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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: http://www.nist.gov/el/msid/lifecycle/lifecycle.cfm
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▪ Life Cycle Inventory (LCI) Challenges:
▪ Quality and reliability of data 
▪ Data gaps
▪ Addressing uncertainty in the data

🡪 Adequate & comprehensive description of the application
🡪 LCI data of the production of new materials & chemicals need to be collected and published as transparent, 
gate-to-gate inventory datasets.

▪ Life Cycle Impact Assessment (LCIA) Issues:
▪ Lack of Characterization Factors
▪ Novel properties & behaviour 

🡪 The model of assessment has to be tested in order to see be sure of its accuracy

LCA is a comparative approach 

• Adequate coverage of application context
• TRL-level 🡪 Lab-scale to industrial production scale
• Impact assessment 🡪 Specific characterization factors … and how did we do this ?

Challenges of New Materials & Chemicals
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▪ With an engineering-based approach and this 5 step procedure, a LCA evaluation can be applied using lab 
protocols:

Prospective LCA: Scale-up Framework
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Calculations and models

� Obtain lab-scale data
� Process Flow design: reaction, separation…
� Scale-up process: Engineering-based
� Link and consolidate data
� Perform LCA: Conventional methodology

Piccinno, F., Hischier, R., Seeger, S., & Som, C. (2016)



Prospective LCA: Why do we need it?

“Forward-looking approach to evaluate the potential environmental impacts of emerging 
technologies still in early development stages”

Early design and 
innovation

Anticipation of 
environmental 

impacts

Policy and 
regulation

Comparison with 
future alternatives

Mitigating 
long-term risks Industry decisions
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Prospective LCA: What does it mean?
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“Forward-looking approach to evaluate the potential environmental impacts of emerging 
technologies still in early development stages”

Source: Arvidsson et al. Terminology for future‑oriented life cycle assessment: review and recommendations. The International Journal of LCA 2024,  29:607-613.



Prospective LCA: What does it mean?

February 27, 2025 – PINK Industrial Workshop 7

We can distinguish LCA models according to Technology 
maturity and Temporal positionality

A distinction is made between an intra-technology 
comparison (comparison between ETs) and an 
inter-technology comparison (comparison of an emerging 
technology with a conventional technology).

Source: Arvidsson et al. Terminology for future‑oriented life cycle assessment: review and 
recommendations. The International Journal of LCA 2024,  29:607-613.

Source: Thonemann et al. Sustainability 2020, 12, 1192. 
https://doi.org/10.3390/su12031192.



The PINK project

February 27, 2025 – PINK Industrial Workshop 8



AI and MOO for molecular design
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Diagram of the autoencoder used for 
molecular design Illustration of the gradient-based 

optimization in continuous latent space

Adapted from: Gómez-Bombarelli et al. (2018). Automatic Chemical Design Using a Data-Driven Continuous Representation of 
Molecules. ACS Central Science 4(2): 268-76.



The SSbD 4 steps
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Abbate, E., Garmendia Aguirre, I., Bracalente, G., Mancini, L., Tosches, D., Rasmussen, K., Bennett, M.J., Rauscher, H. and Sala, S., Safe and Sustainable by Design chemicals 
and materials - Methodological Guidance, Publications Office of the European Union, Luxembourg, 2024, doi:10.2760/28450, JRC138035.



The tiered approach
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Generation of missing data in PINK
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Parvatker, A. G., & Eckelman, M. J. (2018). Comparative evaluation of chemical life 
cycle inventory generation methods and implications for life cycle assessment results. 
ACS Sustainable Chemistry & Engineering, 7(1), 350-367.

LCI data generation methods and the 
SSbD tiered approach



Our approach for step 4 in SSbD
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Conclusions
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• Life Cycle Assessment is adequate tool for calculating environmental impacts in 
sustainability assessment.

• LCA is data intensive; we sometimes need to estimate or predict missing data.
• Machine Learning can be used to fill data gaps, especially at early stages in the 

SSbD context.
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