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Advanced recycling encompasses a range of technologies that can help unlock the value of used plastics. Globally, only  
a small percentage of plastic waste gets collected today, and even a smaller percentage gets recycled – mostly through  
a mechanical recycling process. However, advanced recycling represents an opportunity to help unlock the inherent value  
of used plastics that might otherwise wind up in a landfill or incineration.

This white paper explores different end-of-life options for plastic waste and highlights ExxonMobil’s Exxtend™ technology  
for advanced recycling as a viable option that can help enable plastic circularity – a key consideration for many in the plastics 
value chain based on consumer demand.

What is advanced recycling?
Exxtend technology transforms plastic waste at a molecular level into usable raw materials that are attributed via ISCC 
PLUS mass balance approach using the “determined by mass” option with “certified free attribution” applied to the amount 
of certified-circular polymers we sell. Because certified-circular polymers are identical to virgin plastics, they have the 
same quality and performance, so customers can have confidence incorporating certified-circular polymers into sensitive 
applications, including hygiene and personal care products.

Advanced recycling can divert difficult-to-recycle plastic that might have otherwise gone to landfill or incineration. With  
the ability to process complex, multi-polymer material and remove contaminants, this technology can be a complement  
to mechanical recycling. Our technology, built on decades of innovation and operational excellence, is helping to enable

a circular economy for plastics. We are collaborating with the value chain to develop an infrastructure to more effectively 
collect, sort, and process used plastics at scale.

Solutions for packaging that enable sustainability benefits
It is important to understand that advanced recycling is an emerging technology among a range of technologies deployed to 
support solutions that can enable plastic circularity. ExxonMobil has a portfolio of products and services that can help enable 
packaging solutions with sustainability benefits from product design through end-of-life.

Figure 1. Packaging solutions with sustainability benefits
*Recyclable in communities with programs and facilities in place that collect and recycle flexible film.

Doing more with less through downgauging is about reducing the thickness of the packaging film, while conserving its full 
functionality. For example, 25 years ago the bags ExxonMobil transported its resins in – that could hold up to 25 kilograms 
– were made of polyethylene and were 200 microns thick. Today, that material is only 100 microns thick but still gets the job 

https://www.exxonmobilchemical.com/en/resources/value-chain-collaborations/sustainability/do-more-with-less
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done. ExxonMobil continues expanding portfolio of enabling molecules and pushing the envelope of film performance with 
products like Exceed™, Exceed™ XP and Exceed™ S performance PE.  

Designing for recyclability* refers primarily to simplifying the structures of plastic products, going to a mono-material, or 
reducing or changing additives to have something that is more recyclable through mechanical or advanced recycling. In other 
words, the products are made such that they can actually be recycled when they reach the sorting center at end of life.

Increasing recycled content can be facilitated with compatibilizers, which help create bonds between polyethylene and 
polypropylene. These molecules don’t normally bond well, but compatibilizers can help packaging manufacturers see fewer 
issues with sealing or producing a brittle product. By improving the performance of formulations incorporating mixed plastic 
waste, we help create opportunities for its use in more applications.  

When you have a recycle stream that is clean, adding high-performance polymers, like Exceed™  XP, can help to overcome 
property loss while incorporating as much recycled content into your applications as possible. This solution is most commonly 
used for industrial packaging applications, such as palletization film and heavy-duty bag applications.

End-of-life options for plastics
There are two categories of end-of-life options: non-chemical and chemical (see Figure 2). Non-chemical end-of-life options 
include landfills, direct utilization, mechanical recycling, and solvent extraction. Typically, these technologies do not change 
the molecular structure of the polymer.

Direct utilization is about an efficient use of cheap resources, typically mixed plastics, that are used in construction, bricks, 
asphalt, and even garden furniture.

Mechanical recycling is the most common recycling method. This involves melting and pelletizing sorted plastic waste, which  
has been washed for use in different applications (mainly industrial).

Solvent extraction is a process that dissolves the polymer so that it is possible to clean it from other components, such as 
additives. The solvents can also be used to de-laminate and de-ink, for example. The output of solvent extraction is typically 
very high-quality recycled resins.

Figure 2. End-of-life technologies for plastics

https://www.exxonmobilchemical.com/en/resources/value-chain-collaborations/sustainability/design-for-recyclability
https://www.exxonmobilchemical.com/en/resources/value-chain-collaborations/sustainability/increase-recycled-content
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The chemical category can be broken down further into processes that incorporate oxygen and processes that do not. When 
oxygen is not present in the process, we see two main trends: depolymerization or pyrolysis. In depolymerization, the typical 
feed would be polyester or polystyrene. These polymers are reduced to their base monomers and different processes are 
possible – with the difference being the type of chemical reaction that is applied. 

At ExxonMobil, we are currently focused on pyrolysis. In this case, polyolefins are transformed at the molecular level into 
smaller hydrocarbon chains, liquids, or gases that can be used to make new products.

There are two additional processes that involve oxygen: gasification and incineration. Gasification can use a very wide variety 
of waste streams. Polymers are exposed to very high temperatures with oxygen, which produces syngas – a mixture of 
hydrogen and carbon monoxide. Incineration is about heat and power generation. When unsorted waste is burned, as much  
of the heat as possible is captured from that reaction and used to generate power.

Advanced recycling scenarios
There are two primary approaches for pyrolysis-based advanced recycling: standalone pyrolysis units that produce pyrolysis 
oil and facilities units are integrated into a petrochemical complex. At ExxonMobil, we use the latter approach. For example, 
our Exxtend technology for advanced recycling, a proprietary technology developed at our site in Baytown, Texas, utilizes 
existing infrastructure to co-process plastic waste alongside fossil-based feedstocks in our Baytown petrochemical complex.

In both cases, the first step is pre-processing plastic waste to prepare the feedstock. It involves washing, shredding, drying, 
homogenization, and aggregation, which is consistent with the feedstock specifications. Pre-processing is an important step 
to help maximize the polyolefin content and eliminate or reduce other polymers like polyesters, polystyrenes, or PVC, for 
example. During pre-processing, plastic waste is characterized, contaminants are identified, and strategies are developed for 
processing the waste to meet a recycler’s specifications.

The heart of the process is the pyrolysis, for which we use heat to crack the polymer into smaller carbon chains. Polymers are 
melted and put in the pyrolysis reactor in which they are exposed to a high temperature (300 degrees Celsius, 600 degrees 
Fahrenheit) without oxygen so that the polymer is not burned, but instead are converted to smaller carbon chains, such as 
ethane or naphtha in oil and gas forms. Pyrolysis oil and gas are recovered in ExxonMobil’s units and then sent for further 
refining and purification.

Finally, these small molecules are transformed into usable raw materials that can be attributed to certified-circular polymers 
via International Sustainability and Carbon Certification (ISCC) PLUS mass balance approach using the “determined by mass” 
option with “certified free attribution” applied. ExxonMobil has obtained certifications through the ISCC PLUS for several 
of its facilities including its Baytown, Texas, advanced recycling facility. ISCC PLUS is widely recognized as an effective and 
robust mass balance attribution system for plastic waste processed at a certified advanced recycling facility.

Our goal is to process plastic waste, using existing infrastructure and embedded units at our various existing facilities, which 
we believe will enable us to quickly scale up globally.

What are the desirable feedstocks for Exxtend technology?
Figure 3 illustrates the types of feedstocks that are typically best suited for advanced recycling technologies and, specifically, 
which types we look for to use with our Exxtend technology.

The preferred feeds are the polyolefins: polypropylene, polyethylene, mixed multilayer films, rigid or flexibles, in all their 
shapes. Other material that ExxonMobil has processed using Exxtend technology include metalized film, barrier films, 

https://www.iscc-system.org/certification/certificate-database/all-certificates/
https://www.exxonmobilchemical.com/en/exxonmobil-chemical/sustainability/advanced-recycling-technology/mass-balance-attribution


nylon, EVOH, laminate, and artificial grass. Less desirable feeds include polystyrenes and polyesters. The polyester molecule 
introduces oxygen into the process, which we do not want in pyrolysis.

PVC, halogenated materials, and all non-plastic material are avoided. 

Figure 3. Desirable feedstock for Exxtend technology

Conclusion
Advanced recycling technologies present a promising avenue to help address the plastic waste challenge. Because advanced 
recycling is complementary to mechanical recycling, it can help widen the range of plastics that are being recycled.

By unlocking the inherent value of used plastics through methods like ExxonMobil’s Exxtend technology for advanced 
recycling, we can increase the amount of waste that we divert from landfills and incineration. These technologies also  
support the development of a circular economy for plastics.

As we continue to innovate and implement these advanced recycling methods, we can hopefully move closer to a future 
where plastic waste is effectively managed.

Contact us for more information:  
exxonmobilchemical.com/exxtend

©2024 ExxonMobil. ExxonMobil, the ExxonMobil logo, the interlocking “X” device and other product or service names used herein are trademarks of ExxonMobil, unless indicated otherwise. This document may not be distributed, displayed, copied or altered 
without ExxonMobil’s prior written authorization. To the extent ExxonMobil authorizes distributing, displaying and/or copying of this document, the user may do so only if the document is unaltered and complete, including all of its headers, footers, disclaimers  
and other information. You may not copy this document to or reproduce it in whole or in part on a website. ExxonMobil does not guarantee the typical (or other) values. Any data included herein is based upon analysis of representative samples and not the actual 
product shipped. The information in this document relates only to the named product or materials when not in combination with any other product or materials. We based the information on data believed to be reliable on the date compiled, but we do not 
represent, warrant, or otherwise guarantee, expressly or impliedly, the merchantability, fitness for a particular purpose, freedom from patent infringement, suitability, accuracy, reliability, or completeness of thisinformation or the products, materials or processes 
described. The user is solely responsible for all determinations regarding any use of material or product and any process in its territories of interest. We expressly disclaim liability for any loss, damage or injury directly or indirectly suffered or incurred as a result of  
or related to anyone using or relying on any of the information in this document. This document is not an endorsement of any non-ExxonMobil product or process, and we expressly disclaim any contrary implication. The terms “we,” “our,” “ExxonMobil Product 
Solutions” and “ExxonMobil” are each used for convenience, and may include any one or more of ExxonMobil Product Solutions Company, Exxon Mobil Corporation, or any affiliate either directly or indirectly stewarded.

exxonmobilchemical.com/exxtend

