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Abstract
The global demand for polymers is increasing at a fast pace, which creates a clear need for alternative pathways to produce them more sustainably. Specifically, the linear nature of the current plastics economy based on fossil carbon poses a threat to the environment, as it is highly resource and carbon intense. In this work, we assess the environmental performance of an alternative circular carbon strategy for plastics based on chemical recycling routes with high technology readiness level, whereby polymer waste is first converted into methanol via gasification, and the latter is subsequently transformed into building blocks for plastics production. Results showcase that the circular route based on chemical recycling enables a significant reduction of the life-cycle emissions of the plastics economy, more so in the future as power mixes get decarbonized.
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1. Introduction
The increasing demand for polymers, notably in the plastic packaging sector, is coupled with large amounts of waste generated globally, with only a small fraction being recycled (Geyer et al., 2017). Moreover, polymers production is carbon and resource intensive, following a mostly linear economy, with most polymers deriving from fossil feedstock. The need for a circular polymer economy has motivated the development and implementation of new recycling technologies aiming to extend the lifetime of materials and decrease the detrimental environmental effects caused by mismanaged plastic waste (Ellen MacArthur Foundation, 2016).
For instance, Meys et al. (2021) have explored pathways to enable net-zero plastics, heavily relying on renewable energies, carbon capture and utilization, and increasing recycling rates up to 70%. However, their study excludes high technology readiness level (TRL) technologies for chemical recycling, focusing instead on low TRL routes that have not been deployed at scale yet and, thus, are affected by more pronounced uncertainties. Moreover, this study omitted how expected changes in the economy, e.g., due to decarbonization trends in power systems, will influence the performance of the investigated chemical recycling technologies. 	Comment by remote user: again, you are also focusing on ghg emissions, right? maybe change wording to reflect.	Comment by Cecilia Salah: This is a good point. I think now it is more consistent.	Comment by Guillén Gosalbez  Gonzalo: I guess this statement is true, that that original work was not prospective, right?	Comment by Cecilia Salah: Yes, it is correct! They don’t modify the background according to IAMs in Bardow’s papers, they optimize an electricity mix for 2050
We here study the emission-reduction potential of closing the ethylene loop by deploying high TRL technologies based on waste polymers-to-methanol and methanol-to-olefins routes. We find that this route enables polymers with a lower carbon footprint than the current plastics economy, notably in a future with low-carbon power mixes.  
2. Methodology
The chemical recycling route consists of the gasification of plastic waste to produce syngas (Salah et al. 2023), which is then converted into methanol and further transformed into ethylene based on the work by Ioannou et al. (2023). We implemented detailed process simulations in Aspen v12 and computed the mass and energy balances of the waste-to-methanol-to-olefins process to build the life cycle inventory needed for the environmental assessment.
The life cycle assessment (LCA) was carried out in Brightway2, using Ecoinvent v3.8, following a cradle-to-grave approach. The aforementioned circular route was compared to the business-as-usual (BAU) fossil ethylene obtained from naphtha steam cracking. Both systems considered the production of ethylene, its transformation to polyethylene, collection, sorting and end-of-life treatment. The BAU end-of-life was defined considering the global average waste management of waste polymers in 2015 described by Geyer et al. (2017). In the circular route, it is necessary to account for losses of the waste-to-methanol-to-olefins process in order to close the mass balance. For that reason, this scenario also accounts for a make-up of BAU ethylene.
The climate change impact of both routes was calculated according to the IPCC 2021 GWP100 method. Additionally, we explored the evolution of environmental impacts with time, by performing the LCA in 2020 and 2050 using scenario information from an integrated assessment model (IAM) for the background system. Specifically, this prospective assessment was carried out for the climate policy scenario PkBudg500 of the socioeconomic pathway SSP2, following the REMIND framework. 	Comment by remote user: note that you use another scenario in the SETAC abstract. Is that intentional?	Comment by Cecilia Salah: Yes, it is. I used REMIND here to avoid having an electricity mix with negative emissions. Should I change it? Or maybe include this scenario as well in the SETAC abstract?

3. Results and Discussion
Implementing the chemical recycling technology for circular polymers in 2020 would enable a 17.5% reduction of the global warming impact (GWI) relative to the BAU scenario. Analysing the process contributions to the overall GWI (Figure 1), we find that the emissions linked to the incineration of waste polymers are the main contributor to the GWI in the BAU scenario, followed by electricity and the direct emissions of the fossil route deployed for ethylene production. Analogously, more than half of the circular polymers’ GWI comes from the electricity used in its life cycle. 
Moreover, following the decarbonization pathway PkBudg500 of REMIND, we find that the emissions gap between the circular economy of polymers and the BAU will grow in the future substantially. This is because the former is much more sensitive to the carbon footprint of the power mix, which will be drastically reduced in the future.
[image: ]
Figure 1. Global warming impact of the BAU (A) and circular (B) scenarios in 2020 and 2050 following the REMIND decarbonization pathway PkBudg500.
4. Conclusions
Our work studied the environmental potential of implementing a high-TRL chemical recycling route to decarbonize the plastics economy. We found that the waste-to-methanol-to-olefins route already outperforms the BAU technology at present (17.5% less carbon footprint). Moreover, the gap between both will most likely grow substantially in the future due to decarbonization trends across sectors. We therefore highlight the need to further investigate circular carbon models for plastics production. Moreover, our results underscore the importance of conducting prospective life cycle assessments to support decision- and policy-making more effectively in the quest for a circular plastics economy. 
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