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The SiToLub Project



SiToLub: Use Cases
Use Case Application Issue #

PFAS: PFPE

Base oil
• Fugitive HFCs in production
• Extremely persistent
• Relying on CRM (CaF2)
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PFAS: PTFE
Antiwear
additive

• Same as above
• PFAS as processing aids
• Problematic EoL (PFAS)
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Chlorinated paraffins (MCCP)
Extreme-
pressure 
additive

• Bioaccumulative and ecotoxic 
to aquatic 

• MCCPs (C14–17) fall under POP
• Considered SVHC under REACH Pa
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Benzotriazole
Corrosion
inhibitor

• Persistent and highly mobile in 
water (PMT/vPvM concern)

• Classified as acutely toxic if 
swallowed and harmful to aquat. To
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Is a SSbD-inspired LCSA model capable to reflect those issues and predict alternatives?



own work, SSbD framework (JRC, 2025)

LCSA and SSbD – it is a match

Environment
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Environmental Life Cycle 
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optional

Criticality

SVCH

See ORIENTING (2020-2023) or UNEP (2011)
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Covering the full life cycle

Formulation 
and 

packaging
Use Phase

End-of-Life 
of lubricants

Scenario
based

LCA databases
(ecoinvent)

LCIs from 
scientific
literature Full life cycle of lubricants

Performance 
and scenarios

Assumptions
based on scientific 
data and legislation

Production 
of lubricant 

components

Own modelling
(retrosynthesis, 

patents)

Only 2 datasets 
for lubricants in 

ecoinvent
Covering Base oils 

and re-refining

How about 
this?



LCA: Empirical workflow predicting inventories

Chemical 
compound

Model in 
openLCA

Find 
source

Access 
SMILES

>1 kg

90% solvent, 
no waste

No, solvent 
No waste

Add purification 
(distillation) 

process

No further 
purification

LCI
published?

isolation?

Molecule or
mixture?

Patent 
or Lit.?

retroLCA
or manual

Find
syn. route

stochiometric, 
generic energy, with 

mass balance

Parvatker and Eckelman, 2019



openLCA becoming a chemist

Matching name with PubChem Adding SMILES to flows



openLCA becoming a real chemist

• We implemented retrosynthetic approaches in openLCA to build LCIs
• Based on SMILES codes, target chemicals are submitted to a retrosynthesis

engine (e.g., AiZynthFinder or ASKCOS) and converted with RDKit/CIRPy

• retrolca automatically converts the selected pathway into an openLCA process network 
and connects it to the background database via SMILES

https://github.com/GreenDelta/retrolca



Covering the full life cycle

Formulation 
and 

packaging
Use Phase

End-of-Life 
of lubricants

Scenario 
based

LCA databases
(ecoinvent)

LCIs from 
scientific
literature Full life cycle of lubricants

Performance 
and scenarios

Assumptions
based on 

scientific data

Production of 
lubricant 

components

Own modelling
(retrosynthesis 

or literature)
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How to address the use phase?
Use Case Application Issue Class

PFAS: PFPE

Base oil
• Fugitive HFCs in production
• Extremely persistent
• Relying on CRM (CaF2)

Partial 
Loss

PFAS: PTFE
Gears

• Same as above
• PFAS as processing aids
• Problematic EoL (PFAS)

Filled for 
Life

Chlorinated paraffins (MCCP)
Metal 

working fluid

• Bioaccumulative and ecotoxic to 
aquatic 

• MCCPs (C14–17) fall under POP
• Considered SVHC under REACH

Accid. 
Loss

Benzotriazole
Corrosion 
inhibitor

• Persistent and highly mobile in 
water (PMT/vPvM concern)

• Classified as acutely toxic if 
swallowed and harmful to aquat.

Total Loss

Lubricants represent an established technology: There is plently of data for MFA of lubricants!



Predicting: Use Phase and EoL

ALL

Fate of Losses

95% combusted

5% emitted

Emitted to 
environment 

(e.g. freshwater)

Regular disposal 
(e.g. re-refining / 

recovery)

Combustion
(e.g. machine, 

cement fuel kiln / 
pyrometallurgy)

CFs from EF 3.1
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Formulation consists of:
• base oil (fossil)
• base oil (biogenic)
• ~30w% MCCP
• Other additives

1 kg lubricant 
produced

Metal workingClassification

Fate of Remaining

82.5% disposed

8.75% combusted

8.75% emitted

Use Losses

45.8% Remain
54.2% Loss

• Use losses: depend on the application, (grease or 
metalworking oils) see MFA (Stahl & Merz, 2020)

• Fate of losses: depends on the Ecolabel class (ALL/ 
PLL/TLL/FFL) and our assumptions

• Fate of remaining: depends on the application’s 
collection rate (Stahl & Merz, 2020);

How does this translates to impacts?



Results for MCCP formulation

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

A - Climate Change B - Toxicity C - Pollution D - Resources

N
or

m
al

is
ed

/W
ei

gh
te

d 
im

pa
ct

s 
/[

kg
]
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But if we benchmark against a competetive formulation (sulfur-based with ester)?

• Results are obtained 
using ecoinvent 3.12

• LCIA with EF 3.1
• CFs for direct 

emission EF 3.1
• Normalization and 

weighting optimized 
for SSbD: A, B, C, D

2w% of the lubricant



Benchmarking for MCCP 
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Formulation consists of:
• base oil (fossil)
• base oil (bio-based)
• ~30w% MCCP

Formulation consists of:
• base oil (bio-based)
• ~ 50w% sulfurized addit.
which is bio-based

     

Less toxic but more polluting (S->SO2)
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Besides Toxicity, the alternative is less environmental sustainable!
SSbD framework (JRC, 2025)



LCSA and SSbD – it is a match
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Cost Societal Cost

• Same inventory as eLCA
• Internal costs from  

market data, own 
protocol and industry 
partners 

• External costs: EF 3.1 
results monetised with 
environmental prices 
(Gama Caldas et al., 
2024) as in revised SSbD 
framework (JRC, 2025)

Total cost higher for the MCCP formulation besides more expensive! 



Social LCA Results per pillar
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• Same inventory as 
eLCA, linked to social 
risks via soca v4 
(Hamed & Ciroth, 
2025)

• Social indicators 
selected according to 
the SSbD framework 
(JRC, 2025)

• Indicators grouped 
into Competitiveness
and Social Fairness, 
weighted as in 
SiToLub

The bio-based alternative performs better socially overall by cutting petroleum-
and chlorine-linked risks (Columbia) but holds own risk (e.g. child labour)



Criticality and SVCH Usage

• Critical Raw Material according to JRC CRM list

• Shadow flows tracked via ecoinvent process

• Weighted with SH2E factors (IRi, SRi, ci, 

EoLRIR)

• Added SVHCs from the ECHA Candidate List 

and added shadow flows at production

• SVHC usage adds to conduct detailed RA
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Criticality and SVCH Usage flagged from background adds value!



• The SiToLub model predicts the LCSA of four use cases with the full life cycle

• Follows the SSbD approach and design criteria, enabling early screening

• Automated production model with application-dependent use phase and EoL

• Toxicity in the foreground carries USEtox uncertainty in benchmarking → log

• eLCA does not favour the alternative: oleate ester production is intensive

• Societal LCC favours the safer and more sustainable alternative

• sLCA captures trade-offs and social risks between alternatives

• SVHC and CRM are valuable indicators that flag regulatory and supply risks

• The results have been presented to industrial stakeholders with great interest

Next steps:

• Variable, performance-based functional units (from DU to FU)

• Uncertainty framework across modelling approaches (retrosynthesis, 

stoichiometric, literature)

Conclusion and what is next?
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Thank you!
Jonas Hoffmann

GreenDelta GmbH
hoffmann@greendelta.com
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White paper on
weighting approaches

For LCSA in SSbD

retroLCA
github repo


