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Constructive TA

• Originated in the mid-1980s (Arie Rip)
• Technology development is considered as a 

complex process, which use structures of a strategic p p , g
game (Hack 1995)

• Broaden the design of new technologies (and theBroaden the design of new technologies (and the 
redesign of old technologies)

• Inclusion of more aspects and more stakeholders• Inclusion of more aspects and more stakeholders
• Feedback of TA/SA activities into the design phase 

f t h l iof technologies
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Nano-Technology

Nano Objects Nano Surface Nano Engineering

Nanoparticle
Nanofibre
Nanoplate

Nano structured surface
Imprint
Nano structures

Nanodevise
Nanofabrication

p
“Nanomaterial”
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Potential risk for human 
health and enviroment
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Nano objetcs potential danger to human 
health and environmenthealth and environment

High
Middel
Low

7 Dr. Marcel Weil  - Lisbon 2012

Low
Potential danger



P bl ith i t h l iProblems with emerging technologies

• Clear scientific evidence for (environmental or 
human) damage or risks are very time consuming

• New technologies spreading much faster in 
multiple application fields than regulation of the g
technology can take place to mitigate their impacts 
and risks

• Regulations based on “state of the art” knowledge.
Precautionary principle often not applied.Precautionary principle often not applied.
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Solution?Solution?

Integration of CTA like aspects 
into the development phase of 

new and emerging technologies 
t iti t th i i kto mitigate their risks
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NGO
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Early development phaseEarly development phase
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development development



Early development phase of  
nano objects

• 80% of nano objects development takes 
place in small sized companiesplace in small sized companies

• Production rate of nano objects in the 
range of mg, g, seldom kg or t
Low level of process automatisation• Low level of process automatisation 
(high degree of manual work)( g g )

• Seldom specific application fields are 
dd d

13 Dr. Marcel Weil  - Lisbon 2012

addressed



Goal of companies in 
early stages 

• Develop superior technical performance
• Increase competitiveness• Increase competitiveness
• Be first on the market
• Reduce environmental burdens
• Prevent potential negative implications for 

societyy
Minimize environmental/human risks
Mi i i i ti i k
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Minimize innovation risks
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CNT Papier Produktion
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Technical 
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Technical 
objectivesobjectives 
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Technologies 
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“Unknown effects”
• Nano particle (CNT) effect 

h h lthon human health
• Nano particle (CNT) 

effect on environment
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“Unknown effects”

• Nano particle (CNT) Precautionary Principle 
effect on environment

y p

"the release of nanoparticles to thethe release of nanoparticles to the 
environment [should be] minimized until these 
uncertainties are reduced "

Prevent/Reduce

uncertainties are reduced."

Th B iti h R l S i t d th R l A d f E i i 2004Prevent/Reduce 
emissions 

The British Royal Society and the Royal Academy of Engineering 2004
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Optimisation
 

Technical 
objectives 

Nano Materials/ 
Technologies

Ecological 
objectives

Economic 
objectives

Technologies

objectives objectives
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Carbon Nanotube 
Paper Production
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CNT Paper (Bucky Paper)CNT-Paper (Bucky Paper)
Potential Fields of Application

• artificial muscles 
• lightweight heating system
• lightweight cooling system
• light absorbent media
• nano filtration
• electric shield
• anode for Li-ion battery (SWNT)anode for Li ion battery (SWNT)
• ….
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Manufacturing CNT Paper (Bucky Paper)Manufacturing CNT-Paper (Bucky Paper)

CNT Synthese CNT Purification CNT Dispersion CNT Paper 
cut to order 

CNT Paper  

Filtering 2 Filtering 1 
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System Boundaries for Economic and 
Ecological Investigations 

resources 

mixing processing

system boundary 

catalyst mixing processingcatalyst

CNT synthesis purification filtration I MWNT 

dispersing filtration II drying bucky 
paper 

 

emissions (air, water, earth) 
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Ecological InvestigationEcological Investigation

Life cycle assessment frameworkLife cycle assessment framework

Goal and 
scope

-

scope 
definition Direct applications

Process development 

-
Inventory
analysis

Inter-
pretation

ocess de e op e t
and improvement

Public policy making
-

Impact

Other

assessment

26 Dr. Marcel Weil  - Lisbon 2012

Literature: DIN EN ISO 14040 Life cycle assessment



Life Cycle AssessmentLife Cycle Assessment

• System boundary: gradle to gate
G l id tifi ti f l i l h t t ithi th• Goal: identification of ecological hot spots within the 
whole production chain of CNT-paper production

• Impact assessment method: CML• Impact assessment method: CML
not considered:

– human toxicity (of nano particle)– human toxicity (of nano particle)
– eco toxicity (of nano particle)
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Life Cycle AssessmentLife Cycle Assessment
Selected Impact Indicator

Global Warming Potential (GWP) [kg CO equivalents ]• Global Warming Potential (GWP) [kg CO2-equivalents ] 
(CO2, CH4, ....)

• Photochemical oxidation [kg Ethylen equivalents]• Photochemical oxidation [kg Ethylen-equivalents] 
“summer smog”
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Environmental ImpactEnvironmental Impact

Global Warming PotentialGlobal Warming Potential

dispersion

transport of
dispersion
mediummedium
electric energy
(mainly for MWNT
synthesis)
purification

transport acidtransport acid
(purification)

others
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Environmental ImpactEnvironmental Impact
Photochemical Oxidation

dispersiondispersion

transport of solventtransport of solvent

fsynthesis of MWNT

others
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Economic AnalysisEconomic Analysis

System boundaries: 
production costsproduction costs
-> focus: material costs
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Economic AnalysisEconomic Analysis

Material CostsMaterial Costs 

dispersion

synthesis
MWNT

purificationpurification

catalyst

filtration

others
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Hot spots 

resources 

i i i

system boundary 

t l t mixing processingcatalyst

CNT synthesis purification filtration I MWNT 

dispersing filtration II drying bucky 
paper 

emissions (air, water, earth)
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Optimisation strategies

• Quality bucky paper

E i t• Economic aspects

• Ecological aspects (LCA)Ecological aspects (LCA)
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Nano Particle Emissions SourcesNano Particle Emissions Sources

CNT Synthese CNT Purification CNT Dispersion CNT Paper 
cut to order 

CNT Paper  

Filtering 2 Filtering 1 

35 Dr. Marcel Weil  - Lisbon 2012



Optimisation strategies

• Quality bucky paper

E i t• Economic aspects

• Ecological aspectsEcological aspects 

• Emissions of nano particle (to water)
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Optimisation strategies

Solvent Solvent
Solvent 

replacement by
Solvent 

replacement by
Solvent 

replacement by Recycling100% Solvent 
(Reference)

replacement by 
100% alternative 

solvent

Solvent 
replacement up to 

30% by water

replacement by 
100% 

water/tensideX1 
mixture

replacement by 
100% 

water/tensideX2 
mixture

replacement by 
100% 

water/tensideX3 
mixture

Recycling        
of reference      

solvent

A A/B B/C B C C A
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Optimisation strategies

Optimisation strategies

Solvent Solvent Solvent Solvent

100% Solvent 
(Reference)

Solvent 
replacement by 

100% 
alternative 

solvent

Solvent 
replacement up 
to 30% by water

Solvent 
replacement by 

100% 
water/tensideX1 

mixture

Solvent 
replacement by 

100% 
water/tensideX2 

mixture

Solvent 
replacement by 

100% 
water/tensideX3 

mixture

Recycling      
of reference    

solvent

Quality bucky 
paper A A/B B/C B C C A

Economic      
profile C A/B B A/B A/B C A/B

Ecological profile C C B A/B A/B A/B A/B

CNT emissions 
(to water) C C C C C C A/B(to water)



Advantages Option Recycling Solvent“Advantages Option „Recycling Solvent

• Up 70 % of the solvent is recyclable
L ff t f i f l d l t• Low efforts for reprocessing of recycled solvent

• No detectable quality problems of bucky paper production
(continuous closed loop recycling of solvent is under(continuous closed loop recycling of solvent is under 
investigation)

• Economic and ecological savings by reduced• Economic and ecological savings by reduced 
consumption of primary solvent

• Reduced efforts for transport und storage of solventReduced efforts for transport und storage of solvent
• No nano particle emissions to water (dispersion process)
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Potential (Dispersion)



Integration of sustainability aspects
into the development of electrochemical 

energy storagegy g

Founded in 2011
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Conclusions
• New and emerging technologies are pushed in various 

li ti fi ldapplication fields
• Scientific evidence about potential negative implications 

(impact on human health and environment) are complex 
and time consuming

• Regulation take place often too late
• Between moratorium and pushing of the technology thereBetween moratorium and pushing of the technology there 

is a small pathway of responsible development
• The early development and design phase has to broaden• The early development and design phase has to broaden 

fur further aspects (beyond technology end economics)
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Conclusions
• Scientist in the field of CTA and SA can search for early 

warnings from science/NGOs and concerns of society, to g y
consider such issues within the development phase in a 
close cooperation with the technology developer itself.p gy p

• Presented approach :
• The precautionary principle has to be translated into• The precautionary principle has to be translated into 

development goals
The combination of q alitati e and q antitati e• The combination of qualitative and quantitative 
methods seems to be very advantageous in early 
development phasesdevelopment phases

• After the technology reaches a higher maturity, the 
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whole life cycle has to be considered
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Responsible development 
of new and emerging 

technologiestechnologies

Thank YouThank You
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Nano objects reach water pathway
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Nano-Objects in Waste
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