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1. Introduction

This project was carried out during the period of May 2024 to October 2025 and was funded
by Klimatledande processindustri (KPI) and Region Skéne Regional Utveckling.

2. Summary

The healthcare sector is a major consumer of single-use plastics, most of which are incinerated
despite WHO estimates that 85 % of healthcare waste is non-hazardous and potentially
recyclable. This project explored practical collection, recycling, and circular business models
for polypropylene (PP) plastics and textiles in Swedish hospitals.

Collection trials were conducted at Lund’s University Hospital, focusing on PP-based products
(syringes, medicine cups, warm-up jackets). Over eight months, ~500 kg of PP was collected
with 98.5 % sorting accuracy. Textiles made of PP were collected on a smaller scale (~20 kg)
as the industrial scale on synthetic fibre to fibre recycling is not available yet in Sweden. An
assessment of regional procurement indicated at least 136 tons of PP products purchased
annually, suggesting significant recycling potential.

To assess the recycling process, plastic fraction was washed and compounded into pellets,
yielding ~300 kg PP from 500 kg input which is quite normal as 500 kg is a low amount for
industrial processing. Mechanical properties: melt flow rate 20-22 g/10 min, tensile modulus
~1200 MPa, impact strength ~3 kJ/m?. Textile fraction was processed at lab scale; melt
filtration improved homogeneity and processability. Demo components (sharps containers)
were successfully moulded, though aesthetics and toughness remain challenges.

In regards to business and design, mechanical recycling is feasible but limited by
contamination, low toughness, and economic barriers. Textiles need more process optimisation
but there are similar advantages and disadvantages as for plastic items. Recommendations
include mono-material designs, avoiding printing and dark colours, and using labels that are
easy to wash off. Policy gaps and lack of infrastructure hinder scaling; collaborative
ecosystems and regulatory incentives are needed.

The study concludes that medicine cup and syringe-derived PP can be recycled into functional
material streams, primarily as a blend component with virgin PP. The textiles need more
process optimisation to make it into a fibre again but it is possible to recycle the material.
Circularity in healthcare requires systemic changes in design, collection, and policy to reduce
reliance on incineration and improve resource efficiency.

3. Background

The healthcare sector is a major consumer of single-use plastic products, a high-quality stream
that currently in Sweden only goes to energy recovery. One possible reason for not examining
this stream is that some of the single-use plastics are used for dosing medications or in close-
to-body applications, thus having the potential to become hazardous waste. However, this
approach overlooks a significant portion that is not hazardous waste and could potentially be
recycled. The exact size of this portion is currently unknown, but the WHO' estimates that
approximately 85 % of all healthcare waste is non-hazardous and thus potentially suitable for
recycling. Increased circularity can be achieved through waste minimisation, reuse and
recycling. These actions can reduce use of finite resources and build resilience in society as it
reduces dependence on new raw materials. Previous studies have shown that polymer materials

' WHO’s web, Health-care waste: Health-care waste, downloaded 2025-09-18
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from hospital settings can be processed to form viable materials for use in other products such
as flooring (Yarahmadi et al 2019%). The potential to prepare plastic waste from healthcare
settings for recycling has also been investigated in other studies (Ganesh & Temsamani 20237,
Thegenholm & Wahlberg 2024%). The studies indicate promise but no definite solutions.

4. Project goals and work packages

The project aims to identify business models and product designs with the potential to promote
the separate collection and recycling of plastics and textiles from the healthcare sector. This
project, have looked at practical collection and recycling trials of polypropylene (PP) for
mechanical recycling, as mechanical recycling is available on an industrial production scale.
Collection trials took place in several selected departments at Lund’s University Hospital in
Region Skéane, where PP products were collected. By conducting larger collection trials, the
project was able to evaluate actual volumes of non-hazardous plastic and the actual quality of
the collected and recycled plastic. This gave an indication about the feasibility of achieving
such a system at scale. Additionally, it has been an opportunity for the hospital to evaluate how
sorting affects other work and to develop practical solutions for separate collection if they
choose to continue with this.

The project has been divided into four work packages that will be described separate chapters:

Source sorting and collection
Recycling

Circular business models
Design for recycling

The project consisted of several public and private organisations with different interests in the
project. Region Skéne uses single used plastic products and collected the selected products.
The industry partners consisted of three within medical healthcare product production;
Molnlycke Healthcare, BD and Hammarplast Medical, two from plastic recycling; Reelab and
Rondoplast and one from the chemical industry; Borealis. Figure 1 shows the project partners
place in the Value Hill for medical products. The Value Hill® proposes a categorisation based
on the lifecycle phases of a product: pre-, in- and post- use. This allows businesses to position
themselves on the Value Hill and understand possible circular strategies they can implement as
well as identify missing partners in their circular network.

2 Resource project 42528-1 2019, RESOURCE: Sustainable management of plastic waste from

hospitals
3 Ganesh and Temsamani

4 Thegenholm and Wahlberg
5 circle-economy.com/resources/master-circular-business-with-the-value-hill
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Figure 1. Portraying consortia actors on the value hill(s) from raw material production on the left to use
and subsequent discarding, and recycling on the second hill.

5. Source sorting and collection

The sorting and collection trials began by identifying which products were made of
polypropylene (PP) and which departments at Lund University Hospital used significant
quantities of these products. The goal was to collect at least 500 kg of PP within approximately
six months.

The selected products were a warm-up jacket from Mdlnlycke Healthcare (MHC), prefilled
NaCl syringes from BD, and medicine cups from Hammarplast Medical, as shown in Table 1.

Products were chosen based on specific criteria: they should preferably consist of mono-
material PP, not be used in ways that pose any risk of contamination, not come into contact
with liquid medication, and be used in large quantities. These requirements considerably
limited the range of products available for selection.

Table 1. Selected PP products

Picture Name of product Supplier
\/

Warm-up jacket MHC

Prefilled NaCl (aq) syringes,

Posiflush BD

RISE Research Institutes of Sweden AB
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Medicine cups Hammarplast Medical

Six departments at Lund’s Hospital participated in the collection and source sorting besides
internal logistics that handled the collection of the plastics from the departments and storage
until transport to the washing site. For each department separate waste bins were purchased as
well as department specific information signs on the bins to facilitate the source sorting.
Before the sorting trials, meetings and e-mail communication were held with the responsible
person from each department for the collection trial. For those departments that expressed
interest information meetings regarding the project and collection trials were held for all
personnel at that department. Figure 2 shows the different bin solutions as well as the
customized information.

Textiles and plastics were collected separately. Textile collection was limited to one
department since RISE was the only project participant capable of handling textile recycling,
and this was done on a laboratory scale. The textiles had to be visibly clean so that washing
before recycling was unnecessary.

Approximately 20 kg of warm-up jackets were collected and recycled. As each jacket weighs
about 100 grams, it only took a few weeks to gather enough material. In contrast, the other
plastic products were much lighter, weighing between 1 and 28 grams each. As a result, the
collection period had to be extended, and it took eight months to accumulate approximately
500 kg of plastic.

RISE Research Institutes of Sweden AB
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Figure 2. Different waste bin solutions and an example of information leaflet on the bin. The
top left photo shows the bin in a rinse room and the top right the bin on a medical trolley, the
red circle marks the bins used in the project.

During the collection period three picking analysis were made to evluate the accuracy of the
source sorting. The polymer characterization was made by a hand-held NIR instrument and the
amount of PP was weighed and compared to the total amount taken out for the picking
analysis. The overall accuracy of the the sorting was very high, approximately 98.5 %. Some
wrongly sorted items had a large impact on the overall results as their weight was relatively
high. For example, an item connected to a tube weighed 140 g affecting the overall result by
4.2 % of missorting for that department. Before the second picking analysis, a competition was
announced with a free fika as competition prize for the winning department. This was done to
keep up the engagement for the sorting during the quite long period. Figure 3 shows an
example of one of the picking analysises and table 2 shows the agglomerated results for the
three picking analysis for all departments.

RISE Research Institutes of Sweden AB
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Figure 3. Examples of correctly and wrongly sorted items.

Table 2. Results from the different picking analysis

Material composition (all departments)

Picking analysis PP (syrir}ges, PE Other (polymer anq Total amount [ke]
cups & lids) non-polymer material)

First (Oct. 2024) 99.2 % 0.38% [0.43 % 15.3

Second (Dec. 2024) [97.7 % 0.45% |1.81% 18.6

Third (Feb. 2025) 99.2 % 0.22% [0.53 % 17.7

In parallel with the collection trials an evaluation of the amount of single used plastic and
textiles made of polypropylene within the region was conducted. The estimation was made by
going through the products in the Region Skéne’s digital purchase catalogues that are available
for all hospitals and health centers in the region. This evaluation is an underestimation of all
plastic use as there are some purchases that are not covered by the catalogues and dental
clinics nor private healthcare clinics/hospitals within the region are making their purchases
from the catalogues. Elderly care is also a large consumer of single use plastic products but
since they belong to the municipalities they are also not covered by this assessment. Another
limitation with this evaluation was that it was very hard to gain information on the material
composition of many of the products as well as their weight. Sometimes the material
composition was a qualified guess based on similar products and the same tactics were used
for the weight estimations. If there were a similar product with a weight information the same
weight were used for the products without this information. Table 3 shows an aggregate of
different product groups and their estimated total weight.

Table 3. Purchased plastic items made of polypropylene in Region Skéne, year 2023

Product Weight [ton] 2023
Enteral syringes 12

Other syringes 69

Laboratory equipment 2

Sheets and blankets 20

Cleaning set, bowls, medicine cups 8.4

Single use plastic items for food 18

Other 6.7

Total 136

RISE Research Institutes of Sweden AB
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The estimation of the amount of polypropylene single used products were then compared to a
picking analysis made on the residual waste made for Region Skane’s University Hospitals
from 2020. The picking analysis were made to evaluate the amount of plastic in the residual
waste, excluding plastic packaging, the result from this study was that 12 % of the waste
consisted of plastics. As some of the purchased plastic items are thrown away as contagious or
sharps/cutting waste there is an underestimation of the amount of plastic used in the region
based on the picking analysis of the residual waste. Table 4 shows the amount of residual
waste from the Region’s University Hospitals during 2024. This is an underestimation of all
residual waste as only the Hospitals are part of this study, the health centers in the region were
not part of the study as they usually share premises with other businesses and therefore their
waste is mixed with the others'. The result from the picking analysis were used to estimate the
amount of plastic in the residual waste.

Table 4. Amount of plastic items excluding plastic packaging in the residual waste, 2024.

Type of waste Weight [ton] Rate of total
Residual waste, total 4909
Plastic waste, all polymer types |599 12%

If one compares the plastic waste (599 ton) to the amount of purchased plastic items based on
polypropylene (136 ton) this gives a rough estimation that approximately 23 % of the plastic
waste consists of polypropylene.

Another way to estimate the amount of polypropylene in the health care sector based on the
data from Region Skéne is to extrapolate the Figures based on the number of inhabitants in the
region compared to the country as a whole. This will be an underestimate as not all products
made of polypropylene is calculated for as well as not all healthcare facilities are included in
the evaluation. In Region Ské&ne the number of inhabitants are 1.42 million (2023) compared to
Sweden 10.52 million (2023) inhabitants. This would mean that at least 1000 ton/year of
polypropylene is possible to collect from the health care sector and at least 4400 ton/year of
plastic in total could be sorted out from the residual waste and potentially be recycled instead
of incinerated. This is an underestimation and when comparing with the Naturvardsverkets
report on mapping of plastic flows in Sweden® the estimate is that there are at least 6000 ton
plastic/year used in the health care sector within the Regions. According to this report, the
Regions run approximately 80 % of the health care within primary and specialist care in
Sweden’. As the 4400 tons/year from this study is based on only the hospitals it gives an
indication of how much of the plastics that comes from the other healthcare facilities.

6. Recycling

The recycling was divided into textile and plastic recycling separately. The textile recycling
was made on a lab scale at RISE as there were no industrial textile recycling available within
the project team. The plastic recycling was performed by Reelab in collaboration with their
network of partners as Reelab themselves are not able to wash the collected material.

¢ Naturvérdsverkets Rapport 7191, Kartliggning av plastfldden i Sverige 2023.
7 Ibid.

RISE Research Institutes of Sweden AB
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6.1. Washing - Plastic Fraction

The washing was made in Denmark in an industrial scale even though 500 kg is too low
amount for the washing to be efficient and cost effective. This could be one of the reasons to
that there was a high material loss during washing, approximately 30 % of the material was
lost. Figure 4 shows the material at different steps during the washing and separation process.

The washing consisted of several steps:

- Pre-grinding, dry

- Wet-grinding

- Density separation, float/sink

- Friction washing

- Drying

- Zigzag sorting — sorts out labels and light weight material

Reject, sink part

Reject,
zigzag
light
fraction

Starting material Float part, polypropylene rich

Figure 4. Washing of the collected plastic items, syringes and medicine cups.

The washing process began with a pre-grinding/shredding step for size reduction followed by
wet grinding, where the syringes and cups were milled under water. This step aided label
removal, size reduction and reduced airborne contamination. The material then passed through
a sink—float tank, where heavier fractions—including elastomeric seals, polyisoprene, some
polyester residues, and dense additives—settled to the bottom. This fraction constituted
approximately 113 kg of the total input, indicating a notable presence of heavy and non-
polyolefin components.

The washed PP-rich fraction was transferred to a friction-free washer, further removing surface
residues using paddles in water. After drying, the lighter contaminants such as films, labels and
fibrous materials were separated in a subsequent air classification/wind-shifting stage followed
by regranulation. Despite complete cleaning of the line prior to processing, some residual
polyethylene originating from previous production cycles was detected in the final pellets,
consistent with findings during pellet inspection.

Overall, washing and pre-treatment reduced the 500 kg input to approximately 300 kg of
usable PP fraction, with the remainder removed as heavy contaminants, labels, moisture or
fines. This yield aligns with typical medical-plastic waste streams where syringes contain non-
PP components and multi-part assemblies *.

8 Al-Salem SM, Lettieri P, Baeyens J. Recycling and recovery routes of plastic solid waste (PSW): A
review. Waste Management. 2009;29(10):2625-26

RISE Research Institutes of Sweden AB
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6.2. Compounding
6.2.1. Rigid Plastic Fraction - Pilot Scale

The washed material was run through an extruder to produce pellets which is then used as
starting material for manufacturing of a new product out of the recycled material. Figure 5
shows the pellets of the recycled material. The colour is light grey as there still are some
contaminants of other materials as well as dyes from the recycled items.

Figure 5. Pellets made of the collected plastic products.

Extrusion was performed with a 200 um melt filter, which successfully removed part of the
remaining contamination. Visual inspection of the extrudate and pellets revealed small
inclusions (blue, red, and black specks). Subsequent microscopy confirmed these to be
polyethylene and occasional ink/label residues.

For the PP plastic fraction, melt flow rate was measured at approximately MFR 20-22 g/10
min (230 °C/2.16 kg), a range typical for injection-moulding grades of homopolymer PP °.
Mechanical and thermal evaluations indicated moderate stiffness but low impact resistance,
consistent with the material’s high degradation level and absence of stabilizers.

6.2.2. Textile Fraction - Lab Scale

The warm-up jacket, shown in Figure 6a, was initially analysed using a hand-held near-
infrared spectrometer to determine its material composition. The main body of the jacket
consisted of polypropylene (PP), while the cuffs and collar were made of polyethylene
terephthalate (PET). The buttons were composed of polyoxymethylene (POM), and the threads
included both PET and polyamide (PA). The received warm-up jackets were relatively clean,
so no washing was performed.

To evaluate performance during the subsequent compounding stage, two distinct batches were
prepared. Batch 1 consisted of the main PP body with threads made of PET and PA, as
illustrated in Figure 6b. Batch 2 included the same PP body and threads as Batch 1, but also
retained the PET cuffs and collar, as shown in Figure 6¢. The buttons, cuffs, and collars were
manually removed by hand. Afterwards, each batch was processed through a textile cutter to
reduce the material size, facilitating easier feeding into the extruder.

° Brydson JA. Plastics Materials. 7th ed. Butterworth-Heinemann; 1999.

RISE Research Institutes of Sweden AB
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Figure 6. (a) Warm-up jacket, (b) Batch 1 where only the main body in PP and threads in PET, PA were
kept, (c) Batch 2 where the main body in PP, cuffs and collar in PET and threads in PET, PA were kept,
(d) Batch 1 after cutting, (e) Batch 2 after cutting.

Compounding was carried out on a laboratory scale at RISE using a co-rotating twin-screw
extruder. The pre-cut textile materials were manually fed into the extruder. Batch 1 was
compounded at 190 °C without a melt filter, while Batch 2, due to its higher PET content, was
processed at 230 °C, both with and without a melt filter to assess the impact of filtration. After
extrusion, all samples were pelletized upon solidification, as shown in Figure 7.

As shown in Figures 7a and 7b, the extruded material without melt filtration exhibited an
uneven and inconsistent structure. In contrast, the samples processed with melt filtration,
illustrated in Figure 7c, displayed a more uniform and homogeneous appearance. This
improvement is primarily due to the melt filter's ability to remove solid contaminants,
unmolten particles, and fibre residues during extrusion. These impurities can disrupt the flow
and mixing of the polymer melt, leading to structural irregularities in the final extrudate. Melt
filtration helps ensure a cleaner melt stream, resulting in better dispersion and more consistent

material properties.
5 b
) ’ (b)
0.
L]

Figure 7. (a) Batch 1 compounded at 190 °C without melt filter, (b) Batch 2 compounded at 230 °C
without melt filter (Batch 2-1), (¢) Batch 2 compounded at 230 °C with melt filter (Batch 2-2).

RISE Research Institutes of Sweden AB
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6.3. Demo component - Plastic fraction

One of the goals of the project was to produce a possible new product out of the collected
material. To assess practical usability, the recycled PP from syringes and medicine cups was
injection-moulded into clinical waste container prototypes by AB Sundblads (Helsingborg), as
seen in Figure 8. Two versions were manufactured:

1. Uncoloured (no masterbatch) — produced entirely from 100% recycled PP.
The containers exhibited a grey appearance with visible speckling caused by
remaining PE contamination and pigment residues. No major processing difficulties
were reported.

2. Yellow-tinted variant — using standard yellow masterbatch for medical waste bins.
Colour uniformity improved, but speckling remained visible.

Due to the material’s low impact strength (~3 kJ/m?), lids—which require hinge performance
and strain-bearing geometry—were not produced. The project team deemed that the
recyclate’s mechanical properties would be insufficient for reliable closure performance,
particularly where notch sensitivity or snap-fits are involved.

Approximately 250 kg of regranulate remain available for further prototyping or blending
studies.

AP SUNDPLAST

SINCE 1979

Figure 8. Injection moulded container for sharps/cutting objects

6.4. Material testing
6.4.1. Rigid Plastic fraction

Material testing was conducted on the extruded and pelletised polypropylene (PP) fraction
obtained from the plastic items waste stream. The aim was to evaluate the mechanical
performance, visual quality and processing behaviour of the recyclate and to assess its
suitability for potential applications.

6.4.1.1. Mechanical Properties

Mechanical characterisation showed that the recycled material behaves as a medium-flow PP
homopolymer, with values typical of post-consumer PP streams that have undergone thermal
and mechanical stress. The measured properties are summarised in Table 5.

RISE Research Institutes of Sweden AB
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Table 5. Mechanical properties of recycled PP from syringe waste

Property Value

Melt flow rate (230 °C/2.16 kg) 20-22 g/10 min
Tensile modulus ~1200 MPa
Impact strength (Charpy, unnotched) | ~3 kJ/m?

The stiffness of the material falls within the expected range for PP homopolymers, but the
impact strength is significantly lower than that required for applications involving dynamic
loads, repeated bending, hinges or snap-fit features. Although these limitations restrict its use
in structurally demanding applications, the melt flow rate confirms that the material remains
fully processable by standard injection-moulding techniques.

6.4.1.2. Visual and Morphological Assessment

Visual assessment of both pellets and injection-moulded specimens revealed the presence of
small coloured inclusions and polyethylene (PE) fragments. These originated primarily from
label residues, printed markings and minor PE carry-over from previous extrusion trials. The
pellets displayed a light grey colour, which translated into similarly toned moulded parts. Such
discolouration and fine speckling are typical of mechanically recycled PP derived from multi-
component medical products and do not hinder processability. However, they do affect
aesthetics and may contribute to localised stress concentrations that can reduce impact
performance.

6.4.1.3. Processing Behaviour

The material demonstrated stable extrusion behaviour despite containing minor contamination.
The melt flowed uniformly with no evidence of melt fracture or significant pressure instability.
The agglomeration step was crucial in ensuring consistent feeding into the extruder, as
syringe-derived flakes are naturally low in bulk density. The use of a 200 pm melt filter
enabled the production of uniform pellets during the filtered run, although such a filtration
level still allows small PE particles and pigment residues to pass through.

The testing confirms that the recycled PP fraction is mechanically stable, readily processable
and suitable for injection-moulding of non-critical components. Its key limitations—low
impact strength and minor visible contamination—are expected outcomes for a mechanically
recycled PP stream originating from multi-material medical products. Importantly, this
recyclate should not be viewed as a standalone 100% replacement material. In industrial
practice, recycled PP is rarely used on its own; instead, it is commonly incorporated into
blends with virgin PP or higher-performance recycled grades. Even modest blending ratios (for
example 10-30% virgin PP) can significantly improve impact toughness and broaden the
recyclate’s applicability while still delivering meaningful circularity benefits. Considering this
industry-standard approach, the PP produced in this project represents a functional and
technically viable blend component rather than a fully substituted PP grade. When used in
combination with virgin material or targeted modifiers, it can meet performance requirements
for a wider range of applications without compromising manufacturability or environmental
benefit.

6.4.2. Textile fraction

The compounded pellets were characterized using differential scanning calorimetry (DSC), as
well as melt strength and drawability/spinnability assessments. DSC measurements were
conducted from 20°C to 300°C at a heating and cooling rate of 10°C/min under a nitrogen

RISE Research Institutes of Sweden AB
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RI.
purge. The thermal cycle included heating, cooling, and a second heating phase. Figure 9

presents the second heating curves for all materials. For simplicity, sample names were
abbreviated:

e Batch 1 refers to the first batch compounded at 190°C without a melt filter,
e Batch 2-1 refers to the second batch compounded at 230°C without a melt filter,
e Batch 2-2 refers to the second batch compounded at 230°C with a melt filter.

Heat flow endo down (a.u.)

— Batch_1_Second-heating

— Batch_2-1_Second-heating

— Batch_2-2_Second-heating PA
T T . T T

T % T L T L T
0 50 100 150 200 250 300
Temperature (°C)

Figure 9. The second heating curves of compounded pellets.

The main melting peak observed in all samples was approximately 163°C, corresponding to
PP. Additionally, all samples exhibited minor signals between 215-225°C, highlighted in grey,
which are attributed to residual PA threads. Notably, samples from Batch 2 showed a small
peak around 249°C, highlighted in yellow, indicating traces of PET. This PET presence is
likely due to remaining cuffs and collars, which had been removed in Batch 1.

The pellets were also tested for their melt strength and spinnability using a capillary rheometer
equipped with a haul-off unit consisting of a strand wheel connected to the capillary
rheometer. In this measurement the polymer is extruded through the capillary die and the
polymer strand is guided over two low-friction pulleys. After that, the strand passes through
nip rollers and winds onto a motor-driven take-up drum attached to the rheometer. During the
test, melt tension is recorded as the drum speed increases, allowing evaluation of the material’s
strength and processability in molten form. The test continues until the strand breaks and data
is usually plotted as force vs. draw-down speed, showing the melt’s elongational behaviour.
The test were performed at 230°C using ISO 16790:2021 as a guideline. Different parameters,
i.e. piston speed, starting speed of the take-up drum and acceleration rate of the take-up drum,
were tested to find the optimum combination.

Due to melt instability and very low melt strength, Batch 1 and Batch 2-1 could not be tested.
The weak melt flow prevented the material from being properly guided through the haul-off
wheels, making it unsuitable for further processing. In contrast, Batch 2-2, which was
processed with melt filtration, exhibited sufficient melt strength and stability, allowing for
successful testing. Two trials were conducted using Batch 2-2. Figure 10 presents a plot of
haul-off force versus haul-off speed for both trials, along with an image of the tested sample.
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Rl.
The improved performance of Batch 2-2 highlights the positive impact of melt filtration on
processability and mechanical handling during extrusion.
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Figure 10. (a) Plot of a haul-off force versus haul-off speed for Batch 2-2, (b) an example of tested
sample.

Batch 2-2 exhibited sufficient melt strength for testing, with haul-off force increasing with
speed but remaining low (<3 mN) and fluctuating at higher speeds, indicating limited process
stability. The sample exhibited irregular filament formation and splitting, indicating poor
uniformity. To enhance performance and spinnability, the use of compatibilizers, melt-strength
enhancers, and targeted process adjustments is recommended.

7. Circular Business Models and Business Ecosystem

Developing circular business models to increase resource effectiveness of plastics via
recycling (or reuse) requires collaboration across a complex business ecosystem involving
hospitals, waste management firms, recyclers, manufacturers, and policymakers. While there
are emerging policy frameworks such as the EU Packaging and Packaging Waste Regulation
(PPWR), which mandates reductions in packaging waste and increased recycled content, the
regulation does not specifically address healthcare packaging, leaving a significant gap in
guidance for medical plastics (European Commission, 2023).

The force field analysis conducted with partners (Figure 11) highlights some of the driving and
hindering forces for the circular flow of single-use plastics from healthcare settings.
Combined, the overall indication from partners was that there was more perceived force
hindering circular flow of plastics and textiles than those driving the same. Moreover, findings
from interviews and discussions during this project indicate that many public and private
actors share overlapping sustainability goals and have initiated research and development
projects, as well as dedicated personnel, to advance hospital resource effectiveness. Potentials
exist hypothetically in recycling and reuse. However, while both hospital garments and
syringes were commonly reused in the past — hospital gowns were laundered and many
syringes were made of glass — one-time use norms are pretty well engrained in the value chain.
Disposal and incineration of relatively cheap petroleum-based products is much easier and cost
effective than handling, laundering, cleaning and sterilization (which could be needed for some
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items, although not those syringe uses studied here). This convenience and cost effectiveness is
of course dependent on well-oiled manufacturing and logistics channels. When production and
channels were disrupted during the Covid pandemic, there were attempts to re-kick-start reuse
of some items but these efforts were abandoned as soon as the production system achieved full
capacity again.
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Figure 11. Force Field Analysis from consortia exercise. Driving forces (green arrows) and hindering
forces (red arrows), with numbers (from 1-5) indicating their perceived magnitude. Summed magnitudes
are a rough indication of perceived ‘force field’.

Hence, recycling appears to be the only way forward given current cost structures and
incentives. However, systemic investment and policy incentives remain limited. Without large-
scale infrastructure and regulatory drivers, scaling circular solutions is cost prohibitive
according to actors in the project. Mechanical recycling is the most accessible option today,
but it faces practical barriers such as limited sorting space in hospitals, insufficient local
washing capacity, and the need for large volumes to make transportation economically viable.
Lack of washing capacity is one infrastructural limitation and currently non-established
recyclates have to be sent outside Sweden to get washed. There are washing facilities in
Sweden, but like other production infrastructure, these are sized and geared towards specific
materials, mostly those covered by producer responsibility legislation. One discussion with a
representative of Stena Recycling estimated that a minimum safe supply of 12,000 tonnes of
material per year would be required to justify investing in a new facility.

In regards to transportation, any amount can be transported, but not cost effectively. One
recycler indicated that they will transport 5 tonnes or greater (of clean, post production PP)
from locations within Sweden, while 15-20 tonnes would be needed to justify transport from
more distant locations, like Southern Europe.

Compounding requires volumes as well. One recycler indicated that while (only) 25 tonnes is
needed to do a batch, it is necessary to handle many batches of similar material over many
days, and more realistically, it is preferred to handle 200 tonnes or more at a time. This is due
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to operational and cost reasons; each time the feedstock is changed, it is necessary to prepare
and adjust compounding systems.

All considered, it is known that mechanical recycling of PP can be done profitably and some
companies achieve it. Conducting a rough estimate of potential prices, costs and profits yields
the numbers in Table 6 (below). It is seen that recycling can be viable even with the lower
recycled PP market price of 650 euro per tonne however, only if the costs are all on the low
end. This includes that the hospital does the sorting, thus sorting cost is avoided. Recycling of
PP is of course most profitable (385 EUR/t) if highest commodity price (900 EUR/t) is given
and costs are on the lower extremes. Together, the outcomes indicate a mixed picture, between
360 EUR/t lost to 385 EUR/t made.

Table 6: Profit potential for PP recycling based on low and high market price/costs

. Euro Euro
Cost/price per tonne (low) (high) Source

Recycled Polypropylene Prices, Trends, Index, News,

Sales price 650 200 Monitor and Demand
Cost https://circularplasticsnl.org/wp-
. . 200 400 content/uploads/2024/09/1-s2.0-S0956053X24004513-
granulating/washing ;
main.pdf
Cost of compounding | 250 400 Recycling — secondary material price indicator - Statistics

Explained - Eurostat

DELLA™ Transportation prices (rates at transportation
calculation cost transportation , transportation cost , how
much transportation price transportation cost and tariffs at
transportation , statistics)

Cost of transport- 500
km of 10 tonne load, |65 85
medium size freight

Exposing the pitfalls of plastics mechanical recycling

Cost of sorting 0 125 through cost calculation
Profit lows/highs 135 -110

Profit low price- high 360

costs

Profit high price- low

385
costs

Transportation appears to be of smaller importance compared to other costs, however this
assumes 500 km (which can easily be exceeded if washing is done out-of-country) and a
minimum of a 10 tonne load. Thus, given that post-consumer PP recycling is viable in some
cases, it is the small volumes and unknown qualities that seem to be a greater immediate
hindrance for establishing new recyclate fractions, such as one from healthcare settings.

Give concerns about quality, company representatives interviewed indicated some interest in
assessing potential to take-back and closed-loop recycling. However, considering the volume
challenge, it appears that a better solution would be a recycling system in which multiple
products from multiple manufacturers are handled, allowing bigger volumes and economies of
scale.

One solution touted to be able to handle a broader range of plastics is thermochemical
recycling, which could hypothetically offer greater flexibility in feedstock but requires massive
financial investments and advanced technology. Thus, it is considered less feasible without
strong policy and market support. This said, project partner Borealis has investigated the
potential of using variety of post-consumer feedstocks for pyrolysis, but it does not seem that
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this will happen at scale in the near future. Also, while thermochemical recycling is considered
more “accepting” than mechanical recycling, there would be somewhat demanding criteria for
feedstocks (see next section).

This said, opportunities exist to accelerate progress through collaborative ecosystems that pool
resources for shared infrastructure, policy interventions that expand PPWR or introduce
healthcare-specific mandates, and innovation funding through EU Horizon programs or
national green transition initiatives. These measures could help overcome technical and
economic barriers, enabling healthcare systems to move toward circularity and significantly
reduce their environmental footprint (Ganesh et al 2025)'°.

8. Design for recycling

In general, the products for medical health care applications quite often consists of several
materials making them more complex to recycle especially for mechanical recycling. While
chemical recycling can generally handle more variation and contamination than mechanical
recycling streams, there are still limitations. One previous study yielded the following
technical specifications based on interviews with a representative from Borealis!'!:

1) The plastic feedstock must be dry and inert with minimum moisture contents as
moisture would affect process in the pyrolysis chamber.

2) Feedstock is preferable mixed plastic with high quantities of polyolefins. As per
discussion, more than 80% polyolefins are considered as suitable feedstock.

3) Feedstock is either shredded plastics or agglomerated.

4) Organic compounds such as paper packaging and other biodegradables are avoided.

5) Feedstock must be PCV free. Under high pressure and temperatures, PVC leads to
formation of hydrochloric acid which is harmful for the process and leads to corrosion
of process equipment.

6) Feedstock must be free of silicon.

7) Feedstock must be nitrogen and sulphur free as these decompose into NOx and SOx
which are harmful gases which reduces the properties of pyrolytic oil.

One reason for the multitude of materials could be that there has not been considerations of the
end of life of the products as there is no requirements for recycling today for this type of
products, and it is usually treated as waste and goes to incineration or landfill depending on
country. Another reason is that there is a need of different materials due to the application
where the product is used. Once a product within the healthcare sector has been approved, it is
hard to change the design as it implies a lot of costs. Therefore, it is important at the design
stage to challenge the need of different materials, there is not always any good reasons to the
multitude of materials in a product.

At the workshops within this project there are some arguments to the design choices for the
tested products. When it comes to the printing on the syringes the reason to do this is to
increase the readability of the dosing and for the warm-up jacket the cuffs and collars in
polyester gives a more comfortable feel when wearing the jacket. The elastomeric seal of the
syringes is of course for avoiding any leakage and it is quite easy to separate in the sink float
stage as there is a density difference between the rubber and polypropylene. POM generally
have better tolerance properties than PP and are commonly used in press and close button

types.

10 Towards a Circular Solution for Healthcare Plastic Waste: Understanding the Legal, Operational, and
Technological Landscape
' A Circular Solution for Plastic Waste Within Healthcare 2023
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According to Ellen MacArthur foundation, 80% of a product's environmental impact is
influenced by decisions made at the design stage'?. This means that it is important to challenge
the material choices and production processes early in the product development process.

General design recommendations for improved recyclability are:

1) Use mono-materials, if it is not possible make sure that the materials are easy to
separate

2) Avoid printing on the products as it tints the recyclate

3) Avoid coloured plastics for the same reasons as above, if colouring is necessary for
some reason use light colours to allow other colours that dark ones for the recyclate

4) Avoid paper labels on plastic products, if labels are necessary use plastic labels instead
of same polymer type or labels with glue that is easy to wash off at low temperatures

In addition, design thinking inspired workshop exercises conducted with consortia partners in
June 2025 with researchers from Link6ping University yielded ideas for system redesign
which focused much on how collection and sorting could be facilitated in healthcare facilities
(Appendix, Summary of Workshop).

Reverse vending Tub system for Newly designed trolley
machine for transporting plastic that facilitates the
collecting used waste, paired with a sorting and transport
plastic items small-scale recycling of used plastic in

facility located in the a standardized way
hospital basement between producer,

user, and recycler

Figure 12. Ideas from 3 workshop groups (generated with the help of Co-pilot)

9. Conclusions

Mechanical recycling of medicine cups and syringe-derived polypropylene was shown to be
technically feasible, with washing and pre-treatment successfully isolating a PP-rich fraction
despite the low input volume. A significant share of the syringes consisted of dense non-PP
components—primarily elastomeric plungers—that were effectively removed through sink—
float separation. This confirms that elastomers do not represent a major contamination
challenge, as they reliably sink and exit the stream at an early stage.

The remaining contamination in the recycled PP was instead linked to residual polyethylene,
label fragments, and coloured markings, some of which originated from upstream product
design and some from melt-line carry-over. Despite this, the extruded material demonstrated
stable processing behaviour and a melt flow rate (MFR) suitable for injection moulding.
However, mechanical testing revealed low impact strength, which restricted its use in
applications requiring ductility or hinge performance.

12 An introduction to circular design | Ellen MacArthur Foundation, link downloaded 2025-11-11.
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Demonstration components could be moulded successfully, showing that the material is usable
in non-critical products, although visible speckling and limited toughness remain barriers for
more demanding applications. Overall, the study shows that selected based PP products can be
recycled into functional material streams, and that its quality is primarily influenced by light
PP/PE residues rather than elastomeric components. Further improvements will require better
handling of light contaminants and minor process optimization.

The textile recycling trials show that there are still some process optimization needed to be
able to make a new fibre of the recycled material. Considering the future perspective, no
significant difficulties were encountered during the compounding process itself. However, the
manual preparation steps, such as cutting off buttons, cuffs, and collars, and the manual
feeding of textile materials into the extruder present a major limitation for industrial-scale
applications. This labour-intensive step reduces efficiency and scalability, highlighting the
need for automated preparation and feeding systems to enable practical implementation in
large-scale recycling operations. Additionally, recyclability would be greatly improved by
designing garments with mono-materials. The trials also highlight that melt filtration is
essential for achieving cleaner melt streams and enabling limited spinnability, as demonstrated
by Batch 2-2. However, low melt strength and irregular filament formation indicate that
compatibilizers, melt-strength enhancers, and targeted process adjustments are necessary for
stable fibre production.

There are some actors missing in the value chain for efficient recycling of plastic items from
the health care sector. The project has shown that the personnel at the hospitals are very good
at source sorting but the space limitations at the hospitals make it unrealistic that they should
source sort several types of plastic polymers. Therefore there is a need for post sorting of
plastic items from the health care sector as there is for plastic packaging. Another challenge is
that the volumes of plastic from this sector is relatively small and it would benefit from being
collected together with plastics from other sectors. There is a scepticism of the plastic from the
health care sector as the recyclers are afraid of contaminations such as diseases and body
fluids, there is a need for further investigation regarding actual risks of contaminants to avoid
that the conclusion will be that everything needs to be sterilised before recycling if it is not
necessary. Sterilization would mean extra costs for the recycled material. The chemical
recycling, depending on technology, allows for less sorting but needs even larger volumes to
be economically viable, again this stream could be collected with others to make it more
interesting and also to lower the transportation costs. There are some directives and regulations
that require recycled content in new products such as the PPWR (packaging and packaging
waste regulation) and the end-of life vehicle directive. This will drive the demand for recycled
plastics and raise the value of the same giving incentives for creating the missing parts of the
value chain. The plastic and textiles from health care sector is especially interesting as they are
strictly regulated and does not contain any harmful additives and they are also short lived
giving a constant flow of material.
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Appendix

Future-oriented design thinking workshop: MedLoop - A circular system for plastics in
healthcare

Date: June 17%, 2025
Location: Lindholmen, RISE workshop location, Gothenburg
Participating organizations:

In-Person: Hammarplast Medical (Richard Johansson), Molnlycke (Elin Nésstrom, Johanna
Hermond), BD (Jonas Karlsson), Swedish Medtech (Anni Peltonen), Lindholmen Science Park
(Hanna Paradis, Thomas Sorensson, Anna Jansson), RISE (Abjhijt Venkatesh, Derek Diener,
Jamilla Nilsson), Linkdping University (Anna Ystrom, Karin Wigger)

Online: BD (Els van Herewegen, Jayaja Pannikodeputhanveettil), Stena Recycling (Bjérn
Mannerfelt -morning session), REELAB (Emma Nilsson, closing session), Borealis (Gustaf
Tobieson, morning session)

Organizers: Collaboration between RISE and Link&ping University

Workshop description

The workshop was designed as a continuation of the previous session(s) held in the previous
year - September 5, December 6, March 20 - and built on the solutions discussed on these
occasions. These solutions were developed into a scenario, and participants were invited to
work in groups to explore how this scenario could be realized in practice.

The scenario envisioned a circular system for single-use plastic medical devices and laboratory
consumables. Participants were tasked with designing how such a system could function in
reality.

We were truly impressed by the creativity, collaboration, and positive energy throughout the
workshop. The participants tackled a complex and challenging topic with enthusiasm, turning
it into an opportunity to reimagine and redesign the role of plastics in healthcare. In the end,
the enthusiasm and results could be channeled into collaboration around new questions.

As you reflect on the workshop and read steps and results below, you can consider: Where do
we go from here?
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R n
The session started with an introduction to the Vérda project and the Linkdping University
led project Implementing sustainability strategies.

Implementering av
hallbarhetsstrategier

Nya arbetssatt for snabbare

isvensk processindustri ¢ "5 1
g ; 1
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t b e g i n et AR A (i X

II LINKOPINGS KLIMATLEDANDE
® UNIVERSITET PROCESSINDUSTRI

In addition, the LiU research team introduced the concept of design thinking and its five
phases, the last two of which were used in the formation of the workshop.

EXPLORATION Phase
Finding Out

EXPERIMENTATION Phase
Trying Out

FOCUSING Phase
Making Sense

Source: IDEO, Stanford

Design School CONTINUOUS COACHING Phase

Embedding the New

The workshop was structured into four parts which is visualized in the picture below (in
Swedish).

Design thinking — Dagens steg

Att innovera
nya
lésningar

Att definiera Vi utformade workshopen utifrén design
ett nytt thinking-filosofin, samtidigt som vi byggde
cirkulart vidare pa den kunskap och de
system erfarenheter som skapats i projektet och
lade till fler inslag av system- och
framtidsténkande.
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RI.
To jog your memory, the steps and examples of results from each step are described and seen
below.

1. Understanding and empathizing with the scenario — participants discussed and
refined the scenario, adding key details and values to ensure its relevance and
feasibility.

2. Designing the system — this phase focused on mapping out processes, material flows,
and the activities required to support a circular model.

3. Identifying necessary innovations — participants listed technological, organizational,
and behavioral innovations needed to move from the current linear system to the
envisioned circular one.

4. Creating an action plan — the final task involved developing a more detailed
roadmap, including roles and responsibilities, to guide the transition.
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Physical Solutions

All three groups proposed a central physical solution to support and structure the circular
system. These solutions serve to organize plastic flows and enable circularity in practice. The
ideas included: A reverse vending machine for collecting used plastic items, a tub system for
transporting plastic waste, paired with a small-scale recycling facility located in the hospital
basement, a newly designed trolley that facilitates the sorting and transport of used plastic in a
standardized way between producer, user, and recycler.

Additional ideas focused on the design of medical devices themselves. Suggestions ranged
from using color-free plastics that are easier to recycle, to redesigning devices, such as needles,
so they can be separated into recyclable components with a single push. In summary, plastic
items need to be designed not only for safe and functional use, but also with end-of-life
recycling in mind, adding a critical new dimension to product design.
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Values and Perspectives

When designing a system based on circular principles, participants emphasized the importance
of treating plastic waste as a valuable resource. None of the groups proposed extending the
actual use phase of single-use plastic items. Their lifespan remains short, which raises the need
to rethink material choices focusing on how materials can be more effectively reused or
recycled into new forms. The participants stressed that any proposed solutions must also be
competitive, both in terms of cost and performance to succeed in the healthcare sector.

Together these ideas are directed towards: (1) improving the current centralized system (high
volumes, few facilities) or (2) establishing a more decentralized system (low volumes, many
facilities).
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