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• The safety and sustainability assessment 
includes four steps:

• 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 
assessment along the entire 
chemical/material life cycle 
by means of an LCA

SSbD framework:
to support the design and development 
of safe and sustainable chemicals and materials 
with research and innovation (R&I) activities 
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LCA challenge for “design & development of chemicals”
of safe and sustainable chemicals and materials 
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• More than 30’000 products traded today

• LCA data bases contain few 100’s of chemicals

https://www.petrochemistry.eu/about-petrochemistry/flowchart/
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LCA’s alchemy challenge: how to create data from nothing ?
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LCA’s alchemy challenge: how to create data from nothing ?
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Moelcular structure models for LCA
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Moelcular structure models for LCA
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•  Input: Molecular information starting from name only (SMILES)

•  Improved estimation in FineChem 2: RMSE down by 55% to 2.9 kgCO2-equiv/kg

•  Impacts do not resolve actual conversion pathways



LCA challenge for “design & development of chemicals”
of safe and sustainable chemicals and materials 
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Polymer waste
CO2 and H2

water electrolysis
Biomass

•  Impacts do not resolve actual conversion pathways

 Identical impacts for a fossil-based chemicals and renewable chemicals
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PROcess-Specific, PRedictive Impact AssessmenT
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Polymer waste
CO2 and H2

water electrolysis
Biomass

Kleinekorte et al., ACS Sustainable Chem. Eng. 2023, 11, 25, 9303-9319
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Targets: Carbon Footprint

Predictive LCA for process alternatives

25.04.2024LCA’s alchemy challenge 11

A + B  C

D + E  C

Model identifies 84% of low-carbon process correctly

Kleinekorte et al., ACS Sustainable Chem. Eng. 2023, 11, 25, 9303-9319
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LCA’s alchemy challenge: how to create data from nothing ?
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Introduction Method Results Conclusions

Predictive LCA today: Stoichiometry
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Stoichiometry-based assessment
• Impacts for chemicals often dominated by reactants 
• Common heuristic (e.g., ecoinvent): 

ν஺A + ν஻B → ν஼C + ν஽D

yield

direct emissions

heat, steam

heat, natural gas

electricity

cooling & 
process water

Default 
values for

Stoichiometric equation

Benchmarking 

Stoichiometry-based assessment  ?

25.04.2024LCA’s alchemy challenge



Introduction Method Results Conclusions

Benchmarking stoichiometry-based assessment
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Benchmarking stoichiometry-based assessment
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Quality of stoichiometric-based LCA estimation 

corresponds to economic estimation methods



LCA’s alchemy challenge: how to create data from nothing ?
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Automated Flowsheet: Integrated CO2 capture & conversion

adduct
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The optimal 
unit operations?

The optimal 
configuration?



Automated Flowsheet: Integrated CO2 capture & conversion

The optimal 
solvent molecule ?

The optimal 
carrier molecule ?
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Unlimited degrees of freedom in process design

 Impact on impacts
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From molecules to sustainable life cycles

25.04.2024LCA’s alchemy challenge 19



Predictive process-level LCA
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Pinch-based process models



Predictive process-level LCA
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Production

Use Phase

Toolbox established

to predict LCA data for early-stage technology

Johanna
Kleinekorte

Lorenz
Fleitmann

Fleitmann, Kleinekorte et al, Chem. Eng. Sci., 2021; Kleinekorte et al., ACS Sust Chem Eng., 2023



LCA’s alchemy challenge: how to create data from nothing ?
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Automated Life Cycle Assessment – automated workflow
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Climate Change Impact
in kgCO2eq/kgProduct

Waste

Cooling

Heat

Electricity

Feedstock B

Feedstock A

Aspen Plus

Brightway2
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Spiekermann

Spiekermann et al, in preparation25.04.2024



LCA’s alchemy challenge: how to create data from nothing ?
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