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GreenDelta background

• Founded by Dr. Andreas Ciroth in 2004, Berlin

• ~ 25 employees (engineers, biologists, IT specialists, business admin., chemist)

• Business world-wide: sustainability research, life cycle assessments, databases, software for life 
cycle assessments and sustainability
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GreenDelta, What we do 

Software development, 
especially open source 

Database development 
and distribution

Sustainability consultancy and research 
environmental LCAs, resource criticality, social LCAs, LCC
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Software: openLCA

• World’s leading open source tool for LCA and sustainability assessment. Powerful, free, 
developed since 2006 by GreenDelta. 

• Open-source under mozilla license (transparent via github)

• Supported by US EPA, USDA, JRC, ...

• Widest selection of databases, including ecoinvent
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Data: Nexus 

• World’s largest repository of LCA databases: IO Databases, product-based 
databases, libraries, for openLCA, some for SimaPro, developed and operated by 
GreenDelta since 2014

• Databases prepared by GreenDelta

• > 150,000 datasets, all major LCA databases, > 30,000 users

• https://nexus.openlca.org/

5

https://nexus.openlca.org/


Projects: My tasks as sustainability consultant 

see also https://www.greendelta.com/projects/6

Software trainings for openLCA, Research proposals
Database management (Environmental Footprint 3.1 by JRC)

Holistic sustainability assessment of plastic recyclates

Software-solutions for heat distribution (steam) in communes

Ecologic/Economic assessment of AI-supported plastic recycling

Simulation of life cycle sustainability assessments with SSbD lubricants



This project has received funding from the European Union’s 

Horizon Europe research and innovation programme (innovation 
action) under grant agreement No. 101138807 

SIMULATION TOOLS FOR THE DESIGN OF 
SAFE AND SUSTAINABLE LUBRICANTS

Predictive 
Sustainability 
Assessment of Novel 
SSbD-Lubricants



LUBRICANTS AND SUSTAINABILITY

Defintion: A substance that is introduced between two surfaces and change
their interaction, mainly by reducing the friction needed for sliding or
reducing the wear generated during the relative movement.

Function:

• Reducing friction between moving parts

• Removing heat from working parts

• Cleaning and sealing surfaces of machine parts

• Extends lifespan and reduces energy losses (exergy)

Lubricants contribute to sustainability!
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APPLICATIONS FOR LUBRICANTS

Consideration:
• Essential for transport and e-mobility
• Required for green energy technologies (wind mills, steam..)
• Essential for recycling of materials
• With improved lubricants 1460 Mt CO2/y and 1.4% of global GDP can be saved1

[1] K. Holmberg, A. Erdemir, Friction 2017, 5, 263–284.9



Components of lubricants

Corrosion inhibitors Dispersants

Antiwear

Extreme pressureAntioxidants

Friction modifiers

Industry is in need for novel safe and sustainable solutions!

What industry is facing:

Lubricant formulation:
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What costumers want:



Planetary Boundaries

Rockström et al., Sci. Adv. 2023, 9, DOI 10.1126/sciadv.adh2458.

‘With such an enormous percentage of
untested chemicals being released to
the environment, a novel entities
boundary defined in this manner is
clearly breached.’
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Sustainability within the Chemical Industry

Caldeira C., Farcal R., Moretti C., Mancini L., Rasmussen K., Rauscher H., Riego Sintes J., Sala S. Safe and Sustainable by Design chemicals and
materials - Review of safety and sustainability dimensions, aspects, methods, indicators, and tools. EUR 30991 EN, Publications Office of the
European Union, Luxembourg, 2022, ISBN 978-92-76-47560-6, doi:10.2760/879069, JRC127109

‘The SSbD framework promotes such a holistic approach that integrates safety
and sustainability of chemicals, materials, products and processes throughout
their entire life cycle and minimizes their environmental footprint.’
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SSbD - BACKGROUND

Safe and Sustainable by Design

European Commission, Directorate-General for Research and
Innovation, Safe and sustainable by design chemicals and materials – A
European assessment framework, Publications Office of the European
Union, 2022, https://data.europa.eu/doi/10.2777/86120

Design principles:
• Green chemistry

• Green engineering

• Sustainable chemistry

• Circularity by design

• Benign by design

CHEMICAL/MATERIAL 
UNDER EVALUATION

OTHER SUBSTANCES EMITTED 
DURING THE LIFECYCLE

HAZARD PROPERTIES
OF THE CHEMICAL/MATERIAL

END OF LIFE

HUMAN HEALTH AND 
SAFETY OF PRODUCTION 
PROCESSES

ENVIRONMENTAL AND 
HUMAN HEALTH
RISKS IN THE USE PHASE

ENVIRONMENTAL 
IMPACTS ALONG 
THE ENTIRE
LIFE CYCLE

RAW MATERIALS

PRODUCTION

USE

END OF LIFE

Safety and sustainability assessment

1

3

2

4

(5. Socio-economic 
assessment)
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SSbD - BACKGROUND

Safe and Sustainable by Design – Design Criteria
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SSbD – FIT FOR PURPOSE?

SSbD framework was tested with industry on:
A) Plasticizer 

B) Flame retardants 

C) Surfactants

Some outcome of the studies were (industry perspective):
• Too complicated exp. tests even for already known compounds

• Too expensive procedure and not fit for purpose

Caldeira, C., Garmendia Aguirre, I., Tosches, D., Mancini, L., Abbate, E., Farcal, R., Lipsa, D., Rasmussen, K., Rauscher, H., 
Riego Sintes, J. and Sala, S., Safe and Sustainable by Design chemicals and materials - Application of the SSbD framework to 
case studies, Publications Office of the European Union, Luxembourg, 2023, doi:10.2760/329423, JRC131878.

Industry is in need for SSbD simulation tools!
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PROJECT GENERAL INFORMATION

SITOLUB - SIMULATION TOOLS FOR THE DESIGN OF SAFE 

AND SUSTAINABLE LUBRICANTS

HORIZON Research and Innovation Action:
Computational models for the development of 
safe and sustainable by design chemicals and 
materials

Total cost: 6.23 Mio. €, 2024-2028
12 partners 
5 EU countries
2 Associated countries
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SiToLub - WORKFLOW
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Simulation Approach in SiToLub

QSAR Simulation Sustainability Sim.

- Environmental Impacts

- Social Impacts

- Economical Impacts

Performance Sim.

- Evaluation for lubricants and 
their components

- Reactive MD simulation

Quantitative

Structural

Activity 

Relationships
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SSbD - BACKGROUND

Safe and Sustainable by Design

European Commission, Directorate-General for Research and
Innovation, Safe and sustainable by design chemicals and materials – A
European assessment framework, Publications Office of the European
Union, 2022, https://data.europa.eu/doi/10.2777/86120

Design principles:
• Green chemistry

• Green engineering

• Sustainable chemistry

• Circularity by design

• Benign by design

CHEMICAL/MATERIAL 
UNDER EVALUATION

OTHER SUBSTANCES EMITTED 
DURING THE LIFECYCLE

HAZARD PROPERTIES
OF THE CHEMICAL/MATERIAL

END OF LIFE

HUMAN HEALTH AND 
SAFETY OF PRODUCTION 
PROCESSES

ENVIRONMENTAL AND 
HUMAN HEALTH
RISKS IN THE USE PHASE

ENVIRONMENTAL 
IMPACTS ALONG 
THE ENTIRE
LIFE CYCLE

RAW MATERIALS

PRODUCTION

USE

END OF LIFE

Safety and sustainability assessment

1

3

2

4

(5. Socio-economic 
assessment)
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LCA - BACKGROUND

Life Cycle Assessment

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

▪ 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.’
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LCA - BACKGROUND

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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Functional Unit Definition: ‘quantified performance of a product system for use as a reference unit’:

Examples: 100 calories of food, 1 person*km, x produced parts by using x kg of lubricant



LCA - BACKGROUND

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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LCA - BACKGROUND

Life Cycle Inventory, Impact Assessment and Interpretation

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:10.2760/94529023



Use Cases

SITOLUB – Use Cases

1. Metal-cutting lubricants (chl. paraffins)

2. PFAS-based lubricants

3. Corrosion inhibitors
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Life Cycle Assessment: Structure

Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

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
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Life Cycle Assessment (LCA) of lubricant components



Data acquisition for Sustainability models 

Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

Data acquisition

Various sources for LCIs
and assumptions

• Grey/White literature
• Background LCIs
• Expert knowledge
• Partner's input
• Other tools
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Life Cycle Assessment (LCA) of lubricant components



Data acquisition for Sustainability models 

Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

Data categorisation (150 chemicals)                              Selection of background database

While CarbonMinds is more suitable for lubricants but lacks
general processes, e.g. transport, EoL etc.; ecoinvent will be the
backgroundUsers can select the SSbD base case or the formulation
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How to fill data gaps (production)

Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.
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How to fill data gaps (production)

Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.
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Life Cycle Assessment (LCA) of lubricant components



Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

Gendorf Approach from: Hischier et al., Int. J. LCA. 2005, 10(1), 59 – 67.
Parvatker et al., ACS Sus. Chem. & Eng. 2019, 7(1).

• Use literature LCI from plant data

• Use ,stochiometric approach‘:

• Consult literature for routes (Ullmann, patents)

• Retrosynthetic tools in openLCA (IBM RXN)

• Add „Gendorf Approx.“ (2.2 MJ🔥, 0.4 kWh, 95% yield)
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Life Cycle Assessment (LCA) of lubricant components

How to fill data gaps (production)



Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

Life Cycle Stages (short)
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Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

SSbD case (Cradle-To-Gate)

Semi-automated process with expertise needed

cradle-to-gate, referenced to 1 mol of product, ecoinvent 3.11, EF 3.1 LCIA
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Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

Life Cycle Stages (short)
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Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

End-of-Life for lubricants

Used Oil Management and Beneficial Reuse Options to Address Section 1: Energy Savings from Lubricating Oil Public Law 115-345, Report to 
Congress, 2020, Washington.
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Co-Funded by the European Union under the Grant Agreement No. 101138807. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union or the Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.

End-of-Life for lubricants

To predict EoL, 'parameter sets' can be used

→ Scenarios and legislation can guide us

Normalization bar chart for soybean-based lubricant with recycling as 
end-of-life scenario referenced to 1 kg, ecoinvent 3.10 cut-off, EF 3.1 

method
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SiToLub - WORKFLOW
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Validation with experimental indication will improve the simulation!



Economy

BACKGROUND

More than environmental LCA → life cycle sustainability assessment

Environment

Society

Environmental Life Cycle 
Assessment (eLCA)

Life Cycle Costing (LCC)

Eco-Efficiency

Fair trade
Social Life Cycle 
Assessment (sLCA)

Life Cycle Sustainability
Assessment (LCSA)
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Social LCA at GreenDelta

Social LCA

• Technique to assesses social/socio-economic aspects and impacts

• aspects assessed in S-LCA (in)directly affect stakeholders positively or 
negatively during life cycle of product

• sLCA is no basis for decision if product should be produced or not, but
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• to detect social hotspots
• instigate dialogue on social aspects of 

production and consumption 
• To improve performance of organizations 

and ultimately the well-being of 
stakeholders



Social LCA and SSbD

Social LCA and SSbD

• Social data is often qualitative → hard to access, measure and organize

• also assessment of data and impacts is subjective → different approaches, 
individual evaluation and interpretation → generic database approach (ILO)

• Social information changes fast → regular updates are needed 

• GreenDelta developed a social database (2017):

• allows calculation and assessment of the social impacts of products along 
the products’ entire life cycles and to detect social hotspots 

• Has been used by JRC for the SSbD case studies for ‘stage 5’

39 More information at www.PSILCA.net



SiToLub - WORKFLOW
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Market



Personal introduction

Recap – SSbD lubricants

• Lubricants aid sustainability by lower friction and heat losses in energy

• Industry is seeking for new products that are safe by design

• No GHS, low price, high performance, no SHVCs, no allergens, low PCF..

• SSbD approach gives rise to novel R&D principles during the design

• Life cycle thinking

• In SiToLub we try to simulate and validate novel SSbD-lubricants

• Combination of QSAR and performance simulation feeds eLCA

• Predictive eLCA will simulate environmental impacts (full life cycle)

• Social LCA can be integrated in SSbD criteria (PSILCA)
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Dr. Jonas Hoffmann
GreenDelta GmbH
hoffmann@greendelta.com

CONTACT FOLLOW US
LinkedIn
:

This project has received funding from the 
European Union’s Horizon Europe research 
and innovation programme (innovation action) 
under grant agreement No. 101138807 

All information in this publication and all further technical 
advice is based on our present knowledge. However, they 
imply no liability or other legal responsibility on our part, 
including with regard to existing third party intellectual 
property rights, especially patent rights including copyrights, 
trademarks and designs. In particular, we cannot give any 
warranty, whether express or implied, or guarantee product 
properties in the legal sense. 

We reserve the right to make any changes according to 
technological progress or further developments. The 
performance of products described herein should be verified 
by each user with experiments (designed for the respective 
application) which are to be carried out by qualified experts. 
Suggestions for uses or applications are only opinions.

Reference to trade names used by other companies is 
neither a recommendation, nor does it imply that similar 
products cannot be used.
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