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Our purpose today... Novancia

is to present a European-focused study
of university educational initiatives to
support the Safer-By-Design (SBD)
approach as part of sustainable
nanotechnology.
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What is the Safer-By-Design (SBD)
5 aBproach? LLLLLLLLLLLLLLLLL .

Historically speaking, basically three major areas
covered by the SBD approach:

* Product design: designing products (machines/tools)
so that users are not harmed by them (since |1960s).

e Urban design: designing urban places so as to
minimize crime (since 1970s) — Crime prevention
through better environmental design.

* User-centered function design: designing products
or services so as to make their use function safer for
humans. E.g. modelling risk-based approaches to fire
safety in ship design, or drug design (since 2000s).

o, Serenade



‘What is the Safer-By-Design (SBD)

NOVaNCIa
%’ approac h? BoxaNca .

. We define the Safe by Design approach as a

“design process that seeks to minimize health
and environmental risk in a life cycle
perspective.
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> 1 he Safer-By-Design (SBD) approach,
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¥ applied to nanotechnology. hovancia

" The Novancia Business School defines a multidisciplinary

g “Safer by Design” approach for each stage of the life cycle
THE SAFER BY DESIGN (SBD) APPROACH

Risk/benefit
Analysis

End of life

Risk/benefit

Analysis

Risk/benefit
Analysis
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NOVaNCia

- The Safer-By-Design (5BD) approach,
applied to nanotechnology

The SAFER BY DESIGN (SBD) approach at each stage of the life cycle
The SbD approach

Environmental impact: Economic assessment: provides matrix-
Optimizingtheratio 74 oy | 2P based scenarios that
hazard x exposure Cost x benefits

can be used at each

stage of the life cycle
to optimize decision

| Environmental impact . . Economic assessment . making. It should help
\ . decision makers and

o 6 g business executives to
5 < | £ Identify the best
2. | g risk/benefit ratio to
& 3 \ 3% . .

- .. =/ support their choices.

low high . /o low high
Hazard W Costs

(@ Serenade Source: Auplat et al., 2015



METHODOLOGY ... i

BUSINESS SCHOOL PARIS

Cross and analyze results from three different studies
to map education initiatives referring to the SBD
approach for nanotechnologies.

c Total absence of SBD, so we looked at eco-design
as a first step.

I. Academic training relating to eco-design and/or to
nanotechnologies at Master level in France (content

analysis of various databases including educational and
Nano data websites).
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2. Academic training relating to eco-design and/or to
nanotechnologies in the institutions of the participants
of the NANOSAFE 2014 conference in Grenoble,
France (content analysis of the websites of the institutions of
the participants).

3. Training activities and objectives of the SERENADE
LABEX, a major research consortium dedicated to
sustainable nanotechnology in France (semi-structured
interviews).
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Labex SERENADE : Safe(r) and

Ecodesign Research and
Education applied to
NAnomaterial DEvelopment

“The new generation of materials safer by design”

Coordination CEREGE:
Directors : JY Bottero, J Rose
Deputy director : A Masion

Financial and administrative director: S.Bonifay
Scientific and outreach manager: C. de Garidel-Thoron

g ‘e'enﬁde Safer and Ecodesign Research and Education applied to NAnomaterial DEvelopment



Labex Serenade

SERENADE is a Labex, i.e. an Excellence Laboratory,
funded for 8 years by the French «Investissements
d’Avenir» project. This project proposes an integrated
scientific and educational approach to develop new
concepts and tools for the Safer and Ecological Design
in Nanomanufacturing Processes and Products.
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Partners: National consortium i
| | academics plus 2 industrials

NovaNcia

BUSINESS SCHOOL PARIS

INSERM- INERIS(

SUEZ-EN

ERLTAGHE

Labex added value:

INRA

sure-metrology-toxicity)
NOVANCIA entrepreneurshlp)
EMENT (end of life

CHAUPACHE andelications for water treatm
we

EASE
WNORVARD Y

FRANCE LOMTA

VSCC
CENTHE

*All (almost) French agrofoo d
research organisations AN
: UM CEA }J&]‘F CNRS
*Academy + industry ;zz : wafEXPOSTrLe; Transformation)

*Multidisciplinary

‘ Synthesis and properties
O Ecotoxicity/toxicity

. Life cycle assessment
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AMU-CNRS

e CEA; INERIS

2 "‘ (Exposure, Life cycle,

Univ.- Montpellier _transformation,
Agrofood (eco)toxicity)
Packaging ALLIOS (paintings)

Support letters:

Ital Cementi

Union des Industries de la Chimie
| Danone

FIPEC (paints)
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USA CEINT :
Duke Univ., Univ. of Kentuky,
Virginia Tech, Stanford Univ.

EUROPE:

Carnegie Melon UK: 10M, Univ. Birmingham,
CANADA: SZ: EPFL, EAWAG, EMPA
AT : Universitat Wien

Univ. of Montreal
Be: UCL

SP: ICN2

AUSTRALIA
Univ. New South Wales

‘ Synthesis and properties
O Ecotoxicity/toxicity
‘ Life cycle assessment
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Objectives :

e Design nanomaterials safer for both human
health and the environment in order to promote
the sustainable and responsible development
and competitiveness of National SMES and
companies involved in nanotechnologies.

e Implementation of metrological tools for
occupational workers, population and environment
media.

e Develop a new approach of the
entrepreneurship by integrating findings on
marketing, communication or ethics, which are to day
at the core of many nanotechnologies debates into a
wider frame and shaping a sustainable market
infrastructure for their innovations.

o, Serenade



Priority Research Actions (PRA) & Priority Educative
Initiatives (PEl) necessary to fulfill the objectives:

To relate properties required
by the products in the domain
of application with properties
required to reduce exposure,
hazard and environmental
footprint

Risk modeling throughout the
Life cycle of products

Sy Serenade
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.. PRAI:

Risk Ecodesign
Forcasting ;

conception

N’

From synthesis, intended use
up to the end of life of
nanoproducts.

To determine the
impacts of

nanoresidues on

| living organisms,

human cells and
ecosystems, relation
between nanoparticle

properties and
biological effects

processes to recycle and/or dispose of
nanomaterials and nanoproducts



fulfill the objectives:

Priority Educative Initiatives (PEl) necessary to

PEIl: National
Nanosafety (e-
)Learning

Community and
Network (N2LCN)

PEI2: 3:
. International
Economic and :
educative
Workforce N
initiative and

Development

partnership
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Detect the main
missing trainings in
order to develop
future oriented and
more focused
trainings in
nanotechnologies:
industry training or
initial skill
development,
technical upgrading,
and professional
certification in this
emerging field.
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- Search based on key words nano™ and

- various forms of the term eco-design in
relevant databases and websites
(Nanowerk, Cnano, CEFIRA, registre de
la conference des grandes ecoles,
clubnanomicro...).
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S|: Existing Master level academic training on

aNCia

SCHOOL PARIS

eco-design and/or Nano in France Hih
Training Disciplines
Nanosciences, 22 (mostly in Physics or
nanotechnologies Physics and chemistry)
Eco-design 9 ( 7 engineering or

multidisciplinary, 2 in social
sciences)

Health or environmental
impacts of nanos

12 (11 in biology, chemistry, 1
in social sciences)

Eco-design in nano

1: M1 students in Master
ECPC can apply for CNANO
Master (cotutelle i.e double
affiliation)

o, Serenade



=2 Study Number 2 — mostly in Europe

JJJJJJJJ

Master level training crossing eco-
design with nanomaterial sciences in

the institutions of the participants of
the NANOSAFE 2014 congress
(Minatec, 18-20 November 2014)

e 3| countries in the world
e |06 academic institutions

e Data search from the institutions’
websites

o, Serenade



, S2: Existing courses on eco-design and
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nanomaterials science in the world Novancia

A few courses

0 trainin
crossin 3 on the 1 course on 2 courses
& ' connecting
nanomaterials environmental nanotechnology _
: ' f d ethics science and
and eco-design Impacts o and e mateient
nanomaterials
* | in Switzerland * |'in Germany * | in Switzerland
* 2 in Germany (innovative
* | in India products design)
e | in Denmark * |'in the UK
* 0 in the United- (detecting and
answering

Kingdom industrial needs)
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i) Study Number 3 — Serenade i
Y \ Partners sssssssssssssssssss .

' Semi-structured interviews with key representatives
- of the SERENADE LABEX (academic and business
- partners). Duration : 3 months - 100% response rate.

Existence of academic or professional

training on the LABEX themes

Three
categories Constraints and challenges of
of integrating Safer By Design (SBD) in
training

questions : =

Actions to initiate or to develop in
‘ the future (types of training, course

contents..
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Study Number 3 : partners
interviewed
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BUSINESS SCHOOL PARIS
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S3: Involvement of LABEX partners in coursesi

relating to SBD and nanotechnology NOVaNCIa

Most partners are involved in a transversal
way in non-specialized Masters (Science,
Technology and Health, or Social Sciences)
with modules on Nano impacts on health
or the environment:

3 Masters in Marseille PRNT, SENS, SET

| Master in Grenoble ISM

| Master in Montpellier INGALE

2 Masters in the Paris Region: TES , Novancia

One partner offers a module on eco-design
(Novancia)

oy Serenade



S3: Involvement of LABEX partners in coursesi

relating to SBD and nanotechnology NOVaNCIa

Specialized courses on Nano, science,
technology and health (mostly with a

physics/chemistry orientation) are located
mostly in :

Grenoble : UJF INSTN

North West of France (Master Cnhano with
codirection) : Nantes, Rennes |, Lorient,
Brest

gy Serenade



General findings (1/3) NOVaNcia

IIIIIIIIIIIIII

» Academic websites are often incomplete and
sometimes not available in English, which renders the
assessment of specific initiatives difficult.

* Great lack of congruence in terminology as well as in
training contents.

 Total absence of training specifically targeting the
Safer By Design (SBD) approach for
nanotechnologies.

 Existing training in eco-design does not cover
nanotechnology. It mostly targets practitioners with
the objective of training experts or managers
specializing in environmental assessments in industry.

» Existing nanotechnology programs are circumscribed
to schools or departments of hard sciences,
particularly physics and chemistry.

o, Serenade
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General findings (2/3) NOvaNCIa

LLLLLLLLLLLLLLLL

* Courses relating to Nano environmental and
health impacts tend to be multidisciplinary
(chemistry, biology, materials science, physics,
etc...

* The design of new courses on the SBD
approach requires preliminary understanding of
the criteria that will need to be studied at each
stage of the life cycle: environmental and health
impacts as well as economic dimensions. This is
true in all disciplines.

* There is a strong trend toward building new
courses uniting several disciplines (chemistry,
biology, materials science, physics, etc.).

o, Serenade
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General findings (3/3) NovaNcia

Successful development of the SBD approach in
nanotechnologies will require :

e Multidisciplinary contents

* More in-depth training on toxicology, eco-
toxicology, and economic aspects of eco-design

* A greater focus on the positive economic
impact to be expected from the SBD approach.
This means becoming more proficient in
comparative economic valuation of various
options at each stage of the life cycle

o, Serenade
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