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Definition (ISO 14044): ‘Life Cycle Assessment (LCA) is a compilation and evaluation of inputs, 
outputs and the potential environmental impacts of a product system through its life cycle.’

What is LCA?

European Commission, Joint Research Centre, Cristobal-Garcia, J., Pant, R., Reale, F. et al., Life cycle assessment for the impact assessment of 
policies, Publications Office, 2016, https://data.europa.eu/doi/10.2788/318544
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Life Cycle Assessment: Structure

▪ LCA approach is mainly based on two standards: ISO 
14040:2006 and ISO 14044:2006

▪ LCA is performed in four steps:

1. Goal and Scope definition

2. Life Cycle Inventory

3. Life Cycle Impact Analysis

4. Life Cycle Interpretation

▪ Most important concept in LCA: Functional Unit

Life Cycle Assessment framework

Inventory analysis

Impact analysis

Interpretation

Goal and scope
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Life Cycle Inventory – Data needed

Inputs and outputs of a process to be included in the LCI

Processes

Emissions in the air

Emissions in the water

Waste/wastewater

Energy
Raw materials and suppliers

Pre-products

Emissions of light, noise, odor

Emissions in the ground

Product 
Byproduct(s)
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Life Cycle Inventory: Data generation and collection

European Commission, Joint Research Centre, 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, https://data.europa.eu/doi/10.2760/28450, JRC138035.
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Life Cycle Inventory: Data generation and collection

European Commission, Joint Research Centre, 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, https://data.europa.eu/doi/10.2760/28450, JRC138035.
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Life Cycle Inventory: Data generation and collection

European Commission, Joint Research Centre, 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, https://data.europa.eu/doi/10.2760/28450, JRC138035.
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Life Cycle Inventory: Dataset selection

https://www.globallcadataaccess.org/search
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Where to LCI for chemicals?

Unit processes:

Process A

Process B

Process F

Process C

Process D Process E

Process G

System (LCI) processes:

Process A

Process A

Process B

Process F

Process C

Process D Process E

Process G

EF 3.1 DB

EF 4.0 DB
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Datasets in LCI databases: Bicycle
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Life Cycle Inventory: Dataset selection

https://www.globallcadataaccess.org/search

What to do if there is no 
data available?
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Life Cycle Inventory – Data needed

European Commission, Joint Research Centre, 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, 
https://data.europa.eu/doi/10.2760/28450, JRC138035

Parvatker et al., ACS Sus. Chem. & Eng.  2019, 7(1).
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Method 6 and 7:
Proxy:
• Relies on existing LCI data of similar (proxy) chemicals
• Used when no synthesis or stoichiometric data is available

Omitting: 
• Least preferred, yet common when data is missing
• Impacts fall below defined cut-off criteria (e.g., <5% of mass)

e.g. catalyst, additives

How to fill data gaps for chemical LCIs?

Parvatker et al., ACS Sus. 
Chem. & Eng.  2019, 7(1).
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Method 5:
Molecular Structure Models (QSARs)

How to fill data gaps for chemical LCIs?

Parvatker et al., ACS Sus. 
Chem. & Eng.  2019, 7(1).

G. Wernet et. al., Green Chemistry 2009, 11 (1826), D. Zhang et. al., ACS Sustainable Chem. Eng. 2024, 12 (2007).
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How to fill data gaps for chemical LCIs?

Parvatker et al., ACS Sus. 
Chem. & Eng.  2019, 7(1).

Gendorf Approach from: Hischier et al., Int. J. LCA. 2005, 10(1), 59 – 67.

Method 4:
Basic and Stochiometric Calculations

• 1. eq. Aniline + 2 eq. MeOH → Dimethylaniline
• Consult literature for routes (Ullmann, patents, Best Available Technqiue)
• Add „Gendorf Approach“ 

• 2.2 MJ🔥, 0.4 kWh⚡, 95% yield per kg produced chemical
• Access starting material concerted to CO2
• Water consumption and waste generic
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Method 1 and 2, 3:
Method 1: Process Simulation Tools
• Uses software (e.g., Aspen Plus, DWSIM) to model reaction
• Ideal for non-commercial or novel chemicals

Method 2 and 3: Process Calculations
• Basic: Uses mass & energy balance equations and empirical rules
• Basic: Assumes static operating conditions
• Adv.: Adds detail: equipment efficiency, heat loss, reactor design
• Adv.: More precise estimates of energy and emissions 

How to fill data gaps for chemical LCIs?

Parvatker et al., ACS Sus. 
Chem. & Eng.  2019, 7(1).
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Method 2, 3 and 4 in comparison
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Method 2, 3 and 4 in comparison

Issues than can arrives

Parvatker et al., ACS Sus. 
Chem. & Eng.  2019, 7(1).
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Method 0:
Plant / LCI databases

How to fill data gaps for chemical LCIs?

Parvatker et al., ACS Sus. 
Chem. & Eng.  2019, 7(1).

https://plasticseurope.org/sustainability/circ
ularity/life-cycle-thinking/eco-profiles-set/

Plant/lit. dataLCI databases
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Conclusion

• Background vs. Foreground

• Where to find data (System vs. Unit Processes) 

• Depending on information level we can fill data
gaps with different methods

Parvatker et al., ACS Sus. Chem. & Eng.  2019, 7(1).
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Final Remarks

• We focused now on production

• However, use phase and EoL are also 
relevant but more complex to describe

• The full life cycle has to be tracked until 
the material is emitted to environment

• Recyclability

• Fate of materials

• Biodegradability and persistency
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Thanks
Dr. Jonas Hoffmann, LCA Consultant and Researcher
GreenDelta GmbH


