 
products and manufacturing processes) and 
to a varying degree of intensity  

1. Products that utilize 
nanotechnology as a small 
part of much larger product 
(where nano provides with 
small improvements) 
 

2. Nano-enabled products : 
whose key functions rely on 
nano, but still where nano is a 
small part of the product 
 

3. Nanotechnology products: 
where the product is based 
largely/solely on nano  
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Envisioned product 



Already there is a challenge: 
Nano enters/enables products in various ways 

• The impact pathways of nanotechnologies are 
different based on different sectors and contexts 

 

• Therefore simple & broad indicators for nano 
impacts will not suffice. 

 

• As a first step, one should focus on specific 
Value Chains to apply TA of how nano is 
impacting (in the present) 



TA OF NANO FOR SPECIFIC VALUE 
CHAIN 

PART III 



Nano for food packaging 

(In the present) 



Nano visions for bottled products 
JUNGLE PUNCH! 
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Let’s look at this more deeply with a TA Exercise 

(conducted in 2010 – ObservatoryNANO – Doug 

Robinson) 



Nanocomposites promises 

• Nanocomposite contain a polymer plus a nano-
additive.  
 

• Mostly nanoclay particulates are used;  

 

• Polymer nanocomposites containing nanoclay 
particulates are currently leading the food packaging 
market.   
 

 

• Nanocomposites market share is  rapidly growing  
(the fastest area of growth in he $40 billion polymer 
composite market ). 
 

•  Nanocomposites based on Imperm® found their 
early application in multi-layer PET beer bottles used 
by Miller Brewing Co.  

14 



Active antimicrobial packaging 

• Antimicrobial active packaging allows 
improved product quality and safety 
over an extended period of time.  
 

• EU Regulation 450/2009 
 

• already been introduced in Japan: 
nano silver, nano wasabi and ethanol 
 

• Examples in Europe include  
antimicrobial active film which includes 
a controlled release mechanism.,  
 

• Nanobiomatters  (Valencia) is 
commercializing its bactiblock ®  
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Bactiblock attaches 

antimicrobial to the 

nanoplatelets 

dispersed in the 

nanocomposite. 



The Driver for Green Packaging 
Packaging waste costs money and costs the environment 

 Using figures just for the UK: 

 Approximately 10.5 million tons of packaging 
enters the UK waste system every year 
(DEFRA report) 

 More than half of this is related to food and 
drink 

 The cost of the raw materials for this is 
about 4.5 billion Euros per year 

 And this cost does not include disposal and 
recovery costs or wider social and 
environmental costs such as the 
accumulation of platicizers in underground 
water, or the production of dioxins  by, for 
example, PVC and paper based packaging 
materials 

SO LETS GO GREEN? 



So we have: 
Promising nanotechnology options 

AND 
Grand societal challenge of 

packaging waste 
 

Lets look at the value chain linking 
research and eventual embedment 

of technology 



Emerging Value Chains 

Adapted from: Douglas Robinson, Lu Huang, Ying Guo  & Alan Porter (2013)  

Forecasting Innovation Pathways (FIP) for New & Emerging Science & Technologies. 
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Material 
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Processed 
foods 

Fresh 
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Types of containments 

Bottle/ 
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Container Films 

Integration locations 

Large food production firms 

Look at the current industrial value chain (here for food 

packaging) 
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Adding nanotechnology creates new supply chains in 

nanomaterials, but shapes the Framing conditions that effect the 

food packaging value chain (leading to a number of challenges 

and opportunities) 
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Adapted from: Douglas Robinson, Lu Huang, Ying Guo  & Alan Porter (2013)  

Forecasting Innovation Pathways (FIP) for New & Emerging Science & Technologies. 
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Spring 2010 
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Regulations on 
ecotoxicity of 
degradbale composites 

Jan 2011 

 
Scale-out 
 
Infrastructure is emerging since the end of 2010. 
Nanobiomatters for bio and antimicrobial 
composite packaging.   
 
In a recent report on bioplastics more generally 
(Jan 2011) PIRA International forecast that large 
petrochemical companies such as Braskem, 
Dow Chemicals and Solvay are scheduled to 
commence bio-derived PE production by 2012 
at industrial-scale facilities in Brazil.  Telles and a 
number of Chinese producers are known to be 
investing too. 
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Jan 2011  
Packaging Legislation 
 

Plastic Implementation Measure (PIM) - 14262/10  
The regulation on plastic materials and articles intended to 
come into contact with food, comes into force May 2011 
 
Will affect the use of nano-based food packaging  in the EU 
as it states clearly that plastics that use nanomaterials 
should be assessed on a case-by-case basis until more 
information is known 
about potential risks they present. 
 
Regulation (EC) No 1935/2004 of the European Parliament 
and of the Council of 27 October 2004 on materials and 
articles intended to come into contact with food  
 
Active and Intelligent Packaging  amendment came into 
force in August 2009 and provides a much anticipated 
platform for active and intelligent packaging (both with 
nano and more broadly). Regulation (EC) No 596/2009  

 



In real-time we can explore the developments 
and the impacts of a nanotechnolgy  

(here for food packaging) 
 

We can look at how these have co-evolve 
historically 

 
What about future impacts? 



Impacts are co-produced by development 
and deployment 

(ebmedment/adoption/rejection). 
 
 

Therefore: anticipation on future impacts (as 
well as the means to monitoring them) needs 

to be based on the co-production! 
 



CREATE AND EXPLORE NARRATIVES OF 
DEVELOPMENT AND IMPACT: 
SOCIO-TECHNICAL SCENARIOS 

PART IV 



Socio-Technical Scenarios are stories of how 
the future may unfold from the present 

 
They are not predictions, they are platforms 

for exploration with a variety of actors, in 
interviews and in workshops. 

 
They blend the context and dynamics of the 

present with controlled speculation 
(informed fictions) 



Socio-technical Scenarios 

• Combines value-chains, governance framing conditions and user 
cultures. 
 

• Structured using theories of technical change, STS and innovation 
studies. 
 

• Relies on good knowledge of the target domain (to be plausible and 
credible in workshop situations). 
 

• Focuses on the unfolding of the present into the future  
 

• Incorporates co-evolution, co-production of impacts, dilemmas, 
openings and lock-ins 



SOME EXAMPLES 

PART V 



Complexity Scenarios for Emerging Techno-Science 

Socio-technical scenarios: Example Thread 

 

 

 

. 

Triggering event present 
opportunity for shifts.  EIs 
are brokendown. 

Emerging irreversibilities 
through networks and 
routines (Van Merkerk & 
Robinson 2006) 

Eis enable & constrain 

Patchwork of codes enables innovation journeys in 
nanomaterials and nano-enabled medicine. 

Bifurcation 

In this scenario there is a fork, where governance lies on the 
enactors (self-regulated soft law for nano amidst regulation 
for other sectors) 

Exp. Envelope 

Finland anticipates on large returns and sinks investments into 
nano focussed on paper production.  Other nations look on 
jealously as such focus is difficult in their own nation. 

When event occurs (a worker affected by toxicity) 
opportunity for GOs and NGOs  move in to regulate 

Nano-sensor 

Nanofabrication 

 

 

Passive  

Embedded 

particle 

 

Active 

free 

particle 

(drug 

delivery) 

 

passive free 

particle 

Nanofluidics 

 

Experimental  

device 

Industrial  

knowledge 

nanomaterial  

Innovative  

material 

Causes innovation bottlenecks as regulation catches up with 
innovation…deadly consequences for small techno start-ups 
which currently proliferate in nano. 

Selection/Innovation Tension 

Socio-technical Scenarios  (described in Robinson 2009 TF&SC) 



This scenario has 12 critical events; 
these capture shifts in innovation 
journeys and their environments. 

 

It focuses on the influence of soft 
law (codes of conducts, best 
practices, standards etc.) on both 
the selection environment and 
innovation journeys. 

 

It combines innovation journeys, 
with innovation/ selection-
environment dynamics, paths in 
terms of evolving paradigms and 
actor strategies, and anticipatory 
coordination. 

 

Complexity Scenarios for Emerging Techno-Science 

Socio-technical scenarios: Example Thread 

Socio-technical Scenarios 



Explore in Scenarios in workshops 
Cell based Lab-on-a-chip from lab to markets  

• Focus: Bridging Societal aspects with 
innovation through prospecting 
innovation journeys. 

• Took a technology producer perspective 
and described innovation chain via their 
perspective. 

• Used techno-centric socio-technical 
scenarios in order to broaden the 
innovation chain perspective. Scenarios 
where informed by path dynamics and 
emerging irreversibilities                                    
- see Robinson and Propp (below) & van Merkerk 
and Robinson TA&SM 2006 

• Workshop brought start-ups and 
researchers together in a future-
oriented multi-path mapping exercise 
(1-day long workshop) 

• Workshop focused on composition of 
possible actor-networks and issues that 
are relevant - Identified 4 main paths. 

• Some expected bottlenecks and broader 
issues identified 

 

 

Application 
area 
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research lines 
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Integrated  
platform/ 
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lysed 

Single cell 
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Drug delivery 
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Drug discovery [63] 
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Integrated point of 
use DNA extraction 
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[Hull University] 

Expectations 

Optical Trapping [60] 

 

Stable multiple cell cycle 
culture in microfluidic system 

Analysis 

Separation 

Bioreactor [57] 

Dielectrophoresis [58] 

Hollow cantilever [59] 

Hollow cantilever [59] 

Gene expression 
chip 

 

3-D liver culturing 

3-D liver bone culturing 

Cell as laboratory: 
producing interesting 

molecules [48] 

Douglas Robinson, Amsterdam (NL),  

See article Robinson & Propp, Technology Forecasting and Social Change, online April 2008: doi:10.1016/j.techfore.2008.02.002 

Figures – (Top) Technology developer perspective on innovation chain (Bottom Left) Douglas in Action 
during workshop (Bottom Right) One version of multi-path map. 
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From scenario discussion and further interaction flesh out 
key elements that will shape impact pathways 

Smart Health: Telemonitoring innovations for the UK 
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molecules [48] 

Douglas Robinson, Cardiff (UK),  

See article Robinson  et al 2013 (forthcoming) 

Discuss Scenarios and experience 
and perspectives of important 

actors 

Identify key issues for different 
actors and how they interact 

Plot impact pathways along 
with development pathways 
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Unclear prescribing / response protocols

From scenario discussion and further interaction flesh out 
key elements that will shape impact pathways 

Smart Health: Telemonitoring innovations for the UK 

 

Application 
area 

Evolving 
research lines 

Experimental 
integration 

Integrated  
platform/ 
product 

Short / medium term Long term 

MCA paths 
based on cell lysis 

Lysis/Incubation 

SCA paths 
paths 

Single cell 
lysed 

Single cell 
not lysed 

Whole cell  
cytoxicity array 

Integrated biosensor 
array  [61][62] 

Cytoxicity array 
 

Lab-in-a-cell 
High-throughput 
patch clamping 
[Cytocentrics] 

Existing technologies Visions 

Treatment 

Selection 

Culture 

Drug delivery 

Medical  
diagnostics Forensics Environmental /  

monitoring 

Drug discovery [63] 

Omics research Stem cells /  
Embryo research 

Point of use DNA 
extraction and analysis 

Present 

Integrated point of 
use DNA extraction 

and analysis 
[Hull University] 

Expectations 

Optical Trapping [60] 

 

Stable multiple cell cycle 
culture in microfluidic system 

Analysis 

Separation 

Bioreactor [57] 

Dielectrophoresis [58] 

Hollow cantilever [59] 

Hollow cantilever [59] 

Gene expression 
chip 

 

3-D liver culturing 

3-D liver bone culturing 

Cell as laboratory: 
producing interesting 

molecules [48] 

Douglas Robinson, Cardiff (UK),  

See article Robinson  et al 2013 (forthcoming) 

Discuss Scenarios and experience 
and perspectives of important 

actors 

Identify key issues for different 
actors and how they interact 

Plot impact pathways along 
with development pathways 



Innovation and embedment pathways 

 
Output = map of 
potential technology 
developments in a 
telehealthcare system. 
 
Innovation AND 
Embedment pathways 
informed by various 
actors. 
 
Indicators of impact 
can be based on these 
criterias for success 
stemming from 
multiple  perspectives 
(especially those in 
the healthcare sector) 
 



WRAPPING UP 

PART VI 



In summary 
The technology context and innovation context matters 
• For nanotechnology, Impact pathways are varied: 

– Not only because nano enables innovation in a variety of ways and in a variety 
of sectors, but also 

– Impacts are co-produced and thus the way they will play out is dependent on 
this process 
 

TA of the present and Anticipatory TA 
• One can gauge impacts in the present by focusing on value-chains 
• One can anticipate on impact pathways using insights from STS/innov. 

Studies with a focus on co-evolution of and co-production of impacts (We 
have suggested scenarios/workshops though there are other ways) 

 
Returning to the challenge of indicators of impact: 
• Exploring particular (families) of impact pathways allows on one to create 

bespoke indicators of impact – elicited through the FLA/TA process 

An opportunity for FLA/TA combinations!! 


