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Goal setting

EU Strategies [] Revolutionize R & |

on AdMa & Chem employing SSbD to

make Europe the first
digitally-enabled circular,
climate-neutral and sustainable
economy

PINK

Provide an industry-ready

open innovation platform, the PINK
In Silico Hub ( )

IAM-I Workshop - 250227

DESIGN PRINCIPLES

Design Actions

Design Indicators

Iterative innovation process (e.g. stage-gate process)

Safety and sustainability assessme nt
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DESIGN PRINCIPLES J

Principles [1 R&I stages e L

1. Material efficiency — ‘E m}]f""“j ‘";* "“':’T' |
5 | |
2. Minimize use of hazardous chem/materials | |
. 3 S oporating at diferent stages

3. Design for energy efficiency g —"
4. Use renewable resources '
5. Prevent and avoid hazardous emissions : g aa 5
6. Reduce exposure to hazardous substances “ @
/. Design for end-of-life
8. Consider the whole life cycle
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Where to implement SSbD
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Larrea Gallegos G.M., et al.,,
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Where to implement SSbD

Figure 6. Changes in the initial SSbD system, depending on the nature of the (re)design, the initially defined SSbD system
might change during R&I projects
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PINK's high-level objectives

« DEVELOP innovative modelling and simulation approaches addressing industrial SSbD needs

 MAKE the software accessible to SMEs and industry through the open innovation platform =
PINK In Silico Hub - PINKISH

* VALIDATE the platform on PINK Developmental Case Studies and Industrial Demonstrators
provided by SMEs and large industries

 REAL-LIFE industry needs:

» Assessment challenges in biodegradability of co-polymers in aqueous dispersions (long-term toxicity?)
» Long-term aquatic environmental effects of organic UV-blocker in cosmetics and personal care products

* Fully IMPLEMENT open science and FAIR principles contributing to establishing a European
chemicals and materials data, modelling and software ecosystem

« STRENGTHEN knowledge transfer through collaboration and exploiting synergies

 BOOST the innovative capacity of SMEs and industry and make them more agile to respond to
external and internal influences
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Providing Integrated Computational Approaches Addressing New Markets Goals

2 c

% 3 Discovery & ideation Lab-scale demo Pilot-scale demo Manufacturing Use End of use P I N K
= 5 innovative modefing
§ & Read-across + increasing amount of information from earlier material development stages software

Input:
Characterisatign. functionality,
hazard, exposure, LCA, LC

Decision support: A

Candidate Tmt'a':'? and
gengratg:ipegﬁon n:w c::fle
S
pmpofor%rther 2
evelopment
Output:
Refined list of candidate

Multi-objective decision support system based on generative Al for simuitaneous,
weighted optimisation of functionality, safety and sustainability

Multi-objective optimisation integrating
functionality, safety and sustainability

AdMas&Chems with improved profile

Registration / market introduction

Design / redesign need

Yl Regulatory preparedness

M Economic viabiity

PINK

Developmental Case
Sludies & Induslial

Demonstrator

Sustainability
Performance
Costinennamicafficisnc,

Performance
Costiecopomic efficiency

o
>

¥ Threshold acceptance

Material
development stage

& Threshold acceptance

>PINK



Multi-objective optimization for (re-)design

EU SSbD Framework >PINK

Gate: 5 steps of
SSbD Framework

Stage: following
design principles
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Decision support for (re-)design

rt

2. Generative Al:

Candidate generation and
proposing direction for
further development

functionality, hazard,

1. Input:
Characterisation,

3. Multi-objective

optimisation 4. Output:

Refined list of candidate
f\ chemicals / materials

with improved profile

5. Additional
testing and start of

exposure, LCA, LCC,... new cycle

ision suppo

Dec

>PINK

|

Optimisation cycle performed
at each stage in the material
development process using
data and computational tools
of the tier level selected based
on the pre-existing knowledge,
number of candidates and
required confidence of the
predictions

L,

1\

| A
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Industrial requirements

]
]

lean and pragmatic strategies
feasible within the existing resources
development of flexible and adaptable methodologies:
 digital predictive approaches

o In silico modeling

o analytical methods

o toolboxes with comprehensive databases
availability and accessibility of data throughout the value chain of
AdMa & chemicals
* secure approaches to data sharing and data sharing spaces
not create isolated European solutions for SSbD [ global
incentives for implementing SSbD frameworks
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PINK's tiered approach

Requirements on data availability and maturity

Acceptance of failure

) : : Innovation ;
Business Opportunity Generation Innovation Launch
Development
] Feasibility /[ o 3 Succes
Idea Creatnon{D Assessment N\ Lab Phase - Scale-up D Launcl) Pm
5 6

Gate 1 2 3 4
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PINK's tiered approach

Business Opportunity Generation DIEEIel Innovation Launch

Development
Success
Proc

Gate 1 2 3 4 5

. Feasibility 1\ |
O IdeatlonD Assessriii Lab Phase Scale-up Launm
6
Criteria for assigning tier level to tools I high [ ) low

PINK's tier classification of individual modelling and simulation tools — The PINK Matrix

Tier 1 Tier 2 Tier 3
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Re-design challenges @ different development stages

Innovation

Innovation Launch
Development

Business Opportunity Generation
Feasibility

(,) Ideatiof Assessment

Lab Phase Scale-up
Gate 1 2 3 4 S

« Integration of experimental safe

« Full virtual chemical / materials space and sustainable data . Target_ing complete F:overage.of regulatory criteria C .
. Minimal set of predicted properties as * Integration of process data - Material group specific selection of relevant Josiaiialpial
exclusion criteria characteristics in all SSbD dimensions enabling aspects

Technical and sematic interoperability
Classification of individual tools into tiers according to criteria above related but not fixed to the scenarios or gates

Options to transfer information along the value chain from raw material providers to product production to end-of-life / recycling
Decision support when to introduce individual aspects (all dimensions) according to the specific case

> P I N K IAM-I Workshop - 250227 14



2 Developmental Case Studies — 3 Scenarios

- Business opportunity stage (Tier 1)

1 through inter-/extrapolation multiple candidates generated in
silico; potential sustainability constraints determined by predictive
modelling in parallel to functional performance testing/modelling;

- Innovation development stage (Tier 2)

1 defined by one lead structure identified; some information is
available (performance and partially safety and sustainability) with
in silico tool-based modifications going on and sustainability criteria
being evaluated,;

- Material & innovation launch stages (Tier 3)
"1 more data for several dimensions becomes available

IAM-I Workshop - 250227
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2 Developmental Case Studies e

1. Organic synthetic UVB-filter used in sunscreens
o data-rich

concentrations up to 10 wt% in cosmetic products

environmental behavior re-assessed

low human health hazard

chronic aquatic effects

O O O O

2. Styrene/acrylate co-polymers used in aqueous polymer dispersions
o particles diameter 10 — 1500 nm
o important raw materials for industrial processes (Mt dispersions used)
o adhesives, paints, coatings, paper board coating, nonwoven fabrics, carpets,
construction materials, textile finishing agents
o low human health and environmental hazard
o low biodegradation

> P I N K IAM-I Workshop - 250227 16



Group definition

Includes the most harmful
. substances (according to CSS),
H 1 including the substances of very
high concern (SVHC) according to
REACH Art. 57(a-f).

Human health hazards
Carcinogenicity Cat. 1A and 1B
O Germ cell mutagenicity Cat. 1A and 1B

O Reproductive / developmental toxicity Cat. 1A
and 1B

Endocrine disruption Cat. 1 (human health)
Respiratory sensitisation Cat 1

Specific target organ toxicity - repeated
exposure (STOT-RE) Cat. 1, including

immunotoxicity and neurotoxicity

000

Environmental hazards

Physical hazards

O Persistent, bioaccumulative and toxic /
very persistent and very
bioaccumulative (PBT/vPvB)

O Persistent, mobile and toxic / very
persistent and mobile (PMT/vPvM)

O Endocrine disruption Cat. 1
(environment)

Includes substances of concern, as
described in CSS, defined in the

2 Article 2(28) of SPI proposal and
that are not already included in
Criterion H1.

Skin sensitisation Cat 1

Carcinogenicity Cat. 2

Germ cell mutagenicity Cat. 2

Reproductive / developmental toxicity Cat. 2

Specific target organ toxicity - repeated
exposure (STOT-RE) Cat. 2

Specific target organ toxicity - single exposure
(STOT-SE) Cat. 1and 2

O Endocrine disruption Cat. 2 (human health)

OC0000

O

Drop-in replacement of SVHC, SHC, SoC

0O Hazardous for the ozone layer

O Chronic environmental toxicity (chronic
aquatic toxicity)

O Endocrine disruption Cat. 2
(environment)

Includes the other hazard classes
H 3 not part already in Criteria H1 and
H2.

>PINK

O Acute toxicity

QO Skin corrosion

O Skin irritation

QO Serious eye damage/eye irritation
O Aspiration hazard (Cat. 1)

QO Specific target organ toxicity - single exposure
(STOT-SE) Cat. 3

O Explosives
O Flammable gases, liquids and solids
O Aerosols
O Oxidising gases, liquids, solids
0O Gases under pressure
O Acute environmental toxicity (acute O Self-reactive
aquatic toxicity) O Pyrophoric liquids, solid
O Self-heating
O In contact with water emits flammable gas
O Organic peroxides
O Corrosivity
0O Desensitised explosives

IAM-| Workshop - 250227 17



Indicator

Type of Hazard

ISSbD Framework

Carcinogenicity

Human Health

(Germ Cell) Mutagenicity

Human Health

Reproductive/Developmental Toxicity

Human Health

Endocrine Disruption

Human Health

Respiratory Sensitisation

Human Health

Specific Targret Organ Toxicity (STOT)-Repeated Exposure (RE)

Skin Senitisation Drop-in replacement of SVHC, SHC, SoC

Acute Toxicity: Oral

Human Health

Acute Toxicity: Dermal

Human Health

Acute Toxicity: Inhalation

Human Health

Skin Corrosion / Irritation

Human Health

Eye Damage / Irritation

Human Health

Aspiration Hazard

Human Health

Specific Target Organ Toxicity (STOT)-Single Exposure (RE)

Human Health

Persistent, bioaccumulative and toxic / very persistent and very bioaccumulative (PBT/vPvB)

Environmental Hazard

Persistent, mobile and toxic / very persistent and mobile (PMT/vPvM)

Environmental Hazard

Endocrine Disruption (Environmental)

Environmental Hazard

Ozone

Environmental Hazard

Chronic aquatic toxicity

Environmental Hazard

Chronic Terrestrial toxicity

Environmental Hazard

Explosives Physical Hazards
Flammable gases, liquids and solids Physical Hazards
Aerosols Physical Hazards

Oxidising gases, liquids, solids

Physical Hazards

Gases Under Pressure

Physical Hazards

Self-Reactive

Physical Hazards




Area

Method(s)

Computational cost

Safety

Carcinogenicity

(Germ Cell) Mutagenicity

Reproductive/Developmental Toxicity

Endocrine Disruption

Respiratory Sensitisation

Persistent, bioaccumulative and toxic / very
persistent and very bioaccumulative (PBT/vPvB)

Persistent, mobile and toxic / very persistent
and mobile (PMT/vPvM)

Endocrine Disruption (Environmental)

Skin

Models from QSAR TB and CCTE (by
EPA), model gap filling using models by
NTUA

Functionality

UV filter

TD-DFT / Machine Learning

Etc. (Solubility, mixing behaviour)

Models from QSAR TB and CCTE (by
EPA), model gap filling using models by
NTUA

Synthesizability

Chemical synthesis

Synthetic Accessibility Score SAScore
(RDKkit)

Synthetic Complexity SCScore (RDkit)
RAscore (AstraZeneca)




Example for data-driven SSbD workflow

List of
Pt A QSAR toolbox
molecules Ooogle Colsboxsiny and the EPA's C
ssmio QSAR toolbox APl: QSAR schema
predictions, calculstors,
profilers, data

Joint schema

All data and
predictions
collected under a
common schema

B e N e
CCTE API: Predictions,
FProperties, data

Google Cohb;xao-'

CCTE EPA Toolhax
Octocrylene PINK ipynb

and Exposure Data APls
DI L0 Cdle 00 S ek ndes M|

TOOLBOX ALL xlsx
CCTE APIv2 Uniform

Cutput Octocrylene x
Isx

PINK_Stagel_Assessment
x g Report xisx

Selection of
PINK Stage 1
endpoints

PINK Stage 1 report

PINK

—
FINE Slage § Aasessemesd iborvmatim

e Functionality
e Synthesizability
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SSbD workflow

Mol. generation ‘)
Software P

Generétive Al

Cost-effective assessment strategy

e prioritization of assessment stages by computational cost
e searching over wide space but filtering out early

Shortlist
for expert
evaluation

Expert-guided
compound
recommendations

CCTE-QSAR toolbox comparisonPINK xlsx

“\ NATIONAL TECHNICAL

:) UNIVERSITY OF ATHENS

21
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Tools for all SSbD dimensions

QSAR toolbox APL QSAR
predictions, calculators,
profilers, data

CCTE AP Predictions,
Propettes, data

LY PR PNT)

All data and
predictions collected
under a common
schema

ostefictve sitogy
erson d penier s by omstrt
R

MODEL | MOLECULAR |
EMULSION_POLYM_MOLEC
SPECIES | SMILES
RATIO | [propose 1:1]

| [propose 1kDA]

+ INDICATOR
« ACCURACY

dy for Modelling Data File

Source of data

MW | [pr A
NP_SIZE | [propose 20nm]

NANOPARTICLE BUILDER

CHAIN BUILDER SYSTEM::nanoparticle

STATUS::amorphous
SIZE:-estim¢penalty
SPECIES::formul PROCESS::emulsion_poly
RATIO:n_uni
MW:estimé penalty

[atom name| 0pLs type | aom type | charge
a B <z | oao
i ) He 0000
o1 7 02 0450
) 136 a 2120

AGGREGATOR

FF_TYPE:molecular
SPECIES: tags/smiles

PROCESS::parameters

3
(3

3
List of
molecules ——
Octoenens
'0ECD QSAR Toobox
. B) SMILES s
CCTEEPA
Toolbox
Qclocrylene
PINKipyn)
5)
A | PINK Stage 1 endpoints
7
2
9
10
3 SAR toolbox comparisonPINK xis;
14
13
1
15 | Eyi
16 As
s |Pe
19
20
21
22
Edfisource: Thonemann et al. How to Conduct
22 (Qgz| Prospective Life Cycle Assessment for
24 ch Emerging Technologies? A Systematic
Review and Methodological Guidance.
25 ChjSustainability 2020, 12, 1192.
28 https://doi.org/10.3390/su12031192
27
28 Aerosols

TRL

high

NEW PROCESSES: NITRATIONS OF AROMATICS - Workflow

Sensitivity analysis

Input
variables|

Output
variables

4 objectives

This file contain the data fror
fnogenic Potency Datak
) summary tables (CF
n 5d), which is a uniqu

Input 4
output rdized resource of lon
bounds | carcinogenesis study

Data-driven
Process

model

Pareto Plot with Heat Map Colors

135000

han 1500 chemical su

to

ET:

% Lab-scale

—— Intra-technology comparison —

—— Status quo comparison

Emerging technology

—— Prospective comparison

Y ea———
1 ENVIRONMENT:solvent LCA linked: Pareto front poog
. X wog
| Toxic product yield (2d plane + heat map) | —
| T 02 ions 115000
Results from https:/chemcompute.org/psi4/status/861980 , no solvent and PSI4 (https://psicode.org, Psi4 is a s e
python-based open source quantum chemistry package ). Calculation time on chemcompute.org: 47 minutes. — sems-1 | Product yleld
Excitation Energy Total Energy Oscillator Strength Rotatory Strength
au ev au au (length)  au (velocity) | au (length)  au (velocity) —————
0.13184 3.58756 -1135.86800 0.0517 0.0479 ~0.0656 ~0.0646
0.14752 4.01421 -1135.85232 0.0416 ~-0.0568 ~0.0536
0.15073 4.10168 -1135.84910 0.0929 0.0009 ~0.0000 . '
0.15447 4.20335 -1135.84537 0.0041 0.0068 0.0061 Pubmed ) Literature research
0.16655 4.53212 -1135.83328 -0.0601 -0.0523
0.18951 5.15688 -1135.81033 -0.0080 —-0.0055 [r—
0.19218 5.22943 ~1135.80766 0.0125 0.0131 -
0.19556 5.32142 ~1135.80428 -0.0093 -0.0076 GEOWM
0.19782 5.38295 -1135.80202 -0.0380 -0.0364 Mechanism of action (MOA) —
0.20300 5.52380 -1135.79684 -0.0080 -0.0130 A = .
L A [——J Omics data —
< Lo ——
Wavelengths Absorbance = [ Molecuar responses of bioogical sysems (==
) 3014
Parameters used +safe 20ap
cr:J|| basis 6-316* E, win = energy('B3LYP', return wfn=True) Improving design of new UV-filters ¢z - %2
geom maxiter 200 win.write_molden('Psi4.molden') ﬁ emcion l:5D
j_:':“" reference RHF oeprop (wfn, 'DIPOLE', 'QUADRUPOLE', 'MULTIPOLE(4)', 'MO_EXTENTS', [ ——J Bioassays
WRITER FILE LABEL Dsid 'MULLIKEN CHARGES', 'LOWDIN_CHARGES', 'WIBERG_LOWDIN_INDICES', Pub@hem
NORMAI MODES WRITE true 'MAYER_INDICES', 'NO_OCCUPATIONS') STITCH
print_variables() @RUGBANK [ J Molecular structures —_—
— set tdscf_states 10
energy ('td-B3LYP/6-31G*") —_—
I "o ctd = Chemical-Gene-Disease associations

Prysical Hazaras

Physical Hazards

>PINK

IAM-| Workshop - 250227
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PINK’s matrix generation (currently ongoing)

SRS
6@/ Safety /
/ /\Functio 1 Product specificity

Next step:
[0 Pre-evaluation on CS data
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PINK’s advancements of tools

PINK R&l Activities
(detailed methods and technologies)

Modelling techniques and data resources
Physics-based modelling tools

Data-driven modelling

Life cycle assessment

TRL1

AOP-driven modelling and Knowledge Graph

Causal and Generative Al
PINKISH platform components

Community/stakeholder services
Semantic interoperability solutions

Technical interoperability solutions

Training and skills development materials

| Shepherd/translator services
>PINK

SSbD24 — Monte Verita, CH - 241114
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PINK’s technology uptake & outreach opportunity

ECHA EMMC PARC
AoA EPA Ecolnvent

Jagpot QSAR
Toolbox

~
elc.

2 Developmental Generalization Cross-sector
Case Studies & VALIDATION BOOSTING

Innovative Advanced Materials Initiative
O-BASF @
We create chemistry

Consiglio Nazionale
delle Ricerche

Widening application of PINKISH
> E I N K IAM-I Workshop - 250227 25



Working towards an interoperable ecosystem

>PINK

Findability and
Accessibility

&S

x Platfsrm 3

£ Y
&7 Platform 2
A
PINKISH
D3
[ Model1 || [ Model2 | |[ Model3 ] B =
Simulation | | | Simulation i =
[wo s 1J Rambos g V'»—gene.a\cs—ﬂ Dataset 1 | || Dataset2 ||| Dataset3 |
[ Dataset 4 || [ Dataset5 ]

l

{7

PINK Knowiedge
Base
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Integration and
Customisation

Individual
Digital Objects

Documentation
and Indexing
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Interoperable overall performance measure

Refine- ;

Muli-objsctive
488 optimisation and
> - ' 2 Ic (Tm 3)
—
g S # Gap dentification and
= - a data generation
w =37
= Bl -
0 c c
oo ) =
O o ()
= 3 e
g o 2 NeAe e
Pt @ 2 M}ltl'-obgectwe
e 8 s optimisation and
= g 3 selection (Tier 2)
o o =
3 a 3
A 3 4
= 8 a Gap identification and
P a z data generation
8 =
e S—
Multi-objective

optimisation and
selection (Tier 1)

Explora- 4 low high
tion

>PINK

Integrating & synergising data from rational design, costs, safety, sustainability and social assessment
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Integrate & balance SSbD categories

0.094 0.668 0.4153 0.4613

+— - 0.499 0.3067 0.3289

0.1893 0.3303 0.5821 0.2632

0.3642 0.2003
fu n Ction Ove ral I 0.1587 0.2948 0.153
performance =
1 ST : 1. Hazard (health,
optlmlzatlon o118 environment and physical)
0.18 100
0.8107
®
o
= - safe
5 Social 2. Release and exposure
sustainable Design / redesign need
1

Performance 4;:’:!
Cost/economicefficienc ==
. >
Threshold acceptance 4 Economic performance 3 Environmental impact
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Marc Majo Robles, EMPA

Thomas Exner, 7P9

Martin Himly, PLUS Roland Hischier, EMPA
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Irini Furxhi, CNR

Antonino Marvuglia, LIST
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WWW.PINK-PROJECT.EU

Haralambos Sarimveis, NTUA Philip Doganis, NTUA




