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Introduction

• The chemical industry is responsible for ~10% of annual global CO2 emissions

• Frameworks to deliver lower-risk higher-sustainability data for are being elaborated upon

• Safe and Sustainable by Design (SSbD)

• LCA background databases are ill-equipped to handle complex and diverse chemical supply chains

• >100000 compounds in commerce, only a few hundred modelled

• Machine learning approaches to rapidly quantify environmental risks of chemicals are

• Background data is required for their application

• Therefore, we had a critical look at chemical modelling in widespread environmental 

databases
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Chemical production modelling approaches
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• Empirical and theoretical approaches

• Extension of pure stoichiometry to reflect real-

world conditions via assumptions and 

estimations

• Approach often applied in state-of-the-art 

chemical production modelling

• Trade-offs between model granularity, 

representativeness, data availability and 

requirements across approaches

• Feasibility to integrate into automated 

approaches varies
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Machine learning to estimate impacts

• Quantitative structure–activity relationship 

(QSAR) predicts chemical properties and 

toxicity 

• In LCIA, QSAR helps fill data gaps for 

ecotoxicity, human toxicity, persistence, and 

bioaccumulation

• Predictions based on similar chemistry can be 

used to estimate characterization factors (CFs)

• QSAR is especially useful for screening large 

chemical inventories and prioritizing 

substances for further assessment

Chemical structure

QSAR model

Predicted endpoint

LCIA characterisation 
factors
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Generic modelling of chemicals in ecoinvent

Input Amount for reference year 
2024

Natural gas [GJ] 4,057,000

Electricity [GJ] 2,503,300

Water, tap [t] 51,157

Water, well [t] 16,428,000

Water, river [t] 18,586,000

Nitrogen [Nm³] 34,878,000

Compressed air [Nm³] 792,800,000

Oxygen [Nm³] 106,510,000

Land use, total [m²] 1,998,100

Produced chemicals [t] 1,366,400

𝒂𝑨 + 𝒃𝑩 + 𝒄𝑪 → 𝒅𝑫 + 𝒆𝑬

https://gendorf.de/-/media/Internet/chemiepark_gendorf_de/Downloads/Nachbarschaft/2025_Chemiepark_GENDORF_Umwelterklrung.ashx



Generic modelling of chemicals in ecoinvent

Not a viable filter 
because of variations 

due to allocated multi-
output processes

Reliability Completeness Temporal correlation Geographical correlation Further technological 
correlation

2 (sometimes 4) 3-5 (usually 4) At time of creation 1-5 (commonly 4 or 5) 2-5 (usually 4)

Chosen 
method



Final method applied to ecoinvent
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Remaining processes

Generic data:
filtered by 

identifiers/description

Highly generic:
>3 Gendorf flows

Partially generic:

remaining fraction

High-quality generic:

filtered by identifiers

Not generic:
remaining fraction

Primary data:

filtered by source/description 
(EcoProfiles)

Heat as reference product: 
filtered by flow

Market processes: 
filtered by name

Cooling pH modifiers

Catalyst (Nickel class 1, … ) Water



Results of the classification approach
Unique processes: All processes:

RoW RER GLO Other RoW RER GLO Other

Non-generic 326 264 39 266 57% 53% 23% 70%

HQ generic 61 53 39 19 11% 11% 23% 5%
Partially 
generic 72 83 16 85 13% 17% 9% 22%
Highly 
generic 112 99 76 10 20% 20% 45% 3%



Outlook: classification and uncertainty approach

• We recommend using the transparency 

provided by the ecoinvent database and to 

develop a data quality workflow to be 

implemented in machine learning methods. 

openLCA allows to compute data quality 

uncertainties. Uncertainty should be 

considered in ML approaches.

• In general, generic stoichiometric 

approaches are not to be avoided; hotspots 

often lie deeper in supply chains at the stage 

of crude material extraction and processing.



Thank you for your attention
Max F. Bringmann

GreenDelta GmbH
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