Sustaining ‘CHNOPS’, but Phosphorus first!

Complete the
picture with
the circular
economy
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‘CHNOPS’: the origin of life...




‘CHNOPS’: the origin of waste...
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BE SURE
TO WASH YOUR
HANDS AND ALL
WILL BE WELL.



‘CHNOPS’: the origin of waste...
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‘CHNOPS’: the origin of waste...
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The Observer Pollution

Scientists warn of ‘phosphogeddon’ as
critical fertiliser shortages loom

‘CHNOPS’: the origin of wa

Excessive use of phosphorus is depleting reserves vital to global
food production, while also adding to the climate crisis
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O The overuse of phosphorus is creating algal blooms such as the one in the Baltic Sea near
Stockholm in Sweden. Photograph: TT News Agency/Reuters
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Radical Change Is needed..

“‘We cannot solve our problems with the same thinking we used when we created them.”

— Albert Einstein



12 Guiding Principles to optimise linear processes
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Circular technologies are urgently needed
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Circular technologies are urgently needed

1. Collect and
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Green chemistry comes full circle

Slootweg, Nature Chemistry, 2019, 11, 190



‘CHNOPS’: Phosphorus first, as it is life’s bottleneck

“for phosphorus there is neither substitute

nor replacement”

Isaac Asimov
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Green chemistry comes full circle

Slootweg, Nature Chemistry, 2019, 11, 190



‘CHNOPS’: circular technologies are urgently needed
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P Recovery and Recycling, Chem Soc. Rev. 2021, 50, 87




Circular Chemistry: waste = resource!

* phosphate and ammonia
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pure gold?

“£" P Recovery and Recycling, Chem Soc. Rev. 2021, 50, 87
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Circular Chemistry: waste = resource!

* phosphate and ammonia

magnesium
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2021

Pilot plant SusPhos
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Towards a Circular Phosphate Economy




‘CHNOPS’: circular technologies are urgently needed
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Safe and Sustainable by Design

SAFE AND SUSTAINABLE-
BY-DESIGN:

BOOSTING INNOVATION

AND GROWTH WITHIN
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INIDIUSTEAN§

OCTOBER 2021

Hannah Flerlage, Steven Beijer, Anna Chernysheva @
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Redox INefficient Phosphorus Chemistry
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‘CHNOPS’: the origin of life...
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Organophosphate Flame Retardants
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Glacial Melt Inputs of Organophosphate Ester Flame Retardants to
the Largest High Arctic Lake
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* many show toxic effects .. o i Mactni

HIVIRONMENTAL
Smmahﬂmum@

Organophosphate Ester Flame Retardants: Are They a Regrettable
Substitution for Polybrominated Diphenyl Ethers?

Arlene Blum,”* Mamta Behl,” Linda S. Birnbaum,' Miriam L. Diamond,”® Allison [—"hi]lips,-
Veena Singla," Nisha S. i\-“ipuas,‘ﬁf Heather M. Staplemn,“ﬁ and Marta Venier®' "



Socletal Impact

SUSTAINABLE-BY-DESIGN
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Computer-aided redesign framework

i palt s S Predictive models for
e a8 =4 =S * Biodegradability
L WL, K"ﬂ\ N - Toxicit
x ” - * Toxici
. “\«f) :J - ’ ) o S y

A~y )) 3 : S g
- T SRR T \'O o e Environmental fate
. !

A:}”\ sy A T /" Predict and rank O0-P-0Q
¢ 4 ) 4 ALY | . oMo
> A g E Yr Ny properties ‘ 0 \—\_ * Synthesizability
s 3 ~LQ o~ )'»\,\ 5 o
K»'ﬂ\ ngN ¢ /l/
o Select target
II=I‘ structure

o RN
Y ! /ﬁ/
Generate
J\ alternative

Analyze results

structures
Select .
chemical for * Function
redesign  Sustainable production a8 ' ) ' A

Synthesize and test
van Dijk, Flerlage, Beijer, Slootweg, van Wezel, Chemosphere 2022, 296, 134050 target molecule



Current design: Substitute Cl with OH

Identified as hazardous
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Sustaining ‘CHNOPS’, but Phosphorus first!
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