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Why do we need 
Safe and sustainable by design 

chemicals, materials and products?



• European Green Deal: 
Prevent pollution, environmental degradation, biodiversity loss, resource depletion & climate change 
- at the same time

• Chemical Strategy for Sustainability: 
• Aim: Avoid harm to planet and people 

 from all chemicals and stressors to reduce absolute harm
• Tool: Prevent pollution by Industrial transition to SSBD

Why Safe and Sustainable 
by Design (SSBD)?



CSS aims to prevent harm to people and planet
• Harm: to humans and the environment

• Safety (toxicity to humans), 

• Ecosystem health (ecotoxicity, land use, biodiversity), 

• Resources (resource use and circularity), 

• Climate change

• Social and economic dimensions are not in the scope of the CSS

• Proactive: avoid use of known/suspected substances of concern 
• avoid persistent chemicals that accumulate

• Effective policies and actions: Reduce ‘absolute’ harm 
not just relative. Calls for designs that

• reduce total amount of used chemicals and materials
• enables reuse/recycling of chemicals, materials, products
• => calls for reducing complexity of chemical diversity, materials and 

products

SSBD methodological requirements
– in the context of the Chemical Strategy for Sustainability



Persistent and Mobile substances ..



Service (pest control) delivered by:
- Chemical pesticides? 
- Physical removal?
- Biological methods? 

Example of service: 
Pest control 

Safe and Sustainable by Design premarket design 

Focus on chemicals and materials alone limits innovation, 
e.g. to drop-in chemical substitution
=> apply SSBD on products and processes as well



Assessing Safe and Sustainable by Design

• Meet sustainability goals - without compromising safety..

• Set min scores to avoid burden shifting and to create trust in SSBD

• (Societal) Protection goals can inform minimum and total scores 

EEA 2021: Web-briefing on SSBD: https://www.eea.europa.eu/publications/designing-safe-and-sustainable-products-1



Safe and Sustainable by Design 
– creating an enabling environment

EEA 2021: Web-riefing on SSBD: https://www.eea.europa.eu/publications/designing-safe-and-sustainable-products-1

SSBD in Sustainable 
Finance criteria?

Development of 
compliance methods





How to foster a transition to 
Safe and Sustainable by Design? 

• Trustworthy
=> standardised methodology to avoid greenwashing

• Build on existing methodologies, if possible

• start with what exists, e.g. safety: avoid substances of concern.  

• add sustainability components when they are ready

• expand methods and models on 
• life-cycle assessment for chemicals, 
• (generate) environmental) monitoring data to validate 

models 
• ensure access to data/statistics on uses, volumes, 

chemical identity needed to fill the models
• use standardised methods to fill data-gaps

• Education and involvement of stakeholders
• educate and involve stakeholders along supply chains
• educate on methodologies and interdisciplinary design 

processes 



How to foster a transition to 
Safe and Sustainable by Design food systems? 

• Implementable: 
• develop fast, cost-efficient compliance methods
• create a level playing field for European and imported 

products
• Technical Support centres to assist businesses

• Strong incentives needed for broad uptake of SSBD by industry 
– sticks and carrots: 
• legal obligations, e.g. to include SSBD into risk assessment?
• financial incentives – e.g. Financial taxonomy for 

investments, taxes, fees?
• public and private procurement?
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Operationalizing Safe and Sustainable by Design:
JRC’s Framework and Some Personal Thoughts

Zhanyun Wang



Technology & Society Laboratory

JRC’s Work on SSbD
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Intgration of SSbD in the Innovation Cycle
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Intgration of SSbD in the Innovation Cycle
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Proposed Design Principles

Material efficiency 
Minimise the use of 

hazardous 
chemicals/materials

Design for energy 
efficiency

Use renewable 
sources

Prevent and avoid 
hazardous 
emissions

Reduce exposure to 
hazardous 
substances

Design for end-of-
life

Consider the whole 
life cycle
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Intgration of SSbD in the Innovation Cycle
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Intgration of SSbD in the Innovation Cycle
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Safety and Sustainability Assessment

Safety dimension

Sustainability dimension
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Step 1. Hazard Assessment

• H1 = Substances of Very High 
Concern (SVHCs) + EDCs Cat. 1 
+PMT/vPvM +STOT RE Cat. 1 
(incl. immunotoxicity + 
neurotoxicity)  

• H2 = substances of concern, 
including skin sensitization, 
CMR cat. 2, STOT (RE Cat. 2, 
SE Cat. 1&2), EDCs Cat. 2, 
ozone-depletion + 
chronic aquatic toxicity

• H3 = other hazard classes



Technology & Society Laboratory

 Including raw material extraction, production, and end-of-life treatment
 Including the chemicals used in all the production and processing steps

Step 2. Occupational Safety and Health

?
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Step 3. Safety during Use
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Step 4. Environmental Sustainability
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Step 4. Environmental Sustainability
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Step 4. Environmental Sustainability
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Step 4. Environmental Sustainability
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Step 4. Environmental Sustainability
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Step 4. Environmental Sustainability

vs. absolute sustainability?



Step 5. Social and Economic Sustainability

 Can rely on existing life-cycle-
based methodologies, namely 
the Life Cycle Costing (LCC) and 
the Social Life Cycle Assessment.  

 However, they are less mature 
than the environmental one. 

 Further work is needed in order to ensure applicability in SSbD:
e.g., quantiative assessment vs. social safeguards



Technology & Society Laboratory

Overall Evaluation 
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Question 1: When to Do What Assessment?

 Should we always follow the five steps, or have varied combinations 
for different TRL with appropriate tools? 

https://www.abaco.com/technology-readiness-level

https://www.abaco.com/technology-readiness-level
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Question 1: When to Do What Assessment? 

https://contactpointnano.ch/wp-content/uploads/2018/12/03_Contactpointnano_Studer.pdf

https://contactpointnano.ch/wp-content/uploads/2018/12/03_Contactpointnano_Studer.pdf


Question 1: When to Do What Assessment?

Should the low TRL 
already include in silico 
screening for hazards 
and environmental 
sustainability? 

https://onlinelibrary.wiley.com/d
oi/full/10.1002/smll.201904749

https://onlinelibrary.wiley.com/doi/full/10.1002/smll.201904749


Question 1: When to Do What Assessment?

https://emeritus.setg.ethz.ch/research/downloads/software---tools/fine-chem.html

10 molecular descriptors, e.g.,
- molecular weight
- number of nitrogen/halogen atoms
- number of total functional groups

Life cycle environmental impacts
- cumulative energy demand (CED) ✓
- global warming potential (GWP) ✓
- eco-indicator 99 ✓

https://emeritus.setg.ethz.ch/research/downloads/software---tools/fine-chem.html


Question 1: When to Do What Assessment?
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Predictive LCA literature

- A small training set: mostly small molecules (average molecular weight 160 
g/mol); all based on petrochemical synthesis; old energy mixtures

- Does not take different synthesis routes into consideration
- Old machine learning algorithms
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Question 2: How to Balance the Criteria

How to weigh the criteria? Who decides? 

https://medium.com/@parkpoomkomet/breaking-down-the-danish-study-on-the-
environmental-impacts-of-grocery-carrier-bags-b8c97eb6c8fb

https://medium.com/@parkpoomkomet/breaking-down-the-danish-study-on-the-environmental-impacts-of-grocery-carrier-bags-b8c97eb6c8fb
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Thank you for listening!

Feedback and inputs are more than welcome!

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 101036756.
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