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1. Extended Summary 
 

The project ”Materialcirkularitet genom återvinning av PET /polyester som 
förberedelse för BHET monomer produktion i Sverige”, financed by 
Klimatledande processindustri, insatsområde Returraffinaderi, was performed 
during 1 January – 30 June, 2021.  

The purpose of the project has been to use the conclusions of previous important 
findings to investigate the conditions for a major investment in a plant for the 
production of the chemical and monomer BHET in Stenungsund. Perstorp has 
expressed the vision of producing 10 kTon of BHET per year from 2024. The goal 
of the project was to investigate waste streams of sorted post consumer PET 
packages to be used as raw material. The waste streams were studied  regarding, 
among other things, the need for pre-treatment and logistics. The goal was also to 
identify potential partners and stakeholders for a larger demonstration and pre-
industrialization project. Selection of the most suitable depolymerization process 
as well as market assessment and an LCA of the recycling process was also 
included in this project. 

The partners in the project consortium were FTI AB - Svensk Plaståtervinning, 
National Sweden, Perstorp AB, Chalmers Industriteknik, IVL Svenska 
Miljöinstitutet and RISE IVF AB that managed the project. Stenungsunds 
kommun was invited but did not have the possibility to participate. Lars 
Josefsson, Västsvenska Kemi- och Materialklustret (Johannebergs Science Park) 
has closely followed the project as a reference person.  

Short background 

Polyethyleneterephtalate (PET) is in produced volume one of the largest polymers 
in the world. Volumes of generated waste are tremendous, and most of it goes to 
incineration but could be chemically recycled by depolymerisation. 
Depolymerised PET can be used as secondary raw material, since it is turned into 
a product i.e. monomer that can be re-polymerised to PET polymer or used as a 
basis chemical for other products.  

An innovation project, funded by the strategic innovation programme RE:Source, 
was managed by RISE with a consortium of 14 partners from June 2018 to June 
2020 1,2. Industrial polyester waste, collected used straps, textile production waste 
and PET packages were material recycled through depolymerization. The product 
after recycling is a pure monomer, which is the building block for new PET but 
can also be used for synthesis of chemical additives. Re-polymerization of the 
monomer showed that the new polymer could be used for meltspinning polyester 
yarn that was weaved into a polyester fabric having properties in level with virgin 

 
1 https://www.ri.se/en/what-we-do/projects/chemically-recycled-petpolyester-as-raw-material-for-
additive-and-new-polymer 
 
2 RE:source - Chemical Recycling of Polyester - Axfoundation 
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material. Re-polymerized PET can potentially be used for packages and in other 
applications. The results show a clear example of how material resources can be 
utilized circularly with large environmental savings. The preliminary LCA 
showed promising results and the solvent used in the process could be purified 
and re-used. The project consortium wanted to develop the process and the end-
users expressed their need for sustainable alternatives for their products.  

It was decided to apply for further funding and the current project started 1 
January 2021. A parallel project started 1 February 2021 and funding was granted 
from Handelens Miljöfond in Norway. Mepex Consultant AS is project partner 
and PET packages has been delivered by the sorting plants IVAR (Stavanger) and 
ROAF (Skedsmo). The projects have mutual interests and have exchanged 
information. 

Work packages and Summarised results 

Raw materials, logistics, pretreatment and consortium 

- Volumes 

Sorted post consumer PET packages from the sorting plant run by Svensk 
Plaståtervinning (Motala) and the Norweigan sorting plants mentioned above, 
were delivered to RISE and used for laboratory experiments. Information from 
sorting plant managers showed the current availability and the foreseen volumes. 
A production of 10 kTon monomer/year as visioned by Perstorp, requires 14,5 
kTon of clean PET plastic i.e that is free from labels, adhesives and other 
contaminations such as other plastics (commonly PE and PP in caps and films). 

The current annual volumes, close to 5000 Ton of packages will not be enough as 
supply for the production planned by Perstorp. However, there are more sources 
identified, in Sweden and in Denmark. Svensk Plaståtervinning expects that their 
volumes of mixed PET (not suitable for mechanical recycling) will increase from 
3500 to about 8000 Tons per year. In Norway, it is expected that another 10 waste 
sorting plants will open in the next few years. Fortum Waste Solutions in Sweden 
have reported that they have PET available for recycling, as well as Ragnsells in 
Sweden, and Wellman in the Netherlands. There are also Danish sorting plants 
that most probably have sorted PET packages, that today is sent to incineration, 
and therefore would be suitable to access as raw material.  

Another interesting fact stated by the sorting plant managers was that the sorting 
today is optimised for finding transparent PET bottles since that is the only 
fraction of PET being materials recycled and thus generating income. A true 
materials recycling of other PET fractions would give the incentive to better 
sorting, which can be accomplished by changing the setting of sorting sensors. 
The SMED report from 2019, showed that around 65 kTons of PET was put on 
the Swedish market each year, so theoretically there should be more than enough 
of raw material for the production discussed. 

- Pretreatment 
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Laboratory experiments show the necessity of a thorough washing of the PET 
packages before the depolymerisation. This includes separation of other polymers 
as PE and PP that are common in caps, films, and labels. Communication with 
washing plant suppliers have given an understanding of the operation and steps 
that are included. A washing plant should be placed neighbouring to the 
depolymerisation in order to prepare raw material from different sources in the 
same way. Results from the LCA show the importance of recycling the biproduct 
of oligomers, which further emphasizes the demand of a clean raw material. 
Contact with washing plant suppliers have identified three alternatives for 
washing a bale (500-800kg) to be done in the next project. The cost for such a 
demo-scale washing has been offered in a quotation, or estimation has been given. 

Decolorisation has been regarded as a problem, but the the need depends on the 
application. Polymerisation of new PET requires transparent monomer, while 
application as alkyd emulsion can allow some color of the monomer. 
Decolorisation has been proven by the use of active carbon and the parameters are 
still being optimised. Large scale decolorisation should be further discussed and 
verified by laboratory experiments since other techniques can be relevant to use. 
Recyctec AB that was a partner in the previous project purifies glycols and has 
further suggestions for decolorisation.  

A consortium for application of a demonstration/pre-industrialization project is 
discussed with Perstorp and other partners. Suitable funding is being searched and 
the intention is to start a new project early 2022. 

Depolymerisation technology and preparation for demonstration project 

Perstorps state of the art show that there globally are interesting examples of 12-
15 companies that work in pilot or small industrial scale with different processes 
depolymerising PET. The most interesting beside the glycolysis process used in 
previous projects, from Perstorps’ perspective is a technology spin-off company 
called Ioniqa that has a process based on glycolysis with a patented technology 
describing a specific magnetic catalyst. The business idea of Ioniqa,  is licensing 
their technology which should be possible from 2021. A comparative evaluation 
(a review from literature) of the costs for depolymerisation in large scale shows a 
favourable outcome for the glycolysis process, as compared to the alternatives of 
hydrolysis and methanolysis. 

Perstorp has made a concept study of BHET as a new diol ester for their strategic 
resins and they have made a draft of a process chart and identified a possible 
location for a production plant in Stenungsund. 

Life Cycle Assessment – LCA 

This LCA shows that the climate change impact of waste PET recycling to BHET 
is 3.3 kg CO2-eq per kg BHET. The climate change impact origins mainly from 
the use of ethylene glycol and incineration of BHET dimer and other losses.  
There are climate change benefits of a circular PET system compared to a linear 
PET system. The climate change impact for the circular PET system is 6-35% 
lower compared to the linear PET system. Climate change benefits from recycling 
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does not always occur since the linear systems are highly developed and efficient 
processes. Because of this it is sometimes important to consider resources as an 
indicator. As a next step, if updating this LCA in a new research project, it is 
important to expand the scope of the study by including other indicators such as 
resource use and also other environmental impact categories.  
According to special chemical experts within the project,  special chemicals 
usually have a climate change impact around 5-10 kg CO2-eq per kg. BHET has a 
climate change impact in the lower range compared to special chemicals on the 
market.  
If ethylene glycol is supplied only from Recyctec the climate change impact is 
reduced by 6%, from 3.3 to 3.1 kg CO2-eq per kg BHET. If the BHET dimer and 
other losses are internally recycled the climate change impact is reduced by 30%, 
from 3.3 to 2.3 kg CO2-eq per kg BHET.  
If the heat used in the recycling process is supplied from burning natural gas 
instead of district heating the climate change impact increases by 12%, from 3.3 
to 3.7 kg CO2-eq per kg BHET. In the recycling process large amount of 
electricity is used but results in low impact since the Swedish electricity mix has a 
low climate change impact. However, if the electricity is supplied from a higher 
share of fossil energy, for instance EU-28 electricity grid mix, the climate change 
impact increases 94%, from 3.3 to 6.4 kg CO2-eq per kg BHET. 
To conclude, large quantities of ethylene glycol are used in the recycling process, 
which contributes significantly to the climate change impact. Effort should be put 
on exploring the possibilities of reducing the amount used, and internally recycle 
the ethylene glycol before sending it to Recyctec. Also, effort should be put on 
examine the possibility of internally recycled oligomers and other losses back to 
the reactor in the depolymerization step.  

Project Conclusions 

The project can be summarized by the following conclusions: 

Perstorps’ market survey and cost estimations are promising and the conditions 
for starting a BHET monomer production in Stenungsund should be further 
developed. 

The LCA indicate a favorable outcome especially if the oligomers from the 
depolymerization are recycled. The process should be further optimized in order 
to reduce the environmental impact.  

It has been shown that a circular use of PET with BHET as a monomer, compared 
to a linear use of PET can reduce the environmental impact from 5,1 kg CO2  
eqv/kg  monomer to 2,3 kg CO2  eqv/kg  monomer if the depolymeristion process 
is optimized. 

More PET raw material suppliers should be identified for example in Denmark 

Washing and sorting to rather high purity is needed. A washing plant should be 
installed neighboring to the depolymerization unit. 
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Decolorization will be needed to some extent but most probably not to a high 
degree of transparency/whiteness. Decolorisation should be included in a new 
LCA. 

The next step will be to form a larger consortium and apply for a scale up project 
to realize this possibility of materials circularity. 

RISE has been responsible and written the report for WP 1, CIT for WP2, 
Perstorp for WP 3 and 4 and IVL for WP5. 

21-09-29 Karin Lindqvist 

2. Background 

Polyethyleneterephtalate (PET) is in produced volume, the fourth largest polymer 
in the world. Volumes of waste generated, consequently goes to incineration but 
could be chemically recycled by depolymerisation. Depolymerised PET can be 
used as secondary raw material, since it is turned into a product i.e. monomer that 
can be re-polymerised to PET polymer or used as a  basis chemical for other 
products.  

An innovation project, funded by the strategic innovation programme RE:Source, 
was managed by RISE with a consortium of 13 other partners during from June 
2018 to June 2020. Industrial polyester waste,  collected used straps, textile 
production waste and PET packages with labels, color and cover film have been 
material recycled through chemical recycling, in this case through 
depolymerization. The product is a pure monomer, which is the building block for 
new PET. The following re-polymerization of the monomer shows that the new 
polymer can be used for meltspinning new polyester fibers that can be weaved 
into a polyester fabric having properties in level with virgin material. Re-
polymerized PET can potentially be used for packages and in other applications. 
The results show a clear example of how material resources can be utilized 
circularly with large environmental savings. The Global Warming Potential 
decreases from 1,8 to 0,5 kg CO2 -eq/ kg monomer according to LCA, when the 
raw material is based on waste instead of oil. Real waste was used as raw material 
in the experiments and the solvent has been purified and re-used in the process 
giving successful results. This provides a good basis for taking the process into 
pilot and industrial scale. 

The present project: “Material circularity through recycling of PET  and polyester 
in preparation for BHET monomer production in Sweden” is an important step to 
further clarify the possibilities and efforts needed to bring the process towards 
industrialization. 

3. Purpose and Goal 
The purpose of the project is to use the conclusions of previous studies to 
investigate the conditions for a major investment with the goal of developing a 
plant for the production of the chemical and monomer BHET in Stenungsund. 
 



  Project Report P108482 

   

  8 

The goal is to investigate waste streams as raw materials for a major industrial 
investment for the production of BHET, regarding, among other things, pre-
treatment and logistics, and to identify partners and stakeholders for this 
investment. Selection of the most suitable depolymerization process as well as 
market assessment and planning for continuation are included. 

4. Implementation 

The project was performed in the following work packages: 

4.1. Raw materials and consortium 

4.1.1 Suppliers and partners  

Suppliers of raw materials in the form of sorted post-consumer PET packaging in 
Sweden, Norway and Denmark (relevant Scandinavian region around western 
Sweden) are contacted; mapping regarding volumes, quality, current sales, etc. 
The supplier of industrial waste of polyester, National Sweden, investigates 
volumes of each category of waste.  

 

4.1.2 Quality and pre-treatment  

Based on information on raw materials, the necessary pre-treatment is identified 
in the form of any further sorting and washing / decontamination. Available 
facilities for pilot scale pre-treatment experiments (500-1000 kg) are identified. 
Proposals for evaluation of purity were suggested by reviewing a relevant paper  
 

4.1.2.1 Quality from sorting plants 

Svensk Plaståtervinning made an adjusted sorting for the project (by modifying 
the parameters of the NIR instruments) I order to obtain one fraction of colored 
bottles and one fraction of trays. A manual sorting was made on 40kg materials 
from one bale in order to analyse the quality. The fractions used in the project are: 

• Directly from colored PET bottle bale (other plastics also included) 

• Colored bottles from manually sorted analysis (containing only PET 
bottles) 

• Trays from sorted bale (containing also other plastics) 

The Norweigan sorting plan IVAR, contributed with 3 sorted PET fraction i.e.: 

• Colored PET  

• PET trays 

• PET bottles 

The Norweigan sorting plant ROAF had one sorted fraction of PET 
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4.1.2.2 Quality from washing pretreatment 

The sorted PET fractions received from sorting plants were size reduced by 
milling in a mill from Rapid Granulator (type 205-K) to a flake size of 6 mm. 

Initial washing pretreatments were performed by stirring 50g of plastic in 500ml 
of cold water or in a 2%NaOH solution at 60°C for 15 min. The results were 
documented by images. 

Further experiments were performed in 2%NaOH solution at 60°C for 15 min and 
a visual evaluation of washed and as received milled plastic was performed. 

4.1.2.3 Quality from decolorisation 

The sorted PET samples were washed in 2% NaOH, 60°C for 15 min and were 
then rinsed in cold water for 15 minutes.  The washed samples were dried at 65°C 
over night. 10g of PET, 0,5% of catalyst and 50ml of ethylene glycol was put in a 
reactor of 150 ml that was mounted on a holder, rotating with 30 rpm, placed in an 
oven, and heated to 230°C for 1 hour. The reactor was emptied and rinsed with 75 
ml of boiling water that was added to the reaction solution. The solution was 
heated to 90°C and filtered twice before cooling at 4°C over night. The 
crystallized monomer was collected on filter paper by removing the ethylene 
glycol-water mixture. Images were taken of the monomer as a documentation of 
the color. 

Decolorisation was performed by dissolving monomer in boiling water and adding 
active carbon, ColorSorb XFP 21 from Jacobi (0,5; 1 and 4 weight% based on the 
amount of monomer) to the solution during magnetic stirring and holding the 
temperature at 80°C for 30 min.  A procedure of 10g of monomer in 100 ml was 
established after initial trials.  

Color measurement was performed on the final product, i.e. the crystals, in a 
spectrophotometer from Konica Minolta of the model CM-3600A. The light 
source used was Standard illuminant D65 which uses average daylight with 
ultraviolet wavelength region included. By illuminating the sample and measure 
the reflectance, numerical values are calculated are presented as three values: L, a 
and b. Value L indicates lightness in a range of 0 to 100, where 100 is the lightest. 
Value a indicates color direction ranging from green (negative direction) to red 
(positive direction) and value b indicates color direction ranging from blue 
(negative direction) to yellow (positive direction). Both a and b ranges from -60 to 
60. As reference, depolymerized PET from a transparent plastic packaging was 
used. 
4.2 Logistics (CIT, National Sweden, FTI) 

4.2.1 Volume  

Identify how the volume of raw materials at suppliers varies over time and in what 
format it is provided for collection. By format is meant, for example, bulky, 
granular and so on. This is to understand what type of handling would be best 
suited for efficient logistics from sender to recipient.  
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4.2.2 Transportation  

Based on 4.2.1, identify the material flow from sender of raw material to final 
recipient and what activities may take place in between (intermediate storage, 
consolidation, etc.) and geographical location for each link. Based on this, identify 
potential transport arrangements that can be further tested and evaluated in a demo 
project. 
 
The methods used in WP2 included interviews and literature search. In total four 
interviews were conducted between March 2021 and April 2021, with the 
respondents shown in Table 1 The interviews were semi-structured, with one 
interview guide for the suppliers and another for the receiver. The interviews 
lasted about one hour each and were conducted by two to three researcher using 
Microsoft Teams.  

Table 1 Data collection 

No. Country Company Value chain position 
1 Norway ROAF Supplier 

2 Norway IVAR Supplier 

3 Sweden Svensk plaståtervinning Supplier 

4 Sweden Perstorp Receiver 

 
Three other suppliers were identified, as seen in Table 2, and efforts were made to 
set up interviews with them but unfortunately it was not possible to arrange an 
interview occasion. 

Table 4 Additional suppliers that were identified. 

No. Country Company Value chain position 
5 Sweden Fortum Supplier 

6 Netherlands Wellman Supplier 

7 Sweden Ragnsells Supplier 
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4.3 Depolymerization technology (Perstorp, RISE)  

 

Figure 1. Background information from Perstorp. 

Background information, shown in figure 1, for WP 4 is Perstorps’ objective to 
investigate the possibility to commercialize and produce BHET. As stated, the 
project objective is to commercialize the production of BHET, a new diol for 
Perstorps’ resin strategic segment. The target is 10kTons BHET and a possibility 
would be to source from an existing plant (Ioniqa) to build the market meanwhile.  

WP 4 includes identification and benchmarking of depolymerization technology. 
Glycolysis process based on previous projects with inorganic catalyst is compared 
with possible alternatives available on a pilot scale. Evaluation regarding 
performance, exchange, conditions (licensing, etc.) and competitiveness is 
included. A state of the art survey was performed to form a knowledge base. 

 

4.4 Preparation for DEMO (Perstorp, RISE)  

4.4.1 Process conditions  

Based on the results of AP3, a draft of the process conditions and necessary 
equipment for the production of 100 kg BHET was planned to be made. However, 
a larger scenario is worked on in parallel from Perstorps point of view. 
 

4.4.2 Initial investigation of a subcontractor for a demo project (Perstorp) 

Initial search for a suitable subcontractor who can deliver approx. 100 kg BHET 
during a demo project was a draft of a needed step. Perstorp prepared plans for a 
longer scenario in a summary. 
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4.5 Life Cycle assessment on recycling of waste PET to BHET (IVL)  

4.5.1 Goal  

The goals of the LCA are to:  

• Provide knowledge of the environmental impact of PET waste recycling to 

BHET on an industrial scale 

• Identify which processes that have the largest environmental impact, so 

called dominance analysis, for the recycling route 

• Compare the environmental impact of PET production from waste PET via 

BHET against the activities the recycling replaces.  

The result is intended to inform researches within the Västsvenska Kemi- och 
Materialklustret about the environmental impact of waste PET recycling to BHET 
and highlight important aspects contributing significantly to the total impact. The 
conclusions and recommendations should be considered being a first indication of 
how the waste PET recycling to BHET could be optimized and provide clarity of 
the parameters that have a significant impact. 

4.5.2 Scope  

The study aims at assessing the environmental impact of chemical recycling of 
PET using glycolysis. The system begins with PET waste which enters the 
recycling route and end with BHET leaving the system.  

4.5.3 Functional unit  

A functional unit is used to relate the result to a fixed factor, to enable comparison 
of different cases based on the prerequisites of a certain function. This is 
important both when comparing results, but also important to understand in what 
cases the LCA results are valid as the results showing the environmental impacts 
are given in relation to this function. 
The functional unit in this study is kg BHET. However, in the comparative part of 
the study the result is presented per kg PET. 

4.5.4 Studied systems 

The studied system starts with PET waste being washed, see Figure 2. At the 
washing process a part of the PET waste is removed and get incinerated. The 
washed PET enters the depolymerization step. In this step is PET waste mixed 
with ethylene glycol and catalyst. The mixture is heated in a reactor to 230 °C and 
thereafter cooled to 110 °C. The output from the depolymerization is monomers 
of BHET and oligomers in ethylene glycol. In the depolymerization ethylene 
glycol is consumed and thus fresh ethylene glycol must be added. After the 
depolymerization the mixture is filtrated, separated ethylene glycol and water are 
sent to Recycling at Recyctec in Jönköping. Oligomers (BHET dimer) and other 
losses are sent to incineration. The goal at an industrial level is that the oligomers 
and losses are internally recycled to the depolymerization process. The separated 
BHET crystals are transferred to a purification step where they are dissolved in 
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water and cooled. The precipitated crystals are later filtrated in the 
recrystallization step and purified BHET is obtained.  
 

 

Figure 2: Overview of the system studied.  

 
One part of this study is to highlight the potential of recycling compared to no 
recycling. Comparing BHET against, for instance, TPA or DMT, which all can be 
used as a base chemical in acrylic paint, will not result in a fair comparison. This 
is because the formulation of the paint will differ if you are using BHET, TPA, or 
DMT. Therefore, it was decided to compare PET production from waste PET via 
BHET against the activities the recycling replaces. 
Another goal of this study is to compare the environmental impact of PET 
production from waste PET via BHET against the activities the recycling replaces. 
The circular system, waste PET to PET, removes the need to incinerate the PET 
waste and the need to produce new virgin PET, see Figure 3. This highlights the 
environmental consequences of a circular system compared to a linear system.  
The circular system is based on the system illustrated in Figure 3, but a 
polymerization step is added.  
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Figure 3: Overview of the systems studied when comparing the linear system 

against the circular alternative.  

4.5.5 System boundaries  

Boundaries towards nature 

This study covers the value chain from waste PET to the production of BHET, 
and further to PET in the comparative part of this study. The waste PET is 
considered to be “free of burden” from the upstream environmental impact, but 
the impact for producing all the other inputs, to the processes described above, are 
included. This assessment is a cradle to gate assessment. The production of raw 
material, generation of fuels and electricity are followed from the cradle where 
natural resources (e.g. crude oil) are extracted from the ground. The life cycle also 
covers all relevant transportation as well as the waste management of the 
production waste produced i.e. the “grave” in terms of the soil (after human 
activity has ceased), the air (e.g. emissions from combustion of fuels) or water 
(e.g. water emissions from wastewater treatment). 

Geographical boundaries  

The waste PET recycling is assumed to take place in Sweden, at Perstorp, in 
Stenungsund. The electricity is modelled with Swedish electricity grid mix and 
the heat is modelled with district heating in Sweden.  

System expansion 

System expansion means that the systems are expanded to reflect the 
environmental benefit associated with for instance produced energy (electricity 
and heat produced in waste incineration of used products) and with the recycled 
materials (produced in material recycling). System expansion is not applied in this 
study. 

Allocation 

Often allocations are required in LCA studies. This is, for instance, relevant for 
multioutput processes generating several products and co-products, where it is 
necessary to distribute (allocate) the environmental impact between these. For this 
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LCA, allocation is not applied (not needed) since the processes studied are not 
multioutput processes.  

4.5.6 Important methodology choices  

The LCA has to a large extent been aligned with the general and common rules 
according to the requirements of ISO 14044:2006. The most important 
methodology choices are summarised below: 

• The functional unit is kg BHET 

• The waste PET is considered to be “free of burden” from upstream 

environmental impact 

• Cradle to gate assessment  

• No allocation of environmental impact has been carried out, the total 

environmental impact is attributed to the assessed recycling route.  

• Collection of PET waste is modelled with 100 km and truck transport  

• Ethylene glycol from Recyctec is transported 100 km by truck 

• Virgin ethylene glycol is assumed to be transported 1000 km with truck 

4.5.7 Limitations and key assumptions  

The outcome of the study is influenced by limitations made in the assessment. The 
main limitations of the study are listed below:  

• Sorting of PET waste is not included 

• The impact from the use of the catalysis is not included due to lack of 

information and data 

• The use phase and waste management of BHET are not included 

4.5.8 Sensitivity and scenario analysis  

In order to expand the scope and to test the robustness of the results in the study 
four sensitivity analyses are introduced and included in the study. 
The following sensitivity analyses are included:  

• Ethylene glycol supplied only from Recyctec instead of one part being 

supplied from virgin resources 

• 100% internal recycling of oligomer and other losses instead of 

incineration 

• System modelled with heat from natural gas instead of district heating  

• System modelled with EU-28 electricity grid mix, which has a higher 

climate change impact compared to the Swedish electricity grid mix 

4.5.9 Selected impact categories 

The impact considered in the life cycle impact assessment is climate change, 
which is measured in global warming potentials (kg CO2 equivalents). The 
indicator is based on the definition in CML2002 and updated in January 2016.  
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4.5.10 Data collection and modelling  

Information and data for the recycling process on laboratory scale has been 
collected from RISE Research Institute of Sweden. The purpose of the study is to 
conduct the LCA on the recycling process at an industrial level. The upscaling of 
the data was conducted in collaboration with Perstorp. The data were upscaled to 
a production of 10 000 tonne BHET. The energy needed was calculated using 
energy balance. Based on the experience at Perstorp, the heat needed could be 
reduced to approximate 1 MJ/kg BHET in the depolymerization step by using 
evaporators in series. However, this was not implemented in the model due to the 
outcome of the study (ethylene being the main contributing factor, see result 
below). The upscaled data are found in an excel document.  
The data for the washing step was modelled using generic data available in the 
GaBi database by Sphera. The system was modelled with Swedish electricity grid 
mix and heat from district heating also available in the GaBi database.  
The virgin ethylene glycol is modeled with generic data available in the GaBi 
database. However, the recycled ethylene glycol is based on data and information 
from Recyctec. The information and data for Recyctec recycling process are 
found in the report Screening Life Cycle of recycled glycol, 2018, by Elisabeth 

Olsson, Swerea IVF.  
The data used for the comparative part of the study are generic. Data and 
information for the polymerization step, from BHET to PET, were collected from 
ecoinvent. Data for virgin PET production and incineration of PET were obtained 
from the GaBi database.  

 

5. Results 

The results are reported according to the structure of the project work, i.e. 
according to the titles of the workpackages. 

5.1 Raw materials and consortium 

5.1.1   Suppliers 

• Svensk Plaståtervinning 

• IVAR 

• ROAF 

• National Sweden 

The volumes of PET packages are reported under WP 2.  
The volumes of industrial polyester waste from National Halmstad (belonging to 
National Sweden are reported below in table 3  and in table 4 estimations for 2021 
and 2022. 
 
 
Table 3.  Industrial polyester waste from National Halmstad 



  Project Report P108482 

   

  17 

 
Table 4.  Estimation of industrial polyester waste from National Halmstad 

 
 

Beside the suppliers engaged in the project, it is relevant to contact additional 
possible future suppliers. During the project, some contacts have been identified: 

• Wellman manufacturers polyester fiber from PET bottles. They have reported 
they have an amount of bottles not suitable for polyester production that can 
be feed for deplymerisation 

 

• Fortum Waste Solutions:  

Reports they have a stream of PET waste that needs to be recycled 

• Ragnsells: works with post-consumer plastic in Denmark and has a fraction 
that need recycling 
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5.1.2. Plans for a DEMO project 

 

Figure 4. Draft of parts in a DEMO project 

Figure 4 show the parts that are planned to be included in a coming project that 
will be applied for. The current results show that there is a need for a large 
volume of PET, which means that additional raw material suppliers will be 
needed. This is further described in the results from WP 2. 

Several of the potential partners in a coming project have been participants in 
previous consortium, but as the project scales up, new partners will be needed. 
Additional competence is foreseen to be needed for step 2, which concerns 
pretreatment and washing. Pretreatment can include additional sorting, as 
compared to the sorting at the recycling plants (step 1), while washing means 
removal of contaminations that adhere to the PET such as product residues, labels 
etc.  

The additional competence for step 2, can be acquired by washing plant suppliers, 
and a possible scenario is that Perstorp owns the washing unit, as it can be viewed 
as part of the raw materials preparation for the BHET manufacturing. 

The required purity of the BHET is an important question that requires more 
research which is still ongoing, both at Perstorp and at RISE. Perstorp investigates 
BHET as a raw material for alkyd coatings (potential customer is Akzo Nobel 
Coatings), which might not require as high purity i.e. whiteness as applications of 
PET. The purity of the BHET as such, seems to be quite satisfying with the 
established procedure of filtrations and the decolorization that might be required 
seems to be able to achieve by active carbon treatment. 

A crucial part of an industrial scale up is a reliable LCA. This is being performed 
in the ongoing project and has obtained additional financing from a project run by 
RISE and granted by Handelens Miljöfond (Norway). 

Summary Partners, Stakeholders and conditions for a scale -up 

• More raw material is needed than from the partners involved in the current 
project Additional sorting plants is expected to appear in Norway. Post-
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consumer PET suppliers in Denmark can be contacted. Larger volumes 
from Svensk Plaståtervinning can be expected as they are expanding their 
production. 

• An industrial scale up can be planned from the perspective that washing is 
part of the raw materials preparation. Additional expertise in the 
pretreatment operation can be acquired from washing plant suppliers and 
through experimental evaluations. 

• The required purity as whiteness  (i.e. the degree of decolorization) of the 
BHET is still being studied in cooperation between Perstorp and RISE.  

• An iterative work package of process simulation and LCA should be 
performed in order to minimize the global warming potential. 

 

5.1.3. Quality and pretreatment 

5.1.3.1 Quality from sorting plants 

It should be considered that there are two different measures of quality when it 
comes to composition of plastic types in a specific waste stream3. The measure 
used in sorting plants is derived from a sorting analysis. This done by manually 
separating PET packages from other plastic items that may appear in the amount 
that is analysed and divide the weight of PET packages by the total weight of 
packages that were analysed. The NIR equipment is usually quiet reliable which 
means that the figure often is above 90%. 

The other measure of quality of PET can be measured on size reduced fragments 
from the sorted PET streams. Having size reduced all packages in a waste streams 
means that screw caps, labels, adhering film etc , also are size reduced thereby 
separated from the original package. In a pretreatment facility such as a washing 
plant, there will be several steps of separation such as sink-float or wind sifting 
that liberate the PET from contamination. The ratio of clean PET and the 
incoming material will be a figure that differs from the sorting plant, and that 
often will be higher since the cap, label and adhesive of bottle can easily make up 
15-20% of the total weight. 

 
3 Detailed Analysis of the Composition of Selected Plastic Packaging Waste Products and Its 
Implications for Mechanical and Thermochemical Recycling 
Martijn Roosen, Nicolas Mys, Marvin Kusenberg, Pieter Billen, Ann Dumoulin, Jo Dewulf, Kevin 
M. Van Geem, Kim Ragaert, and Steven De Meester 
Environmental Science & Technology 2020 54 (20), 13282-13293 
DOI: 10.1021/acs.est.0c03371 
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Figure 5. Overview and photos of sorted colored PET bottles from Svensk 

Plaståtervinning 

 

Figure 6. Overview and photos of sorted trays from Svensk Plaståtervinning 

Figure 5 and 6 shows the results from Svensk Plaståtervinning of the fractions 
sent to RISE for further investigations. 
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Figure 7. Results from manual sorting analysis of PET bottles at IVAR sorting 

plant. 

 

Figure 8 Results from manual sorting analysis of PET trays at IVAR sorting plant. 

Figure 7 and 8 shows the results from manual pick analyses that were performed 
at the sorting plant IVAR in Stavanger. 
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5.1.3.2 Quality from washing pretreatment 

 
The initial washing experiments showed that a considerable amount of loose 
debris was removed with cold water as the water was very dirty. However, the 
warm wash in 2% NaOH at 60°C also dissolved dried contaminations such as 
product residues and to some extent dissolved adhesives and labels (paper based). 
This was observed by visual evaluation of the floating fraction in the washing 
experiments. It was also observed that there was a large variation in the amount of 
“light fraction” in the different sorted PET materials which is shown in figure 9. 
The light fraction of colored PET (färget PET) was collected and weighed at a 
washing experiment. The light fraction was 15% of the total amount that was 
washed. 
 

 

Figure 9. Light fraction of sorted PET fraction from different sorting plants. 

 

 

Figure 10. Light fraction of sorted PET fraction from different sorting plants. 

It was noted that the sorted PET from Svensk Plaståtervinning and IVAR denoted 
“Trays” had a noticeable smaller fraction of “light” as seen in figure 10. It seems 
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as trays have less amount of large labels and also lower amount of other plastics 
as of the type used in caps.  
A visual inspection in optical microscope, of the flakes from as received, washed 
in cold water and washed in hot NaOH are shown in figure 11. A clear difference 
could be seen in the clarity (or how brown) of the flakes. However, it was deemed 
as very difficult to get a quantitative estimation of the purity by for example 
counting number of dark spots on a fixed number of PET flakes in optical 
microscope.  
 
 

 

Figure 11. Optical microscope image of plastic as received (left), washed in cold 

water (middle) and washed in warm NaOH (right) 

The quality and cleanliness of the PET streams needs further investigations in 
order to determine the washing steps needed. It is concluded that hot washing 
provides a good cleaning as visually evaluated but need for separating fragments 
of films and labels requires further studies. ATR-FTIR is considered to be an 
analysis that would be possible to apply in order to get at least a qualitative 
evaluation of the cleanliness by analysis of a statistical number of flakes before 
and after washing. The results would show if the obtained spectra shows mainly 
PET or something else (like a label).  
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5.1.3.3 Quality from decolorisation pretreatment 

 

 

Figure 12. As received and washed PET samples and color of the depolymerised 

samples respectively as compared to a reference of depolymerised 

transparent PET trays. 

Figure 12 shows the most colorful sorted PET samples and the color of the 
monomer after depolymerisation of as received or washed PET. The color 
difference between as received and washed PET is not so large but the washing 
removes a lot of contamination that otherwise will remain in the solvent that will 
be recycled. 

Initial decolorisation experiments showed that the active carbon can remove the 
color as shown in figure 13. Depolymerisation was performed in a 2 liter reactor 
in order to obtain a larger amount of monomer for optimizing (i.e minimizing) the 
amount of active carbon. 
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Figure 13. Initial decolorisation of monomer from “IVAR- colored PET”, 

 

Results from color measurements of the samples shown in figure 13 are shown in 
table 5 

 

Table 5. Results from color measurement with L*a*b 

 

 

The reference denoted 210526 had long crystals (from depolymerised transparent 
PET Tray) that were difficult to pack tightly into the sample holder.  This is 
shown by the relatively low L* value of 90,55. Reference 2 was the same sample 
but packed more tight by crushing some of the crystals. The L* value is higher 
since the amount of “dark” voids is decreased due to better packing of the 
crystals. The totally weighted difference between reference2 and the reference 
210526 is presented by the value of dE*ab, and turned out to be 1,36. A value of 
dE*ab higher than 1 will be detectable by the human eye. 
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“Färgad PET A “ and “Färgad PET B” was repeated measurements of the 
monomer from IVAR -colored PET, as seen in figure 9. The sample denote “0,5% 
AC” was the colored PET monomer that had been decolorised. The repeatability 
is satisfying.  The sample treated with 1% active carbon show a lower dE*ab than 
the sample treated with 0,5% AC. Most important, the L* value has increased 
from 86, 5 (average) to 88,4 and sepecially the value for a* (red component ) has 
decreased. 

There are other methods for analysing the color of the monomer crystals. Analysis 
of a monomer solution by UV-visual specotrscopy or Hazen color measurements 
are possible techniques that can be used. 

5.1.3.3 Proposals for evaluation of purity   

Roosen et al4 performed an analysis of the composition of selected plastic 
packaging waste and the implications for mechanical and thermochemical 
recycling. Several analytical methods were used to identify the composition of 
polymers in each category of the waste streams. Selected packages from the waste 
streams were analysed by: 

• Weighing before and after washing with distilled water and hot water 

• Quantifying the polymer composition by: 

o ATR-FTIR 

o POM 

o DSC 

Quantification of the elemental composition was performed by analyses of size 
reduced (milled samples) by: 

• Elemental analysis 

• ICP-OES 

• CIC- a method specific for halogens 

The purpose of the study was not to evaluate the purity after washing but the 
analyses chosen to characterize the waste streams were interesting since the 
results revealed the effect of washing (distilled and in hot water) and the amount 
of different polymers or other materials (multilayers, labels, adhesives) including 
contaminations such as metals and halogens. 

A strict quantification of purity because of a washing operation would need model 
contaminations on a model package that could be analysed before and after 
washing. The results of the study referred above gives an indication of the average 
composition of different PET streams as shown in figure 14. 

 
4 Environmental Science & Technology 2020 54 (20), 13282-13293 
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Figure 14. Polymer composition and residue level of the different waste 

categories. The bars are divided into separable components of each 

specific waste category (e.g., into a bottle, label, cap, and residue 

fraction for the PET bottle stream). The polymer composition is 

visualized by different colors per separable component (e.g., PET is 

always shown in green) together with the corresponding mass 

percentages.(from ref 2) 

 

5.1.3.4 Equipment for washing pretreatment and availability  

During the project the availability of plastic washing equipment was investigated. 
At the moment there is only one washing facility for PET washing in Sweden, and 
that is owned by Veolia who cleans the PET bottles from the deposit system. This 
system is designed to clean the PET to get food contact quality, which means that 
it is a very rigorous process involving multi cleaning steps. As rPET getting more 
and more attractive on the marked, new washing systems for sorted PET 
packaging are increasing. There already today multiple companies with washing 
equipment for PET across Europe and worldwide. Many of them provide similar 
steps and equipment for washing PET. The systems often consist of a number of 
different steps involving size reduction, pre-washing, hot-washing, separation and 
drying. Below follows a short description of the different steps involved in a 
general washing procedure.  



  Project Report P108482 

   

  28 

 

Figure 15. Example of a flow diagram for PET washing from Herbold. 

  

 

1. De-bailing/opening big-bags 

Sorted PET is often packed in compressed bales or in big-bags, so the first 
steps often include opening the bales or emptying the big-bags on a 
conveyer band. During de-baleing the materials is often shredded. After 
this step an additional NIR sorting can be used to further increase the 
purity of the waste, many of the current washing facilities are washing 
PET bottles and are therefore interested in the bottles fraction.  

2. Size reduction 

Size reduction is done to open the packaging and to get more surface are 
for more efficient interactions with the cleaning liquids. The size of the 
flakes can vary in size but are usually around 16 mm. Size reduction step 
can be done either in dry grinder or in wet grinders. A benefit with wet 
grinders is that the materials is wetted before the cleaning steps, this 
increases the efficiency of the following steps. During grinding some 
labels, caps or other pieces attached to the PET packaging can be exposed. 
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Figure 16. Schematic description (top) and photograph (bottom) of a size 

reduction equipment from Herbold.  

 

3. Pre-washing 

After the size reduction the material is pre-washed in cold water often 
using a friction washer. In a friction washer the material is transported 
through a screw which created friction between the screw and the walls 
around the cylinder.  One of the main purposes with the pre-washing is to 
get rid of sand, metal, glass, or other loose particles that can have 
contaminated the PET. The friction also helps loosen up the labels and can 
remove some other easy attached dirt.  
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Figure 17, example of a friction washer from B+B Anlagenbau 

4. Hot washing 

Hot washing is the main cleaning step of the PET flakes and is performed 
at elevated temperature often around 70-90°C using NaOH (caustic soda) 
and some detergent. This process greatly removes most of the product 
residues and many of the glues used for labels. The hot washing machine 
can be designed in different ways but is often designed as a continues 
process. After washing in NaOH the material is rinsed in water. 

 
  

Figure 18, Schematic description of a hot wash from B+B Anlagenbau 

5. Separation 

After the material has been properly washed a final separation of different 
plastic types are done. The plastics that are unwanted are often called the 
“light fraction” and mainly consist of PE and PP from caps and other 
packaging details. The light fraction can also contain labels. It is called the 
light fraction because the material in this fraction often floats in water. 
There are two techniques used for separating the light fraction, density 
separation and hydro cyclone. Density separation (sink-swim) is a 
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straightforward technique where the plastic is placed in a water bath where 
the light fraction floats and can easily be sorted from the PET.  

 

Figure 19, Description of hydro cyclone from Herbold.  

 

 

The difference between separation by hydrocyclone and swim-sink operation is 
illustrated in figure 20. 

 

Figure 20. Hydrocyclone vs swim sink separation 
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6. Drying and final treatment 

The final step of the washing process is drying of the PET flakes. After 
drying additional sorting and separation can be done, for instance fines 
separation and flake sorting. At the end of the process the flakes are placed 
in big-bags and send to the customer.  

 

Experimental facilities 

BuB Anlagenbau and Herbold have experimental washing facilities for 
performing tests. The requirements expressed of the project were the following: 

• Possibility to wash a bale ca 500-700 kg 

• Washing with access to the following operations: 

– Bale opening and size reduction 

– Washing in cold and hot water with controlled temperature and 
suitable detergents (caustic soda and surfactants) 

– Possibility to separate PET from lighter fraction  

– Drying 

The following could be provided by B+B 

1. Feeding conveyor (feeding and dosing) 

2. Grinder (size reduction) 

3. Intensive washer + dryer (friction cold pre-washing and moisture 
reduction) 

4. Hot washer (hot washing with caustic soda and detergents)  

5. Sink-float tank (density separation) 

6. Zig-Zag sifter (density separation) 

7. Big-Bag filling unit (packing) 

The following could be provided by Herbold 

1. Wet grinder and dry grinder 

2. Air separation (separerar lättare partiklar) 

3. Cold washing including friction washer 

4. Hot wash at elevated temperatures with detergents 

5. Hydrocyclone separation 

6. Drying  
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It could be concluded that the experimental facilities and costs for washing a bale 
could fit into a demo project with the objective to prepare a larger quantity of 
BHET to prove its’ competitiveness. 

5.2 Logistics  

5.2.1 Volumes 

 
Here the results from WP2 will be summarized into two different sections (1) 
current material flow and (2) potential transport arrangement future streams. 

5.2.1.1 Current material flow 

All three suppliers of PET interviewed described similar material flows from 
when they receive plastic waste from households to where they send it to 
recycling, see Figure 21.  
 

 

Figure 21: Current flow of PET fraction from supplier 

The plastic is sorted using NIR based sorters (Autosort from Tomra). In all three 
cases the plastic is sorted into two PET fractions: (1) PET bottles (mainly 
transparent) and (2) other PET waste (consists mainly of PET pots, trays and 
tubes). The amount of PET plastic that the suppliers currently sort out is given in 
Table 6. 

Table 6. Amount of PET collected 

Supplier PET bottles [tons/year] Other PET [tons/year] 
Svensk Plaståtervinning 2000 3500 
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ROAF 120 330 

IVAR 200 700 

 
As can be seen Svensk Plaståtervinning sorts out by far the largest amount of PET 
plastic of the three interviewed suppliers. This is because Svensk Plaståtervinning, 
is owned by FTI, which is the main producer responsibility organisation for 
plastics in Sweden (covers around 80% of household plastic in Sweden). 
Therefore, Svensk Plaståtervinning receives household plastic waste from most of 
Sweden. ROAF and IVAR however receive household waste from specific 
municipalities and regions in Norway. ROAF receives plastic waste from the Oslo 
region, and IVAR from the Stavanger region.  
Besides the two PET fractions that are sorted out, a great amount of PET ends up 
in a mixed plastic fraction that is sent to incineration. It is not exactly known how 
much PET ends up in this fraction, but the suppliers estimated that it could be as 
much as 50% of total amount of PET in the household waste. Some of the PET in 
the mixed plastic fraction are very difficult to sort out as they are entangled with 
other plastic sorts. But one of the other reasons that a lot of PET plastic is not 
sorted out today was cited to be because the sorting systems are mainly targeting 
to find PET bottles. More PET can potentially be sorted out in the future if a 
material recycling alternative will become available for the other PET waste 
fraction instead of sending it to incineration. 
After the PET plastics are sorted out into the two different fractions, PET bottles 
and other PET, the material is pressed together and baled and put into storage, see 
figure 22. The bales weigh between 450 kg to 800 kg, depending on the supplier. 
When enough bales have been collected to fill a truck, the PET waste is either sent 
for material recycling in the case of the PET bottle fraction or for incineration in 
the case of the other PET waste. In most cases, 40 bales are loaded into each truck 
before it is sent to its destination, however, when Svensk Plaståtervinning sends to 
incineration, they use a truck with a trailer which can transport 60 bales. 
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Figure 22: The two PET fractions, PET bottles to the left and remaining PET 

(mainly pots, tubes and trays) on the right, baled and stored at Svensk 

Plaståtervinning.  

The PET bottles are transported to Europe, most commonly The Netherlands, 
where they are ultimately mechanically recycled (see Figure 23.) Before 
mechanical recycling, the PET bottle fraction is first sorted again to get out more 
impurities before they are washed and then mechanically recycled. The other PET 
waste fraction is sent to nearby incineration plants for energy recovery. In both 
cases a dedicated transport is used. For the PET bottle fraction, the receiver plans 
and pays for the transport. However, when shipping the other PET waste for 
incineration, the supplier needs to plan and pay for the transport. All supplier 
facilities outsource the transport to a logistics provider.  
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Figure 23: Geographical locations and distances between suppliers and extra 

sorting facility in the Netherlands. 

All suppliers cite that there is not such a big differences of PET waste inflow 
during the year. A possible uptick happens during Christmas holidays while, 
during vacation the PET waste inflow decreases somewhat.  

5.2.1.2 Future streams and need for PET waste  

In an interview with Rudolf Meissnert at IVAR, it was mentioned that by 2025 ten 
collection companies will be collecting PET in different municipalities in 
Norway. This will probably lead to more PET being collected. Furthermore, 
Rickard Jansson at Svensk Plaståtervinning expects that the volumes from Svensk 
plaståtervinning of the mixed PET fraction will increase by 2025 to approximately 
8,000 ton/year (compared to 3,500 ton/year). 
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In interview with Stefan Lundmark at Perstorp, it was estimated that in the first 
phase of a potential commercial production of BHET at Perstorp, around 10 000-
ton BHET would be produced annually. At a 70% conversion rate in weight and 
given that the other PET fraction has a purity level of 92-95% as measured by the 
suppliers, that would mean that Perstorp would need to receive around 15 000 ton 
PET waste annually. This number outweighs the amount the interviewed suppliers 
could provide at the moment, see Table 6. However, based on the discussion here 
above, where more PET is expected to be sorted out in the future and given that 
Perstorp could have a bigger uptake area than just Sweden and Norway (possibly 
Denmark and Finland as well), it should not be difficult to find the demanded 
amount of PET waste needed for BHET production at the scale Perstorp is aiming 
for. 
Furthermore, a report from 20195 showed that as much as around 90 000 PET 
plastic is put on the Swedish market annually. Around 25 000 ton of that was PET 
bottles which is and can be mechanically recycled, so that fraction is not likely 
interesting for Perstorp. There is however a maximum potential of 65 000-ton 
PET waste which is produced in Sweden annually excluding the PET bottles. 
Even though it can be assumed that a large fraction of this waste is not easily 
sorted out and therefore does not show up in Svensk Plaståtervinnings numbers, 
the SMED report shows at least that a large potential untapped amount of PET 
waste that could be suitable for PET to BHET recycling at Perstorp should exist if 
needed. 

5.2.1.3 Potential transportation arrangements and activities 

 

If it is assumed that the PET fraction that ROAF, IVAR, and Svensk 
plaståtervinning ship to incineration today is shipped instead to Perstorp in 
Stenungssund, it is recommended to continue using trucks for the transportation. 
The main reason for that is because as mentioned in the previous section, the 
suppliers estimate that the volumes of PET waste will increase even more. The 
shipment of PET can be big enough to fill a significant share of the cargo capacity 
of a truck and there is no consolidation needed with other cargo. Direct transport, 
where the transport is carried out once by a vehicle travelling directly from the 
shipper to the receiver can therefore be performed to avoid detours. Another 
reason is that in Norway there is a lot of import transport and less of export, 
therefore there is a lot of empty transport going from Norway and therefore, the 
return transport can be used for sending the plastic waste to Perstorp. Figure 24 
show the geographical locations and the distances between suppliers in Norway 
and Sweden to the final receiver in Sweden. The flow of the PET bottle fraction 
will continue going to the Netherlands for extra sorting.  

 
5 Nordin, H. l., Westöö, A.-K., Boberg, N., Fråne, A., Guban, P., Sörme, L., & Ahlm, M. (2019). 

Kartläggning av plastflöden i Sverige. Svenska MiljöEmissionsData. Norrköping: 
Naturvårdsverket, Sveriges Meteorologiska och Hydrologiska Institut. 
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Figure 24: Geographical locations and distances between suppliers and final 

receiver 

Intermodal transport, i.e. using multiple modes of transportation such as truck and 
train was discussed briefly, but since the distances between the supplier and the 
receiver are not long and there is capacity available in the return transports, it was 
decided to focus on using truck for the transportation.  
In case more collection companies start collecting PET in different municipalities, 
it should be considered to use a consolidation center to obtain higher capacity 
utilization by integrating several shipments before transporting the PET to 
Sweden. However, this would depend on the location of those collection facilities 
and the amount collected. Having a consolidation center in the flow would be at 
the expense of higher transit time, additional handling, and longer transported 
distance.  
The flow, seen in Figure 25, includes a washing facility before the plastic arrives 
to Perstorp. It is assumed that the washing facility is located very close to 
Perstorp, or within 10 km. With the increase of PET collected at Svensk 
Plaståtervinning and due to limited storage space at Svensk Plaståtervinning 
facilities, the transport frequency would increase from two times per week, to 
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approximately five times per week. It is assumed that the washing facility will 
have enough storage space to receive the material needed for production.  

 

Figure 2510: Flow of PET from supplier to end receiver 

5.2.1.4 Future activities for future project ideas 

• Run “tests” where we ask the suppliers to log the volumes they collect in 

detail, this will give better picture of the supply of material. 

• Get estimates from more suppliers in the Nordic region regarding volumes 

of PET 

• Look in more detail at the return transports from Norway as well as what 

available transport capacity could be used between Svensk 

plaståtervinning and Perstorp. 

• Look into business models 

 

5.3 Depolymerization technology – state of the art  (Perstorp) 

The state of the art survey started by reviewing the literature concerning BHET as 
a raw material for synthesis of alkyd resins. A couple of report were found as sited 
below.6,7  Guclu et al found that the physical properties (drying times, hardness 
and abrasion resistance) and thermal degradation stabilities of the PET-based 
alkyd resins were better than these properties of the reference alkyd resin. Also 
Kinrod found that alkyd resin film from glycolysis-product alkyd resins had better 
properties than those of conventional alkyd resins. Perstorp has also found that it 
is possible to have a freedom to operate within their intended applications. 

Findings of the depolymerisation techniques and summary of cost estimations are 
made in a number of slides made by Perstorp and shown below. 

 
6 Guclu, G. “Alkyd Resins synthesized from post-consumer PET bottles” Progress in Organic Coatings 

Volume 65, Issue 3, July 2009, Pages 362-365 
 https://doi.org/10.1016/j.porgcoat.2009.02.004 

7 Klinrod, S. “Alkyd resin coating synthesized from post-consumer pet bottles for wood-plastic composite” 
Conference: 70th Annual Technical Conference of the Society of Plastics Engineers 2012, ANTEC 2012; 
Orlando, FL; United States; 2 April 2012 through 4 April 2012; Code 92358, At: Orlando, USA, Volume: 
Volume 1, 2012, Pages 724-727 
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One of the main conclusions from above, a conclusion that was made already 
before 2003, was that the primary uncertainty in the estimation of commercial 
potential for depolymerization of PET is the value of the alternative to make 
polymer. This is the key for the potential of industrialization of BHET as a raw 
material for additives like in alkyd emulsion or other special resins that are part of 
Perstorps product range.  
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State of the art survey, as summarized in the tables above, show that there are 
several industrial scale initiatives on depolymerisation of PET. Ioniqa has been 
identified as an interesting alternative, as it is based on glycolysis to render BHET 
as monomer. Depolymerisation to oligomers has also found some interest and 
Resinate Materials Group has done some interesting work in preparation of 
oligomers as source for binders. 

Summarising the interesting facts about Ioniqa is that they have developed a 
magnetic catalyst that they claim result in very high quality raw material. Ioniqa 
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claims to be first in upcycling and is building a 10kTon plant. They state they are 
supplying Indorama with monomer for PET production. Their technology should 
be ready for licensing during 2021. 

Perstorps’ review from Modern Polyesters: Chemistry and Technology of 
Polyesters and Copolyesters, 2003 concerns capital costs for large scale 
depolymerization facilities and economics, as well as prices of raw materials and 
comparative products, and can be found in Appendix A. All in all, the conclusion 
is that glycolysis comes out as a favourable process  

5.4 Preparation for DEMO project 

A summary of Perstorps conclusions concerning BHET concept status is shown 
below. Their project objectives are clear ; to use BHET as a new diol ester for 
their resin strategic segment. 

 

 

 

 

A draft of a process flow chart for the depolymerisation can be found in Appendix 
A and a location in Stenungsund is identified and preliminary drafts of a plant are 
being prepared as shown in the illustrations below. 
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5.5 LCA 
The climate change impact of waste PET recycling to BHET is 3.3 kg CO2-eq per 
kg BHET. The main impact origins from the depolymerization and filtration steps. 
For the depolymerization step it is ethylene glycol contributing significantly to the 
climate change impact. In the filtration step it is the incineration of oligomer 
(BHET dimer) and other losses contributing to the climate change impact as 
shown in figure 26. 
 

 

Figure 26: Climate change impact of waste PET recycling to BHET per functional 

unit. Trp=transport, RM=raw material.  

 
 
The ethylene glycol consumed can also be supplied from Recyctec and not only 
from virgin resources. In the first sensitivity analysis all ethylene glycol is suppled 
from Recyctec. The climate change impact is 6% lower if all ethylene glycol is 
supplied from Recyctec compared to if the consumed ethylene glycol is supplied 
from virgin resources. The climate change impact is 3.1 kg CO2-eq per kg BHET, 
see Figure 27. The contributing activities are the same as in the base case, 
depolymerization and filtration.  
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Figure 27: Climate change impact of waste PET recycling to BHET per functional 

unit in the sensitivity analysis where all ethylene glycol is supplied 

from Recyctec. Trp=transport, RM=raw material. 

 

In the second sensitivity analysis the effect of internally recycle the oligomers 
(BHET dimer) and other losses back to the depolymerization reactor is assessed. 
The climate change impact of the recycling system is 30% lower if the losses are 
internally recycled. In this scenario only the depolymerization, the use of ethylene 
glycol, is contributing to the impact. The climate change impact is 2.3 kg CO2-eq 
per kg BHET, see Figure 28.  

 

Figure 28: Climate change impact of waste PET recycling to BHET per functional 

unit in the sensitivity analysis where oligomers and other losses are 

internally recycled instead of incinerated. Trp=transport, RM=raw 

material. 

The third sensitivity analysis assess the effect of varying the heat supply. The 
climate change impact is 12% higher if the heat is obtained from natural gas 
instead of district heating system. The climate change impact is 3.7 kg CO2-eq per 
kg BHET. The main impact origins from ethylene glycol, waste incineration and 
heat usage, see Figure 29.  
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Figure 29: Climate change impact of waste PET recycling to BHET per functional 

unit in the sensitivity analysis where the heat is obtained from burning 

natural gas instead of district heating. Trp=transport, RM=raw 

material. 

 
In the last sensitivity analysis, the effect of varying the electricity mix was 
assessed. The result shows that the climate change impact increases from 3.3 kg 
CO2-eq per kg BHET to 6.4 kg CO2-eq per kg BHET, which is 94% higher 
impact. The main impact origins from electricity usage, ethylene glycol and waste 
incineration, see Figure 30. The average EU electricity grid mix has a higher share 
of fossil energy compared to the electricity grid mix in Sweden. 
  

 

Figure 110: Climate change impact of waste PET recycling to BHET per 

functional unit in the sensitivity analysis where the heat is model with 

EU-28 electricity grid mix. Trp=transport, RM=raw material. 

 
The result of the comparison between the chemical recycling system of PET 
against the linear PET system are shown in Figure 31. The circular system, waste 
PET to PET, removes the need to incinerate the PET waste and the need to 
produce new virgin PET. The chemical recycling system of PET, without internal 
recycling of losses in the recycling, has 10% lower climate change impact 
compared to the linear PET system. In that case, the climate change impact is 
similar. If the losses of oligomers and other compounds are internally recycled the 
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recycling system has 36% lower climate change impact compared to the linear 
PET system. 
 

 

Figure 31: Climate change impact of chemical PET recycling system without (wo) 

and with (w) internal recycling of BHET dimer and losses compared 

to the linear PET system. The result is presented per kg PET.  

 

5.5.1 Conclusions and recommendations  

This LCA shows that the climate change impact of waste PET recycling to BHET 
is 3.3 kg CO2-eq per kg BHET. The climate change impact origins mainly from 
the use of ethylene glycol and incineration of BHET dimer and other losses.  
There are climate change benefits of a circular PET system compared to a linear 
PET system. The climate change impact for the circular PET system is 6-35% 
lower compared to the linear PET system. Climate change benefits from recycling 
does not always occur since the linear systems are highly developed and efficient 
processes. Because of this it is sometimes important to consider resources as an 
indicator. As a next step, if updating this LCA in a new research project, it is 
important to expand the scope of the study by including other indicators such as 
resource use and also other environmental impact categories.  
According to special chemical experts within the project,  special chemicals 
usually have a climate change impact around 5-10 kg CO2-eq per kg. BHET has a 
climate change impact in the lower range compared to special chemicals on the 
market.  
If ethylene glycol is supplied only from Recyctec the climate change impact is 
reduced by 6%, from 3.3 to 3.1 kg CO2-eq per kg BHET. If the BHET dimer and 
other losses are internally recycled the climate change impact is reduced by 30%, 
from 3.3 to 2.3 kg CO2-eq per kg BHET.  
If the heat used in the recycling process is supplied from burning natural gas 
instead of district heating the climate change impact increases by 12%, from 3.3 
to 3.7 kg CO2-eq per kg BHET. In the recycling process large amount of 
electricity is used but results in low impact since the Swedish electricity mix has a 
low climate change impact. However, if the electricity is supplied from a higher 
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share of fossil energy, for instance EU-28 electricity grid mix, the climate change 
impact increases 94%, from 3.3 to 6.4 kg CO2-eq per kg BHET. 
To conclude, large quantities of ethylene glycol are used in the recycling process, 
which contributes significantly to the climate change impact. Effort should be put 
on exploring the possibilities of reducing the amount used, and internally recycle 
the ethylene glycol before sending it to Recyctec. Also, effort should be put on 
examine the possibility of internally recycled oligomers and other losses back to 
the reactor in the depolymerization step.  

6. Conclusions for a coming project 

The project can be summarized by the following conclusions: 

• Perstorps’ market survey and cost estimations are promising and the 
conditions for starting a BHET monomer production in Stenungsund 
should be further developed. 

• The LCA indicate a favorable outcome especially if the oligomers from 
the depolymerization are recycled. The process should be further 
optimized in order to reduce the environmental impact. 

• More PET raw material suppliers should be identified for example in 
Denmark 

• Washing and sorting to rather high purity is needed. A washing plant 
should be installed neighboring to the depolymerization unit. 

• Decolorization will be needed to some extent but most probably not to a 
high degree of transparency/whiteness. Decolorisation should be included 
in a new LCA. 
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Appendix A 
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