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Material Life Cycle
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https://green-forum.ec.europa.eu/green-business/environmental-
footprint-methods/life-cycle-assessment-ef-methods_en



Life Cycle as a Study Design Map
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SSbD 
Assessment

Material life cycle

Characterization 
and functionality 

assessment

1st version New draft



SSbD as a holistic approach
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Multi-objective optimization for (re-)design
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PEAN UNION’S HORIZON EUROPE RESEARCH AND INNOVATION 
PROGRAMME UNDER GRANT AGREEMENT NO. 101137809.

SAFETY ASSESSMENT



Workflow for candidate selection 
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PINK Stage 1 report

Selection of
PINK Stage 1 
endpoints

List of 
molecules

SMILES

QSAR toolbox API: QSAR 
predictions, calculators, 
profilers, data

CCTE API: Predictions, 
Properties, data

QSAR toolbox 
schema

EPA schema

Joint schema

All data and 
predictions 
collected under a 
common schema

PINK_Stage1_Assessment 
Report.xlsx

QSAR Toolbox v1.7 
Uniform_Output Stage1

CCTE EPA Toolbox 
Octocrylene PINK.ipynb

Report generation PINK Stage1 v3 
ToolBox+EPA.ipynb
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PINK Hazard Assessment Report

Carcinogenicity information sheet from the PINK SSbD Stage 1 Hazard Profile ReportCarcinogenicity and Germ Cell Mutagenicity sections

The report provides both Consolidated results for each category for overview 
and detailed results from multiple models for transparency. 
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Multiscale modelling for SSbD

 Hydrophobic and oleophobic properties

 Adsorption energies

 Leaching mechanisms

 Toxicity assessment

 Nanoparticle-membrane interfaces
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Modelling workflow for co-polymer analysis
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POLYMER BUILDER

SPECIES::formula/pdb
RATIO::n_units

FF BUILDER

FF_TYPE::molecular
SPECIES::tags/smiles

11

 INDICATORS

 ACCURACY

AGGREGATOR

SYSTEM::co-polymer
STATUS::amorphous
SIZE::n. chains
ENVIRONMENT::solvent

MECHANICAL 
DEGRADATION

PROCESS::parameters
ENVIRONMENT::solvent

HYDROLITIC 
DEGRADATION

PROCESS::parameters
CONDITIONS::temperature

INPUT

SPECIES::monomers SMILES
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Hydrophobicity of a coated surface
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Cellulose substrate

Polymer bulk

Substrate coating 
MD simulation

Polymeric coating equilibrated 
on the cellulose surface

Calculation of the water contact 
angle from the density profile of 

the relaxed droplet on the 
polymer surface
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In sil ico characterization

• Physics-based models  re late po lymer s t ructure 
to funct ional i ty in  an exp la inable way:
• Me l t ing  po in t ,  g lass  t rans i t i on  po in t
• Hydroph i l i c i t y  (par t i t i on ing  coe f f i c ien t ) ,  s t i ck iness
• Mechan ica l  s t reng th  (e las t ic  modu lus )
• So lub i l i t y  and  swe l l i ng
• Permeab i l i t y  t o  gases  and  l i qu ids  
• Se l f -assembly
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MD simulation

Chremos, 2014

This enables optimization at 
the stage of material design

Vladimir Lobaskin



Functionali ty predict ion for UV fi l ters
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Several python packages were examined for the prediction of UV spectra in terms of implementation efficiency, 
computational performance and fidelity of results to experimental values.
eChem (https://kthpanor.github.io/echem/docs/title.html ) demonstrated the best performance, providing 
relatively quick results from the following methods:

● ADC(3): Third-order Algebraic Diagrammatic Construction
● TDDFT: Time-Dependent Density Functional Theory
● SA-MCSCF: State-Averaged Multiconfigurational Self-Consistent Field
● MCSCF: Multiconfigurational Self-Consistent Field

Alternatively, there is https://chemcompute.org/ that allows QM calculations on their servers.

• Started from publication on 
Urocanic acid, a “novel 
scaffold for next-gen nature-
inspired sunscreens” 
https://doi.org/10.1039/D4CP02088J , 
https://doi.org/10.1039/D4CP02087A

• PINK stage 1 report for 
Urocanic acid prepared

PINK Stage 1 report

UV case study: Examination of an 
alternative UV filter - Urocanic Acid

Computationally generated using QM methods used to 
assess the functionality

https://spectrabase.com/spectrum/CNR
RUcbqlaA

https://chemcompute.org/ 3-21G  neutral 
singlet

Computed using QM methods in 
PythonExperimental UV-Vis 

spectra were 
retrieved from 
bibliography.
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Quantum and  mo lecu la r  s imu la t ions  to  assess  so lub i l i t y,  
pho tos tab i l i t y,  and  encapsu la t i on  behav io r
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TD-DFT calculations CyclodextrinsOctocrylene 

Octocrylene
in water

Avobenzone 
in gas phase

Avobenzone + 
HP-β-CD

Octocrylene + 
β-CD

UV filters case study

Μolecular simulations of octocrylene and other chemical UV filters in a water environment in the free state, as 
well as when complexed with selected cyclodextrins. Cyclodextrins can act as a shield protecting UV filters.
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PROCESS 
OPTIMIZATION



Multi-objective Safe and Sustainable Process Design Optimization

Process
Simulation

(Aspen)

Matlab
interface

Input 
variables

Sensitivity analysis

Output 
variables

Input 
output 
dataset

Summit 
Emulator

Data-driven
Process
model

TSEMO

Input 
output 
bounds

Pareto front

Input:       P, T, Fi, Ci (Rv, Recycle, Separation processes) 
Output:    Yield, CO2e, byproducts (non desirable-potentially toxic) 
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Variables                       Units     Limits
Reactor Temperature    C [65.0,95.0]
Residence time              hr [6.0,13.0]
Benzene to acids ratio   w/w        [0.0,1.0]

Input variables: 4 Objectives:
1. NB_Mol_Percentage_Yield (% mol NB/MOl C6H6)

2. DNB_Mol_Yield (mol DNB/hr)

3. CO2e per kg NitroC6h6 (kg CO2/hr)

4. TOTALCOST ($)

Safety related (toxic byprod.)

LCA related (emissions)

LCC related (production costs)

Process efficiency
(production capacity)

Mul t i-object ive opt imizat ion of product ion
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Nitration of benzene



Reading the results – the Pareto front and conflicting objectives
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Point 1: minimum total cost, CO2e, DNB but also minimum NB

Point 1

Point 2

Point 2: maximum total cost, CO2e, NB but also maximum DNB

Pareto surface (2D) + heat map for Total cost

Values of the input parameters 
are decided by the designer

Example design options:
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USE / END-OF-LIFE



Biodegradability Classif icat ion Model

• Data sources: 
• https://zenodo.org/records/3540701
• https://zenodo.org/records/8255910

• Dataset
• 6849 total labeled molecules
• Negative/Positive class ratio ~ 55/45

• Graph Neural Networks
• Use of jaqpotpy library for modelling
• Graph Attention Network 

21PINK 1st Review Meeting, 
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Biodegradabil i ty  - Classi f icat ion Model

2222

https://app.jaqpot.org/dashboard/m
odels/1928/predict

https://app.jaqpot.org/dashboard/models/1928/description

PINK 1st Review Meeting, 
4 July 2025
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LCA (Antonino, Roland)
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 LCA is a comprehensive life cycle approach that quantifies 
ecological and human health impacts of 
a product or system over its complete life cycle.

 LCA uses credible scientific methods to model 
steady-state, global environmental and human 
health impacts. 

 LCA helps decision makers understand the scale 
of many environmental and human health impacts 
of competing products, services, policies, etc.

 Basic principle is a 2-step procedure with :
 (i) Collection of the interactions of a system with 

its own environment (Input-Output-Analysis), plus 
 (ii) Assessment of each single environmental impact

Picture: https://www.ifco.com/life-cycle-assessment-impact/
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LCA – Possibi l i t ies and l imitat ions
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 Standardized within 
the ISO 14‘040 Serie;

 By using this „life cycle 
perspective“ no (hidden)
shift of environmental 
impacts takes place. 

 Allows weak-point analysis (hot spots) accross the 
complete product life-cycle (from-cradle-to-grave)

 It is a “relative approach” in which all inputs and 
outputs of the system are collected in relation to a 
(specific) function. 

 This perspective on a common function gives a 
benchmark for comparison of alternatives, that a priori 
cannot be compared otherwise. 

 Can be used e.g.
… for product comparisons;
… for (internal) product improvement / DfE;
… as basis for (new) legal requirements.

 But

… covers ONE pillar of sustainability only !



Forward- looking LCA
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Machine Learning pipeline
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1
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Data preparation

28

3

SMILE representation: 
OCCc1c(C)[n+](cs1)Cc2cnc(C)nc2N

Example of Thiamine (vitamin B1, 
C12H17N4OS+)



Summary

• Many different techniques are needed to cover all dimensions of 
SSbD  functionality, safety, environmental sustainability, 
socioeconomic sustainability, circularity

• Decisions need to be made based on balancing all this information
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