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In the Anthropocene, we change the world
faster than we understand It

Improvements in technology Carrying

l l capacity

Designed by Azote for Stockholm Resilience
Centre, based on analysis in Persson et al 2022
k and Steffen et al 2015
Human
population

Carrying
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Responsible Research Innovation (RRI) refers to the
wider impacts of science and innovation. Research has
the ability to not only produce understanding, knowledge
and value, but also unintended consequences

Hundreds of years

Vitousek. Human domination on Earth Ecosystems
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SUSTAINABLE BY DESIGN

FR(

Concept
Syntl
Emily S &

First puk

i= SECTI

Ab

Tho
gave
poll
of
synt

SciTechDaily

Biology Chemistry Earth Health Physics Science

Google Scientists Discovered 380,000 New
Materials Using Artificial Intelligence
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The expansion of the open-access resource is instrumental for scientists
in developing novel materials for future technologies.

New advancements in technology frequently necessitate the development of novel materials -and
thanks to supercomputers and advanced simulations, researchers can bypass the time-

consuming and often inefficient process of trial-and-error.

New products

New substances

New services
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New processes
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Policies acts at different levels

Product level
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Evolution of LCA In EU policies over the last 30
years
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Batteries and
waste batteries
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Sust. Reporting

Env. Footprint Recommend. (LCT,LCA,PEF)
Sust. Activities (All)
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% Packaging waste
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Updated from Sala et al. (2021). The evolution of life cycle assessmentin European policies over three decades. The
International Journal of Life Cycle Assessment, 26, 2295-2314.
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Sustainabillity science

/:Environmental, socio-
. economic and
Society and institutionalpillars

culture
Sustainability ontology
science
Social
paradigm Scientific

paradigm

_____——> epistemology methodology %

'solution-oriented discipline that
studies the complex relationship
between nature and humankind,
conciliating

the scientific and social reference
paradigms which are mutually
Influenced- and covering multi temporal
and spatial scales.

o ZP e The discipline implies a holistic
sciencepolcy | discipinarity approach, able to capitalize and
inerfacclel integrate sectorial knowledge as well
involvement as a variety of epistemic and
normative stances and methodologies
towards solutions’ definition’
Sala, S., Farioli, F., & Zamagni, A. (2013). Progress in sustainability science: lessons learnt from current methodologies for - European

sustainability assessment: Part 1. The international journal of life Cycle Assessment, 18, 1653-1672.
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Back to the basic gquestions we would

reply?

like to

What is to be sustained:

NATURE
Earth
Biodiversity
Ecosystems

LIFE SUPPORT
Ecosystem Services
and functions
Biotic and abiotic resources
Environment

COMMUNITIES
Culture
Groups
Places

-

FOR HOW LONG?
25 years

“Now and in the future”

Forever

0)

-

-

LINKED BY

Only
Mostly
But
And
Or

0)

AT WHICH SCALE?
Global
Regional
National
Local

0)

What is to be developed:

PEOPLE
Health
Life expectancy
Education; Equity
Equal Opportunitiy
Security; Safety
Well-being

ECONOMY
Employment; Decent work;
Dignity of workforce;
Desired consumption;
Technology and transportation

SOCIETY
Institutions
Social Capital
States
Regions

KEY SUSTAINABLE DEVELOPMENT PRINCIPLES

Precautionary principle; Irreversibility

Regeneration; Substitutability; Critical Loads/carrying capacity;
Holistic approach; Polluter Pays; Future generations;
Good governance: i) Subsidiarity; ii) Proportionality;

iii) Public Participation
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Contextual perspective in sustainability: from
fairness to competitiveness

Critical for SPECIFIC
SECTORS

Critical for OVERALL
ECONOMY

Critical for HUMAN
BASIC NEEDS

Critical for LIFE
SUPPORT

Maslow’s Hierarchy of Needs

Self-actualization: make the most of your abilities

Aesthetic: attractive surroundings (nice house, car, etc.)
Cognitive: increase intelligence, learn, discover, create
Esteem: respect, self-esteem, fame, confidence
Social: friendship, intimacy, family
Safety: personal, financial security, heaith

Physiological: eating, drinking ,breathing

CRITICAL AND STRATEGIC
RAW MATERIALS cTom

https://rmis.jrc.ec.europa.eu/

=doing Research Centre —

https://ecosystem-accounts.jrc.ec.europa.eu/

INCA Platform

How ecosystem services are assessed in INCA

Socio-economic side

e




What is a framework for sustainability assessment?

Scientific and Social Paradigm
The scientific paradigm is the set of concepts, values, techniques, shared by a scientific community in order to define problems and solutions
(coherent with the scientific discipline). The social paradigm refers to the societal values.

Concepts and guiding principles
Within a scientific paradigm, concepts and guiding principle inform the problem definition and solution. (e.g. precautionary principle, planetary
boundaires, fairness)

Framework
The rationale and the structure for the integrating of concept, methodologies, methods and tools etc (e.g. conceptual framework,
selection of sustainability dimensions to be assessed etc)

Methodology
A collection of individual characterisation methods, which together address the different environmental, economic and social
issues and the associated effect/ impact (e.g. risk assessment, LCA, LCC, sLCA)

Methods
A set of models, tools and indicators that enable the calculation of indicators’ values for a certain impact category
Tools _ _ Indicators .
Models Software, application, Indicator is a parame'ter, or_a value der_lved from
A model of the impact of databases supporting the ' parameters, which pomfts to, provides
ey analysis done by adopting information abou.t, or d(_asc'rl_bes the state pf a
omic interventions used to a specific methods and pr— phenomenon., with a S|gn|'f|cance' ex'tendlng
calculated a particular the related models (e.g. a beyond that directly associated with its value
indicator software for LCA (D120 2100k}, S [FE BRI GEIE o
calculation) quantitative or semi- quantitative or qualitative
derived from a model

European
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Modified from: Sala S., et al (2013) Progress in sustainability science: lessons learnt from current methodologies for sustainability assessment (Part 1). International Journal of Life cycle Assessment 18:1653-1672




Sustainable assessment frameworks for chemicals and
materials

Literature Sources
’ ’ ROYAL SOCIETY

Green ChemiStry ap OF CHEMISTRY Stakeholder survey
SCOPUS Query 1*

View Article Online

CRITICAL REVIEW Ve ot EC-RTD Mapping Study

- - - **
W) cneckiorpames Safe and sustainable chemicals and materials: SILEELS EUehy & European Legislation

a review of sustainability assessment frameworks+

Cite this: DOI: 10.1039/d3gc04598f

Carla Caldeira,} Elisabetta Abbate, Christian Moretti, @ Lucia Mancini and
Serenella Sala (2 *

Over 1700 documents

In the context of the EU Chemicals Strategy for Sustainability, a key action regards the development of a

framework to |der1t|_fy cr.lt_erla for fs.afe a.nd st._.lstalnable b_y design ch_emlcals anFﬁ matx_analsf_ The.lntegratlon Evaliida Not apphed to Chemicafs or materiafs
of safety and sustainability considerations is challenging, and this systematic review investigates how xciuae ;
aspects pertaining to sustainability have been implemented in 155 frameworks proposed by scholars, N ot f ramewor k as here"” deﬁn Ed

industry, governments and non-governmental organizations. In particular, this review scrutinizes

methods, models and indicators for environmental, social and economic aspects in frameworks combin-

ing multiple sustainability dimensions. Furthermore, the application of such frameworks to an early stage

of chemicals and materials development was also analysed. The review unveiled that the majority of the 155 docu ments

frameworks are purely conceptual/theoretical, while some attempts are made by others towards providing " . o
S : o S - analysed in this review

Fig.1 Sources for the frameworks considered in this review. *as in
Caldeira et al.*> updated to May 2023. **new query considered for this
review.

Caldeira, C., Abbate, E., Moretti, C., Mancini, L., & Sala, S. (2024). Safe and sustainable chemicals and materials: a - European
review of sustainability assessment frameworks. Green Chemistry.26, 7456-7477 Commission



Evolution of safety and sustainability assessment

for chemicals and materials

Share (%) of fraphewo

Low TRL

High TRL

Economic
Social
Safety

Environmental

covering sustainability dimensions

83%\ 13% - 32% 9% - 3% - - 3.2% 32%

J% 0 1% 6.4% 5.B% 19% 6.4% 3.8% 13k T7.9% 2.6%

review of sustainability assessment frameworks. Green Chemistry.26, 7456-7477
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1
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Plastics 4 Y A® * 1 *
. . . . Protective membrane 1 * 1 * * 1
Textiles L 1
Vehicle (carrier) 2 * 1 * 2
. . . . . Not specified 6 * 3 * s * 1
Batteries 1 * o1
. . . . . . Chemical industry 1 * 1 * 1
Cosmetics 1 * 1 * 1
Electronics 2 2
Energy 2 * 2
Financial 1 1
IT 1
Not specified 11 *04 7 ® 2 D
Chemicals and materials 1 * 1 * 1
Chemicals and products 1
Materials and Products 1 1
Certification @ Guidance Regulation ¥ Scientific paper & Tool
Caldeira, C., Abbate, E., Moretti, C., Mancini, L., & Sala, S. (2024). Safe and sustainable chemicals and materials: a - European
Commission



Conceptual and operational frameworks

Conceptual Operational

URE 1

Screening Logic for Selecting Safer Altematies to
Chemicals of Concer to Human Health orthe Emironment"

el & S

Including criteria
and scoring
systems

Caldeira, C., Abbate, E., Moretti, C., Mancini, L., & Sala, S. (2024). Safe and sustainable chemicals and materials: a

review of sustainability assessment frameworks. Green Chemistry.26, 7456-7477




The SSBD framework structure

(RE) DESIGN PRINCIPLES SAFETY and SUSTAINABILITY

ASSESSMENT
- A
| sseDprinciples f\ () -]

Material efficiency

Hazard assessment of the Human health and safety aspects in the chemical/
chemical/material material in the production and processing phase

Minimise the use of hazardous chemical/materials o
st
Design for energy efficiency A A

RAW A —P [ooooo
MATERIALS LIFE o ﬁ

SSBD4 Use renewable sources

Prevent and avoid hazardous emissions

SSBD6 Reduce exposure to hazardous substances @

SSBD7 Design for end-of-life .
Environmental sustainability Human health and environmental aspects
assessment in the final application phase

SSBD8 Consider the whole life-cycle

PRODUCTION USE
Others principles A €N OF sm% .é
LIFE % W:'%;I

RAW
MATERIALS

PRODUCTION A [ UsE } _’é b Q
e " ™ Qo
Molecular Product @ Lusc ,ﬁﬁ

' Process ] ‘ —» _
(Re)Design (Re)Design (Re)Design D+ G D )
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and the assessment

- SShD framework: the life cycle perspective

Safety and sustainability assessment The safety and sustainability assessment follows the life

cycle:

Step 1 - Hazard assessment of
the chemical/material

Step 2 - Human health and safety aspects in
the chemical/material production
and processing phase

Step 3 - Human health and environmental
aspects in the final application phase

Step 4 - Environmental sustainability

Step 5 - Socio-economic sustainability

7 4
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Sustainability Assessment Framework

Scope of the framework: provide a

coherent and holistic structure for the !
sustainability assessment of energy €«
te C h n O | O g I eS ;’;({)!;i:é\tolreihsr:slt(;lér;;b|mv framework

Support to the Clean Energy Technologies
Observatory (CETO) in the assessment of
technologies

Based on the Safe and Sustainable by
Design framework

European
Commission



https://setis.ec.europa.eu/publications/clean-energy-technology-observatory-ceto/ceto-reports-2023_en
https://op.europa.eu/en/publication-detail/-/publication/eb0a62f3-031b-11ed-acce-01aa75ed71a1/language-en

Sustainability Assessment Framework

ldentification of:

Sustainability aspects
Methods

Indicators

Data sources

Driver-Pressure-State-
Impact-Response
framework

Uptake from existing Life
Cycle-based
methodologies

Integration of energy-
specific aspects: e.g.
access to energy, social
acceptance

/ Drivers \

/ Pressure

\

/ State \

/ Impact

P Market trend .
-'E Cost of energy Critical raw materials Technology-specific Resilience
permitting requirements
= Trade balance
8 Skills and technology
(73] development
Climate change
Ozone depletion
Sl kalance Human toxicity
— Particulate matter
-g Resource efficiency Pl:gtrzzrgmriiz?;ggne
and recyclin:
@ bl formation
£ Acidification
= Eutrophication
(o] Eco-toxicity
= Land use
E Water use
w Resource use, fossils
Resource use, minerals
and metals
Biodiversity
Child labour Aﬁ"“ﬁiﬁ s‘;”ergy
Forced labour
Discrimination
Freedom of association  Rural development
— Working hours
© Fair salary
O Health and safety
Q Responsible materials
2] sourcing
Competition for
resources
Contribution to

economic development

Source: Mancini et al. 2023 Proposal for a sustainability assessment framework for energy technologies

N

\

J

( Response

Social acceptance |
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An Interdisciplinary research agenda, where
the socio economic dimensions are already
Interconnected to the environmental ones

Further development of
(prospective) LCA considering

CEv k&R Can CEN [CER Data challenges and artificial evolution of socio-economic
' iy intelligence support all along context
Spatial differentiation LCSA, including for agent-based
of driver of modelling
Impacts/impacts Definition of benchmarks
and local benefits Further integration of and criteria of sustainability
behavioural economics in
Impacts not yet fully L CA-based studies Integration of

addressed/modelled . o
semiquantitative or

Absolute sustainability and qualitative information

fair principles of allocations
of the boundaries

Externalities
addressing reversibility

of impacts L
Trandisciplinary LCSA

- European
Commission



Outlook

Sustainabllity in absolute terms is
a mirage, context dependent

LCSA role to help understand the
context and optimise what is
guantifiable - dashboard of
optimisation rather then pushing
Integration and single score

Link with risks and natural
resources dependencies

- European
Commission




Thank you

Serenella.sala@ec.europa.eu
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