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the cradle-to-grave assessment of
health and environmental impacts
of nanotechnology is vital for a

successful, safe commercialisation

Existing standards for LCA are fully
suitable for use on nanomaterials
and nanoproducts

Gives a more holistic view; allows
for a comparison with conventional
products

[US-EPA & EU conference, October 2006]
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Welcome

m The Advancing Life Cycle Assessment Group at
Empa further develops the LCA method in order
to better support early phases of the technolog
development and to address environmental an
societal implications of novel material and of
emerging technology applications, by

m extending the perspective of life cycle assessment
to societal aspects;

m supporting asustainable technology development
combining the LCA framework with new, innovative
approaches such as SbD (safe-by-design) or RRI
(responsible research & innovation);

m and further improving LCIA methods and LCI data
availability.
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Introduction

m ... the LCAISO 14'040 framework is fully suitable for the assessment
of nanomaterials and nanoproducts, despite notable shortcomings
in availability of inventory data and missing evaluation instruments
for impact assessment.

m Various actors have worked since then extensively on these aspects
with goal of ensuring that traditional & nano-specific environmental
issues can be assessed within a unified, comprehensive & consistent
framework.

... but how far is this really the case ... ?
This day will give you some elements of an answer ...
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Program overview

Part I - Perspectives on environmental assessment of nanotechnology
State-of-the Art and Challenges when applying LCA / Regulatory Perspective / Industrial Perspective

Part II - Prospective modelling (for nanotechnology)

Prospective modelling concepts / Uncertainties in such models

Part III - Impact assessment methods for nanotechnology

toxic effects of nanoparticles (limits, gaps) / Quantification of releases along the life cycle /
Integration of fate and toxicity of nanoparticles into LCIA framework

Part IV — Combining LCA and risk assessment for nanotechnology

Merging / confronting various concepts, approaches

Closing Remarks
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Program overview

Time Title Speaker [Moderator]
8:30 | Registration, coffee & croissants
Perspectives on environmental assessment of nanotechnology | [Arthur Haarman, Empa]
9:00 | Welcome and introduction: State-of-art and challenges when Roland Hischier, Empa,
applying LCA to nanotechnology St. Gallen (CH)
9:25 | Regulation of Nanomaterials — the relevance of LCA and RA Tobias Walser, Vereala,
Zurich (CH)
9:50 | Industrial perspective on nanotechnology development Karl Héhener, TEMAS,
Zirich (CH)
10:15 | Discussion
10:30 | Coffee break
Prospective modelling for nanotechnology [Didier Beloin-Saint-Pierre,
Empa]
11:00 | Exploring prospective application of LCA to enhance Marco Villares, Delft (NL)
technological development
11:25 | Prospective modelling and effect from uncertainties MINES ParisTech, Nice (F)
11:50 | Discussion
Short presentations
12:15 | A comparison of two methods for probabilistic modelling of Véronique Adam, Empa,
ENM emissions along their life cycle St. Gallen (CH)
12:25 | Decision-making concept on medical nanoparticles Peter Weyell, University of
Jena (D)
12:35 | A network perspective reveals decreasing material diversity in | Nicole Sani-Kast, ETH,
studies on nanoparticle interactions with dissolved organic Zirich (CH)
matter
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Part [ — Perspectives ...

Karl
Hohener
(TEMAS)
Tobias
Walser
(Vereala)
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State-of-art and challenges when
applying LCA to nanotechnology

Roland Hischier
Advancing Life Cycle Assessment (ALCA) Group
Empa, St. Gallen, Switzerland



Publications in the field «LCA & Nano» ?

m LCA and Nanotechnology ...
a hype that seems already
beyond its «zenith» ...

or
m ... what are possible reasons

that the # of publications is
still not really «taking off» ... ?
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®m <40 LCA studies of engineered
nanomaterials published so far;

m Less than 30% of the studies
are taking into account the
complete life cycle (cradle-to-
grave), while most studies omit
end-of-life treatment or use
phase, respectively;

m ~40% of studies are based on
a functional unit of 1 weight
unit of produced nanomaterial.
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... updated (2017)

Reference

de Figueirédo Reference

Deorsola et al.

i

m  most studies still omit majority of
difficult issues (like e.g. inclusion
and subsequent assessment of
releases of nanoparticles).

Up to summer 2016, still only
few studies have been published
that are covering releases of
nanoparticles in their studies,

... dealing with nano silver, CNT, various

forms of silica, nanocellulose and nano
titanium dioxide (2 studies).

65th DF LCA «LCA & Nanotechnology» / May 24, 2017 / Zurich (CH)

uuuuuu
i Wasta

[
Emis: W
tow: Was
w E bulk

Gilbertson et al. 2014 anotubes (SWCNT) H N —]
1| ctal 2014 (sinw) H B ] ——]
j OECD 2014 silica / HD-HE ™ ™ VN
; Piazza et al. 2014 H BN | |
f |schriijvers et al. 2014 'l
= | Thakur 2014 H B
T Yaseneva et al. 2014 (CNP) —]
= |Alaviitala and Mattila, 2015 |
Li ™
E Arvidsson et al. 2015 (O ma H B
ﬁ Ferrari et al. 2015 H BB B | ]
= |Hischier, 2015 H BE B ] ]
Li
= |Hischier et al., 2015 ‘I'm H|H B B B H B —]
- |Hickse(al. 2015 | E———
al.
— [middlemas et al. 2015 H B
3
— [Notter et al. 2015 mul nanotubes (MWCNT) H BN [ | | ]
x
o |0jeda etal.2015 |auminananoparicies EE | ]
2 [Piccinno et al. 2015 ﬂ)“’ es (me “'m H| | [ ] ]
Y% pini et al. 2015 nano i
al |Pounahedi & Eckelman, 2015 |nanu siver EE |
al. 2014 |Wa|ser etal. 2011 | er (coating) HE BB B EEE

|Wender and Seager, 2011 |smgle'wal\ carbon nanotubes (SWCN |

(in prep.) Slide #11



Conclusion — sounds somehow familiar ...

Establishing clear rules how releases of ENM need to be
taken into account on level of LCI modelling (what elements,
what properties need to be reported for emission of ENM, ?)

(in a close collaboration of Toxicologists & Life Cycle
Assessment Specialists) systematically establishing missing
LCIA factors for releases of nanomaterials.
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Which of these challenges is responsible for highest
variability — and with this, brings the highest uncertainty
currently in LCA studies of nano-enabled applications ?
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Case study

i Lifetime [years] 27
B Composition [% w/w]

4 - nano-TiO; 3.0

—  TiO,, pigment-grade 13.58
MY Silicone defoamer 10.97

:l Styrene/acrylic 1462
copolymer
- C?Icmm carbonate 3175
e (filler)
A .
; ﬁ% Talcum (filler) 6.58

e Further ingredients 5.2
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Outdoor facade paintings and coatings
with and without nano titanium dioxide

nano traditional nano
paint paint coating
0 15
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Goal & Scope

i
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treatment of
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]

1

|
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production H
-
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! ] 1
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(further) ' 1#* application | 4
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production

_ . treatment of
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use phase
further (2™, ...)

application of
UELTEET

production
nano-Ti0,

production
(C) packaging treatment
materials packaging mat

production
(further)
ingredients

1
1
]
:
end-of-life :
1
1
1
1
]
]
]
|
1

production 1* application

I traditional paint paint & coating I
A further (2™, ...) b
prnductl?n application of ]
nano coating nano coating

end-of-life
treatment of
paint & coating

production
nano-Ti0;

production application - use end-of-life
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= Functional unit
1 m? of wall, protected
over time of 80 years

= Background data
ecoinvent version 3.1
(recycled-content model)

= Applied LCIA methods
ReCiPe Midpoints and
USEtox
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Challenges within this study

m [Study setup] Influence of chosen characteristics (e.g. life times) of
here examined ENM-containing paint? Use of other alternatives
(containing ENM) — what would change?

m [LC/ data] Influence of using various data (and methods) covering
the production of the required nanomaterial (nano-TiO,)

m [Releases of nanoparticles] Are there any releases of nanoparticles
taking place along the life cycle? What amount? How to assess such
releases (i.e. what characterisation factors are available for this kind
of releases?)
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Scenarios «Study setup»

(i) the influence of a change of the actual life-time of the nano-TiO,

containing paint, and

o ) assumed
Life-time of paint : _ total life-time
o of building
traditior.'lal >
paint
[ I T T L] 1
————{ <20% longer lasting» | | ] ]
nano | :: «30% longerllasting» I ! i]
paint -
| «50% longer Iastingf
Ll I I I
0 20 40 60 8o P years
b & s s !
ox5x 4x 3x iy 2x to paint .

number of times that building has to be painted (in function of life-time of paint) !

(i) a change in the formulation (i.e. applying a nano-coating on top of
the paint, instead of an actual paint formulation with ENM).
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Scenarios «Releases of nanoparticles»

(i) Characterisation Factors (CF) for toxicity assessment :

All factors RS

2.80E-01
Freshwater 3.21E+01
ecotoxicity 130E+02

2.62E+01
Human 5.98E-06
Toxicity,
carcinogenic Ll
Human 2.45E-10
toxicity, non-

5.85E-07

carcinogenic

PAF m3 day/kg
PAF m3 day/kg
PAF m3 day/kg
PAF m3 day/kg
cases/kg
cases/kg

cases/kg
cases/kg

No CF applied for all toxicological impacts
Lowest value based on weighted size distribution
of nano-TiO, in freshwater

Highest values " — with a=0.001; nano-TiO2
diameter=8 nm

USEtox & SimpleBox4Nano combined

simplified FF / EF from HCs, values
outdoor, CONTINENTAL

outdoor, SWITZERLAND

outdoor, CONTINENTAL (lower value)
outdoor, SWITZERLAND (higher value)
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LCIA factor | Value | Unit________| FurtherInformation -m--

B
Salieri et al.,
2015a )
Salieri et C
al.,2015b
Miseljic et i
Olsen, 2014
B
Pini et al., c
2016 B
C
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... in total about 180 different runs ...

A no characterisation applied for releases of nanoparticles

L .
scenario i "High" release scenario for releases of nanoparticles along life cycle

AP Dl d T T
¢F " ._B__lower CFs for ecotoxicity and human toxiclty impacts of releases of nanopartiles applied __|
C higher CFs for ecotoxicity and human toxicity impacts of releases of nanoparticles applied
_ release i "Realistic" release scenario for releases of nanoparticles along life cycle

a LCImodel for nano TiO2 according to [13]
LCI model for nano TiO2 according to [23]
Default
scenario

(o]

LCI model for nano TiO2 according to [20]

LCI model for nano TiO2 according to [24], chlorine pathway

h
Q
o

_ model e e

e
1 apply Nano paint with a 33% longer life time (i.e. 27 years) instead of traditional paint

Application of a Nano coating on the traditional paint - life time of coating: 10 years

[ IS, ]

Application of a Nano coating on the traditional paint - life time of coating: 20 years
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Results

Nano application trad.
f(scenario) paint

Defau.lt
scenario

Relative results — in comparison to the default scenario (set as 0%)
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Results

Variability of the results for each of the four issues when the parameter of one scenario
(shown as name on the horizontal axis) is kept constant, while all further parameters are varied.
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Results

Variability of the results for each of the four issues when the parameter of one scenario
(shown as name on the horizontal axis) is kept constant, while all further parameters are varied.
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Conclusion

m  main factor for the variability in the results lies at the very beginning of
the LCA study — i.e. the adequate setup of the system is a crucial
prerequisite for a fair and objective result !

m Precondition is that respective inventory data and/or LCIA factors are
available and are taken into account in the study — however, accuracy of
these issues (i.e. inventory data and LCIA factors) is of much lower
relevance than the adequate study setup

= Not quantifiable is uncertainty related to unknown issues and/or those
not included (e.g. in the case examined here the relevance of releases of
nano-TiO, into air, as no respective LCIA CF is available) ... one possibility
to handle this point could be analogy considerations !
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Outlook / recommendations

m First identify thoroughly all functionalities of a nano-enabled application
and align them with traditional counterpart in a way that all aspects get
covered in an equal way, allowing a fair (& comprehensive) comparison ;

m then follow the general recommendations for LCI data of MNMs and
LCIA factors of releases of nanoparticles, in order to ensure the use of
the most complete and comprehensive data possible.

m Aslong as some issues are covered by assumptions, it is important that
a reasonable amount of sensitivity (or scenario) analysis are established
in order to evaluate the relevance of all applied assumptions, and

m all this needs to be documented as transparently as possible ...

65th DF LCA «LCA & Nanotechnology» / May 24, 2017 / Zurich (CH) Slide #24



Roland.Hischier@empa.ch

Advancing Life Cycle Assessment Group
Technology & Society Lab
Empa St. Gallen

www.empa.ch/alca
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