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Koolstof boven de grond als grondstof voor toekomstig plastic
Power to Chemicals

Gert-Jan Gruter, 14 oktober 2021
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Plastics – waar staan we vandaag ?
Feiten over plastic*

 2020 plastic productie: 400.000.000 ton (400 Mt) per jaar

 5-6% van alle olie  plastics + 5% van de energie voor produktie

 Vandaag 2 Mt/ jaar bio-based (0.5% )

 9% van alle plastic ooit gemaakt werd gerecycled 

 8 Mt/ jaar “lekt” in het milieu 

 > €1000 miljard geinvesteerd in fabrieken voor plastics 

 3-5% groei per jaar 
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* https://ourworldindata.org/faq-on-plastics#how-much-plastic-and-waste-do-we-produce
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In 1 stadion past 1 miljoen

ton plastic pellets



Plastics – waar staan we vandaag ?
Feiten over plastic*

 2020 plastic productie: 400.000.000 ton (400 Mt) per jaar

 5-6% van alle olie  plastics + 5% van de energie voor produktie

 Vandaag 2 Mt/ jaar bio-based (0.5% )

 9% van alle plastic ooit gemaakt werd gerecycled 

 8 Mt/ jaar “lekt” in onze oceanen 

 > €1000 miljard geinvesteerd in fabrieken voor plastics 

 3-5% groei per jaar 
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* https://ourworldindata.org/faq-on-plastics#how-much-plastic-and-waste-do-we-produce
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https://www.anylogic.com/articles/generic-simulation-model-to-optimize-production-and-workforce-planning-at-an-automotive-suppplier
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Environment and climate

Society

Immigration & integrationIncome & Economy

Health & elderly care

Volkskrant 4 January 2020
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Response frequencies 

Bio-based plastics are biodegradable (N=508)

De plastic transitie
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Source: @ CIEL

GJ Gruter - Industrial Sustainable Chemistry



Plastics moeten “anders”
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Electrochemical Reduction of CO2

Electricity only cost
• Assume 2500 kWh electricity for 2 electron reduction of 1 ton CO2

• Assume 0.05/kWh

2e-
 €175/ton CO2

= €175/ton formate
2e-
 €175/ton CO2

= €286/ton CO

6e-
 €525/ton CO2

= €722/ton methanol   

8e-
 €700/ton CO2

= €1925/ton methane   
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EU Project OCEAN

This project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 767798
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OCEAN (UvA) Scope:
• Electrochemical reduction of 

CO2 to formate 

• Chemical conversion of 

formate to oxalate

• Chemical conversion of oxalic 

acid to glycolic acid. 

• Polymerization of GA

http://llchemical.com/
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LTE  = low T electrolysis,

HTE = high T electrolysis, 

MES = microbial 

electrosynthesis, 

BC    = biological 

conversion, 

TC    = thermochemical  

conversion
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More Materials Needed
CPG spend nearly doubles to $14tr in 2025 from 2014 

(McKinsey & Co., 2017)
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Which molecules make (most) sense from Glucose and CO2
(technologically and economically)

Gluc: C6O6

SA: C4O4

AdA: C6O4

MEG: 3x C2O2

PDO: 2x C3O2

BDO: C4O2

HDO: C6O2

LA: 2 x C3O3

FDCA: C6O5

IS: C6O4



No oxygen

CO2

OA: C2O4

GA: C2O3

MEG: C2O2



PE uit CO2-gebaseerde etheen is niet competitief

 CO2 to ethylene requires 6 electron reduction per carbon or ~10.5 MWh electricity per ton CO2

or 33 MWh per ton ethylene.

 CO2 to oxalate requires 1e reduction per carbon or ~1.75 MWh electricity per ton CO2 AND

1.75 MWh per ton oxalate (!!)

 For making 315 Mt CO2-based ethylene, we need 10400 TWh electricity (42% of current global 

electricity consumption).

 For making 315 Mt of CO2-based oxalic acid we need 550 TWh electricity (2% of current global 

electricity consumption). 
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CO2 to formate (HCOOM) - TRL 6 @ RWE Germany
Avantium EC Cell coupled to CO2 emission stream from energy plant
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Goal: High Current density > 2kA/m2 + high Faraday efficiency (>90%) + catalyst stability
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Bio-based polyesters
PLGA with high GA

Oxalic acid
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50% GA

90% GA potentially

90% CO2-based

Oxygen permeability and Water permeability for PLGA copolymers at 70% RH and 30 °C
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98 parallel vessel automated soil & (sea)water respirometer



29

PLA

High Tg PISOX

PLGA 20-80

PLGA 10-90

Cellulose

GJ Gruter - Industrial Sustainable Chemistry

Ambient temperature soil (bio)degradation)



CCU processes - considerations

 Electrocatalytic conversion requires energy input. The amount depends very much on target product. 

 Fossil based grid mix might even increase CO2 emissions (in that case CO2-neutrality can then only be 
achieved by combination with CCS)

 CCU from fossil CO2 can contribute to early climate goals as long as there is fossil based industry – but it 
should not contribute to maintain it. Fossil CO2 should be avoided or compensated by CCS towards 2050.

 LCA and TEA* required: environment & economy

Life Cycle Analysis & Techno Economic Analysis

Bio-Based Circular Business Platform, working group C1 30



Conclusions

 De materialen transitie is een geweldige KANS om onze plastics te re-designen !

 Condensatie polymeren zijn heel logisch vanuit koolhydraten (suikers) en CO2, met name 
polyesters (atom efficiency = winning economics).

 Polyesters (in tegenstelling tot polyolefinen) KUNNEN closed-loop gerecycled worden.

 Veel polyesters zijn biodegradeerbaar (omstandigheden ? Tijdschaal ?)

 Het aantal duurzame polyester materialen die we uit hydroxy-zuren (melkzuur, glycol zuur, etc), 
diolen en di-zuren kunnen maken is eindeloos.

 Grootste horde: korte termijn (kleine schaal) zijn nieuwe materialen altijd duurder

 Betere eigenschappen leiden tot concurrentie op performance terwijl drop-in kan alleen
concurreren op prijs !
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