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limits/risks

potential
damage

\ J

“Environmentalists” respgﬁsibié “Technology enthusiast”
More worried, than happy technology Don’t worry, be happy
innovations should only development innovations should be
introduced of N0 potential advantages but Pushed forward, possible
damage can be foreseen also possible restrictions damages will be

and risks are considered managed
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Constructive TA ﬂ(IT

 Originated in the mid-1980s (Arie Rip)

 Technology development is considered as a
complex process, which use structures of a strategic
game (Hack 1995)

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

v I IbIUDIU | OT MOfr |J blb aing more staKkenoigers
 Feedback of TA/S A activities into the design phase

of technologies
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I Nano-Technology AT

Karlsruhe Instiute of Technology

/ Nano Objects \ Nano Surface

“*Nanoparticle “*Nano structured surface
“*Nanofibre Imprint

“*Nanoplate **Nano structures
“*“Nanomaterial”
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Potential risk for human $!(IT
health and enviroment

R P
<100NM

Warning :

Nano Hazard
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Problems 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
technology can take place to mitigate their impacts
and risks

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

Integration of CTA like aspects
Into the development phase of
new and emerging technologies
to mitigate their risks
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Information |
Degree of |

freedom /_
Early stag A, Late stage

Product
_:;'P 1
Material/Technology Product
development development
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Early development phase of IT
nano objects

 80% of nano objects development takes
place In small sized companies

e Production rate of nano objects in the
range of mg, g, seldom kg or t

* Low level of process automatisation
(high degree of manual work)

e Seldom specific application fields are
addressed
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Goal of companies In ﬁ("
early stages

e Develop superior technical performance
* |[ncrease competitiveness

e Be first on the market
e Reduce environmental burdens

* Prevent potential negative implications for
society

> Minimize environmental/human risks
> Minimize innovation risks
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Quantitative
Methods

Quantifiable Risks &
Environment/
Health Impact

Mass
production ¥
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(AT

Karlsruhe Instiute of Technology

CNT Papier Produktion
" -
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Karlsruhe Instiute of Technology

New Materials/
Technologies

1 i
Ecolegical . *ECOﬂGIﬁIE*---
objec R . - # -QbJeCIIV_e_$_
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Karlsruhe Instiute of Technology
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Nano Materials/
Technologies

,.‘.1 f g e
Ecolegical. . " Economic s
_objectives | — # objectives
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“Unknown effects” ﬂ("'

 Nano particle (CNT) effect
on human health

 Nano particle (CNT)
effect on environment
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“Unknown effects” ﬂ("'

Precautionary Principle

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

The British Royal Society and the Royal Academy of Engineering 2004

. |
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| Optimisation KIT

Nano Materials/
Technologies
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Carbon Nanotube
Paper Production
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CNT-Paper (Bucky Paper)
Potential Fields of Application

e artificial muscles

* lig
. |g
o |g

ntweight heating system
ntweight cooling system

Nt absorbent media

e nano filtration
e electric shield
e anode for Li-ion battery (SWNT)
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System Boundaries for Economic and -‘ﬁ‘("
Ecological Investigations

resources
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Ecol

ﬁe cycle assessment framew%

.
Goal and 4 R
scope -
defln:\tlon J /Direct applications A
Y
N |- Process development
Inventory > Inter- _ and improvement
analysis < pretation - Public policy making
J
0 - Other
* N Y,
Impact | o
assessment |
> 2/
Literature: DIN EN I1SO 14040 Life cycle assessment
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e System boundary: gradle to gate

e Goal: identification of ecological hot spots within the
whole production chain of CNT-paper production

e Impact assessment method: CML
not considered:

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

* Global Warming Potential (GWP) [kg CO2-equivalents ]
(CO2, CHy, ...)

 Photochemical oxidation [kg Ethylen-equivalents]
‘summer smog”

ssssssssssssssssssss
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crvirormnnerital 1mpact
Global Warming Potential
1 dispersion

I transport of
dispersion
medium

[1electric energy
(mainly for MWNT
synthesis)

[ purification

[Jtransport acid
(purification)

[] others
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Environmental Impact

Photochemical Oxidation

[ dispersion

O transport of solvent

O synthesis of MWNT

[ others
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System boundaries:
production costs
-> focus: material costs

Institute for
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Material Costs

[ dispersion

[ synthesis
MWNT

[ purification

[ catalyst
[ filtration
[] others
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Hot spots

resources
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e Quality bucky paper
« ECOnomic aspects

 Ecological aspects (LCA)

Institute for
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e Quality bucky paper
« ECOnomic aspects
* Ecological aspects

 Emissions of nano particle (to water)

Institute for
. . Technology Assessment
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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

A/B

B/C
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Solvent Solvent Solvent Solvent
100% Solvent replacement by Solvent replacement by | replacement by | replacement by Recycling
(Refoerence) 100% replacement up 100% 100% 100% of reference
alternative  [to 30% by water|water/tensideX1|water/tensideX2 [ water/tensideX3 solvent
solvent mixture mixture mixture
Quality bucky A AB BIC B C C A
paper
Economic C A/B B A/B A/B C A/B
profile
Ecological profile C C B A/B A/B A/B A/B
CNT emissions c C C c c c A/B

(to water)




 Up 70 % of the solvent is recyclable
* Low efforts for reprocessing of recycled solvent

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

 Economic and ecological savings by reduced
consumption of primary solvent

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

ssssssssssssssssssss
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Integration of sustainability aspects ﬂ("’
Into the development of electrochemical
energy storage

Helmholtz Institute Ulm
Electrochemical Energy Storage

Founded in 2011

Institute for
. . Technology Assessment
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E-Chemistry Solid State
| Electro-
(N.N.) chemistry

E-Chemistry Basics of
Il Electro-
(Kolb) chemistry

E-Chemistry Interaction
] Materials -

(Behm) Electrolyte

A: B:
Electro- Materials

chemistry

E:
Methods

D:
Systems
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Conclusions (AT

New and emerging technologies are pushed in various
application 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 there
IS a small pathway of responsible development

The early development and design phase has to broaden
fur further aspects (beyond technology end economics)
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Conclusions (AT

e Scientist in the field of CTA and SA can search for early
warnings from science/NGOs and concerns of society, to
consider such issues within the development phase in a
close cooperation with the technology developer itself.

* Presented approach :

* The precautionary principle has to be translated into
development goals

 The combination of qualitative and quantitative
methods seems to be very advantageous in early
development phases

o After the technology reaches a higher maturity, the
whole life cycle has to be considered
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I Nano objects reach water pathway I

Silver Nanoparticles May Be Killing Beneficial Bacteria In Wastewater
Treatment

Selencelally (dor 30 2008) — Too much of a good
thing could be harmful to the environment. For years,

scientists have known about silver's ability to kill NU th reat from ﬂﬂﬂﬂSl hfer |n WHStewater treatment

harmful bacteria and, recently, have used this _
knowledge to create consumer products containing  Editor [ 23022071 | O Comment:
Silver nanoparticles. Mow, a University of Missour

researcher has found that silver nanoparticles also _ ) _
may destroy benign bacteria that are used to remove  EMPA researcher clalms that nanosilver In sewage doesnt pose 8 threat to

ammaonia from wastewater treatment systems. BCosystems.

EMPA researcher Bernd Mowack has discussed the implications of the latest
studies on nanosiler inwastewater treatment plants in the journal 'Science.’
(Manosilver Revisited Downstream by Bernd Mowack, Science, 2010, Yol 330 no.
BOOY, pp. 1054-1055, DO 1011 26iscience. 119807 4). EMPA is an interdisciplinarny
research and semices institution for material sciences and technolooy
development based in Switzerland.
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I Nano-Objects in Waste (AT

Karlsruhe Instiute of Technolegy

Commission

Science for Environment Policy

Nanoparticles present in residues of waste
incineration plant Source: Walser, T.,

Limbach, L.K. Robert
Brogioli, R. et al. (2012)
The use of nanomaterials in consumer goods is growing, as is their presence in kiSRG UEEEE

waste. A new study is the first to follow the fate of engineered nanoparticles nanoparticles in a

. . . . . . - . municipal solid-waste
through the entire waste incineration chain. The results indicate current filter Bl Rl iiCle

technology is effective in removing nanoparticles from flue gas, but that RELEELArEErive

nanoparticles also bind to residues, such as fly ash and slag, which eventually end ggﬁm 1038/nnano.2012
up in landfill. 64.
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