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ABSTRACT

Plastic recyclates are granulates which are produced by the processing of plastic
wastes. The circular economy package of the EU, especially the amendment of the
Waste Framework Directive, sets a new goal for the use of different types of these
recyclates. Corresponding primary raw materials can assure reliable qualities with
respect to stable physical and chemical properties. Besides, the production of re-
cyclates is often even more expensive than the production of primary raw material
granulates. Several quality assurance measures are carried out along the value chain
from plastic waste to final plastic products. Recyclates are evidently priced based
on the price of primary raw material granulate. Pricing also correlates with differ-
ent quality parameters, however, such as degree of mixing, degree of degradation
and presence of impurities. This paper examines the correlation between different
quality features and how they affect the pricing policy for recyclates. Experts and
Stakeholders along the value chain of plastic recycling in Austria and Germany have
been interviewed about the most important quality assurance parameters and how
they (would) affect prices of recyclates. Therefore, quality parameters for the sorted
plastic waste as an input for plastic waste recycling companies and manufactured
recyclates are included in this paper. Experts from the plastic waste recycling indus-
try confirmed that there is a profound correlation between price and quality that is
presented and discussed in the paper: The higher the quality of the recyclates, the

1. INTRODUCTION

The European plastic strategy presented by the Europe-
an Commission, to be implemented in the Recycling Sector
Package, poses an enormous challenge for the European
waste management and the plastics processing industry.
The circular economy package sets a recycling rate of 55
wt.% by 2030 for plastic packaging waste (European Union,
2018). The European Commission has not stipulated a
compulsory percentage of recycled plastics in the manu-
facturing process of new consuming products, i.e. substi-
tution rate on a primary raw material level. Moreover, the
Commission appeals to the responsibility of manufactur-
ers to achieve its objectives regarding circular economy.

Currently, recyclates are applied with a content lower
than 10% in new plastic packaging products (Reitz, 2019).
This suggests that recyclates are either too expensive or of
too low quality. Although scientific studies (Klumpp & Su,
2018; Martel, 2018; Pauwels & D’Aveni, 2014; Voros, 2019;
Zhe Gin & Kato, 2010) have already focused on the correla-

lower the level of impurities and the purer the recyclates, the higher the price.

tion of quality and price for other goods, this paper does
not only examine such correlations but also includes qual-
ity parameters for the sorted plastic waste and recyclates
to provide a practical guideline for quality assurance. In the
course of the applied survey for this paper, experts gave a
comprehensive overview of how quality is assessed in the
field and which parameters are significant for high quality
material. Furthermore, this data will support assessing the
economic feasibility of certain stages of plastic packaging
waste treatment (European Committee, 2019).

Wide range of composited materials and problematic
additives can lead to sales difficulties for recyclates too,
since recycled materials from “older” waste plastics may
still contain substances that are no longer permitted in new
plastics due to their negative effects on the environment
and health (Wilts et. al., 2014). Plastic recycling is also lim-
ited by a lack of quality and constant supply of raw mate-
rials required by the industry (Vilaplana & Karlsson, 2008).
Quality criteria for recyclates for the final plastic process-
ing companies are not standardised but defined individu-
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ally by the recycling and processing companies. Criteria
include exceptionally pure colour and low content of con-
taminations (Vilaplana & Karlsson, 2008). Besides the lack
of quality, the poor image of recycled plastics in the public
also impairs plastic recycling (Moser et. al., 2016). As a re-
sult, recyclates are not used in new plastic products to the
desired extent or not at all.

Despite the number of obstacles, however, recyclates
are increasingly applied by the industry to pursue a sustain-
able strategy (Polymer Comply Europe, 2017). The market
for primary raw plastics is characterized by:

A close correlation with the price of crude oil, resulting
in comparatively high volatility of prices. As a result,
when the price of primary raw plastic significantly de-
creases, recyclates will be increasingly substituted by
primary raw material granulate, as well as

+  Easy substitutability of products of different suppliers
and also by oligopolistic market structures, inspiring
strategic behaviour of suppliers (Rothgang et. al., 2017).

The main question raised by this paper is based on
these two findings and seeks to establish a correlation
between the price and the quality of plastic recyclates. In
addition, the quality requirements for sorted plastic waste
and produced recyclates are examined. The importance
of quality assurance and its practical implementation are
treated in a separate section. Furthermore, the market for
primary raw plastics and recyclates is examined in detail
and pricing developments are analyzed.

2. MATERIALS AND METHODS
2.1 Materials

The following plastic types are being investigated in the
study as they represent 57% of the demand for the plastic
packaging waste processing industry in Austria (Stoifl et.
al.,, 2017):

+ High-density polyethylene (HDPE) foils and hollow bo-
dies (emptied);

7 Quality assurance

Plastic packaging waste*
Plastic municipal waste*
Other plastic wastes (e.g.
waste from construction,
automotive, electronic
sectors etc.

Plastic Plastic waste

waste ) sorting

collectors companies

Sorted plastic
waste** (e.g. bales,
flakes/regrind)

Crude oil and
natural gas

Low-density polyethylene (LDPE) foils and hollow bo-
dies (emptied);

+  Polypropylene (PP) foils and dimensionally stable PP
(bucket, canister, emptied);

+  Polyethylene terephthalate (PET) bottles (emptied);

+  Polystyrene (PS) foils (thermoforming film).

This paper mainly discusses recyclates since regrind
materials do not undergo extensive quality assurance and,
frequently, only the impurity content is of importance.

2.2 Methods

All relevant stakeholders along the value chain from
plastic wastes to the finished products are shown in Figure
1. This figure also shows all the terms used in this paper
along the presented value chain.

A market analysis of secondary plastic granulates was
conducted to identify the quality benchmark in plastic recy-
clates, performed by observing the development of pricing,
identifying drivers to the increase or decrease of value and
verifying whether the value depends on recyclate quality or
on other economic features.

To analyse the correlation between price and quality,
several packaging plastic waste processing companies
and plastic waste recycling companies were provided
with a specially designed assessment guide. In addition to
personal discussion with plastic waste recyclers and the
plastic waste processing industry in Austria, the plastics
recyclers and the plastics processing industry in Germany
was approached with short and targeted e-mail questions.
Altogether, 19 different stakeholders responded. Six phone
calls were made, reaching two plastic recyclers, three plas-
tics processing companies and one association. In addi-
tion, about 80 e-mails were sent to plastic waste collectors,
plastics recyclers and plastics processing companies, re-
sulting in a return rate of approximately 20%. Four plastics
recyclers, five plastic processing companies and four other
stakeholders responded. Figure 2 shows the distribution
of the consulted companies by industry. 32% of plastic re-
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FIGURE 1: Stakeholders along the value chain from plastic waste to final plastic products.
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FIGURE 2: Distribution of the consulted companies by industry.

cyclers, 42% of plastic processing companies and 26% of
other stakeholders along the plastic value chain participat-
ed the survey. The other stakeholders are cluster, associ-
ations, societies or research institutions operating in the
field of plastics processing.

3. RESULTS AND DISCUSSION

The following section is divided into five subsections.
First, the quality requirements for the sorted plastic waste
and the plastic recyclates are shown. Second, the section
"Quality Control" is describing, which parameters are signif-
icant for reliable quality control for the sorted plastic waste
and manufactured recyclates. Additionally, price develop-
ment for the polymer types mentioned above has been
done. Furthermore, the most relevant questions of this
study are answered in a separate section. Finally, to fulfil
the titles of this paper, the quality benchmark in plastics
recyclates are described.

3.1 Quality Requirements

Requirements for sorted plastic waste qualities:

In Germany, quality standards for sorted plastic waste
applied in the plastic waste recycling companies have
evolved within the plastic industry (Griiner Punkt, 2019),
summarized in Table 1.

Quality requirements for produced recyclates:

Provided specification sheets or datasheets of pro-
duced recyclates include limit ranges (see Table 2) for the
following properties:

+  The density of non-cellular plastics (DIN EN ISO 1183-1)
+  Melt volume-flow rate (MVR), melt-mass flow rate
(MFR) and flow rate ratio (DIN EN ISO 1133-1)
Tensile properties, in particular, modulus of elasticity
(E-Modul) (DIN EN SO 527-1)
Notch impact strength (DIN EN ISO 179/1eA)

3.2 Quality assurance
3.2.1 Quality assurance of plastic waste

The key competence in the quality assurance pro-
cess of the delivered mixed plastic waste material to the
plastic waste sorting plant is found with the material ac-
ceptance staff. Based on their experience, the quality of
supplied plastic waste bales can be assessed by visual
inspection. Attention is paid to coarse impurities. The
collective experience of the stuff is decisive. An essential
part of the input control is the colour distribution of the
bale because a majority of pure plastics is a requirement
for the production of high-quality recyclates and their use
in new products.

Furthermore, the origin of waste affects the assess-
ment of the sorted plastic waste quality. Hence, the materi-

TABLE 1: Quality standards for sorted plastic wastes for recycling (Griiner Punkt, 2019).

Other plastic Other Dimensional- Foamed Dimensional-
Sorted plastic Metal items : ! : ly stable PE plastics incl. Plastic Foils PVC
o particles residues " N o ly stable PP
wastes [wt.%] [wt.%] [wt.%] articles EPS* [wt.%] [wt.%] wt.%]
. : [wt.%] [wt.%] -
Plastic Foils
(mostly LDPE) <05 <40 <40
Plastic hollow body
(mostly HDPE) <05 <30 <30
PP <0.5 <3.0 <1.0 <05 <2
PET bottles <0.5 <20 <20 <0.1
PE <05 <3.0 <05 <50 <3.0
PS <05 <4.0 <20 <1.0
Compostable waste (foods, garden rubbish). * EPS: expanded polystyrene
K. Friedrich et al. / DETRITUS / Volume 09 - 2020 / pages 105-112 107



TABLE 2: Physical, chemical and rheological properties of the investigated recyclates (Griiner Punkt, 2019).

Properties LDPE HDPE PP PET PS
Density [g/cm?] ©0.920-0.945 0940-0970  0.895-0.920 : 1.360-1.390 :  1.050-1.290
Melt-mass flow rate (MFR) 0.5-0.90 0.1-30.00 0.1-30.00 20.0-30.00 2.3-8.2
[9/10 min]

[T,;';j]'e properties (modulus of elasticity) 220 - 380 1170-1350 850 - 1 450 3400-3700 3000-3 400
Notch impact strength [kJ/m?] 8.00-15.00 4.85-5.15 3.00-5.50 2.00-4.00 8.0-12.0

M190°C | 2,16 kg @230°C | 2,16 kg ®©280°C | 5,00 kg ¥200°C | 5,00 kg

al flow can be assessed using empirical values depending
on the origin.

There are interesting arguments why deliveries of sort-
ed plastic waste bales are rejected. Cartridges for sealing
compounds repeatedly lead to rejection. The moisture of
bales is another argument. Increased moisture can affect
the surface of the particles and foaming processes during
injection moulding may occur. Basically, however, non-con-
formity with quality requirements usually leads to a price
reduction. If the content of contaminants is too high, the
processing is impaired (material variations).

3.2.2 Quality control of recyclates

The quality of random samples of recyclates is con-
trolled in a laboratory. The physical, rheological and me-
chanical properties of the recyclates are of great interest.
The following characteristics are analysed in the course of
a random sample inspection:

1. Physical properties
a. density determination (DIN EN ISO 1183-1)
2. Rheological properties
a. melt-mass flow rate (MFR) (DIN EN ISO 1133-1)
3. Mechanical properties
a. tensile properties, especially modulus of elasticity
(DIN EN ISO 527-1)
b. notch impact strength DIN EN ISO 179/1eA

Frequently, further parameters of the recyclates are de-
termined. These include:

Melting temperature

Colour distribution and colour composition

Size and form of the granulated material (e.g. lenses,
cylinder)

Moisture content

Filtration fineness

Ash content

Heavy metal content

In addition, there is often a continuous control of recy-
clates and an inspection for any specks, gas emissions,
mechanical values and the colour of the recyclates.

The hardness of recyclates allows initial prediction of
the foreign plastic content, the shape of the granulates
and the bulk density indicating potential gas inclusions or
vacuoles. The colour and odour of granulates may indicate
previous thermal degradation of the material. The follow-
ing devices or test methods are frequently used in quali-
ty assurance refers to the previously mentioned standard

specifications: Melt index testers, differential scanning
calorimetry (DSC), ash furnaces, residual moisture scales,
density analysers, capillary rheometers, tensile testing and
notched-bar impact test machine.

3.3 Price Development

The plastic trading market is currently shifting and, as
mentioned before, increasingly developing into a buyer's
market. A high dollar exchange rate (1,1008 $/€ on 24-
Sept-2019) (Wallstreet-online, 2019) and weak crude oil
prices (62.90 $/barrel on 24-Sept-2019) (Tecson, 2019)
result in a preference for primary raw material over recy-
clates. Moreover, the European plastic market has changed
due to the ban of exports to China that has previously been
one of the largest importers of European plastic waste.56%
of all plastic waste worldwide and 87% of all European
plastic waste has been sent to China in recent years (Uken,
2018). The plastic waste streams, which are heavily con-
taminated and poorly sorted are most seriously affected.
As a result, there is an oversupply of this plastic wastes in
the European plastic recycling market. It follows that the
plastics processing industry will favour high quality of plas-
tics available.

Plastic wastes with low extraneous and pollutant con-
tents and lower humidity are demanded. This oversupply
of polluted plastic waste enables customers to select high-
est-quality plastic waste, ultimately affecting the pricing.
Low-quality plastic waste losing market shares used to a
great extent for thermal treatment or recovery (Sarc et. al.,
2019).

3.3.1 Price development for sorted plastic waste

The price developments for HDPE and LDPE (A), PP (B),
PET (C) and PS (D) regrinds and bales over the last years
are shown in Figure 3. The average selling price for re-
grinds of commodity plastics (e.g. PE, PP, PET, PS) is about
538 €/1, varying by 92 €/t (Plasticker, 2019).

For the PE types, it is stated that the average regrind
price is very similar for HDPE and LDPE with approximately
0.6 €/kg (Plasticker, 2019). The HDPE regrind price fluc-
tuated significantly more than LDPE in the years 2014 to
2017. The LDPE regrind price is on average three times
higher than the prices for the LDPE bales. This can also be
observed for PP and PET. At 0.56 €/kg, the average regrind
price for PP is 2.5 times higher than for PP bales, and at
0.37 €/kg, the average regrind price for PET is 1.9 times
higher (Plasticker, 2019). The reason for this is the higher
processing depth and the associated higher costs for the
production of regrinds compared to bales. The different
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FIGURE 3: Price development for regrinds and bales of PE types (A), PP (B), PET (C) and PS (D) (Plasticker, 2019).

price differences between regrinds and bales of the plastic
types can be explained by the different processing costs.

3.3.2 Price development for recyclates

The price developments for LDPE (A), HDPE (B), PP (C)
and PS (D) granulates of primary raw materials and recy-
clates are shown in figure 4. No reliable price development
could be collected for PET. The average selling price in July
2019 of primary raw material granulates of standard plas-
tics (e.g. PE, PR, PS, PET) was around 1.17 €/t and 0.537
€/t (Plasticker, 2019) was the average selling price of re-
cyclates of standard plastics. This means that granulates
produced of primary raw material are on average twice as
expensive as recyclates.

A comparison of the price developments of the primary
raw materials with those of recyclates shows that there is
a certain dependency between both price developments. If
the price of a primary raw material rises or falls, the recy-
clate price of this plastic type also reacts with a price rise
or fall. This fact can be seen for example well for LDPE in
Figure 4 (A).

3.4 Market Study

The following section provides a summary of the most
important statements:

Is there a correlation between price and quality of the
sorted plastic waste?

First, the general market balance of supply and demand
is pointed out. This provides the basis for any pricing.
Where supply and demand meet, a corresponding market
for goods develops.

The respondents ‘affirm’ the question, though. There is

indeed a strong correlation between the quality and price
of the sorted plastic waste. In addition, better application
options are made accessible by purer sorted plastic waste,
higher-priced. Surveyed plastic processing companies also
reported the dependence of co-payments, i.e. a negative
price for recyclates. If the sorted plastic waste can be pur-
chased for a higher additional price, then the recyclates
may be offered for less. When co-payments decline, how-
ever, the prices in sales have to rise. Additional payments
depend primarily on the quality of the sorted plastic waste.
If the material is dirty and includes high amounts of extra-
neous plastic, additional payments are higher. It the ma-
terial is clean, on the other hand, and has a low level of
extraneous plastics, additional payments will be lower.

It was also mentioned that the quality of the sorted
plastic waste is primarily defined by its colour. The higher
its purity, the higher the price that can be achieved on the
plastic trade market. This is mainly due to its broader ap-
plication range, say, in subsequent colouring, foil thickness
and mechanical properties.

As mentioned above, the staff is crucial for sorted plas-
tic waste price. They ultimately control the quality and their
wealth of experience facilitates a reliable quality level and,
accordingly, adequate pricing.

Is there a correlation between price and quality of the re-
cyclates?

Regarding this question, there is again a general agree-
ment on a higher quality of recyclates leading to higher
prices. It is backed by the argument that higher quality of
the recyclate reduces the risk of failures or bad batches
from contamination for final plastic processing compa-
nies. Furthermore, it was mentioned that the quality of the
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FIGURE 4: Price development for primary raw material and recyclates of LDPE (A), HDPE (B), PP (C) and PS (C) (Plasticker, 2019).

sorted plastic waste strangely affects the quality of the
produced recyclates.

Pricing of recyclates

Basically, the market mechanisms of supply and de-
mand apply. In addition, the following criteria were identi-
fied for pricing recyclates:

Purity: the purer a material, the broader its range of ap-
plication and the higher the price potentially achieved;
Colour purity: the purer the colour of recycled material,
the broader its range of application and the higher the
price potentially achieved;

A function of the primary raw material prices: Pricing
polymer types is a function of the respective commodi-
ty price. If the price of primary raw material decreases,
the price of polymers will drop as well. Recyclate prices
are usually following the trend.

Other pricing contributors are melt filtration in the con-
text the lower the melt filtration (measured in pm), the
higher the quality and cost supplement for masterbatches.
When plastic is dyed, a certain amount will be charged for
this procedure, raising the price.

3.5 Quality benchmark in plastics recyclates

Market analysis has not produced any evidence for
plastics recyclate benchmark. Therefore, producers of re-
cyclates were asked to give one.

The surveys indicated that the quality standards for
recyclates from Griiner Punkt (2019) are considered as a
benchmark in the industry. For the recyclate quality, two
levels are distinguished: mean quality for standard prod-
ucts like flower pots or buckets in ‘standard plants’ and

high quality surpassing defined threshold values from
Griiner Punkt (2019).

The demand for plastic recyclates is higher now than
the recycling market is able to provide. For this reason, pri-
mary raw plastic granulates are mostly about 40 to 60%
(see Figure 4) more expensive than plastic recyclates com-
pared by the market data. The quality of recyclates is below
that of primary raw plastic granulates regarding material
properties but the consumers would tolerate it for the sake
of sustainability. Better recyclability of plastics might re-
duce the market value of plastic recyclates. As best plastic
recyclate quality, i.e. the benchmark, is met by plastic recy-
clates applied to food packaging like ‘cap-to-cap’ or ‘bot-
tle-to-bottle’ production referring to the surveyed plastic
processing companies.

4. CONCLUSIONS

The essential question was whether a correlation be-
tween price and quality of plastics recyclates is perceived.
Experts from the plastics product manufacturing compa-
nies and plastics recyclers confirmed it unequivocally: The
higher the quality of the material, the lower the impurities
and the purer the material, the more applications for the
material exist.

For sorted plastic waste, the plastic waste recycling
companies quality standards defined by Griiner Punkt
(2019) are considered a benchmark while recyclates appli-
cable as food packaging (like cap-to-cap or bottle-to-bot-
tle) constitute a benchmark for plastic recyclates.

In addition to the general market mechanisms of supply
and demand, the pricing of secondary plastics is mainly a
function of the purity of the recyclate, the purity of the co-
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lour and the respective price of raw materials. The purer
and the cleaner the material, the higher the price that can
be achieved on the market. The impact of respective com-
modity prices is also linked to the crude oil price and the
dollar exchange rate.

Furthermore, the key competence of the staff in terms
of quality control must be underlined. Their experience
allows fast and reliable control, essential for successful
further processing. For the quality control of recycled ma-
terial, physical, rheological and mechanical properties are
identified. In addition to density and melt flow rate, tensile
properties and impact strength are identified to assure the
required quality.

Plastic waste recycling companies would very much
welcome a stipulation of minimum requirements for sorted
plastic waste and recyclates by legislation.

Finally, it can be stated that, although the use of re-
cyclates is facing some obstacles, many plastic product
manufacturing companies are using plastic recyclates in
their spite. There is a need for further changes at the polit-
ical level (note: very positive example is “plastic strategy”
of the EU) to help achieve a breakthrough. Many stake-
holders along the plastic value chain would favour the
further international introduction of quality standards. In
addition, raising public awareness of the value of plastic
waste is of key importance for further developments in
the use of recycled plastic. Therefore, a package of mea-
sures and tools is needed to reduce obstacles and to pro-
mote high-quality plastics recycling as well as the use of
recyclates.
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