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NGOsGovernments 
(European Commission, 
European Parliament, 

regional and local governments)

Industries
(Small and medium size enterprises, 

transport, energy and trade 
associations)

Clients

• Independent research and consultancy since 1978

• Transport, energy and resources

• Know-how on economics, technology and policy issues

• 85 employees, based in Delft, the Netherlands

• Not-for-profit

2

CE Delft



CE Delft and chemical recycling research

• LCA case studies and critical reviews for mechanical and chemical recycling 

- Depolymerisation (Ioniqa, CuRe), dissolution (Obbotec), pyrolysis (6 cases) and gasification (Furec) 

and high temperature pyrolysis (Synova)

• Other clients: Municipality of Rotterdam, Province South Holland, Port of Rotterdam, Ministry 

for economic affairs, Total, Sabic, Shell, etc. 

• Policy research/advice and scenarios, e.g. for Dutch government

- Monitoring the plastic-to-plastic yields of chemical recycling (Ministry for Environment)

- Integrating chemical recycling in waste law (Ministry for Environment)

- Evaluating climate change effect of the Dutch ‘transition agenda’ for plastics (Plastic Europe NL)
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Key policy issues for chemical recyling

• Carbon footprint per kg of plastic waste treatment (waste policies)

• Plastic-to-plastic yield for plastic recycling monitoring (for EPR schemes)

• Mass balancing for pyrolysis and gasification 

• Stimulation of Plastic waste to fuel for cars, methane in the grid or aviation fuel (RED, SAF, 

Renewable gas obligation in the Dutch grid)?

• Upcoming European obligation for recycled plastic in new packaging (2030…) and 

the Dutch obligation for 25% recycled or biobased plastic in 2027
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Monitoring of (chemical) recycling

• For mechanical recycling the monitoring system has recently been updated

• But how should companies, EPR organisations and governments monitor chemical recycling?

• Do we need a sort of mass balance approach for monitoring of (all) chemical recycling?

• Should energy use be included in monitoring of chemical recycling?

• Can monitoring be organized so that 

technologies with a larger CO2 reduction 

potential are valued more? 
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Research by CE Delft for Dutch Ministry of Environment

2 main questions:

• How should chemical recycling be added to the current recycling monitoring system for plastic?

• What plastic-to-plastic yields can we expect for chemical recycling technologies?

Commissioned by Ministry of Infrastructure and Water Management 

(responsible for environment, waste and circular economy)

With the help of:

• 11 companies who provided data for case studies

• Feedback from the Dutch packaging EPR organization (Afvalfonds verpakkingen) and NGO SNM 

(Foundation for nature and environment) 
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Overview of plastics recycling options

7 Image based on Crippa et al., 2019, A circular economy for plastics – Insights from research and innovation to inform policy and funding decisions, European 

Commission
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Current monitoring of recycling rates plastic packaging

• 𝑅𝑒𝑐𝑦𝑐𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑝𝑙𝑎𝑠𝑡𝑖𝑐 𝑝𝑎𝑐𝑘𝑎𝑔𝑖𝑛𝑔 𝑤𝑎𝑠𝑡𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑙𝑎𝑠𝑡𝑖𝑐 𝑝𝑎𝑐𝑘𝑎𝑔𝑖𝑛𝑔 𝑝𝑙𝑎𝑐𝑒𝑑 𝑜𝑛𝑚𝑎𝑟𝑘𝑒𝑡

• For mechanical recycling

the plastic waste amount at

the measuring point is measured

and with a “plastic to plastic factor”

the recycled amount at 

the calculation point is calculated. 
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General framework for monitoring (chemical) recycling 

• The same principle can 

be applied to chemical 

recycling technologies

• However, plastic-to-

plastic yields need to be 

determined (mass 

difference between 

calculation point and 

measuring point)
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Plastic-to-plastic yields checked in 11 cases with industry 

• 𝑃𝑙𝑎𝑠𝑡𝑖𝑐 − 𝑡𝑜 − 𝑝𝑙𝑎𝑠𝑡𝑖𝑐 𝑦𝑖𝑒𝑙𝑑 (%) =
𝑅𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑝𝑙𝑎𝑠𝑡𝑖𝑐 𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑𝑖𝑛𝑔 (𝑏𝑦 𝑤𝑒𝑖𝑔ℎ𝑡)

𝑃𝑙𝑎𝑠𝑡𝑖𝑐 𝑠𝑒𝑛𝑡 𝑡𝑜 𝑟𝑒𝑐𝑦𝑐𝑙𝑖𝑛𝑔 (𝑏𝑦 𝑤𝑒𝑖𝑔ℎ𝑡)

• 11 companies helped us with data for the current actual plastic-plastic yields 

(1 dissolution, 2 depolymerisation, 6 pyrolysis, 2 gasification)

• All 11 cases resulted in plastic-to-plastic yields for calculation point/measuring point

• However, note that:

- Cases use different feedstock inputs so not all cases can be compared directly. 

- Cases are intended to illustrate the methodology and to get an idea of plastic-to-plastic yield 

which will be reported by companies
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Plastic-to-plastic yield (definitions)

• A Plastic feedstock: 1 tonne plastic in sorted plastic waste

• B Recycled plastic: amount of new plastic, ready for compounding

• Plastic-to-plastic yield: amount of new plastic, ready for compounding, that can be produced 

from 1 tonne plastic in sorted plastic waste
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Example DKR 350 plastic waste via pyrolysis to PE

• Company questionnaires on plastic losses per sub-process from pre-treatment to polymerisation

• Combined plastic-to-plastic yield: 49%

- i.e. 49 tonne new plastic from 100 tonne input plastic (a large part of the losses is used for energy)
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Pre-treatment 10-15%

Pyrolysis 25-30%

Purification/hydrogenation 2%

Cracking 17-20%

Polymerisation 1%



• High plastic-to-plastic yields expected by developers of dissolution and depolymerization

• More losses in pyrolysis chain 

• However:

- Indicative results that will differ for each input and output

- Plastic-to-plastic yield is one of many relevant indicators

- Important to investigate more cases (gasification, high temperature pyrolysis, bio+plastic conversion , etc)
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Indicative chemical recycling plastic-to-plastic yields

Technology Input Output Mass balancing? Plastic-to-plastic yield

Dissolution EPS /PE PS / PE No 100%

Depolymerisation DKR 328 PET No 97%

Pyrolysis DKR 350 (mixed)/DKR 310 (films) PE Yes, ‘fuels exempt’ 49%



Mass balance methods

Necessary for pyrolysis and gasification (not for depolymerisation and solvent-based purification)

Three main mass balance options have been suggested:

• Free allocation: Recycled content in all outputs (materials and fuels) can be freely allocated (except losses)

• Fuels exempt: Recycled content in all non-fuel outputs can be freely allocated (except losses)

• Technical balance: Recycled content is determined based on the amount theoretically present in the output 

product. All products receive a proportional share of the recycled content in the inputs.

Policy discussions on which form of mass balancing should be permitted are ongoing.

Regardless of the option selected, double counting of recycled content should be avoided and 

recycled content claims should be clearly indicated to avoid misleading consumers.
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Fuels exempt mass balancing (used in this study)

• Balance between very strict and very lenient rules:

- Allows shifting recycled content from non-plastic products (e.g. solvents) to plastics

- Does not allow allocating recycled content from fuel products to plastic outputs

• Recycled content that is physically removed from the economy (as fuels and process losses) is 

also administratively removed; less confusing for consumers

• Does prevent double counting in support for recycling and energy (recycled carbon fuels, SAF)

• Less freedom for technology developers, could affect economic viability of some routes

• Plastic-to-plastic yields of technologies derived using fuels exempt mass balancing correlate

(rather good) with carbon footprint results so policy steering with this yields do result in the 

best CO2 reduction scores. 
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• Note: simplified overview, based on current insights for European situation; technologies are still in 

development and environmental performance depends on context; not all technologies can treat all plastics;…

GHG emissions reduction and output quality
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• Dutch waste law prefers 

technologies with the highest CO2

reduction compared with 

incineration of plastic waste in a 

MSWI

• Plastic-to-plastic yield has strong 

correlation with CO2 reduction 

scores for mechanical recycling, 

solvent-based purification, 

depolymerisation and pyrolysis. 

• For gasification further research 

recommended. 
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Correlation plastic-to-plastic yield with CO2 reduction

Technology Carbon footprint reduction 

compared to incineration 

in MSWI

kg CO2 eq./kg plastic in 

waste 

Plastic-to-plastic 

yields

(Table 3)

Mechanical recycling 

mono-materials

2.5 to 3.5 89-100%

Mechanical recycling 

mixed plastic

Around 2 60%

Solvent-based 

purification/ 

depolymerisation

Around 3 97-100%

Pyrolysis Around 1.5 49%



Energy?

• All recycling processes need some energy, chemical recycling in general more than mechanical

• The current recycling formulas neglects energy

• We checked the mass-energy balances of the technologies with Cumulative Energy Demand figures for 

both the plastic compounds and the energy inputs:

- The energy demand figures for both mechanical recycling as for chemical recycling are less certain and published 

than the yield data

- The ranking of the technologies based on the mass-energy balance is very similar to the plastic-to-plastic yield

- Pyrolysis uses most energy but this supplied largely by the input plastic so this is already reflected in the plastic-

to-plastic yield 

• If pyrolysis is using part of the input for energy use an energy factor in the formula is not necessary
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Summary / conclusions of monitoring of chemical recycling

• Chemical recycling can be included in recycling monitoring using plastic to plastic yields

• In 11 cases studies we calculated plastic to plastic yield factors for 3 technologies 

(solvent based purification, depolymerization, pyrolysis) besides mechanical recycling

• The calculated plastic to plastic yield do correlate with the CO2 reduction per kg of waste if you 

compare recycling with incineration (MSWI)

• The described methodology can be used by companies and EPR organizations to analyze 

technologies and this results can be checked with the plastic-to-plastic yields in this report

• For gasification we advise extra research (the carbon footprint is now the best way to judge)

• We focused on recycling to plastic. Recycling to other materials requires extra research as well.
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Key findings chemical recycling in general

• Chemical recycling can lower GHG emissions compared to incineration

- Short-loop chemical recycling offers larger environmental benefits than longer-loop

- Plastic-to-plastic yields correlates with GHG emissions reductions

• Plastic-to-plastic yields can be used by policymakers to monitor contribution of 

chemical recycling to circular economy

- First conservative values available in CE Delft research, but more cases required, e.g. for gasification

- EU-wide approach/harmonized methodology would be efficient

• Currently a lot of plastic waste available but in 5-10 years plastic waste will become scarce

- Plastic use is 2 times more than plastic waste (more use in long life products)

- Focus on high plastic to plastic yields technologies
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Suggestions for further research

• Develop European and national scenarios for (plastic) waste treatment including both better 

sorting, more mechanical recycling and different types of chemical recycling to find the optimum

- Sorting is often forgotten but can also be optimized

- Different technologies can deal with different plastics. 

• Analyze more cases for the plastic-to-plastic or plastic-to-chemical yields

- Some technologies are currently improved

- Some technologies produce non-plastic chemicals. Important to determine how to compare 

these with plastics (economic value? , carbon footprint value?)

• Combine recycled and biobased as renewable plastic

- Some processes can deal with plastic and biomass. This does not fit in the current policies. 
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More information

• Contact information

- Geert Bergsma: bergsma@ce.nl

- Martijn Broeren: broeren@ce.nl

• Mandatory percentage of recycled or bio-based plastic. In the European 

Union
https://cedelft.eu/publications/mandatory-percentage-of-recycled-or-bio-based-plastic/

• Monitoring chemical recycling
https://cedelft.eu/publications/monitoring-chemical-recycling/

• CO2 reduction with circular plastics in the Netherlands
https://cedelft.eu/publications/co2-reduction-with-circular-plastics-in-the-netherlands-scenario-analysis-for-2030-and-

several-case-studies/

• Exploratory study on chemical recycling
https://www.cedelft.eu/en/publications/2173/exploratory-study-on-chemical-recycling

• CE Delft’s department on raw material supply chains
https://www.cedelft.eu/en/raw-material-chains
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