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SSbD – criteria and procedure have been proposed by EU-JRC

Framework to be revised / finalised in 2025



What is a sustainable Flame Retardant?
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• PBT: Persistence, Bioaccumulation, Toxicity 

• CMR: Carcinogenicity, Mutagenicity, Reproductive Toxicity

• Endocrine effects, Mobility (new)

Hazards

• Carbon footprint (global warming potential) and other Product 
Environmental Footprint criteria 

• Production (value chain): impact on workers 

• Use Phase: impact on consumers 

• End-of-life → Recycling properties

Life Cycle

• Critical raw materials

• Fires: Smoke formation / toxicity

• Social impact 

Other



Cefic SSbD Guidance
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Performance

https://cefic.org/app/uploads/2024/03/Safe-and-Sustainable-by-Design-a-guidance-

to-unleash-the-transformative-power-of-innovation.pdf

https://cefic.org/app/uploads/2024/03/Safe-and-Sustainable-by-Design-a-guidance-to-unleash-the-transformative-power-of-innovation.pdf


Safety and sustainability dimensions to assess for innovation
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Considerations to be included in 
the industrial innovation process 
stem from 4 main dimensions:

• Safety

• Environmental sustainability

• Societal sustainability

• Economic sustainability
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Exolit® OP phosphinate based flame retardants for engineering plastics
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Polyesters

Epoxies, Adhesives, 

Textile Coating . . .

Thermoplastic Elastomers

Polyamides

Non-melting filler like flame retardants,

available as single substance or 

in the combination with synergists, 

typical dosage 20%

Safe and Sustainable-by-Design Flame Retardants
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Hazard Profile – only persistence is flagged

7 SSbD Case Study: Phosphinate Flame Retardant

EU ENFIRO Project



ProScale shows low toxicity potential for 
Workers

The values shown are ProScale scores 

normalized to 1 kg of polymer compound. 

Inhalation scores are an order of magnitude 

higher than dermal scores. Oral scores are 

negligible and therefore not shown. 

Comments:

‒ MeCy: high scores caused by natural gas 

from a steam cracker (>80%), production 

process

‒ BPS / ATO: main contribution from naphtha 

and ethylene

‒ DEPAL: main contribution from P4 and related 

intermediates

Points for further research:

‒ Are differences significant?

‒ Can reference points be provided?

‒ Sensitivity analysis

Scores for the Flame 

Retardant share of the 

compound recipe: MeCy

and BPS/ATO have high 

scores, driven hydrocarbon 

production and 

intermediates. DEPAL has 

low scores in comparison. 

Scores for the full polymer 

compound: MeCy has the 

highest score, but this also 

linked to the high contribution 

of the polymer and the low 

MeCy dosage. Again, DEPAL 

compound has lowest scores 

overall. 
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Consumer Exposure: no unacceptable risks identified in Chemical 
Safety Report

SSbD Case Study: Phosphinate Flame Retardant10

– PEC = predicted environmental 

concentration

– PNEC = predicted no effect 

concentration

– RCR = risk characterisation 

ratio

Environmental 

compartment

PEC 

consumer use

PEC 

service life
PNEC RCR

Fresh water 0.45 0.57 1000 < 0.001

Marine water 0.04 0.05 100 < 0.001

Sewage treatement 0.14 1.37 48300 < 0.001

Sediment
no exposure 

expected

Soil
no exposure 

expected

Air
no hazard 

identified

© Shutterstock
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Life Cycle Assessment of Exolit OP 1400, published:
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Phosphorus-based flame retardants for electrical parts 

have life cycle benefits vs. bromine-based flame retardants

Challenges: 

process / substance info from 

suppliers, confidentiality, €€€
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LCA Publication
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– Link to full text

https://pubs.acs.org/doi/10.1021/acssuschemeng.3c07096
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LCA: Savings of Exolit-based Polyamide across Impact Categories
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Fires: Smoke Toxicity
is in the same range as neat polymer, lower than for brominated FRs 
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Figure 11: Comparison of 

CIT NLP values for PA6

and PA66 calculated from 

NF X 70-100 results

Exolit phosphinate

Brominated FR

The smoke toxicity for Exolit samples is in the 

same range as the non-flame retarded 

polymers

– CIT NLP = conventional index of toxicity for 

non-listed products

– NF X 70-100 = French standard using a 

tube furnace

– AlPi = Aluminium Phosphinate = DEPAL = 

Exolit OP 1230

– Br-PS = brominated polystyrene

“The impact of halogen free phosphorus, 

inorganic and nitrogen flame retardants on 

the toxicity and density of smoke from 10 

common polymers”, H. Feuchter, F. Poutch, 

A. Beard, Fire and Materials. 2023;1–21, 

https://doi.org/10.1002/fam.3145

https://doi.org/10.1002/fam.3145
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Conclusion – Flame Retardants can be Sustainable

Safe and Sustainable-by-Design Flame Retardants16

– The phosphinate-based FR showed a better 

environmental performance vs. the 

brominated FR / ATO. 

– SSbD concept is good → needs workable 

approach along innovation process

– Toolboxes and databases

→ e.g. life cycle properties

– Need to align with Portfolio Sustainability 

Assessments (PSA)

– Detailed review of existing products 

→ hotspots, improvement potential

– Trade-offs cannot be avoided
Generated by AI, 2024-03
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Thank you for your attention!

Adrian.Beard@Clariant.com
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