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GreenDelta, What we do 

• Founded by Dr. Andreas Ciroth in 2004, Berlin; now ~ 25 employees (engineers, developers etc) 

• Business world-wide: sustainability research, product carbon footprinting, life cycle assessments, 
databases, software for life cycle assessments and sustainability, environmental product declaration

Software development, 
especially open source 

Database development 
and distribution

Sustainability consultancy and research 
environmental LCAs, resource criticality, social LCAs, Life Cycle 
Costing, Circular Economy



About openLCA

• Free and open-source project

• Developed by GreenDelta since 2007

• Constant development, continues updates

• Database flexibility and multifunctional

• LCA, LCC, Social LCA and LCSA

• Carbon & Water footprint

• Product Environmental Footprint (PEF)

• Environmental Product Declarations (EPDs)

https://www.openlca.org/download/



GreenDelta, Research Activity

Sustainability of Plastic Recylates

Sustainability of MOFs for H2 storage

Sustainability of Fluoropolymer Tribolysis

Sustainability Simulation for 

novel SSbD lubricants

https://www.greendelta.com/projects/

How to assess the sustainability at low TRL?



Innovation of Chemicals

R
E

LE
V

A
N

C
E

 T
O

 D
E

C
IS

IO
N

-M
A

K
IN

G

TRL MATURITY

Performance Economic feasibility Safety and Sustainability



Sustainable Chemistry, Design Criteria

See Blömer et al.,  Chem. Ing. Tek. 2024, 96, 561-574 and Wu et al. Chem. Circ. 2026, 100080.
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Sustainable Chemistry, Design Criteria

SSbD design criteria:

1. Material efficiency

2. Minimise the use of hazardous 
chemicals/materials

3. Design for energy efficiency

4. Use renewable sources

5. Prevent and avoid hazardous 
emissions

6. Reduce exposure to hazardous 
substances

7. Design for end-of-life

8. Consider the whole life cycle

9. Ensure responsible sourcing 
and minimise social risks

See Anastas and Warner, Green Chemistry: Theory and Practice; Keijer et al., Nature Chemistry 2019, 11, 190–195;
and JRC, Safe and Sustainable by Design Chemicals and Materials.

Green Chemistry:
1. Prevent waste
2. Maximize atom economy
3. Design less hazardous chemical

syntheses
4. Design safer chemicals and products
5. Use safer solvents and auxiliaries
6. Increase energy efficiency
7. Use renewable feedstocks
8. Reduce derivatives
9. Use catalysts
10. Design for degradation
11. Real-time analysis for pollution

prevention
12. Inherently safer chemistry for

accident prevention

Circular Chemistry:
1. Collect and use waste
2. Maximize atom circulation
3. Optimize resource efficiency
4. Strive for energy persistence
5. Enhance process efficiency
6. Avoid out-of-plant toxicity
7. Design for optimal end-of-life
8. Assess sustainability across 

the life cycle
9. Apply the ladder of circularity
10. Sell service, not product
11. Reject lock-in
12. Unite industry with coherent 

policy



GreenDelta, Design Criteria

See Blömer et al.,  Chem. Ing. Tek. 2024, 96, 561-574 and Wu et al. Chem. Circ. 2026, 100080.
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Foreground, Background

Quantifiable indicators (SSbD framework):

Indicator Best case Worst case
Net mass of materials consumed (kg/kg) 1 0.4

Reaction Yield (%) 100 40
Atom Economy (MProduct/MWtotal reaction) 100

Material Intensity index (kg materials / kg product) 1
Recycling efficiency/recovery rate (%) 100

Critical Raw Material presence (yes/no + amount) 0 1
Biodegradability of manufactured chemical/Material 1 0

Classification of raw chemicals/materials 
as SVHC (yes/no + amount)

0 1

Yield of extraction (mass of recovered solvent / used solvent) 1 0
Renewable or fossil feedstock (yes/no + amount) 1 0

Recycled content (%) 100 0
Share of Renewable Energy (%) 100 0

Amount of hazardous waste (kg/kg) 0 1
Biodegradability of manufactured chemical 1 0

This is only the foreground! The whole supply chain counts!
Chart from  Rognan et al. 2025 J. Ind. Ecol. 29, 1397–1413. 



Foreground, Background

• Using modification of background databases, we can assess more dimensions:

Circularity across Life Cycle:
• Material Circularity Index
• Circularity Index

Criticality and SVHC usage across Life Cycyle:
• Inventory along the supply chain
• Weighting (SH2E method) for CRMs

Plastic Littering:
• Based on a 

probalistic model



Foreground, Background: Criticality

• Criticality investigates the usages of CRM and SRM (by EU definition)

• SRMs: Arsenic, Coking Coal, Feldspar, Helium, Lithium, Manganese, Copper, Nickel

• We added shadow flows in the DB and added SH2E CFs to assess the Criticality

Benzotriazole
Indicator Best case Worst case

Critical Raw Material presence (yes/no + amount) 0 1

• CFs (here criticality indicator) considers Supply Risk (SR), material consumption (C) 
in the EU, import reliance (IR), and the recycling input rate (EoLRIR)



Foreground, Background: SVHC

• SVHCs are identified under Article 57 of the REACH Regulation and the list of SVHCs is 
maintained by the ECHA and holds currently 250 substances

• Tracking complements conventional environmental impact indicators

• Implementation of shadow flows allows analysis over the life cycle

TDI-based polyurethane

Indicator Best case Worst case

Classification of raw chemicals/materials as SVHC (yes/no + amount) 0 1



Foreground, Background: Circularity

• Circularity is assessed across the life cycle using MCI and CI indicators

• Considering a battery production, Li-ion, rechargeable with 50% recycled copper:

• Here, environmental impacts follow the circularity indicators

Indicator Best case Worst case

Recycled content (%) 100 0

Recycling efficiency/recovery rate (%) 100
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Design Criteria: Shifting

GreenMetrics Life Cycle Analysis 
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How to conduct an LCA for chemicials on low TRL?

Life Cycle
Indicators



What is even: Life Cycle Analysis

Sala S., Cerutti A.K., Pant R., Development of a weighting approach for the Environmental Footprint, Publications Office of the European
Union, Luxembourg, 2018, ISBN 978-92-79-68042-7, EUR 28562, doi:10.2760/945290

Definition (DIN 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.’

LCA is
attempting to
prevent trade-
offs but often
based on
secondary data



Foreground, Background: Data Gaps

• How to obtain data for speciality chemicals?
1-Butyl-2-pyrrolidone



Foreground, Background: Data Gaps

• Trend to implement AI as part of LLMs in LCA but it is limited with chemicals

• 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

• Covers only production with generic assumptions, full life cycle is relevant!

https://github.com/GreenDelta/retrolca

1-Butyl-2-pyrrolidone



Drawing the full sustainability picture
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Environment

Society

Economy

Environmental Life Cycle 
Assessment (eLCA)

Life Cycle Costing (LCC)

Social Life Cycle
Assessment (sLCA)

Life Cycle Sustainability
Assessment (LCSA)
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Drawing the full sustainability picture
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Toxicity

Pollution

Resource
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Sustainabiltiy Score

LCC+Social Cost

Social Fairness

Competitiveness

• Integrating indicator-
based results into 
decision-making at low 
TRLs can facilitate early-
stage decision-making

• However, distinct 
uncertainty analysis 
and data quality must 
be considered

1-Butyl-2-pyrrolidoneNMP



Key takeways

• Design criteria/metrics in chemistry 
should cover the entire life cycle 
(foreground and background systems)

• With data solutions, we can support decision making at early stage

• Transparent LCI databases serve as basis for indicator-based frameworks 
(circularity, criticality, SVHC) to make early design choices actionable

• openLCA with retrolca implementation allows retrosynthetic LCIs and closes 
data gaps for chemicals allowing decision making on R&D level

• Full sustainability requires LCSA for the entire life cycle (cradle-to-grave)
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We are open for collaboration on research and innovation projects 
in Circular Chemistry an Safe-and-Sustainable-by-Design



Thank you!

Dr. Jonas Hoffmann
GreenDelta GmbH
Alt-Moabit 130, 10557 Berlin
www.greendelta.com
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