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‘CHNOPS’: the origin of life...




‘CHNOPS’: the origin of waste...

BIODIVERSITYY
HAPSIE

WAL A {"\“\'f

BE SURE
TO WASH YOUR
HANDS AND ALL

e Ny = &



‘CHNOPS’: the origin of waste...
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‘CHNOPS’: the origin of waste...




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

Biochemical flows

Robin McKie, Science editor
Sun 12 Mar 2023 09.00 GMT
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The Phosphorus Cycle in Nature

For his presidential address to the Geological
Section of the Congress of the South Eastern Union
of Scientific Societies, held on October 14, Dr. K. P. (PN RS RRg o MR
Oakley took as his subject ‘“‘Man and the Migrations S B O ik ks Rty
of Phosphorus’. For some time after the earth’s L R e Y a8 e »
formation, the phosphorus cycle in the sea was simple, | g N S A
the phosphate ions being built up into the earliest
forms of organic life and released again at their death,
the only loss occurring through the precipitation of
phosphate ions accumulated at the lower levels, with
the formation of sedimentary rock phosphate beds.

Following the emergence of life from the sea and the

PO43' Phosphorus }

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

Biochemical flows

Robin McKie, Science editor

Sun 12 Mar 2023 09.00 GMT

Nature 1944, 154, 762-763



MODERN KTt IS RUBBISH

Nature Reviews Chemistry, 2023, 7, 593




Radical Change is needed..

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

— Albert Einstein



12 Guiding Principles?

I 2. Minimize potential
for accidents

2. Maximize atom
I 1. Analyze in real time economy
to prevent pollutlon /

3. Less hazardous
chemical syntheses

I. Prevent waste

10. Design
chemicals and 6 GREEN
products to CHEMISTRY » 4. Safer chemicals

degrade after use and products

9. Use catalysts 5. Safer solvents and
reaction conditions

6. Increase energy

8. Avoid chemical
efficiency

derivatives 7. Use renewable
(protecting groups) feedstocks

Anastas and Warner (1998)



Just a Different Feedstock...
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12 Guiding Principles to optimise linear processes

LINEAR ECONOMY 12. Minimiz.e potential e Bl i
for accidents

2. Maximize atom
I 1. Analyze in real time economy
to prevent pollutlon /

3. Less hazardous
chemical syntheses

10. Design
chemicals and 6 GREEN
products to CHEMISTRY » 4. Safer chemicals

degrade after use and products

9. Use catalysts 5. Safer solvents and
reaction conditions

6. Increase energy
efficiency

8. Avoid chemical

derivatives 7. Use renewable
(protecting groups) feedstocks

Anastas and Warner (1998)



Circular technologies are urgently needed
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Circular technologies are urgently needed

1. Collect and

12. Unify industry and  use waste 2. Maximize atom
provide coherent circulation

olicy framework .
POlcY ﬁ. > 3. Optimize resource /. Circular

11. Reject lock-in /) efficiency | Chemistry
10. Sell service, Cil’CUlar 4. Strive for energy

not product - persistence
Chemistry
9. Apply ladder (/

of circularity C /

8. Assess 6. No out-of-plant
sustainability 7. Target toxicity SUSTAINABILITY

optimal design

5. Enhance
process efficiency

Green chemistry comes full circle

Slootweg, Nature Chemistry, 2019, 11, 190



‘CHNOPS’: circular technologies are urgently needed
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Biochemical flows




‘CHNOPS’: circular technologies are urgently needed
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circular, zero emission energy carriers!

“Pe_\rsson, Environ. Sci. Technol. 2022, 56, 3, 1510

ST Safe by
Design

recovery & recycling of nutrients!










P Recovery and Recycling, Chem Soc. Rev. 2021, 50, 87




Circular Chemistry: waste = resource!

* phosphate and ammonia
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Circular Chemistry: waste = resource!

* phosphate and ammonia
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Circular Chemistry: waste = resource!

* phosphate and ammonia
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Circular Chemistry: practicum bij jou in de klas?

* Pilot vanaf februari: testklassen gezocht

 Opgeven bij de stand van Betapartners op de infomarkt

e 2w o
y: - ,

BETAPARTNERS

e Onderbouw activiteit

* Te boeken via betapartners monoammonium phosphate




Pilot plant SusPhos; Towards a Circular Nutrient Economy

U




‘CHNOPS’: circular technologies are urgently needed
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The Paris Agreement

b) Stylized net global CO2 emission pathways
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Decarbonize our Energy System
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Clean Electricity Production/Storage — H, Production/Storage
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The Hydrogen Ladder

Unavoidable

-

Methanol || Hydrocracking || Desulphu

Key:
NH,: 500 MT/yr of CO, (1 8% GCE)

Liebreich
Associates



The Hydrogen Ladder (not a silver bullet)

Unavoidable Kev: Electricity/batteries | Biomass/biogas | | Other

\ NH,: 500 MT/yr of CO, (1 8% GCE) ‘
n“ H on || Methanol || Hydrocracking

Shipping” | | Off-road vehicles | Steel | Chemical feedstock || Long-term storage

Long-haul aviation® | | Remote trains || Coastal and river vessels | | Vintage vehicles™ | | Local CO2 remediation

Medium-haul aviation® | Long distance trucks and coaches High-temperature industrial heat

Short-haul aviation Local ferries Commercial heating Island grids Clean power imports UPS

_“ Light aviation Rural trains Regional trucks Mid/Low-temperature industrial heat Domestic heating
_l\

UrTcompetitive

Metro trains and buses H2FC cars Urban delivery 2 and 3-wheelers Bulk e-fuels Power system balancing

Liebreich
Associates



Clean H, demand

o @

Existing New industry Building and Transport Power
industry use feedstock industry heat generation

Hydrogen demand, million tons

2020 [ <0 first: decarbonise 94 MT/yr of H, = 830 MT/yr of CO,

000 | <o
o0 [ 5 second: more clean H,!

7.9%




Port of Amsterdam — from coal to 1 million tons of green H,
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Safe and Circular H, carriers

v -13% * High energy density Is key
x1.9 ‘
| x2.8-4.2
4.4 ‘
2-3
RT -33 oc H—
Diesel Solid Ammonia Liquid organic Liquid
hydrogen hydrogen hydrogen
(NGBH,) carriers!
¢ (€.g., MCH,

Co1Hy) Energy density, kWh/L



Safe and Circular H, carriers

y -13%

Diesel Solid
hydrogen

(NaBH,)

not flammable, corrosive nor toxic



H2Fuel-UvA Breakthrough Technology

T 00

Adding water for release

© H,
NaBH, e 1\0

>99%
H2FUEL @
Making Hydrogen work

Adding power and

hydrogen for recycling carrier



‘CHNOPS’: circular technologies are urgently needed
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recovery & recycling of nutrients!




‘CHNOPS’: circular technologies are urgently needed
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Redox INefficient Phosphorus Chemistry
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M. B. Geeson, C. C. Cummins, ACS Cent. Sci. 2020, 6, 848—860.



‘CHNOPS’: the origin of life...




Organophosphate Flame Retardants

+ frequently detected Ewm]nﬂ}ﬂgn[ﬂ[
in the environment | Eﬂm noiogy

Article

Glacial Melt Inputs of Organophosphate Ester Flame Retardants to
the Largest High Arctic Lake
Yuxin Sun, Amila O. De Silva,” Kyra A. St Pierre, Derek C. G. Muir, Christine Spencer, Igor Lehnherr,

* many show toxic effects .. M

ENVROMETA
hm&quﬂgﬂS)

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

Arlene Blum,” Mamta Bc111,§_Linda S. Birnbaum,’ Miriam L. Diamond,”© Allison Phillips,.
Veena Singla,” Nisha S. Sipes,"® Heather M. Stapleton,“® and Marta Venier® " ©



Computer-aided redesign framework

Predictive models for
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van Dijk, Flerlage, Beijer, Slootweg, van Wezel, Chemosphere 2022, 296, 134050 target molecule



Flame Retardancy Tests on Wool-PA blend fabrics

Predictive models for
* Biodegradability
* Toxicity

_\_\ o  Environmental fate
1]

P
/l/(') \—\_ * Synthesizability

Materials Science and Technology Select target
structure

Analyze results

— i R i
o_.'p._o 9 * Function

r(') \__ Or—g-()L » Sustainable production \- 'ul A

Synthesize and test
Vertical burning test; 1% of FR by V. M. Adhia, S. Ozer, S. Gaan, EMPA target molecule



Current design: Substitute Cl with OH

Identified as hazardous

/@ ) structural fragment
) Phosphate
C| \ / * Circular production from wastewater

Ethylene glycol as starting material

Hydroxy group OH OH * Potential for sustainable production

e toincrease
biodegradation ' '
) > Organophosphate

* Preservation of function as FR
* Benign by Design

Hannah Flerlage, Steven Beijer, with EMPA and UvA FAME/ECT



Chemie van de toekomst: Groen én Circulair

Societal empowerment
(e.q. better public engagement, consumer acceptance)

Human ‘ A g;". - Durable
Health Ay —~_ reusable,
Safe <5 4 | recyclable

Environment GREEN . FCziircular
esource
DEAL. efficient

Regulatory Athrancad Industrial
preparedness properties relevance
(e.g. adaptive regulation, Functional (e.g. more cost effective,
standards) faster to market)

Efficient process

design v

LIFE CYCLE ASSESSMENT

UNIVERSITEIT VAN AMSTERDAM
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