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General Business 

In this document, we aim to provide answers to the most frequently asked questions from our webinar 
“The Importance of Advanced Recycling”, held in partnership with Packaging Europe on 1st July 2021. 
This document does not include cost-related clarifications, as we prefer to have these conversations 
directly. If you have any cost-related queries, please get in touch to set up a commercial discussion. 

The Dow Team 
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Mura’s HydroPRS™ technology  
Questions to and answers from Mura Technology 

 

Do you expect the feedstock to come from the non-recyclable streams from sorting centers or 
would you like to have a dedicated stream to use?    

Yes, we expect our feedstock to come from the non-recyclable (residual) streams from Material 
Recovery Facilities (MRFs) or other such processes. Our target feedstocks are those plastics which 
cannot be recycled via traditional mechanical methods, so are currently incinerated. If this waste plastic 
was available in dedicated streams (rather than being mixed in with other residuals) then it would be an 
improvement, but we are able to perform additional sorting to remove the non-plastic component of 
existing waste streams if required.  

 

How does Mura technology compare to Pyrolysis or gasification?   

Whilst both methods are advanced recycling, there are a few key differences between hydrothermal 
upgrading (HydroPRS™) and conventional pyrolysis, primarily because (HydroPRS™) is water based. 
Utilizing direct contact heat transfer between the plastic melt flow and supercritical steam provides a 
highly efficient energy transfer, allowing reaction conditions to be effectively controlled, meaning the 
process is uniquely scalable, allowing much larger production plants to be built. Using steam to break 

https://engage.dow.com/LP=10991?cid=EML:21936
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down the plastics also has other advantages, as under our operating conditions the steam itself can 
donate hydrogen to the radical sites as the carbon to carbon bonds are broken, reducing cross linking of 
reaction products and leading to high yields of stable liquid products. 

Another advantage of being able to control reaction conditions is that HydroPRS™ does not generate 
char during the conversion process, which also contributes to higher yields and does not require the 
process to be brought off-line for cleaning etc. In addition, being water based allows for soluble 
contaminants such as chlorides to partition to the water effluent rather than product oils, leading to high 
quality products. 

HydroPRS™ can process a wide range of plastic feedstocks and is tolerant to organic contaminants, 
alongside being able to recycle mixed waste streams of multi-layer, composite polymer materials. 

 

Is Mura open to licensing their technology to recyclers?  

Mura has a flexible business model and with its licensing partner KBR, will license the technology to third 
parties.  Mura will consider other forms of partnership including joint ownership of projects.  

 

Is Mura technology limited to advanced recycling of plastics or can it take other typical 
household / industry waste such as paper, wood, food residues?   

An advantage of HydroPRS™ is its ability to process contaminated feedstock, including organics such 
as paper and food residues. These contaminants are converted into a process gas which is used on site 
to generate the supercritical steam. This removes the requirement for intensive pre-cleaning of feedstock 
materials. Our process is optimized to take feedstock which are predominantly plastics, but we are 
tolerant of contaminants as mentioned. 

 

To what extent is the Mura process unique or comparable to other chemical recycling 
technologies already operating at commercial scale? 

HydroPRS™ is unique in its use of supercritical water to recycle waste plastics. The process is able to 
recycle those plastics that cannot be recycled via traditional mechanical recycling and would otherwise 
be destined for incineration or landfill, and so it is a complementary solution to sit alongside mechanical 
recycling processes. It is comparable to pyrolysis, however with some advantages due to being water-
based as outlined before. 

 

Can mixed plastics be processed with Mura Technology process or do they need to be  
singled out?  

HydroPRS™ can recycle mixed streams of plastic waste, including multi-layer, flexible materials, without 
need for segregation. Target feedstocks include HDPE, LDPE and PP (polyolefins), from post-consumer 
sources, alongside agricultural, Material Recovery Facilities (MRF’s) and AD residual material. 
HydroPRS™ is also able to tolerate levels on non-target plastics, including PET, ET, Polyamides, PS, 
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EVOH, EVA, ABS and others including PVC, however we look to minimise PVC content due to end-
product quality reasons. 

 

Since you state that you will be taking the contaminated mixed waste that mechanical recycling 
doesn't want. What will be the end output of this approach (polyethylene, polypropylene, nylon, 
fuel, etc.)?  
HydroPRS™ produces liquid products for use as feedstocks for the petrochemical industry to make new 
products. We can be flexible on the products produced - for the initial commercial facility in Teesside, 
UK, we are looking at four separate product fractions as outlined below: 

• Naphtha: Steam Cracker Feedstock to substitute fossil naphtha for use in the manufacture of new, 
virgin plastics.  

• Distillate Gas Oil: Steam Cracker Feedstock to substitute fossil naphtha for use in the manufacture of 
new, virgin plastics.  

• Heavy Gas Oil: Petrochemical feedstock for refinery processes to make chemicals, oils, speciality 
plastics and wax products.  

• Heavy Wax Residue: Bitumen aggregate for use in low-carbon road infrastructure, or as a feedstock 
for heavy-refining processes.  

 

Steve Mahon mentioned Mura to expand from UK to Europe and US. The circularity/green deal 
discussion gives a push in Europe, but what about Asia, where plastic pollution is maybe a larger 
problem today? 

Mura’s focus for implementing HydroPRS™ remains international and whilst we have communicated our 
plans for new sites in the USA and Europe alongside our first site in the UK, Asia remains a key market 
for the process. In June 2021, we were pleased to announce our first licensing agreement with 
Mitsubishi Chemical Corporation for the roll-out of the technology in Japan. We continue to have positive 
conversations with new partners for roll-out of the technology in Asian countries such as South Korea 
and Malaysia.  

 

Would you please discuss on naphtha yield of Mura technology i.e. 1 ton of plastic waste turns 
into how many kg of naphtha? 

This depends somewhat on our downstream partners ability to take higher boiling liquids into their steam 
cracker feedstock as a substitute for fossil naphtha. As a minimum, we expect approx. 60% of our liquid 
products to be used as steam cracker feedstock, however this could be up to 85% of liquids for some 
partners. On a tonne of plastic waste in basis (daf) this would equate to approximately 500 - 700 kg of 
synthetic naphtha. 
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Will this technology ensure recycling of all types of laminates manufactured or will it process 
only particular types of laminates ex. PET/Poly?  

The target feedstock for the Wilton plant is post-consumer packaging waste, typically rich in polyolefins. 
However, the HydroPRS™ process itself is able to break down other polymers such as PET, 
Polyamides, PS, EVOH, EVA, ABS and others including PVC, however we look to minimize PVC due to 
product quality reasons. In the general mix of household plastics, PET trays and bottles are usually 
collected separately by local councils and are sent for processing by specialist recyclers. The remaining 
PET content in residual waste, i.e. multi-layer flexible films, pouches and some trays, will be within the 
process parameters we set for the treatment of plastic waste. This also applies to barrier materials such 
as aluminum coatings, EVOH and nylon. Therefore, we are confident that the HydroPRS™ process will 
successfully recycle post-consumer waste feedstock containing multi-layer film and other composites. 

 

Where does the waste for chemical recycling come from?  

The target feedstock for the HydroPRS™ process is PE and PP rich plastic waste that would otherwise 
go to incineration or landfill. This can be sourced from local households, commercial or industrial waste 
streams. Clean process waste from manufacturing facilities can also be accepted.  

 

 

Advanced recycling 
 

Does advanced recycling affect the strength and performance of the specific material, e.g.  the 
physical strength/property of HDPE or the migration properties of a material especially for food 
products?  

Advanced recycling breaks the plastics down to the monomer-level (ethylene), the building blocks for 
new polymers like HDPE. This means that one can make new polymers of these building blocks that are 
completely equal to so-called virgin plastics (materials made from non-recycled feedstocks such as fossil 
naphtha or bio-based naphtha). To this end, existing production facilities can be used with strict 
specifications on polymer-grade intermediates and materials. As these processes comprise multiple high 
temperature steps and multiple fractionations, this delivers not only a high-quality product, but also food 
contact grades can be met easily. 

 

Will developing recycling plastics technologies not create problems for incinerators running 
temperatures and create a situation where these incinerators would have to be fed with clean 
elements to reach a sufficient temperature, so the incinerators will not emit toxic gas? 

The purpose of recycling plastics is to avoid the CO2 emissions related to incineration and to reduce the 
need for non-renewable feedstocks such as fossil naphtha. Multiple LCAs show that advanced recycling 
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technologies have the potential to reduce the CO2 footprint of end-of-life plastics significantly by keeping 
the carbon in the material loop. As plastics typically take up less than 10% of municipal solid waste, 
there will still be enough carbon containing waste to allow incineration of the non-recyclable fractions. 
From an environmental perspective, any reuse or recycling of materials is preferred over landfill and/or 
incineration. 

 

Which types of plastic can be utilized via chemical recycling? What level of mixed plastics would 
this technology accept? Currently we work with PP, LDPE and HDPE as our main plastic sources. 
How can this not be competing, and do you have any comments? 

There are many different types of polymers/plastics, and for all of them recycling technologies have been 
developed or are being developed. It is a challenge that all these plastics are typically used and/or 
collected as a complex mix. This means that we either need excellent sorting or recycling technologies 
that can handle mixed plastic waste. Or, a third option is to design materials that are easier to sort and 
recycle and designed for recycling (D4R) from the outset. Advanced recycling via pyrolysis is quite 
flexible on the composition of the input, but certain polymers are to be excluded to avoid quality issues 
with the output. Pyrolysis can handle (L)LDPE, HDPE, PP, and PS, whereas PVC, polyester, nylons, 
and bio-degradable polymers should be avoided. For the latter, other routes should be selected. 

 

What is the logistics in acquiring materials for chemical recycling? My interest in this technology 
would be around industrial application and the need to have consistent high-performance virgin-
based resins, that today mechanical recycling is very limited in its usage for our applications. 

Indeed, chemical recycling is offering a possibility to have recycled materials with the same performance 
as virgin materials. You also raise a valid point with regards to the logistics of the waste and we are 
taking this into consideration.  

 

What is the quality of the chemically recycled polymers and with which data do you proof that 
plastics are recyclable multiple times through chemical recycling? / How do we know it’s going 
to continue quality in the loop? 

It depends on the recycling technology and the material if multiple cycles can be applied. In general, one 
can state that advanced recycling has the advantage that each cycle produces new polymers of the 
same quality as virgin materials. It therefore depends on the use phase and waste phase if the material 
will be good enough to enter the recycling system. With the right design of the complete value chain, 
plastics can be recycled multiple times. 

 
How do you plan to prove the use of chemical recycled material, will your attempt be also via 
mass balance or do you plan to promote a circular product range that does not require any 
certifications like ISCC plus?   
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As we currently do with our bio-based offering, we are working on a mass balance chain of custody 
under ISCC+ certification. This approach is accepted by renowned associations such as the Ellen 
MacArthur Foundation (who published a white paper on ‘Enabling a circular economy for chemicals with 
the mass balance approach’), and helps to advance the ambition of the circular plastics economy, while 
allowing to recirculate plastic waste-based feedstocks together with standard fossil naphtha in current 
manufacturing plants. This has a very strong sustainability and cost efficiency component, since there is 
no need to build separate plants to process these circular feedstocks and current systems can be used. 
This also helps to accelerate the commercial realization of the circular plastics economy. Circular resins 
have as such the same properties, specifications and thus final performance as their fossil counterparts, 
including food contact compliance, and they can be recycled again with the polyethylene plastic stream. 
As such, circular resins will be complementing mechanical recyclates to expand the use of plastic waste 
into new applications helping to save fossil plastic resources and to reduce the plastic waste overall. 

 

How does Mura's advanced recycling improve the carbon footprint of bio-based materials?     

Mura Technology’s solution offers circularity to Dow’s bio-based offering. Bio-based polymers have a 
favorable carbon footprint over fossil-based polyethylene; however, they are not considered to be 
circular by default.  

For the bigger picture, giving waste a second life is more carbon-efficient than incineration, which is still 
widespread and linear. Investing and scaling advanced recycling will be fundamental in helping to close 
the loop on plastic waste because it allows us to recycle previously hard-to-recycle plastics. And this will 
ultimately help us cut CO2 emissions. One ton of plastic waste processed via advanced recycling 
technology could save approximately 1.5 tons of CO2 when compared to incineration. Additionally, it 
saves 1 ton of fossil resources, see this independent analysis by CE-Delft: Exploration chemical 
recycling. 

We will keep working with our partners, including Mura Technology, to improve recycling technology and 
cut further CO2 emissions as this technology develops at scale, using all of Dow’s expertise and effort. 

 

Will the circular polymer to be delivered by Mura be of different types or only PE types? 

Dow will be delivering circular polymers from other sources by end of 2021. We expect to see the world’s 
first plant using Mura’s HydroPRS™ technology in Teesside, UK, to be operational in 2022 delivering the 
first 20,000 tons per year. Once all four lines are complete, Mura will be able to recycle up to 80,000 
tonnes of plastic waste per year, providing Dow with raw materials produced by the process. Dow will 
use these materials to develop new, virgin-grade PE-based plastic for applications such as food 
packaging and other packaging products to be re-circulated into global supply chains, creating a true 
circular plastics economy. 

 

  

https://www.iscc-system.org/wp-content/uploads/2019/06/Mass-Balance-White-Paper.pdf
https://www.iscc-system.org/wp-content/uploads/2019/06/Mass-Balance-White-Paper.pdf
https://cedelft.eu/wp-content/uploads/sites/2/2021/03/CE_Delft_2P22_Exploration_chemical_recycling_Extended_summary.pdf
https://cedelft.eu/wp-content/uploads/sites/2/2021/03/CE_Delft_2P22_Exploration_chemical_recycling_Extended_summary.pdf
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What economic scale makes advanced recycling competitive with virgin polyolefin or mechanical 
recycling? 

Making advanced recycling competitive with mechanical recycling and virgin polymers depends on many 
factors such as the price of carbon, the price of the waste, the price of energy and the carbon efficiency 
of the technology. In a recent study by McKinsey et al., it was demonstrated that starting from a scale of 
~50 kta, feedstock recycling can become competitive with virgin material. 

 

Food contact 
 

As food contact is a big issue for recycling plastic could we imagine imposing 100% recycling 
plastic activities like secondary packaging or first packaging for non-food market? 

Indeed, there is little to no approval for food contact with mechanical recyclates, and for food contact we 
are focusing on advanced recycling. Our developments in mechanical recycling are focused on 
secondary or tertiary packaging. 100% recycled contents are an interesting goal if functionality is 
maintained. In most of the cases, it will be a mix of virgin and circular polymers.  

 

On the one hand, composite materials / laminates have significantly better barrier properties in 
the case of food contact, on the other hand, they can hardly be recycled. More of these 
components results in much fewer sources of single grade plastic. Which concept does the food 
industry favour? 

At Dow, we are working on high-barrier mono-polyethylene solutions to combine food preservation and 
recyclability. 

 

 

Mechanical and chemical recycling 
 

Do mechanical and chemical recycling compete for the access to similar waste plastics 
feedstocks? 

They don’t. Where plastics cannot be mechanically recycled, that’s when they become a source for 
advanced recycling. We should always try to mechanically recycle as much as possible first. 

 

Can you provide an indication of mechanical vs chemical recycling energy usage? 

Advanced recycling and chemical recycling are two completely different recycling options with 
differences in suitable inputs, differences in outputs, and differences in the number of steps and types of 
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steps. In general, since there are more steps and higher temperatures involved in advanced recycling, 
the energy use is higher than for mechanical recycling. However, this effect is then partially 
compensated since mechanical recycling has higher energy demands in the sorting and cleaning 
processes.  

 

Are there any good LCA (Life Cycle Assessment) studies available? 

From an LCA perspective, it depends on which polymer and recycling technology you look at. A recent 
review by Schwarz et al. (www.sciencedirect.com/science/article/pii/S0956053X20307091) shows that 
recycling is always better than incineration, but for some recycling options advanced recycling is the 
better solution while for others mechanical recycling is preferred. It must be stressed, however, that 
outputs are not equal and not all products allow for both recycling options. For several semi-commercial 
recycling technologies, LCAs have already been published, but as the field is still largely in development 
there is limited data in the public domain (https://cefic.org/media-corner/newsroom/new-study-confirms-
role-for-chemical-recycling-in-reducing-greenhouse-gas-emissions) . Dow is currently developing LCAs 
for the technologies that have been selected for our circular polymer portfolio.  

 

If we are so focused on chemical recycling, why is there also emphasis being put on conversion 
from multilayer, multipolymer, high barrier films to polyolefin?  Why not simply wait until the 
infrastructure develops rather than working to evaluate high barrier PE films? 

At this moment, multi-layer plastics (MLPs) are challenging for mechanical and chemical recycling, 
mostly due to the heteroatoms in these materials. However, two technology developments will facilitate 
the recyclability of MLP: several separation techniques are underway to selectively remove the layers 
and allow for recycling of the individual components independently. In addition, design for recyclability 
activities target to develop better recyclable packaging, including mono-material packaging and 
multilayer packaging. 

 

Policy 
 

What if there is no one collecting plastic in your country?  

This is something we must address, and we are pushing for harmonization in collecting and sorting 
across the EU. Many EU Member States already have plastics collection in place, but not all of them.  
EU regulation requires all EU Member States to introduce EPR (Extended Producer Responsibility) 
schemes for packaging of all materials to be introduced by 2025. This should ensure collection and 
sorting of flexible plastics by that date at the latest.  

 

http://www.sciencedirect.com/science/article/pii/S0956053X20307091
https://cefic.org/media-corner/newsroom/new-study-confirms-role-for-chemical-recycling-in-reducing-greenhouse-gas-emissions
https://cefic.org/media-corner/newsroom/new-study-confirms-role-for-chemical-recycling-in-reducing-greenhouse-gas-emissions
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Is rPE allowed in the EU for food contact materials if it is chemical recycled? 
The answer is yes. 

 

Not all products of chemical recycling of all levels of mixed plastics will become new plastics - 
can it still be considered recycling if a percentage of the products become fuel or something 
else? 

According to both, the EU Waste Framework Directive and the Packaging and Packaging Waste 
Directive, the fuel by-product of chemical recycling processes cannot count towards the achievement of 
recycling targets. We are advocating for an agreed mass balance accounting approach that ensures that 
there is a common understanding of what can be deemed to be recycled. 

 

With regards the 30% recycled content - will this be introduced into Medical/Pharma? If so, how 
can the manufactures maintain traceability of the recycled content?   

We don’t know yet if the 30% recycled contents threshold will apply to all markets. Polyethylene coming 
from advanced recycling will be an exact equivalent to fossil-based PE and will be able to serve many 
markets. 

 

Bearing in mind policy barrier, do you think traditional pyrolysis - chemical recycling at scale is a 
very important technology in developing countries?  

Pyrolysis is for sure an interim step in emerging markets. While this process it is not recognized as a fully 
circular solution, the return and use of diesel as engine fuel is still very useful in these markets and it is a 
step in the right direction to remove waste from the environment. 

 

 

Dow’s strategy 
 

Are Dow’s 2025 goals applicable globally?  

Yes, they are. 

 

At Dow, are you considering the use of solvents as a form chemical recycling?  

Dow is currently focusing on pyrolysis as a chemical recycling process. In some parts of the value chain, 
the use of solvents for recycling might become part of the solution. 

 

Which of the chemical recycling technologies currently in discussion do you consider to be most 
promising?  
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Advanced Recycling is a strongly developing field and more than 7 billion Euros of investments have 
been estimated by the members of Plastics Europe. At this stage, it is unclear what will be the best 
technology, and Dow has selected a few very promising technologies for validation at scale. We will 
need a combination of technologies to deliver on the circularity targets.  

 

Why has Dow chosen to partner with Mura Technologies?  

Mura Technology offers an advanced recycling solution which will help ensure a circular economy for 
plastics. This method converts waste plastics into new, recycled feedstock. At Dow, we can refine and 
transform this into virgin-like polymers which can be used to make new plastics. 

Mura’s innovative process called HydroPRS™ (Hydrothermal Plastic Recycling Solution) uses 
supercritical steam (water at high temperature and pressure) to convert plastics back into the chemical 
and oils from which they were made. Crucially, it allows hard-to-recycle plastics to be recycled. This will 
redirect waste which would otherwise go to landfill, incineration, or worse, the natural environment. It 
also helps us to cut CO2 emissions. Each ton of plastic processed through advanced recycling could 
save approximately 1.5 tons of CO2 compared to incineration.  

This process will be fundamental in closing the loop on plastic waste and keeping it within the circular 
economy.  Dow can play an important role by proving the technology is fit for commercial use, and that 
the output from Mura Technology can be deployed at scale to make new plastics. 
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