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EXECUTIVE SUMMARY 
The INCREACE project will tackle the issues related to low plastic recycling through innovative and interdisciplinary 

solutions along the plastics recycling value chain embedded in a systemic framework with a focus on Electrical and 

Electronic Equipment (EEE). Therefore, INCREACE aims to enable an increased uptake of recycled plastics in added 

value products through innovative and systemic solutions along the entire recycled plastics value chain. This high-level 

objective will be achieved through international and interdisciplinary collaboration between key actors in the sector 

solving current technical, economic and legal challenges and by empowering people and communities as actors of the 

circular plastic transition.  

A preliminary stakeholder analysis has been conducted by INCREACE in order to identify key actors of the recycled 

plastic value chain and to assess existing barriers or enablers linked to the key stakeholders groups. The stakeholder 

analysis contributes to the project by identifying the main stakeholders and their needs concerning the five business 

cases which are addressed by INCREACE:  

1) Uptake of recycled polypropylene (rPP) for non-food high-quality products 

2) Unlocking rPP for food-contact components 

3) Electrostatic discharge (ESD) in recycled polyolefins  

4) Recycled polycarbonate (rPC)-based polymers for UL94 V0 flammability standard 

5) Unlocking medical applications for post-consumer recycled (PCR) plastics 

 

This document provides an overview of the most relevant stakeholders who are connected to the recycled plastic value 

chain in general and more specifically to the value chains around the individual business cases. Although the described 

stakeholders in this document is by no means exhaustive, the study provides relevant information on the most 

important groups that have an obvious influence on the recycled plastic value chain for each of the business cases. The 

stakeholder analysis of an individual business case provides background information on the recycled plastic value 

chain, a value chain map and a description of the identified stakeholders as well as their most important barriers and 

enablers.  

Two updates of this document will be done over the course of the INCREACE project. While this document provides a 

preliminary assessment of the value chain, a deeper analysis will be carried out in order to consolidate the initial 

findings, understand dependencies between stakeholder groups and how to support the circular value chain of the 

INCREACE business cases. For this reason, this document includes a strategy for the upcoming value chain and 

stakeholder analysis deliverables (Chapter 3). 

This stakeholder analysis can help to understand the role stakeholders play within the value chain, provide insights 

into stakeholder interests and attitudes, and help to tailor communication channels and messages to the interests of 

individual stakeholders. This will not only help to start identifying the potential interdisciplinary collaboration 

required between key stakeholders, but it will also help consortium partners to target dissemination and 

communication activities targeted towards specific groups of stakeholders – thus, contributing to maximise the impact 

of INCREACE’s outcomes.   
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1. INTRODUCTION 

1.1 Background and document rationale 

Europe generates an annual amount of 29.1 million tonnes of plastic waste which is likely to increase even further in 

the future.1 While recycling processes are increasingly being developed, a significant amount of the plastic waste is still 

landfilled or incinerated. Besides the large environmental footprint that is related to this, a large amount of potential 

secondary raw materials is lost. It remains difficult to increase the amount of high-quality recycled plastic material, 

due to heterogeneity of the material streams, the required collaboration within the entire value chain, and the low-cost 

price of virgin plastic material.  

INCREACE aims to enable an increased uptake of recycled plastics in added value products through innovative and 

systemic solutions along the entire recycled plastics value chain. This high-level objective will be achieved through 

international and interdisciplinary collaboration between key actors in the sector solving current technical, economic 

and legal challenges and by empowering people and communities as actors of the circular plastic transition.  

The aim of the INCREACE project is to establish a dialogue between relevant actors from the value chain, in order to 

overcome currently existing barriers. These stakeholder dialogues are required to break down the currently existing 

silo mentality and to ensure production processes are aligned with each other. In this way, the output of one actor can 

actually serve as input material for a succeeding process. As such, these stakeholder dialogues will contribute to the 

production of products from recycled plastics. For this, understanding who are the key stakeholders, how they interact 

in the value chain and what are the barriers and enablers that can help them change their perspective is key. For this, 

a value chain and stakeholder analysis is essential. 

 

This document encompasses a preliminary stakeholder analysis conducted for the INCREACE five business cases in 

order to identify barriers or enablers linked to the key stakeholders groups of the value chain. The stakeholder analysis 

has been carried out via interactions with the INCREACE’s business case owners and desktop research. The five 

business cases of INCREACE are:   

1) Uptake of recycled polypropylene (rPP) for non-food high-quality products 

2) Unlocking rPP for food-contact components 

3) Electrostatic discharge (ESD) in recycled polyolefins  

4) Recycled polycarbonate (rPC)-based polymers for UL94 V0 flammability standard 

5) Unlocking medical applications for post-consumer recycled (PCR) plastics 

 

The aim of this study is on one hand, to help the consortium partners in setting up dissemination and communications 

actions targeted towards group(s) of stakeholders relevant to a specific value chain, and on the other hand, to provide 

information to the public at large on the relevant industrial and academic stakeholders that are connected to the 

activities of INCREACE. 

The stakeholder analysis helps to understand the potential role of stakeholders, their interests and attitudes as well as 

their needs and requirements concerning recycled plastic products. It is important to align Dissemination, 

Communication & Exploitation (DCE) activities with the outcomes of the stakeholder analysis, in order to realise 

effective DCE strategies. The latter will contribute to maximisation of the impact of project’s outcomes.  

This document thus provides an overview of the most relevant stakeholders who are connected to the recycled plastic 

value chain in general and more specifically to the value chains around the individual business cases. 

1.2 Circular plastic value chain  

Plastic is a widely used material thanks to the well-known associated benefits due to material characteristics (e.g. 

lightweight, durability) and the economic benefits given its large market (i.e. over € 340 billion turnover).2  However, 

the detrimental environmental impacts of plastics (due to sometimes the same desired properties, e.g. durability) calls 

 
1Pwc (n.d.). Retrieved from: https://www.pwc.nl/en/topics/sustainability/green-deal-monitor/green-deal-monitor-
5.html#:~:text=The%20EU%20is%20the%20world's,the%20world's%20trickiest%20environmental%20challenges 

 
2 Milios, L., Christensen, L. H., McKinnon, D., Christensen, C., Rasch, M. K., & Eriksen, M. H. (2018). Plastic recycling in the Nordics: A 

value chain market analysis. Waste Management, 76, 180-189. 

https://www.pwc.nl/en/topics/sustainability/green-deal-monitor/green-deal-monitor-5.html#:~:text=The%20EU%20is%20the%20world's,the%20world's%20trickiest%20environmental%20challenges
https://www.pwc.nl/en/topics/sustainability/green-deal-monitor/green-deal-monitor-5.html#:~:text=The%20EU%20is%20the%20world's,the%20world's%20trickiest%20environmental%20challenges
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for a circular value chain with recycling as one of the major mitigation measures. Yet, recycling of plastic material is 

still in its infancy with only 14% of plastic packaging is being collected for recycling.3  

The reasons behind the low recycling rates could lie on the functioning of the value chain. The recycled plastic value 

chain appears to be highly fragmented while collaboration between actors could be required to develop high-quality 

products and material out of plastic waste streams. As a result, a better knowledge of the plastic value chain is essential 

for the establishment of a circular economy. An overview of the plastic recycling value chain is provided by Figure 1. 

The figure illustrates an high level overview of the different stages and stakeholder groups of the recycled plastic value 

chain, which are: 1. Product end-users, 2. Collecting and sorting, 3. Plastics recycling, 4. Plastics processing, and 5. Original 

Equipment Manufacturers (OEMs).  

1. The product end-users are consumers of plastic products. Three different groups of end-users can be 

distinguished: individual consumers (B2C), public buyers (B2G) and businesses (B2B). The product end-users 

can interact with collection and sorting organisations. The interaction entails end-user education regarding 

their waste disposal habits in order to accelerate the transition to a circular plastic value chain and supplying 

plastic waste streams to waste collection and sorting stakeholders.  

2. The collection and sorting stakeholders are waste handlers, waste management companies and waste 

collectors. They collect plastic from the product end-users and sort, separate, shred and depollute the 

collected materials. These stakeholders deliver the purified and separated plastics to plastic recycling 

companies. The materials that are supplied to plastic recycling companies have to comply with their 

predetermined sorting, pre-treatment, and traceability requirements.  

3. The plastic recycling companies further process the sorted material streams in mechanical, chemical, or 

solvent-based recycling methods. Their output streams should contain high-quality recycled plastic material, 

where materials typically consist of only one type of plastic. These output streams are provided to plastic 

processors, which have certain demands for their input material concerning material quality, quantity, price, 

and traceability. 

4. The plastic processing stakeholders are typically plastic compounders and injection moulders but can also 

include components producers that act before the OEMs. While these can be separate organisations and likely 

overlap to a certain extent with another stakeholder group (e.g. plastic recyclers are also compounders and 

injection moulders are also OEMs), these stakeholders are grouped for their general function in this 

preliminary analysis. In particular, these stakeholders turn the recycled plastic into products or intermediates 

with a high recycled plastic content with full traceability and verification to the OEMs.  

5. Original Equipment Manufacturers (OEMs) are companies who produce end-user products from the 

recycled plastic material that is provided by plastic processors. The INCREACE project focuses on producing 

added value products from WEEE material streams for medical applications, food-contact and non-food 

contact products. Furthermore, the project will explore the possibilities to integrate recycled plastic in 

products that need to comply with ESD and flammability standards. OEMs determine varying technical, legal 

and economical requirements for their input material, depending on their sector as well as their products. 

The products that are manufactured by OEMs are sold to end-users.  

Furthermore, all value chain actors and their material flows are influenced by policy regulations and requirements, 

which are established by governmental organisations, regulatory and standardisation bodies. 

 
3 Ellen McArthur Foundation (n.d). Retrieved from: https://archive.ellenmacarthurfoundation.org/explore/plastics-and-the-

circular-economy 
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Figure 1. High level overview of the plastic value chain 

 

The plastic recycling value chain is a complex system with many stakeholders. Within a value chain different barriers 

and enablers might be distinguished depending on the type of stakeholders involved in certain processes of the value 

chain. The barriers and enablers for individual stakeholder groups are provided by Table 1.4 This table provides some 

initial insights in the barriers and enablers that different stakeholder groups have to take into account in order to 

establish a recycled plastic value chain.  

 

In our approach, the general barriers and enablers of the circular plastic value chain are used in order to identify 

transferrable barriers and enablers when analysing the specific business case’s stakeholder groups and value chain. 

While generally can be found in the different business cases, differences were found among the different business cases, 

showing a need to analyse independently the individual value chains.  

 
4 Milios, L., Christensen, L. H., McKinnon, D., Christensen, C., Rasch, M. K., & Eriksen, M. H. (2018). Plastic recycling in the Nordics: A 
value chain market analysis. Waste Management, 76, 180-189. 



 

 

        
Table 1: Barriers and enablers for plastic recycling actors4 

Involved actors Barriers Enablers 

Product end-users 
 (B2C, B2G and B2B) 

Separation of plastic waste will often 
require an extra effort from the end-user 

Increase communication and awareness, so that 
consumers separate and supply more plastic waste. 

 Appropriately designed incentives would increase the 
willingness to sort and supply plastic waste. 

Collection and 
sorting / 
Waste management 
 organisation 

Separate collection of several waste 
fractions is more expensive 

Waste handler can strengthen the connection between 
end-users and sorting facilities or compounders, by 
communicating to the public the most appropriate way 
of sorting to achieve at least minimum pre-determined 
quality of the plastic waste fraction. 

Knowledge of plastic types and the plastic 
market is required 

 

Collection and 
sorting / 
Waste handling 

The waste handler sells the plastic 
through existing channels and for the 
highest price or lowest cost 

Tenders from publicly owned entities with incentives 
for documented recycling 

Collection and 
sorting / 
Sorting facility 

Current lack of capacity to handle the 
amount of waste generated 

Development of low-tech sorting for plastic products 
which do not have high quality requirements 

Security of supply necessary to invest in 
increased capacity 

 

Lack of capacity – large investments 
required to establish capacity 

Incentives for establishing sufficient capacity (e.g. by 
closer coordination/integration with recycling facilities 
and/or increased financing by Producer Responsibility 
Organisations related to plastic waste) 

Not all sorting facilities are equipped with 
efficient sorting technologies, which 
hinders high-quality sorting 

Technology development and new technological 
innovations can contribute to a solution 

Insecurity on whether the compounders 
will buy plastic from the municipal solid 
waste fraction 

 

Plastics 
recycling/Plastics 
processing / 
Recycling facility or 
compounder 

An insufficient amount of industrial waste 
complying with their requirements is 
supplied 

Developing expertise in handling plastics from 
municipal solid waste 

New investments may be needed to 
process the usually inferior quality of 
plastic from municipal solid waste 

Technology development 

Technological barriers related to 
processing different polymers and 
variable quality in a single facility 

 

Security of supply – irregular supply in 
quality and quantity 

 

Plastics processing / 
Compounder 

Recycled plastic is currently at the same 
price level as virgin plastic 

Continuous innovation in product development to meet 
demands from OEMs 

Identifying customers for all the recycled 
plastics products 

Close dialogue with the demand side (OEMs & end-
users) 

Plastic processing / 
Producer 

Limited traceability 
  

Product development to meet supply (possible to 
change between virgin and 
recycled in the production) 

Need security of supply in quality and 
quantity 

Close dialogue with the supply side 

Development cost for integrating use of 
recycled plastics in production 

 

Plastic processing / 
Plastic producer 

Lack of design for recycling Co-operation with demand on design for recycling. For 
instance, by standardising plastic types in use for 
products and/or limit the number of plastic types used 
in manufacturing 

Easier to meet customer specifications 
with virgin plastic 

 

Price of recycled plastic is not always 
competitive 

 

OEM / 
Plastic consuming 
company 

Lack of demand for design for recycling Increasing focus on Corporate Social Responsibility  
(CSR) can increase demand for both recycled plastic and 
design for recycling 

Lack of demand for products including 
recycled plastic 

Increased public procurement of products with recycled 
plastic can be strongly motivating for increased sorting 

 



 

 

        

2. VALUE CHAIN AND STAKEHOLDER ANALYSES OF THE INCREACE BUSINESS CASES 
Each of the INCREACE business cases’ value chain and stakeholder groups have been analysed based on the input of 

the business case owners in the consortium, analysis of the general circular plastic value chain and publicly available 

studies and reports. For each of the business cases divided in the paragraphs below, the following paragraphs can be 

found: 

➢ Background information on the business cases 

➢ Purpose and objectives of the project partner for their business case 

➢ Stakeholder and value chain analysis of the business case 
 

This preliminary stakeholder analysis provides an overview of the most relevant stakeholder groups that are 

connected to circular plastics in general and more specifically to the value chain concerning recycled plastic for each 

of the business cases. (i.e., 2.1. Uptake of recycled polypropylene (rPP) for non-food high-quality products, 2.2. 

Unlocking rPP for food-contact components, 2.3. Electrostatic discharge (ESD) in recycled polyolefins, 2.4. Recycled 

polycarbonate (rPC)-based polymers for UL94 V0 flammability standard, and 2.5. Unlocking medical applications for 

post-consumer recycled (PCR) plastics).  

The stakeholder groups were analysed in order of relevance to the business case and being assigned: 1st level of 

relevance if directly affecting the value chain of the business case and 2nd level of relevance if indirectly affecting the 

value chain. The interdependencies between the stakeholder groups and level of relevance are provided in the figures 

for each of the business cases.  

The stakeholders that are identified in this document are by no means exhaustive and the value chain will still require 

reassessment through the future analyses done as part of INCREACE. At the same time, this study provides a 

preliminary assessment of the most important stakeholder groups which are involved in (scientific) research, 

innovative developments or business activities across the assessed plastic value chain.  

2.1. Uptake of rPP for non-food high-quality products 

Background information on “uptake of rPP for non-food high quality products” 

The uptake of rPP for non-food products (found also for the overall circular plastic value chain) is hindered due to the 

end-user requirements on the look and feel of the product – i.e. different from the use of virgin plastic. Often, the 

changes in colour or other properties can be traced back to the quality of waste streams that are provided to collection 

and sorting companies.  

Virgin plastic material is still relatively cheap which makes it challenging to produce recycled plastic material for a 

competitive price. Since many manufacturing companies are demanding that plastic material complies with the 

European REACH legislation, 5 this increases the price of recycled plastic material even further. According to literature, 

it remains very difficult to produce recycled plastics that comply with REACH legislation due to the chemical nature of 

the material.6 As such, additional efforts are required to change the design of products and the usage of materials in 

order to produce recycled plastic products for a competitive price. At the same time, similar to the Packaging Directive,7 

legislation that aims for the uptake of recycled plastics can accelerate the uptake of recycled plastic within this value 

chain. 

On top of these legal and financial uncertainties, a lot of uncertainty exists around the quality of recycled plastic 

material streams, and whether this will be sufficient to comply with requirements of various stakeholders. For instance, 

optical properties of recycled plastic such as colour and gloss can limit the applicability in almost all application fields. 

The exact colour of a bottle or tray can be a recognizable feature and therefore, a valuable asset of brands which is 

closely guarded by them. Many OEMs do not accept slightly varying levels of colour and gloss and they can achieve a 

 
5 REACH regulation aims to improve the protection of human health and the environment from the risks that can be posed by chemicals, 
while enhancing the competitiveness of the EU chemicals industry. ECHA (n.d.). Retrieved from: 
https://echa.europa.eu/regulations/reach/understanding-reach 
6 De Romph and van Calster (2018). Retrieved from: https://onlinelibrary.wiley.com/doi/abs/10.1111/reel.12265 
7 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:01994L0062-20150526 

https://onlinelibrary.wiley.com/doi/abs/10.1111/reel.12265
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stable colour and gloss only by limiting the usage of recycled content. Besides the quality of plastic material streams it 

is also questionable if the required volumes of recycled plastics are available and can be provided to OEMs.  

All in all, a lot of uncertainties are surrounding the recycled plastic value chain, resulting in a reluctancy among OEMs 

to switch from virgin plastic material to recycled plastic material.  

Purpose and objectives of the project partner for their business case 

From the business case owner’s input and our analysis, a silo mentality currently exists within the value chain around 

rPP in non-food products. Various actors of the value chain are not collaborating with each other, which results in a 

misalignment between their processes. In order to increase the uptake of rPP within this value chain, processes 

preceding production steps in the value chain need to be adapted to the quality of the output material. At this moment, 

no economic incentives are provided when rPP is used instead of virgin plastic in non-food products. As such, OEMs 

can be lacking the economic enabler to increase the uptake of rPP in their products, affecting the entire value chain.  

According to the business case owner, what is currently lacking are agreements of OEMs to use recycled plastics. 

Stakeholder and value chain analysis of rPP in non-food contact products  

For the uptake of recycled plastic in non-food products, it is important to understand the input requirements of each 

value chain step in order to ensure that the entire production process from waste collection to product manufacturing 

is aligned. The alignment should encompass costs at all stages of the value chain, efficiency/profitability of the 

processes, information requirements to optimise the process (e.g. test results), choice of plastic waste stream (e.g. 

WEEE, packaging) and the targets/KPIs companies have or are planning to in order to foster a circular value chain.  

Based on the analysis of the different stakeholder groups, each has been set on a different level of relevance (first, 1st, 

and second, 2nd) and given as value chain in the figure below. Following, the enablers and barriers for each stakeholder 

group are described. 

Collection and sorting stakeholders 

This stakeholder group is responsible for collecting and sorting waste streams from households as well as businesses. 

In order to provide high-quality PP from waste streams, it is important that the entire recycling process is optimised, 

including the first sorting process steps. These first process steps are essential for the remaining recycling process. The 

output stream of the sorting process should be of sufficient quality complying with the requirements of recycling 

organisations, otherwise the output material is likely to be incinerated. The aim of collection and sorting stakeholders 

should be to produce high quality, single plastic material output flows, thus complying with the requirements of 

recycling organisations. As waste collection is typically very heterogeneous, it can be technically complex to produce 

an output stream with high quality. It is important to know the barriers this stakeholder group is experiencing, which 

hinders them to produce an output stream that complies with the requirements for the next process step in the value 

chain. Current collection and sorting processes need to be further analysed in order to identify their gaps for which 

new sorting mechanisms or technologies can be provided.  

Plastic recyclers 

Plastic recyclers receive sorted waste streams from plastic sorters. Plastic recyclers intend to maximise the purity of 

their output flows in a cost-effective way without losing too much material in the process. In order to achieve this, the 

quality of their input materials should be relatively high (from collection and sorting stakeholders). For plastic 

recyclers, it is important that plastic sorters already removed as much of the contamination as possible. This is required 

for plastic recyclers as they need to build fractions of plastic which are suitable to use in the process of compounders. 

For plastic recyclers it is important to know the requirements of plastic compounders, as this will help them to develop 

a process that is able to produce an output stream which is aligned with these requirements. Sometimes it happens 

that plastic recycling and compounding is conducted by the same company, which eases the alignment of recycling and 

compounding processes.  

The most relevant type of recycling for this value chain is mechanical recycling due to the relatively large scope of 

materials that can be recycled with mechanical recycling and cost-effectiveness. While solvent-based or chemical 

recycling could recycle fractions which are too contaminated to recycle mechanically, these approaches are costly.  



 

 

        

 

Figure 2. Map of the value chain for non-food products 



 

 

        
Plastic processing stakeholders 

Two different groups of plastic processing stakeholders can be identified: (I) plastic compounders and (II) plastic 

moulders. Compounders produce a plastic flake from the recycled waste streams that are provided by plastic recyclers. 

During the compounding process the main properties, such as quality, flexibility, colour and other parameters are 

defined. Compounders need to create products of homogenous quality and they need to prove that their output 

complies with the requirements of OEMs. Therefore, the compounder will benefit from an increased availability and 

quality of raw materials (sorted plastic flakes), as this enables them to provide a sufficient amount of recycled plastic 

material of sufficient quality. However, when the quality of their input material improves, this could also increase the 

price which is demanded by recycling organisations for their output materials.  

Compounders have a high impact on the project as they are producing the recycled plastic material which is then 

supplied to injection moulders that produces the parts that OEMs will assemble. Based on the quality of the recycled 

plastic flakes, compounders might need to add virgin plastic material during the compounding process, to ensure that 

a plastic material is produced which is aligned with the requirements from OEMs. In order to increase the uptake of 

recycled plastic in non-food products, the process of compounders needs to be optimised in order to make sure that 

the amount of recycled plastic which is used in their process is maximised.  Therefore, it is important to align the 

process of plastic sorters and recyclers with the production process of plastic compounders.  

Plastic moulding organisations are the other type of actors belonging to the plastic processing stakeholder group. They 

are responsible for processing the recycled plastic material provided by compounders into the product that is desired 

by OEMs. Plastic compounding and moulding services are typically not provided by the same organisation. Moulders 

are buying the resins or recyclates almost ready to use. For plastic moulding organisations it is important that the 

plastic can be properly formed and that the final product complies with the requirements of OEMs. However injection 

moulders can lack the ability to perform extensive testing of material parameters. Therefore, injection moulders tend 

to continue the use of virgin plastic material instead of switching to recycled plastic material to comply with the OEMs’ 

requirements.    

Original Equipment Manufacturers (OEMs)  

This stakeholder group is responsible for manufacturing consumer products from the recycled plastic material or 

product that is provided by plastic processors. OEMs are experiencing a growing societal pressure to increase the 

circularity of their production processes which includes the raw materials they are using. When consumer demand for 

products made from recycled content grows, it becomes increasingly more interesting for OEMS to produce these 

circular products. However, at the moment the quality and availability of recycled plastic is too low to make circular 

non-food products on an industrial scale. OEMs might extend the usage of recycled content (rPP) when more recycled 

material is available and when its quality is assured. This could for instance be arranged when material information is 

included in a product passport (green token), which also helps OEMs to prove that their product is made from recycled 

content.   

A clear barrier that is imposed by OEMS is their risk-avoiding behaviour. Many OEMs seem to avoid potential risks by 

explicitly stating in their procurement specifications that virgin material should be used, without any technical or legal 

base.8 This is often the case for various applications of plastic material, such as durable construction plastics, housing 

of electrical appliances, plastic components of household applications, waste containers, paint pots, jerry cans for 

chemical waste, etc. Furthermore, while cosmetics are obviously not a food product, their packaging material often has 

to comply to the food contact material legislation. Up until now, it has been very difficult to develop recycled material 

that complies with food contact legislation, which leads to the fact that also for cosmetic packaging mainly virgin plastic 

material can be used.    

Agreements between OEMs and the other stakeholders of the value chain need to be established, which set out common 

goals for the uptake of recycled materials. When the demand from OEMs for recycled plastic increases, it will have an 

enormous impact on the processes of their suppliers and the other actors from the value chain. As OEMs can potentially 

have a large impact on the project, they are an important stakeholder group to engage with and to actively involve in 

the project.  

Product end-users 

Consumers (B2C) are the stakeholders who are actually using the non-food products which are produced from recycled 

plastic, without knowing about the origin of the material. When consumer demand for products made from recycled 

 
8 Chacon, Brouwer, van Velzen and Smeding (2019). Retrieved from https://edepot.wur.nl/518299 

https://edepot.wur.nl/518299
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materials grows, OEMs are stimulated to increase the usage of recycled material in their products as well. As such, it is 

relevant to know how consumer demand for products made from recycled plastic can be increased.  

Behaviour of end-users (B2C) can be an important limitation towards better valorisation of the waste material.9 When 

consumer behaviour and their disposal habits would be adjusted, the quality of waste streams could be significantly 

improved – thus enabling plastic sorters, recyclers and producers to provide a high-quality recycled material. As such, 

consumers are an important enabler of a recycled plastic value chain for non-food products. However, to the best of 

our knowledge, a vast majority of the consumers is reluctant to commit to adjusting their waste disposal habits. Most 

people still lack a direct motivation or greater compensation for their effort. Furthermore, it should be assessed if 

consumers are willing to pay a premium or accept different look and feel of the products that are produced from 

circular materials.  

While they can have a large impact on the collection of high-quality PP streams, at this stage of the analysis it appears 

that consumers only have an indirect relationship with the business case and the improvement efforts are “earlier” in 

the value chain (if seen as starting from waste collection and sorting followed by recycling and processing). At the same 

time, it might be useful to consult them in order to investigate consumer behaviour in disposal habits and demand for 

products made from recycled plastic.  

Traders can be an intermediate stakeholder group between OEMs and product end-users. Sometimes OEMs supply 

their product to traders who in turn sell the product to consumers. During this process traders can heavily influence 

consumer prices for these products. As traders buy large amounts of products at once, they have the power to dominate 

the design of products, e.g. when they focus on a low price (price competition). In order to accelerate the uptake of 

recycled plastic in non-food products traders need to be convinced that sustainability and circular practices are 

important. As such, traders can impose a barrier for the uptake of recycled plastic in non-food products. 

Recycling associations 

The Association of Plastic Recyclers is an important trade association for plastic recycling. Multiple smaller recycling 

associations exist as well apart from the globally active association of Plastic Recyclers. The association intends to 

stimulate the development of the plastics recycling industry by providing consensus-based guidelines to design 

packages that are easy to recycle, by providing various test protocols to ensure the quality of recycled plastic packaging 

and by providing a platform where plastic processors can interact and collaborate with OEMs such as product 

manufacturers. As such, the association can play an important role in aligning the needs and requirements of different 

actors from the value chain, which contributes to the uptake of recycled plastic in the manufacturing processes of OEMs.   

Governments 

Governments are a powerful stakeholder group as they impose the legislation under which most of the system’s 

organisations operate. By establishing regulatory targets for the amount of recycled content in products, they can 

accelerate the uptake of recycled plastic in non-food products. However, governments can also impose a barrier to the 

uptake of recycled content in non-food products given to the fact that they might provide stringent legislation to ensure 

consumer safety during the use phase. Legislation that assures consumer safety can make it more difficult to reuse 

waste streams in consumer products. For this, the support of research organisations with a holistic approach to 

recycled content and consumer safety might be required. 

Media 

Media outlets publish news articles about the urgency and criticality of the problems surrounding plastic waste, e.g. 

the plastic soup and GHG emissions that are related to the plastic value chain. These news articles and the information 

that is provided by media articles influences consumer opinions and pressures stakeholders from the plastic value 

chain to become more sustainable. Media can stimulate the uptake of recycled plastic in non-food products, by 

increasing the awareness of the public in general about the negative impact of virgin plastic material. 

 

 
9 Tecnico Lisboa (n.d.). Retrieved from: 
https://fenix.tecnico.ulisboa.pt/downloadFile/563345090418221/EA_89270_Nuno_Noritake%20(1).pdf 

https://fenix.tecnico.ulisboa.pt/downloadFile/563345090418221/EA_89270_Nuno_Noritake%20(1).pdf
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2.2. Unlocking rPP for food-contact components 

Background information on “rPP for food-contact components”  

Recycled plastics (in this case, specifically rPP) for food-contact components has to comply with Regulation 

282/2008/EC. This regulation specifies the requirements for recycled plastic materials which are used in products that 

come into contact with food (e.g. cooking equipment, plastic food packaging, etc.). In particular, the regulation entails: 

➢ Recycled plastic materials may only contain recycled plastics obtained from a recycling process in accordance 

with regulation 282/2008/EC. This recycling process should be managed by an appropriate quality assurance 

system to ensure that the recycled plastic complies with requirements as set out in the authorisation (Annex 

to Regulation (EC) No 2023/2006).  

➢ In order to be authorised, a recycling process needs to comply with: 

o The quality of plastic input material needs to be characterised and controlled in accordance with 

pre-established criteria which ensure compliance of the final recycled plastic material with Article 

3 of Regulation (EC) No 1935/2004. 

o Plastic input material must have been manufactured in line with Community legislation on plastic 

food contact material, in particular Council Directive 78/142/EEC. 

o Either plastic input must originate from a product loop, which is in a closed and controlled chain 

ensuring that only materials and articles which have been intended for food contact are used and 

contamination can be ruled out. Or it must be demonstrated in a challenge test, or by appropriate 

scientific evidence that the process is able to reduce any contamination of plastic input to a 

concentration that does not pose a risk to human health.  

o Conditions must be established for the use of the recycled plastic whereby it can be ensured that 

recycled plastic materials comply with Article 3 of Regulation (EC) No 1935/2004. 

There are two exceptions to this regulation: (I) recycled plastics that are made with monomers and starting substance 

derived from chemical depolymerisation which are in line with regulation (EC) No 2023/2006, and (II) recycled plastic 

derived from unused plastic production offcuts and/or process scraps in line with Directive 2002/72/EC. As such, 

particularly thermochemical recycling and potentially solvent-based recycling are relevant for the value chain around 

food-contact products (mechanical recycling processes are probably not able to realise an output stream that complies 

with the regulations’ quality standards). For this business case, it will be challenging to develop a recycling process 

which fulfils regulatory obligations, and can thus be authorised by the European Food Safety Authority (EFSA, agency 

of the European Union). 

Purpose and objectives of the project partner for their business case 

The overarching aim of this business case is to assess the feasibility of providing food grade rPP complying with 

282/2008/EC (see above), which can be used for manufacturing consumer products (i.e. a steam cooking basket). The 

authorised process could be used by relevant stakeholders to produce other consumer products for which food grade 

rPP is required.   

In order to achieve this target, the output streams of recycling organisations need to be of the high quality. A 

prerequisite for food grade quality rPP is supplying recycling organisations with food grade quality waste streams. 

Within INCREACE, a waste stream consisting of used yoghurt cups or other food packaging used in industrial processes 

could potentially be used which will be further assessed during the project. Furthermore, from discussions with 

recycling organisations it should become clear to what extent it is feasible to design a solvent-based recycling process 

that could produce food grade rPP which complies with 282/2008/EC. An alternative solution could be to integrate a 

compounding step in the value chain concerning rPP for food-contact products. If a solvent-based recycling process is 

not possible at all, a thermochemical recycling process could be explored.  

Value chain and stakeholder analysis - Unlocking rPP for food-contact components 

From the business case owner’s input, it is important to understand from plastic recyclers their needs and 

requirements to produce a food grade quality rPP with solvent-based and thermochemical recycling for the uptake of 

recycled plastic in food-contact products or components.    

 

Based on the analysis of the different stakeholder groups, each has been set on a different level of relevance (first, 1st, 

and second, 2nd) and given as value chain in the figure below. Following, the enablers and barriers for each stakeholder 

group are described. 

Collection and sorting stakeholders 
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Collection and sorting organisations are responsible for the collection of household and commercial waste from local 

residents and for sorting the collected waste into different waste fractions. These waste fractions are then provided to 

recycling organisations who further process the waste materials. The role that collection and sorting organisations 

fulfil for the value chain around rPP for food-contact components is collection and sorting of PP waste.    

The selected waste collection and sorting system will strongly affect the qualitative characteristics of the collected 

plastic material, particularly in terms of contamination.  In order to ensure that the quality of the collected materials is 

in line with the requirements of the recycling process, collaboration between these stakeholders in the value chain is 

required. In this collaboration, it can be specified what type and level of contamination causes constraints on the 

recycling opportunities. 

When plastic waste streams are contaminated in the end-of-life phase, this affects the recycling opportunities, causing 

technical and economic constraints on recycling. This indicates that collaboration between stakeholders from various 

phases in the value chain is required, in order to ensure that the processes in one phase do not hinder recycling of 

materials in another.  

Recycling organisation 

Recycling organisations further process the received input material, which typically still contain various 

contaminations. In the recycling process, the recycling organisations process the waste into recyclates (i.e. plastic 

resins that can be processed in new blends). These output streams are then provided to plastic compounds or other 

processing organisations. As this value chain is focusing on recycled plastic (PP) for food-contact components, the 

recycled material needs to be of food grade quality and thus comply with regulation 282/2008/EC. As explained above, 

only solvent-based recycling and thermochemical recycling are relevant for this value chain, because a process based 

on solely mechanical recycling won’t achieve the required quality standards unless a closed-loop collection system is 

organised. The main advantage of chemical and solvent-based recycling technologies (in combination with mechanical 

recycling) is their ability to increase overall recycling rates, despite a series of identified technical difficulties associated 

with these technologies. In chemical recycling, contamination and the mixture of several polymers can, also have a 

negative impact on the efficiency of the recycling process and thus the quality of the recycled plastic.10  

When recycled plastic is processed into new products, contamination of plastic material and mixed polymers are two 

of the most hampering factors.11 As such, one of the most significant challenges is the fact that the output from recycling 

organisations is most often composed of different polymer types and is contaminated with non-plastic materials, such 

as additives. This causes a range of complications, i.e. lumps of undispersed crystalline plastic, which reduces the value 

of the final product. Additionally, recycled polyolefins can have a significant impact on the physical properties of virgin 

polypropylene when blending.12 Recycling organisations need to address these barriers in order to develop a food-

contact product from recycled plastic which can be offered on the consumer market. An additional compounding step 

might be required, mixing virgin material with recycled plastic, in order to overcome these barriers and to achieve the 

food grade quality standards.  

Plastic processing stakeholders 

Among plastic processing stakeholders, compounding organisations take basic, raw plastic material and customise it 

with various additives to achieve colour, property and performance requirements. In this way, compounders produce 

plastic blends that meet the desired characteristics for the products of Original Equipment Manufacturers (OEMs). 

Compounding companies might potentially play a role in the rPP for food-contact components value chain as it might 

be necessary to mix rPP with virgin plastic material in order to achieve quality requirements that are established in 

legislation and/or to meet the specifications of the product in terms of look and feel for consumer acceptance.  

Original Equipment Manufacturers (OEMs)  

Original Equipment Manufacturers (OEMs) can process the recycled PP into products that can be released on the 

consumer market. It seems that OEMS have realised a powerful positioning within the value chain, due to their direct 

relationship with plastic producers as well as consumers. This enables them to influence both these stakeholder 

groups. The influential power of OEMs is further increased due to the relatively large size of these organisations.  

 
10 Johansen, Christensen, Ramos and Syberg (2022). Retrieved from 
https://www.sciencedirect.com/science/article/pii/S0301479721020375 
11 Gall, Schweighuber, Buchberger and Lang (2020). Retrieved from: https://www.mdpi.com/2071-1050/12/24/10378 
12 Gall, Schweighuber, Buchberger and Lang (2020). Retrieved from: https://www.mdpi.com/2071-1050/12/24/10378 

https://www.sciencedirect.com/science/article/pii/S0301479721020375
https://www.mdpi.com/2071-1050/12/24/10378
https://www.mdpi.com/2071-1050/12/24/10378


 

 

        

 

Figure 3. Map of the value chain for food-contact products 



 

 

        
The industrial uptake of recycled PP has been limited so far due to three barriers: (1) the price of recycled plastics is 

often higher than the virgin material and represents an important financial cost for OEMs, (2) the strict regulations 

may discourage OEMs in attempting to established a circular approach to their products; (3)  and OEMs face technical 

limitations in the integration of recycled materials in their processes.13 However, the rising ETS prices and the 

increasing amount of national carbon taxes that are being implemented, will have an upward effect on the price of oil. 

Therefore, these tax regulations might impose an enabling factor for the uptake of rPP in food-contact products, as they 

increase the price of products made from virgin plastic material.  

Product end-user 

Consumers are buying various plastic products which are in contact with food when the product is used. For consumers 

it is important that products which are made from recycled PP are safe and price could be a factor in their choice of 

product. However, at the moment circular plastic products seem to be higher priced than their virgin material 

equivalents. As a result, demand for recycled plastic products and materials remains relatively low.14 Therefore, 

current price mechanisms are hindering the transition towards a circular value chain for plastic food-contact products.   

Consumers are not only buying food-contact products, they also provide waste streams containing plastic materials. 

These waste streams can serve as an input stream for the processes of collection and sorting organisations as well as 

succeeding actors of the value chain. For collection and sorting organisations it is of key importance that high quality 

waste streams are provided, which allows them to produce high-quality output streams. These high quality output 

streams are required to produce food grade quality plastic material from recycled plastics which could arise from 

consumers’ in-house sorting in order to provide a clean stream of waste plastics to be recycled for higher quality. As 

this approach could be necessary to increase the use of rPP in food-contact product, the relevance of the consumers in 

this value chain seems high compared to non-food contact rPP. 

Government 

Due to their position in the value chain, governments can use their legislative power to pressure other actors in the 

value chain. For instance, the European Commission has recently published a strategy to increase circularity in plastic 

value chains. “The strategy aims for more efficient recovery and recycling of plastics, and for product design that 

promotes the reuse, reparability and recycling of plastic products while creating the conditions for new circular 

economy innovations and investments”.15 Furthermore, the European Commission is increasingly establishing 

recycled content targets for plastic products, for plastic beverage packaging it has been established that these products 

should at least contain 25% recycled plastic from 2025 onwards. Besides, national governments are also increasingly 

pressurizing the plastic value chain to implement circular practices.   

Regulatory and standardisation stakeholders in which we place e.g. the EFSA have instead a direct impact on the 

value chain as they set the requirements and restrictions to the use of plastic waste in new products containing 

recyclates (see above). These stakeholders have a central role for food-contact applications. 

Raw material supplier 

Raw material suppliers are providing virgin plastic material to compounding organisations. Virgin plastic material 

might still be needed in order to produce a high-quality plastic material out of recycled plastic granulate. As such, these 

raw materials suppliers might still be relevant even in a more circular value chain. Raw material suppliers are typically 

relatively large organisations as there are not that many suppliers of plastic resins in Europe. As such, this stakeholder 

group possesses quite some influential power derived from its large size.  

Technology developer 

Technology developers are an auxiliary industry that provide machinery and equipment to plastic recyclers. They will 

provide the current or cutting-edge technology, that will enable plastic recyclers to improve their recycling processes 

as well as the quality of their output streams. Technology developers are indirectly related to the project as they will 

 
13 Diaz Lopez, Veillet Lavallée, Renaud, Saes (2021). Retrieved from : 
https://www.rvo.nl/sites/default/files/2021/07/Circular%20plastics%20in%20France%20-
%20sector%20study%20juli%202021.pdf 
14 Diaz Lopez, Veillet Lavallée, Renaud, Saes (2021). Retrieved from : 
https://www.rvo.nl/sites/default/files/2021/07/Circular%20plastics%20in%20France%20-
%20sector%20study%20juli%202021.pdf 
15 Schnepf (2020) Retrived from: 
https://osuva.uwasa.fi/bitstream/handle/10024/11424/UniVaasa_2020_Schnepf_Sophie.pdf?sequence=2&isAllowed=y 

 

https://www.rvo.nl/sites/default/files/2021/07/Circular%20plastics%20in%20France%20-%20sector%20study%20juli%202021.pdf
https://www.rvo.nl/sites/default/files/2021/07/Circular%20plastics%20in%20France%20-%20sector%20study%20juli%202021.pdf
https://www.rvo.nl/sites/default/files/2021/07/Circular%20plastics%20in%20France%20-%20sector%20study%20juli%202021.pdf
https://www.rvo.nl/sites/default/files/2021/07/Circular%20plastics%20in%20France%20-%20sector%20study%20juli%202021.pdf
https://osuva.uwasa.fi/bitstream/handle/10024/11424/UniVaasa_2020_Schnepf_Sophie.pdf?sequence=2&isAllowed=y
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only support the processes of other stakeholders. As such, they have a medium impact on INCREACE and its project 

results.  

Media 

Similarly to the previous business case, the media can influence the uptake of recycled plastics by influencing general 

opinion. The choice of news around the use of recycled plastics in applications that could affect consumer safety can 

have an indirect influence on the process. 

2.3. ESD in recycled polyolefins (HDPE/PP) 

Background information on “ESD in recycled plastic”  

Electrostatic discharge (ESD) packaging is used to protect electro-sensitive products or devices which contain 

inflammable liquids or gases. Although electrostatic discharge packaging materials are often made of plastic, various 

materials can be used for the production of ESD packaging. Plastics however, are commonly used as ESD packaging 

because choices among material properties, aesthetics, and cost abound and the material can be tailored to the 

application. Furthermore, plastics tend to be lightweight, which is helpful in automation and transportation. Most 

plastics are naturally insulating, allowing the addition of conductive material to create adjustable levels of electrical 

conductivity. By incorporating certain additives, ESD plastics prevent conductivity. 

Whether plastic is used or another ESD packaging material, all ESD packaging materials have one key feature in 

common: they prevent conductivity by having a specific level of surface resistivity. However, different materials have 

different surface resistance levels, which has an impact on their overall effectiveness at protecting their contents 

against ESD.  

In general, three different groups of ESD packaging can be distinguished: (I) Proximity packaging that can enclose the 

product, (II) intimate packaging that can directly contact the product, and (III) secondary packaging (used only for 

physical protection). Surface resistance requirements and other conditions differ over these ESD packaging groups. 

The standards for ESD packaging are drafted by the EOS/ESD Association, which is the only organisation accredited by 

the American National Standards Institute (ANSI).16 These strict requirements as well as the extensive test procedures 

for ESD packaging materials hamper the uptake of recycled content in ESD packaging material. Of course, the stringent 

standards and procedures are required to guarantee safe working environments, but they pose a barrier for the 

integration of recycled plastic in ESD packaging.  

On the other hand, the main EU directive for packaging is Directive 94/62/EG and the amendments made in Directive 

(EU) 2018/852 aim to limit the use of packaging materials and stimulate recycling, reuse and other useful applications 

for packaging waste. New clauses inducing a market push aim to prevent packaging waste, stimulate the reuse of 

packaging materials and recycle packing materials instead of eliminating them from the chain entirely. More 

specifically, the Directive indicates the target recycling percentages for packaging waste where the recycled contents 

in plastic packaging will have to reach 50% and 55% by 2025 and 2030, respectively.17 While ESD is considered 

packaging, these targets could be unrealistic given the stringent technical requirements. 

Purpose and objectives of the project partner for their business case 

Being that – to the best of our knowledge – little has been done on making ESD packaging from recycled plastics – the 

stakeholder analysis can provide knowledge on the most interesting partners or parties to start such circular value 

chain for ESD. In addition, there is a need to identify if the technology currently available in the market is able to 

overcome the barriers for the use of recycled materials in ESD applications (mainly the sorting, collection and cleaning 

process, as well as the compounding step for obtaining the final ESD material).  

Up to today, recycled material is not used in this application for two main reasons; firstly, the possible contamination 

(type, content, size of contaminants, etc.) that is found in the recycled material can cut the movement of the electrostatic 

energy into the plastic material (thus an important safety issue) and, secondly, the recycled plastic grades should be 

consistent and there is a need to identify which one can be best used. The overall challenge is to get good quality 

material at a competitive price.  

 
16 Chase (n.d.). Retrieved from: https://www.electrotechsystems.com/wp-content/uploads/2015/10/14.pdf 
17 Pack froward (n.d.). Retrieved from: https://packforward.eu/theme/policy-and-strategy/laws-and-
regulations#:~:text=In%20the%20EU%20Strategy%20for,in%20Europe%20must%20be%20recycled. 

https://pnogroup.sharepoint.com/sites/ProjectteamINCREACEHorizonEU/Shared%20Documents/General/WP8%20(L)/Task%208.1%20(L)/Preliminary%20stakeholder%20analysis/D8.2%20Value%20chain%20&%20stakeholder%20analysis%20(M3)/Chase%20(n.d.).%20Retrieved%20from:%20https:/www.electrotechsystems.com/wp-content/uploads/2015/10/14.pdf
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Additionally, the ESD value chain encompasses for a large share businesses as product end-users (B2B) that can 

provide back a large quantity and clean stream of used ESD packaging. Thus, having the consumers’ feedback about 

their needs in terms of ESD products (plastic pallets and other components) would be very helpful for the business 

case. Particularly, the feedback required goes along the lines of which type of material base used in the product is 

preferable, whether the use of recycled material is positively assessed, if the end-user need a set of components and 

not only the pallet, etc.  

Stakeholder and value chain analysis of ESD in recycled polyolefins (HDPE/PP) 

For the business case concerning ESD in recycled plastics, the needs and requirements of each stakeholder group that 

is involved in the production process needs to be assessed. The entire production process from waste collection to 

product manufacturing needs to be aligned in order to produce a recycled plastic material that complies with ESD 

legislation.   

 

Based on the analysis of the different stakeholder groups, each has been set on a different level of relevance (first, 1st, 

and second, 2nd) and given as value chain in the figure below. Following, the enablers and barriers for each stakeholder 

group are described. 

Collection and sorting stakeholders 

As seen before, optimising the collection and sorting processes can lead to purer material and high-quality output flows. 

This allows recycling organisations to produce high-quality recycled plastic output flows consisting of a single plastic 

material. Therefore, the yield of the recycling process is dependent on the quality of the output flows of plastic 

collection and sorting organisations.  

The quality of the output flows are provided by plastic collectors and sorters impacts the process of compounding 

organisations as well. For plastic compounders it will be easier to comply with prevailing quality standards when high-

quality input materials are provided. It is important to adequately collaborate and engage with plastic collectors and 

sorters in order to ensure that their process is optimised and the quality of their output flows is maximised. For 

succeeding processes it is essential that contamination in plastic output flows e.g. wood, aluminum, paper, and other 

plastic materials are removed by plastic collection and sorting companies. Additionally, ESD plastic waste is typically 

not collected separately from other plastic waste streams which causes contamination. Eventually, OEMs would need 

a commitment that a recycled plastic material that complies with specific requirements for electrostatic discharging 

can be delivered. Plastic collectors and sorters play an important role in the production process of recycled plastic and 

are therefore a relevant actor in the value chain.   

One way to ensure quality is by a closed-loop collection system of the ESD packaging. However, it is still unclear which 

stakeholder group would have sufficient resources (e.g. storage, high volumes) and optimal position in the value chain 

(direct contact with product end-users, access to recycling facilities). For this, Producer Responsibility Organisations 

(PROs) can play a role in defining take-back schemes for ESD packaging – thus, this stakeholder group will be consulted 

in future value chain and stakeholder analyses.  

Plastic recyclers 

The output flows of plastic collection and sorting organisations are provided to plastic recyclers. Often the same actor 

is responsible for material collection, sorting and recycling. This organisation then performs the role of both a plastic 

collector and sorter, and a plastic recycler. Within the value chain around recycled plastic in ESD products, the process 

of plastic recyclers aims to produce high-quality polyolefins (PP/HDPE) output flows which can be used in ESD 

products. For recycling polyolefins suitable to be used in ESD products (PP/HDPE), first mechanical and secondly 

physical recycling are the most preferred processes, respectively. Mechanical recycling can include physical separation 

and/or washing and cleaning steps. Mechanical recycling as such is preferred over chemical and solvent-based 

recycling because its cost is lower and it involves less technology development. Mechanical recycling is highly 

industrialised nowadays, and, if needed, some adjustments in the technology for ESD applications should be easily 

achieved. This translates into a lower cost of the final material than the one obtained by chemical recycling. In terms of 

sustainability, although all types of recycling are in the same priority in the waste hierarchy, the energy consumption 

in mechanical recycling is generally lower than the one consumed in chemical recycling (considering depolymerisation 

and then, polymerisation). The cleaning process in mechanical recycling can be key to achieve materials with the lowest 

possible content of contaminants if a closed-loop value chain cannot be ensured (e.g. because of low volumes). 



 

 

        

 

Figure 4. Map of the value chain for ESD in recycled polyolefins 



 

 

        
The output flows of plastic recyclers are used as input material by plastic compounders in order to produce a plastic 

material that can be used by OEMs in their ESD products. Therefore, plastic recyclers have to design their process in 

such a way that an output material which complies with requirements of plastic compounders is produced. High quality 

recycled plastic materials provided by plastic recyclers, enable compounders to reduce the amount of virgin plastic 

material they need to use to comply with the requirements of OEMs. It is therefore important that contamination levels 

in recycled plastics be measured, and studied, in order to determine an acceptable level of contamination.  

As such, plastic recyclers are important stakeholders for the value chain and the project needs to collaborate with 

plastic recyclers to ensure that a recycling process which provides recycled plastic material that complies with ESD 

product requirements is developed.   

Plastic processing stakeholders 

During the compounding process specific ESD additives/fillers are added to plastic material in order to reduce static 

electricity to protect electrostatic-sensitive devices which are produced by OEMs. These additives and fillers can be 

used to ensure that output material complies with prevailing standards in different ratios. The usage of ESD 

fillers/additives depends on the type and quality of the provided raw materials (recycled polyolefins), as the type, size 

and/or content percentage needs to be adapted to the input material. However, research is likely required to 

understand what can be added depending on the plastic stream quality – thus possibly needing the support of Research 

and Technology Organisations (RTOs, stakeholder group to be further analysed).  

The composure of the final ESD pallets will be a critical factor in the functionality of the plastic material and whether 

or not it complies with requirements from OEMs. If the output material from plastic recyclers cannot fulfil the required 

functional properties of ESD pallets, other types of materials could be added. As plastic compounders are the ones 

developing ESD pallets from recycled plastic material this stakeholder group should be closely involved during the 

project, for instance by consulting them on a regular basis.  

Original Equipment Manufacturers (OEMs)  

Two groups of OEMs can be distinguished for the value chain around (recycled) plastic for ESD applications: (I) 

producers of ESD packaging with injection moulding to e.g. pallets, (II) producers of automotive and electronic 

consumer products that use ESD plastics to comply with regulatory standards.  

ESD materials are typically used by industries to discharge electrostatic electricity which is generated during the 

logistics movements (ESD packaging). As such, mainly industries active in automotive or electric and electronic devices 

will be using ESD pallets in their products. From this stakeholder group it is important to know whether ESD materials 

made from recycled plastic are complying with the requirements for ESD products as well as the targets set in the EU 

Packaging Directive. At the same time, growth prospects for ESD packaging manufacturers are also increasing due to 

growing use of electronics. This is because the surge of digital literacy is increasing ownership of smartphones, 

computers, tablets and other IoT devices by commercial and residential establishments.18 In this case, it is still unclear 

if recycling ESD packaging to electronics is, first of all, feasible and if it would be considered downcycling or upcycling 

as it is unclear what is the price that producers of EEE are willing to pay for recycled ESD plastics. 

Injection moulding organisations (plastic processing stakeholder) can have a direct relationship with both plastic 

compounders (other type of plastic processing stakeholder) and OEMs. In a way, the output of plastic compounders is 

used by injection moulding companies to produce ESD packaging material – making the latter an OEM. Thus, the quality 

of the recycled plastics from compounders is dictated by the requirements from injection moulders for producing the 

final ESD product. Therefore, injection moulders would need a commitment from plastic compounders that they are 

able to provide ESD-level quality recycled plastics (rPP and rHDPE).  

Product end-users 

Two different types of customers can be distinguished (I) manufacturers of intermediary products and components 

that need ESD packaging in order to protect their products during transport, and (II) consumers who are buying cars, 

electronic devices and other ESD sensitive consumer products. These different groups of customers have in common 

that they demand reliable, high quality ESD material, which provides mechanical properties that are aligned with their 

requirements. Meaning that ESD products should prevent the accumulation of electrostatic charges while keeping their 

contents safe.  

Especially, the rise in miniaturisation of electronic devices leads to a significant market growth, which also results in 

an increase in the use of ESD packaging technology and ESD products in the automotive industry, electronics industries, 

 
18 FMI (n.d.). Retrieved from: https://www.futuremarketinsights.com/reports/electrostatic-discharge-esd-packaging-market 

https://www.futuremarketinsights.com/reports/electrostatic-discharge-esd-packaging-market
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as well as other industries. Accounting for the growing population, it is expected that the demand for Electrostatic 

discharge (ESD) packaging and products will grow at a rate of 23.60% up until 2028.19 As such, it can become even 

more important to increase the uptake of recycled content in ESD packaging or products, which contributes to a 

reduction of the environmental footprint of the entire value chain. However, it is still unclear the level of awareness 

and thus influence of the product end-users on the recycling of ESD plastics for this market segment. 

EOS/ESD Association 

As mentioned above, the EOS/ESD Association is an organisation that prepares standards on electrostatics. Besides 

drafting standards for ESD products and packaging, this association is responsible for the creation of ESD awareness 

through their activities, such as education programs, publications, tutorials, and hosting symposia, etc. The association 

has broadened its horizons, where it was initially focusing on ESD on electronic components, their scope of work now 

also includes areas such as textiles, plastics, web processing, cleanrooms, and graphic arts. In order to increase the 

uptake of recycled content (rPP and rHDPE) in ESD products and packaging, an ESD material needs that complies with 

prevailing standards to be provided. As such, it is important to keep the EOS/ESD association involved in the project 

and to consult them on a regular basis.  

Technology providers 

Technology providers are an auxiliary industry that act as a support of several stakeholders such as collectors and 

sorters, plastic recyclers and plastic processing companies (compounders or injection moulding companies). They will 

provide the current or cutting-edge technology, designs or the manufacturing of several part of the machinery that will 

improve the industrial processes as well as the quality of the products. Technology providers have medium impact on 

the project as they will support the processes of the most relevant stakeholders. As such, they are indirectly related to 

INCREACE and its project results.  

Government 

Governments are increasingly establishing targets which should accelerate the uptake of recycled plastics within our 

entire society. Some single use plastic consumer products are banned already, while others need to be at least partly 

produced from recycled plastics in a couple of years. These regulatory targets will help to increase awareness and 

demand for recycled plastic, also within the ESD products and packaging value chain. While this obviously contributes 

in a positive way to the uptake of recycled plastic within ESD products, governments are also responsible for 

safeguarding work environments and the safety of consumer products. Therefore, stringent regulatory requirements 

and extensive testing procedures are applied to ESD materials, imposing a barrier for the development of new ESD 

materials produced from recycled content while it could also affect the requirement of using recycled content in new 

products via e.g. the EU Packaging Directive.  

Media 

While media has heavily covered the impacts of plastic packaging on the environment from various perspective, it is 

unclear the level of engagement on specific ESD packaging.  

 

2.4. rPC-based polymers for UL94 V0 flammability standard 

Background information on rPC-based polymers for UL94 V0 flammability standard 

UL 94 (Underwriters Laboratories test standard UL 94) is one of the most widely used flammability tests for 

determining relative flammability for plastic materials. It measures the ability of plastic elements to extinguish the 

flame after ignition and its dripping behaviour in response to a small open flame or radiant heat source under 

controlled laboratory conditions.20 The flammability is characterised by a number of factors: 

➢ Ease of ignition – how rapidly a material ignites 

➢ Flame spread – how rapidly fire spreads across a polymer surface 

➢ Fire endurance – how rapidly fire penetrates a wall or barrier 

➢ Rate of heat release – how much and how quickly is heat released 

➢ Ease of extinction – how rapidly the flame chemistry leads to extinction 

➢ Smoke evolution – how much smoke is emitted when a flame ignites.  

 
19 Data Bridge (n.d.). Retrieved from: https://www.databridgemarketresearch.com/reports/global-electrostatic-discharge-
packaging-market 

 
20 Omnexus (n.d.). Retrieved from: https://omnexus.specialchem.com/polymer-properties/properties/flammability-ul94 

https://www.databridgemarketresearch.com/reports/global-electrostatic-discharge-packaging-market
https://www.databridgemarketresearch.com/reports/global-electrostatic-discharge-packaging-market


Value chain and stakeholder analysis, First intermediate version 
 

24 
 
 

        

➢ Toxic gas generation – how much toxic or other hazardous particles are released  

The UL94 V0 rating indicates that it has been proven that the flame is extinguished within 10 seconds by means of two 

10-second burning tests which have been performed on the sample.21 Up until now, little research is available on the 

compliance of rPC-based polymers with the UL94 V0 flammability standard.  

Purpose and objectives of the project partners for their business case 

The overarching aim of the business case is to obtain more insight regarding a potential value chain that would support 

the uptake of recycled polymers into electric and electronic equipment (EEE). With the analysis, the objective is to 

identify and engage all relevant stakeholders enabling a recycling value chain that (1) supports the collection of waste 

plastic parts based on polycarbonates (PC), acrylonitrile butadiene styrene (ABS) copolymers and their blends, and (2) 

that processes them (upcycle) into high-quality and hiqh value plastic materials that could be used in EEE applications. 

The project partners are not aware of any existing value chain that possesses the above mentioned characteristics.  

 

Stakeholder and value chain analysis of rPC-based polymers for UL94 V0 flammability standard 

The main objectives mentioned by business case owners are to find out about the required level of quality/purity as 

well as the classified fraction of PC and ABS for further recycling, the determination of critical impurities and 

characterisation methods for their detection, and the determination of optimal recycling technologies for various 

fractions. 

 

Based on the analysis of the different stakeholder groups, each has been set on a different level of relevance (first, 1st, 

and second, 2nd) and given as value chain in the figure below. Following, the enablers and barriers for each stakeholder 

group are described.  

Differently from the other business cases, the plastic processing entities are separated along the value chain given the 

specific roles that have already been identified at this stage. 

Collection and sorting organisations 

This business case specifically focuses on collection of Waste Electrical and Electronic Equipment (WEEE), as the 

collected WEEE materials contain a high share of valuable materials (PC, ABS, and PC/ABS). WEEE organisations 

typically collect waste from electrical and electronic equipment. After collection, the material flows are then provided 

to sorting organisations who process the provided material streams. However, WEEE sorting organisations are 

currently lacking a sufficient amount of input materials in order to establish a circular value chain that complies with 

the UL94 V0 flammability standard. The WEEE collectors could thus contribute to the project by providing a higher 

share of WEEE to the plastic waste sorters. Therefore, to enable enough supply of valuable materials, WEEE collectors 

must efficiently collect high quantities of relevant waste products and supply them to the plastic waste sorters. 

 

WEEE collectors are crucial to the system as they redirect waste into the recycling value chain by connecting with EEE 
end-users, collecting WEEE and supplying it to plastic sorters.22 The amount of recycled plastic that can be produced 
directly depends on the magnitude of their input. Furthermore, it is important that during all processes in the value 
chain, including the processes of WEEE collectors, WEEE is treated more carefully than other types of waste as it usually 
contains a large share of combined materials including toxic materials such as arsenic, cadmium, lead and mercury. 
These toxic compounds heavily damage the environment when leaked. 
 
Plastic waste sorters are responsible for shredding, depolluting, and sorting plastic waste into different fractions that 

are suitable for subsequent recycling processes. What is needed from WEEE sorting is that waste is transformed into 

various sorted fractions that comprise of relevant polymers (PC, ABS, PC/ABS) with low levels of impurities. Sorted 

fractions are then supplied to recyclers/compounders for subsequent processing. PC and ABS have different material 

characteristics, are used in different end-user applications, and should thus be processed in a different way (e.g. 

softening and melting temperatures). 

 

Both WEEE collectors and plastic waste sorting organisations are enablers for the business case of rPC-based polymers 

complying with V0 flammability standards in the sense that their input and activities can amplify the production of 

recycled high value plastic materials that could be used in EEE applications. 

 
21 Sositar Mould (n. d.). Retrieved from: https://sositarmould.com/ul94-v0/ 
22 Cherrington and Makenji (2019). Retrieved from: https://doi.org/10.1016/B978-0-08-102158-3.00010-0. 



 

 

        

 

Figure 5. Map of the value chain for rPC-based polymers for flammability standards 



 

 

        
Recycling organisations 

Recycling organisations further process the received input material, which typically consists of different material flows 

that still may contain various contaminants. Two types of plastic recyclers are relevant to the business case of rPC-

based polymers complying with V0 flammability standards, based on cost-efficiency: mechanical recyclers and solvent-

based recyclers. Both types of recycling organisations have an enabling role, as these organisations have to ensure that 

the required materials are supplied and that the supply is of sufficient quality. According to the INCREACE business 

owner, mechanical and solvent-based recycling processes should be regarded as complementary to each other instead 

of competing with each other.  

The role of a mechanical recycler depends on the characteristics of the individual value chains related to UL94 V0 

flammability standards. Sometimes this role might overlap with the role of plastic sorters and/or compounders. These 

recyclers can increase the quality of separated fractions of plastic flakes by applying advanced data-driven separation 

methods which detect relevant impurities and separate them from the rest of the materials. Infrared technologies or 

applying watermarks are analyses that can be used to separate these type of waste streams. Mechanical recycling can 

play a role in the identification and separation of critical impurities in WEEE streams that would compromise the 

quality of end-user materials and to develop the related analytical methods. 

Solvent-based recyclers can provide an alternative to the mechanical recycling in case if the latter is not able to provide 

materials with sufficient quality or quantity due to larger amount of input material required for it to be processed. 

Therefore, solvent-based recycling can complementary mechanical recycling and in this way mitigate insufficient 

quality or quantity of recycled WEEE material that is supplied to compounders. Similar to mechanical recycling, 

solvent-based recyclers need to efficiently separate contaminations from recycled WEEE material in order to provide 

a recycled material that complies with the requirements from compounders. 

Recyclers, independent of their type (mechanical or solvent-based), have a direct connection with plastic collection 

and sorting organisations and compounders. From plastic sorters they will require a sufficient amount of separated 

fractions of high-quality polymers for their recycling processes. In turn, compounders demand a sufficient supply of 

recycled and high-quality WEEE materials from plastic recyclers that can be further processed in end-user applications. 

In addition, the material batches that are supplied by recyclers should have consistent material properties, which 

shouldn’t change from batch to batch.    

Unfortunately, little is known about the required level of quality/purity as well as the classified fraction of PC and ABS 

for further recycling. The critical impurities and characterisation methods for their detection also remain unclear for 

this business case, as well as the optimal recycling technologies for various WEEE fractions, which are currently 

undefined. The optimal recycling technology and thus the further recycling process (mechanical or solvent-based) is 

mainly depending on the purity and quality of its input material. In principal most WEEE fractions can be recycled. 

However, the quality and purity of these fractions will heavily influence the economics of the recycling process. 

Plastic processing stakeholders 

Different types of plastic processing stakeholders are relevant to this business case. Those are (1) compounders, (2) 

EEE plastic component producers, and (3) injection moulders: 

 

1. Compounders are responsible for processing sorted plastic flakes into new plastic granulates. Typically an 

extrusion process is used to turn recycled plastic fractions into plastic granulates, i.e. additives are added to 

achieve target properties. The recycled polymers which are affected by degradation and oxidation are improved 

with the addition of antioxidants, stabilisers, flame retardants, and antistatic additives. Flame retardants in 

particular are relevant for this business case. The role of compounders is to add suitable additives to the plastic 

flakes with that will ensure the required properties for end-user applications. Compounders need to ensure 

consistent batch-to-batch properties in their supply to EEE component producers. This is one of the major 

challenges in the uptake of rPC materials, especially to ensure the required quality for high value applications. 

Therefore, compounders will need to develop formulations that ensure required quality of their output and that 

complies with prevailing quality assurance protocols.  

 

Compounders can have a significant positive impact on the project as they can enable the transformation of 

plastic waste into high grade plastic. In order to achieve this, compounders are depending on plastic sorters and 

recyclers that supply them with sorted plastic flakes in different amounts and quality. They are also tied to EEE 

components producers that will have specific requirements for individual products.  

 

2. EEE plastic component producers will use – in a circular value chain – recycled materials that are provided by 

compounders to manufacture components that they will deliver to OEMs in the next stage of the value chain. EEE 
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component producers can have a significant positive impact on the value chain because they can enable uptake 

of recycled materials into EEE products, although they are depending on the demand by OEMs. In order to achieve 

a circular plastic value chain that complies with  the UL94 V0 flammability standard, optimisation of the 

production process of plastic component producers is required to facilitate the uptake of recycled material. For 

these stakeholders it will be especially challenging to ensure consistent quality of end-products despite the higher 

fluctuations of rheological23 properties of materials in comparison to virgin materials. 

 

3. Injection moulders can be relevant for this value chain, as they process PC, ABS, and PC/ABS materials. Although 

their waste streams are not the primary material stream within the value chain, compounders can provide high-

quality PC or ABS waste streams with high purity rates, which can significantly ease the recycling process for 

these material streams. The benefits of these post-industrial waste materials are related to the known origin of 

the material, high purity rates, and low environmental degradation (e.g. photodegradation, thermo-oxidative 

processes).  

 

Waste streams of injection moulders are typically generated during the production either in the start-up phase 

or in the production phase. During the start-up phase waste can be generated in the form of low quality and hard-

to-recycle plastic which is removed by sorting installations. In the production phase, scrap products are produced 

until the process is stable. These scrap products can provide a valuable waste stream as well. These waste streams 

of injection moulders are typically incinerated whose costs are often covered by injection moulders themselves. 

Yet, if those materials were used for further recycling processes into high added-value materials, injection 

moulders could benefit by paying reduced prices for waste disposal or even earn revenue on their waste streams.  

 

Injections moulders are indirectly involved in the value chain, as they can potentially provide valuable waste 

streams that are further recycled into new products by the other actors of the value chain. In order to positively 

contribute to a circular plastic value chain that complies with the UL94 V0 flammability standard, injection 

moulders need to commit to supply the their post-industrial waste to plastic collectors, sorters and/or recyclers 

(depending on the quality of their waste streams). However, legislation might pose a barrier here as recyclers 

might not be allowed to receive these waste streams directly from injection moulders. Collection and sorting 

organisations should have the legal rights to receive and process the waste streams that are provided by injection 

moulders.   

 

Original Equipment Manufacturers (OEMs) 

EEE OEMs are manufacturers of electric and electronic equipment. Their role in the value chain is to encourage the 

production of EEE components from recycled materials and assimilate them into their production. They will benefit 

from this by offering more environmentally friendly products in their portfolio, which will increase their added value, 

due to the increasing demand for environmentally friendly products from the consumer side. In that sense, it is 

important to note that OEMs are B2C facing organisations that directly relate to the end-users.  

OEMs have a direct impact on the value chain since they have the ability to stimulate and influence producers of EEE 

components to increase the usage of recycled materials. However, this might require from OEMs to make some 

compromises in terms of component characteristics (e.g. colour).  

Product end-users 

Overall, product end-users have two distinct roles in the project. First of all, they are responsible for appropriately 

disposing WEEE devices and material. Secondly, they can demand circular products and thus encourage OEMs to 

produce more environmentally friendly products. Three different types of end-users can be distinguished, which are 

relevant within this value chain: Individual consumers (B2C), Businesses (B2B), and Public organisations (B2G). 

Depending on their type, they have different means available to accelerate the uptake of recycled material in the value 

chain.   

Public organisations can directly demand the usage of recycled content in products by procurement requirements 

(e.g. public procurement). To some extent this can also be done by business organisations. Furthermore, legislation 

that is issued by public organisation can act in favour of products made from recycled material either by demanding a 

certain amount of recycled content in final products (as is the case for PET bottles), or by implementing a (progressive) 

tax scheme depending on environmental footprint of the products (e.g. more recycled content results in a lower tax). 

 
23 The science of flow or deformation of complex fluids is called rheology (from the Greek words ‘rheo’ and ‘logia’ meaning ‘flow’ and 
‘study of’, respectively). Science Direct (n.d.). Retrieved from: https://www.sciencedirect.com/topics/materials-science/polymer-
rheology 
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Moreover, all types of end-users can manifest their willingness to pay a premium for products made from recycled 

content.  

Overall, end-users can have positive or negative impact on the project, depending on their waste disposal habits and 

willingness to pay a premium price for products produced from recycled materials. Their relevance to the project is 

high and their role is thus relevant to the entire value chain.   

Other relevant stakeholders 

Research institutions are supporting the key stakeholders of the value chain with their R&D expertise (knowledge 

and research data incubators). Research institutions are expected to have a positive impact on this business case by 

providing scientifically sound solutions to the challenges of recycled plastics that have to comply with flammability 

standards.  

Regulatory and standardisation bodies – besides their role as potential end-user – they set the requirements for 

production processes, materials and EEE end-products. They could contribute to the project by incentivising the uptake 

of recycled materials into EEE products through regulations/legislation and standards. Depending on the nature and 

the substance of the regulations/legislation/standards, this group of actors can exert a positive or negative influence 

on the business case for rPC-based EEE. Indeed, the uptake of recycled materials into EEE will only happen when 

regulatory and standardisation bodies modify future regulations and standards in such a way that it is allowed to use 

recycled material in EEE products. Hence, the current status of regulation is a major barrier to the business case for 

rPC for flammability. This implies that regulatory and standardisation bodies are highly relevant to the value chain. 

2.5. Unlocking medical applications for PCR plastics  

Background information on PCR for medical applications 

Economic market 

The medical device industry accounts for only a small percentage of the overall plastics industry (estimated at less than 

1% of the total plastic market in 2015).24 Yet, with increasing geriatrics and chronic diseases, the market is expected 

to grow. While this could result in less visibility and little traction to invest in the R&D required to safely incorporate 

PCR content into medical devices and packaging, some studies have been undertaken in Europe.25 This process is 

further hampered by the fact that the industry itself tends to avoid risks due to the highly regulated nature of the 

medical device industry, and the relatively high expenses which are required to validate and submit changes to 

regulatory bodies. As such, many Original Equipment Manufacturers are reluctant to shift from using virgin materials 

to new approaches with PCR content. A strong consensus is needed between industry, standards development 

organisations, and regulators regarding appropriateness of PCR content for medical products and packaging, in order 

to stimulate the entire value chain to increase the usage of recycled plastics.  

However, a promising application for recycled content in medical products or packaging is to use it in non-sterile 

packaging, such as secondary and tertiary packaging. Secondary and tertiary packaging materials often do not need to 

be sterile, and certain medical devices are sterilised on location at the hospital hence these devices don’t require sterile 

packaging. 

 

Regulatory framework 

The ISO 10993 set entails a series of standards for evaluating the biocompatibility of medical devices to manage 

biological risk. ISO 10993-1:2020 ("Biological evaluation of medical devices - Part 1: Evaluation and testing within a 

risk management process") is used to assess devices that come into direct contact or indirect contact with the human 

body in order to determine the potential for an unacceptable adverse biological response resulting from contact of the 

component materials of the device with the body. Compliance with this standard heavily hampers closed-loop 

recycling as introducing recycled contents into the material loop can jeopardise the overall biological safety of the 

 
24 Analysis of data from https://www.grandviewresearch.com/industry-analysis/europe-medical-plastic-market and 
https://plasticseurope.org/de/wp-content/uploads/sites/3/2021/11/2015-Plastics-the-facts.pdf 
25 Some examples:  

- https://ec.europa.eu/environment/integration/research/newsalert/pdf/577na4_en-1367_surgical-waste-reprocessing-
injection-molding-using-recycled-blue-wrapping.pdf;  

- https://www.sciencedirect.com/science/article/pii/S2542504821000348;  
- https://www.hprc.org/wp-content/uploads/2022/04/White-Paper-on-Circular-Healthcare-Plastics.pdf;  

https://www.healthcarepackaging.com/news/sustainability/article/21821530/eu-regulators-open-to-healthcare-
manufacturer-feedback-on-recycling-and-healthcare-plastics;  

- https://www.delta.tudelft.nl/article/tu-delft-tv-fieldlab-develops-ways-reduce-medical-waste 

https://en.wikipedia.org/wiki/Biocompatibility
https://en.wikipedia.org/wiki/Medical_devices
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product. ISO 10993 entails requirements about safety (Colour, Materials, Finishing [CMF]), traceability and quality 

(volatile organic compounds, extractables and leachables). 

The international voluntary standard ISO 11607 addresses traceability requirements of materials included in primary 

packaging (e.g. packaging that serves as sterile barrier system) of medical devices within Europe. This standard 

requires that the source, history, and traceability of all materials, especially recycled materials, are known and 

controlled to ensure that the final product will consistently meet the requirements. As such, ISO 11607 is widely used 

to demonstrate compliance with the EU Medical Devices Regulation (MDR), which concerns legislation around CE-

marking (i.e. conformity with European health, safety and environmental protection standards) for medical devices. 

As to MDR itself, concepts of safety, treatability, and post-market surveillance of medical device products, including 

packaging, are the key pillars of the regulation. Therefore, the MDR doesn’t explicitly address the usage of PCR content, 

but it is an important legislation to take into account when PCR content is integrated in (packaging of) medical devices.  

The Packaging and Packaging Waste Directive (PPWD) is another relevant piece of EU legislation, which addresses the 

sustainable design of packaging not only for medical devices but for all products that are placed on the EU market. 

Therefore, the legislation serves as an enabling factor and aims to stimulate environmental improvement of packaging. 

As a result, the Directive is stimulating EU Member States to increase their recycling rates, that eventually could result 

in an increasing amount of plastics from medical devices available for recycling.  

In Annex II of the PPWD, essential requirements for design of packaging items are listed. However, this annex doesn’t 

explicitly mention inclusion of Post-Consumer Recycled (PCR) materials. PCR content is addressed by article 10 of the 

PPWD which aims to accelerate the development of European standards for packaging including “criteria for a 

minimum content of recycled material in packaging for appropriate types of packaging.” The PPWD also acknowledges 

the challenges in applying its provisions to medical device products: “The Commission is empowered to adopt delegated 

acts (…) to deal with any difficulties encountered in applying the provisions of this Directive, in particular, (…) primary 

packaging for medical devices and pharmaceutical products,(…).”26 These challenges are also acknowledged by the 

international standard ISO 11607-1:2019, 5.1.5 which states specifically with regard to sterile barrier packaging 

materials that: “it is unlikely that anything other than virgin manufacturing waste will be used in recycled materials, due 

to insufficient controls to allow the safe use of other recycled material in sterile barrier systems.” 

Purpose and objectives of the project partner for their business case 

End-users (hospitals) buy products of high quality and safety but in the end-of-life phase, many products will be 

incinerated because of infection risks. The question is how new logistics, regulations, technologies and/or supply 

chains with a sufficient recovery grade can be developed, which can adequately manage these waste streams and 

recycle waste materials into new products. The waste streams contain valuable materials because of the high-quality 

input material and in some cases single use scenarios. However, up until now it remains difficult to establish an open 

loop or closed loop recycling system for medical waste streams.  

The most important goal for this business case is to find ways and technologies to increase the recycling of medical 

waste streams into new (non-)medical products as well as to increase the usage of PCR content in medical products, 

improving the technology roadmap per resin (PP, ABS, PC/ABS, PA etc.). Furthermore, it is important to increase the 

overall knowledge about the market developments taking place with gasification, catalytical pyrolysis, 

depolymerisation and renewable feedstocks (ISCC certification). For this, it is still needed to assess the (technical) 

feasibility of mechanical recycling for using medical waste in non-medical products, chemical recycling for products 

regulated by the Medical Device Regulation (MDR) and potentially solvent-based recycling is assessed for housings of 

medical devices such as MRI and X-ray machines. 

For all materials and specifically for new polymer grades the project partners are looking for sustainable alternatives, 

that comply with prevailing legislation. However, extensive requirements are demanded by various actors of the value 

chain, from commercial requirements to material characteristic requirements such as CMF (Colour, Materials, 

Finishing) requirements. The development of alternatives based on recycled materials requires collaboration between 

the entire value chain. The stakeholder analysis can help to identify key barriers and contribute to a solution to 

overcome these barriers.  

 
26 HPRC. Circularity of Healthcare Plastics (n.d.). Retrieved from: https://www.hprc.org/wp-content/uploads/2022/04/White-
Paper-on-Circular-Healthcare-Plastics.pdf 

 

https://www.hprc.org/wp-content/uploads/2022/04/White-Paper-on-Circular-Healthcare-Plastics.pdf
https://www.hprc.org/wp-content/uploads/2022/04/White-Paper-on-Circular-Healthcare-Plastics.pdf
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Stakeholder and value chain analysis of PCR for medical applications 

The main objectives mentioned by business case owners are to find out how the value chain can become circular for 

post-consumer plastics in medical applications. 

 

Based on the analysis of the different stakeholder groups, each has been set on a different level of relevance (first, 1st, 

and second, 2nd) and given as value chain in the figure below. 

Plastic collection and sorting stakeholders 

Plastic collecting and sorting organisations are responsible for collecting and sorting post-consumer waste flows, 

which can be processed into PCR material. In order to realise this, waste flows need to be processed into high-quality 

output flows. This will enable recycling organisations to remove the remaining contaminations from this output 

material and to provide clean PCR plastic streams of high-quality. As such, it is important to optimise the collection and 

sorting process because this leads to higher purity grades and high-quality output flows. Therefore, the yield of the 

subsequent recycling process depends on the quality of the output flows of plastic collection and sorting organisations.  

As plastic collection and sorting is the first process step in the value chain, the quality of the output of this process will 

influence all succeeding process steps. For the other processes, it is essential that either the collection system is 

organised in a ´mono-stream’ type of way or that most of the contamination in plastic output flows e.g. wood, 

aluminium, paper, and other plastic materials are removed by plastic collection and sorting companies. Plastic 

collectors and sorters play an important role in the production process of recycled plastic and are therefore a relevant 

actor in the value chain. It is important for other actors to engage with plastic sorters and collectors in order to ensure 

that a high-quality PCR material can be delivered.  

Plastic recyclers 

Within the value chain around PCR materials for medical devices and packaging, recycling organisations produce a 

clean output flow of recycled plastic material which can be used by OEMs to manufacture medical products or 

packaging. However, a lack of information exists currently on whether pre-treatment of Post-Consumer plastic waste 

streams is sufficient to provide recycled plastic material that complies with regulatory standards and prevailing 

legislation. Some medical waste recyclers are experimenting with autoclaving in order to sterilise medical waste, which 

enables them to recycle it.  

Chemical recycling is one of the most promising recycling techniques to ease the post-consumer plastic recycling 

process, resulting in a recycled plastic material that complies with legislation. However, the chemical recycling process 

is hampered by the fact that various post-consumer products or packaging materials consist of different types of plastic 

for a clean output flow or by the required large amount of feedstock in order to make it economically viable. In reality, 

the type of recycling technique that is most suitable will probably depend on the type of end-user application. 

Mechanical recycling is considered only for recycling of materials into non-medical products, chemical recycling is most 

relevant for products regulated by MDR. Solvent-based recycling could be considered for recycling medical waste into 

housings of medical equipment such MRI and X-ray devices.  

From a system perspective two types of recycling systems can be developed for this value chain, a closed loop and an 

open loop recycling system: 

➢ For closed loop recycling the main barrier is posed by ISO 10993 regulation for biocompatibility. Relatively 

little knowledge and historical data exists about the biocompatibility of PCR plastic and extensive testing of 

the recycled contents is needed. Waste pre-treatment for cleaning and disinfecting the waste is required 

before chemical or solvent-based recycling can be applied. 

➢ Open loop recycling can be achieved using (advanced) mechanical recycling after the waste material has been 

cleaned and disinfected. Open loop recycling techniques would be used to create non-medical end-products 

out of medical plastic waste.  

However, a dialog is lacking between waste management organisations and OEMs as well as healthcare organisations.27 

As a result, a mismatch exists between the input and output streams that are provided by various actors of the value 

chain. This hampers the development of both types of recycling systems.  

 
27 Salmenperä, Kauppi, Dahlbo, Fjäder (2022). Retrieved from: 
https://www.researchgate.net/publication/360035167_Increasing_the_Circularity_of_Packaging_along_Pharmaceuticals_Value_Cha
in 

https://www.researchgate.net/profile/Hanna-Salmenperae
https://www.researchgate.net/profile/Sari-Kauppi
https://www.researchgate.net/profile/Helena-Dahlbo
https://www.researchgate.net/scientific-contributions/Paeivi-Fjaeder-2219581226
https://www.researchgate.net/publication/360035167_Increasing_the_Circularity_of_Packaging_along_Pharmaceuticals_Value_Chain
https://www.researchgate.net/publication/360035167_Increasing_the_Circularity_of_Packaging_along_Pharmaceuticals_Value_Chain
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Original Equipment Manufacturers (OEMs) 

A growing amount of OEMs providing medical products is promoting recycling and uses recycled content if possible. 

Many OEMs have established environmental and/or sustainability goals for their products and operations. Recycling 

and using PCR content helps them to reduce the environmental impact of their products (e.g. carbon footprint) and it 

increases the resilience of the entire value chain as the consumption of virgin raw material is decreased.  

As such recycling helps medical device OEMs to meet the needs of their customers - healthcare facilities, who are 

increasingly demanding sustainability and circularity from their suppliers. However, in order to achieve a circular 

plastic value chain for medical products more collaboration between OEMs and recycling organisations is required 

which will help to develop the market and it makes recycling a more economically viable solution. 

When considering the use of recycled materials, a medical device manufacturer needs to understand the potential 

impact caused by a variation in quality of recycled content or a variation in the source of the content, on the operation 

and physical properties of the medical device and its packaging. Packaging testing is therefore, often conducted for 

worst-case scenarios to account for all potential variations in product configurations (e.g. variety of sizes, colour etc.) 

and for all potential variations in manufacturing processes (e.g. sterile barrier sealing, sterilisation, etc.). This leads to 

upfront reluctancy among engineers to incorporate new or modified materials into medical devices or sterile barrier 

packaging because the extensive testing of new or modified materials that is required.28 

In order to increase the usage of recycled plastic in medical products, a standard (ISO TIR 65:2015) has been developed 

by the Association for the Advancement of Medical Instrumentation (AAMI). This standard focuses on the sustainability 

of medical devices, acknowledging the challenges in maintaining quality and product integrity when incorporating 

recycled content. According to AAMI nonsterile medical packaging poses fewer challenges to the inclusion of recycled 

materials in this type of packaging. However, it remains challenging to include PCR content in medical products or 

packaging as it impacts manufacturing operations due to inconsistencies in material characteristics such as viscosity 

and forming temperatures of the PCR content. 

Wholesale 

Wholesale is a key operator in the value chain around post-consumer recycled content for medical applications. 

Wholesale receives pharmaceuticals and medicinal products from manufacturers and importers in order to distribute 

them further to pharmacies, dose distribution and contract manufacturers. Packaging waste is generated when the 

wholesale operator repacks medical products and medicines according to their received orders, which provides an 

interesting opportunity for closed loop recycling. Meanwhile wholesale operators also add tertiary packaging to 

facilitate transportation. Therefore, wholesale operators can have an important role in plastic recycling due to the large 

volumes of plastic packaging and medical products which are being handled and processed by them.  

Product end-users 

End-users are increasingly demanding from OEMs that their products and packaging contains recycled content. A 

growing amount of customers is recognising that the extraction and processing of raw materials (plastics) into 

products and packaging for medical purposes, and the subsequent disposal of these materials, have a negative impact 

on both the environment and human health. However, on the other hand, companies still tend to utilise parallel import 

to benefit from the price variations within the European Economic Area. Pharmaceuticals are purchased at lower 

prices, which facilitates price competition and allows for the introduction of products with lowest prices for consumers 

(B2C).29  

It can be helpful to distinguish the B2B and B2C type of customers since the profitability of PCR application products 

can be expected to vary accordingly. The two types of customers have varying needs and PCR products may be 

introduced to them on different terms. 

B2B end-users 

B2B end-users of PCR medical products, such as hospitals, are businesses that buy these products and use them in their 

operations. A growing amount of customers within the B2B segment is demanding the usage of recycled content, 

reducing the need for new raw materials, and reducing overall volumes of waste.

 
28 HPRC. Circularity of Healthcare Plastics (n.d.). Retrieved from: https://www.hprc.org/wp-content/uploads/2022/04/White-
Paper-on-Circular-Healthcare-Plastics.pdf 
29 Salmenperä, Kauppi, Dahlbo, Fjäder (2022). Retrieved from: 
https://www.researchgate.net/publication/360035167_Increasing_the_Circularity_of_Packaging_along_Pharmaceuticals_Value_Cha
in 

https://www.hprc.org/wp-content/uploads/2022/04/White-Paper-on-Circular-Healthcare-Plastics.pdf
https://www.hprc.org/wp-content/uploads/2022/04/White-Paper-on-Circular-Healthcare-Plastics.pdf
https://www.researchgate.net/profile/Hanna-Salmenperae
https://www.researchgate.net/profile/Sari-Kauppi
https://www.researchgate.net/profile/Helena-Dahlbo
https://www.researchgate.net/scientific-contributions/Paeivi-Fjaeder-2219581226
https://www.researchgate.net/publication/360035167_Increasing_the_Circularity_of_Packaging_along_Pharmaceuticals_Value_Chain
https://www.researchgate.net/publication/360035167_Increasing_the_Circularity_of_Packaging_along_Pharmaceuticals_Value_Chain


 

 

        
 

 

Figure 6.  Map of the value chain for medical applications



 

 

        
This helps these end-users to decrease their environmental impact which is increasingly demanded by governments 

and society as a whole. However, high switching costs might prevent the uptake of medical devices made from PCR 

material since the workflow and processes in place at healthcare institutions might depend on the medical devices that 

are used. Switching to a different device or product would potentially imply staff training costs, which makes it difficult 

to offer new medical devices for a competitive price. Moreover, the medical institution will most likely have engaged 

in a rather long sale cycle over the course of months or even years. As a result, many suppliers offer a customised or 

tailor-made product to individual healthcare institutions which creates a lock-in effect.30 

Furthermore, healthcare institutions have to ensure that the infection risk related to medical waste disposal remains 

low. As such, these medical institutions typically buy products of high quality and high safety levels, but in the end-of-

life phase many products will be incinerated because of infection risks associated with the waste streams. Medical 

waste streams are thus typically disposed at the site of healthcare institutions or dedicated waste management sites. 

Incineration or a similar thermal oxidation process still prevails in particular for pathological waste and other very 

toxic and/or infectious types of medical waste. 

As an alternative to incineration, autoclaving can be used to first sterilise the waste, thus making it safe for disposal in 

standard municipal solid waste streams. An autoclave is a device that uses steam to sterilise equipment and other 

objects. This process renders all bacteria, viruses, fungi, and spores inactivated by using temperatures so high that no 

bacteria can survive. Items can then be deemed safe for (standard) disposal or recycling. Autoclaving is increasingly 

being used because of the environmental and health concerns attached to the combustion by-products emitted by 

incinerators, especially from the small units which are typically operated at individual hospitals.31 

 

However, the question remains to what extent new logistics, technologies and/or supply chains can be developed, 

which can adequately manage these waste streams and recycle the materials into new products. This process is even 

further hampered as the purchase of recycling equipment and implementing it at the sites of healthcare institutions 

might be constrained by another business entity managing a cluster of healthcare institutions which can be bound by 

a local or national jurisdiction. This might vary from country to country and depends on whether the medical institution 

is private or public.  

B2C end-users 

B2C end-users are consumers that buy medicines, medical and healthcare products as direct end-users. Individual 

patients and users are increasingly demanding more environmentally-friendly products, illustrating the need for PCR 

products. Therefore, the willingness to pay for PCR products might be higher among B2C end-users than among B2B 

end-users. The medical waste of consumers is typically of low volumes and ends up in other household waste streams 

(rather than being brought back to pharmacies) and thus can be less relevant to specifically address this business case. 

Differently, healthcare products fall under normal WEEE or household waste regulations thus are not currently being 

collected in a dedicated waste stream. 

Government 

On one hand, governments have the power to establish regulatory targets which should stimulate actors from the value 

chain to increasingly use PCR content in their products, processes and packaging. On the other hand, governments have 

to ensure no toxic materials are ending up in our healthcare system. As such, strict requirements are established in 

national and international legislation regarding medical products and their packaging materials. These requirements 

are currently posing a key barrier for the acceleration and uptake of PCR content in medical products and packaging. 

Similarly, the requirements set by the ISO standards also represent a barrier for the business case.  

Raw material supplier 

Medical devices and packaging material for the medical sector aren’t completely made from plastic. The other raw 

materials that are required for medical products or packaging are provided by other suppliers. Packaging for medical 

products and medicines often consists of multilayer packaging in order to protect its content from external 

contaminations. Furthermore, a significant part of the medical products as well as their packaging material needs to be 

sterilised, which makes that using only plastic as packaging material does not suffice. It might be possible that the 

processes of other raw material suppliers need to be adjusted when PCR materials are integrated in medical devices 

or packaging, in order to ensure that the content is protected from external contaminations.  

 
30 Medium (2019). Retrieved from: https://productcoalition.com/differences-between-b2b-and-b2c-products-da82ffa75a22 
31 MedPro (2017), Retrieved from: https://www.medprodisposal.com/blog/how-is-medical-waste-disposed-of/ 
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3. STRATEGY FOR UPCOMING STAKEHOLDER ANALYSIS 
3.1 General approach 

This value chain and stakeholder analysis provides a preliminary overview of the most relevant stakeholders for the 

recycled plastic value chain in general and more specifically for the five individual business cases. The value chain and 

stakeholder analysis helps to better understand the people, groups and organisations that may influence the success 

of the INCREACE project or may be affected by it. This allows one to make a distinction between stakeholders that are 

directly involved in an individual business case, which are the key stakeholders of the value chain, and the stakeholders 

that are indirectly involved which have less influence on the INCREACE project. Moreover, insights in the needs and 

interests of the identified stakeholder groups obtained from the value chain and stakeholder analysis should be taken 

into account when communication and dissemination strategies are developed.  

Yet, the value chain maps that are provided for the individual business cases are by no means exhaustive. Further 

research is required to comprehensively assess the value chain and to completely grasp the needs and requirements 

of different stakeholders, as well as the relationships between these stakeholders. Various tools and methodologies, 

both qualitative as well as quantitative, are available to complement the outcomes of this value chain and stakeholder 

analysis: 

➢ Wheesbee tool – The Wheesbee tool provides a large database of European funded projects, patent 
applications and scientific papers. As such a quantitative analysis of the value chain can be generated with 
Wheesbee, describing how many projects and/or patent applications stakeholder are involved in, which types 
of stakeholders are present in the value chain, and how these stakeholders relate to other stakeholder groups. 
The patent analysis, analysis of scientific papers and the  EU project analysis are based on the exploitation of 
the online Wheesbee database, which makes available a set of structured information about funded projects 
and the involved entities. Wheesbee can help identify relevant projects to the different business cases in order 
to gain best practices and lessons learned. This online database can be explored to identify relevant EU 
projects, papers and patents and to extract the detailed list of all the stakeholders involved in such projects. 
In order to do so a selection of topics/keywords most relevant to the various (technological) aspects of the 
value chain has to be made. The keyword selection will follow a trial-and-error process through which those 
keywords are identified that are neither too generic (generating over 1,000 results) nor too specific 
(generating less than 10 results).  
 

➢ Stakeholder surveys - Stakeholder surveys are designed to get community feedback or to understand the 
interests and  perspectives of stakeholder groups and how they’re changing or being impacted by a project 
or organisation. This tool can also help to understand how to better represent stakeholder perspectives when 
planning a project, so one can structure a project or initiative that better meets the needs of relevant 
stakeholders. Quantitative and qualitative survey questions are the two types of questions that can be found 
in surveys. Quantitative survey questions are objective questions that are intended to gain extensive 
information from respondents. Such questions are used to collect numerical data that can be used for 
statistical analysis. While qualitative survey questions can be used to gain in-depth information about 
people’s underlying reasoning and motivations. 
 

➢ Focus groups & panel discussions - Focus groups and/or panel discussions are moderated discussions 
among a purposefully selected group of stakeholders. Focus groups are not designed to provide consensus 
regarding the issue at hand, but instead are used to gain new insights and understanding from participants 
on the issue by allowing participants to engage in a dynamic conversation with each other and build on each 
other's ideas. Therefore, focus groups can provide a logical follow-up to a broad data gathering process, such 
as a stakeholder survey. Focus groups and panel discussion enable the moderators to examine specific topics, 
issues or barriers and to really tap into the insight of specific stakeholder groups.  

 
The focus group approach is complementary to the root cause analysis (RCA) that will be carried out as part 
as WP4 (Task 4.3 and 4.4) to understand the technical requirements for the business cases focusing on ESD 
in recycled polyolefins and r-PC based polymers for UL94 V0 flammability standard. Based on these insights, 
INCREACE will develop a framework for minimum requirements and go back into the sourcing and recycling 
process to eliminate these obstacles. For this, the approaches can be aligned in order to save resources and 
gain knowledge in a time-efficient way. 
 

➢ Stakeholder interviews - Interviews with stakeholders are one-to-one conversations about a specific topic 
or issue. The primary purpose of these interviews is to provide a detailed and comprehensive overview of the 
interviewees’ opinions about a specific topic that may reveal hidden concerns or ideas that would not be 
expressed in response to a set number of specific questions. As such, stakeholder interviews can serve as a 
tool to analyse different stakeholder perspectives which will help one to better understand what stakeholders 
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want and need from the project. Furthermore, stakeholder interviews can also be used to comprehensively 
analyse a specific stakeholder group which helps to identify the most important value chain barriers and to 
develop solutions to overcome these barriers.  

To ensure that the stakeholder analysis is carried out efficiently, a hierarchised approach will be implemented:  

➢ First, secondary research (i.e. desk research) of existing publications and reports through the Wheesbee 
tool will be conducted in order to find relevant and up to date information, consolidate the current value 
chains and identify new stakeholder groups when relevant. 

➢ Second, the internal INCREACE partners that represent different stakeholder groups in the value chain will 
be contacted for their understanding of the value chain and interdependencies between stakeholder groups.  

➢ Third, if information is still lacking or concrete references cannot be found, external stakeholders will be 
involved using surveys or public discussions at one of the INCREACE events.  

➢ Ultimately, if the outcome of these surveys is deemed insufficient, external stakeholders can be reached out 
and invited to provide their knowledge by means of interviews and focus groups.  

Given the interest in the project, the business case owners (which are typically OEMs within INCREACE) will be 

consulted and kept informed of the outcomes of the analyses. As a general strategy across the business cases, we also 

find important to understand more deeply which costs are consumer willing to pay for a specific product and the 

consumer behaviour around plastic disposal, collection and sorting. For this, we aim to prepare a survey to be 

disseminated across different channels.   

The following paragraphs describe how these stakeholder analysis methodologies and tools can be used to complement 

the analysis of the individual value chains. The proposed strategy for the future value chain and stakeholder analysis 

deliverables (M24 & M48) doesn’t provide an exclusive list of stakeholder analysis tools that will be used. During the 

research process new barriers, enablers or other relevant information can be found, which can result in the 

implementation of stakeholder analysis tools that are not yet included in this strategy. As such, the stakeholder analysis 

is an iterative process, which will be continuously updated based on the latest findings.   

3.2. Tailored strategy for uptake of rPP for non-food high quality products 
While the lack of economic incentives for OEMs and possible reluctancy of product end-users to change their disposal 

habits to support sorting organisations are important barriers in the business case for non-food high quality products, 

we find that the misalignment for the technical requirements of the recycled plastic is a key overall barrier. This sets 

the need to focus “early” in the value chain and solve this issue.  

For this, the key stakeholder groups to first involve for initial discussion are: 1) Collection & sorting, 2) Plastic recyclers, 

and 3) Plastic processing stakeholders. By following the hierarchy of strategy above, first the stakeholders within 

INCREACE that cover the above groups will be contacted for their knowledge with the approaches described below. 

One of the major barriers for this value chain is the insufficient quality of the output streams from plastic waste sorting. 

Qualitative interviews with plastic collectors and sorters can help assess how the quality of the output streams from 

sorting the plastic waste can be increased. Using the outcomes of these interviews, the technical feasibility to improve 

the collection and sorting processes of the involved organisations can be analysed, as well as the extra efforts that might 

be needed from end-users (businesses and consumers) in the waste disposal phase.  

We found also a key interlinkage between plastic recyclers and compounders as it appears that there is I) insufficient 

knowledge on the technical requirements that recyclers need to meet for compounders to use recyclates, and II) 

compounders might have insufficient understanding of what is currently feasible for plastic recyclers. For this, panel 

discussions and/or focus groups can be organised involving plastic recyclers as well as plastic compounders in order 

to align processes of both stakeholders with each other. For plastic recyclers it is important to know the requirements 

from compounders and compounders should take into account what is technically feasible for plastic recycling 

organisations. During these discussions it will be assessed if it is possible to perfectly align the processes of the involved 

plastic recyclers and compounders in order to produce a recycled plastic material that can be used by non-food product 

manufacturers.  

Another barrier that has been identified by the value chain and stakeholder analysis is related to the sometimes limited 

ability and capacity of injection moulding companies to comprehensively assess and test material parameters. RTOs 

might come into play here, as they usually possess the required facilities and expertise to conduct this kind of research. 

As injection moulders typically lack the financial resources or the incentive to conduct these laboratory tests, involving 

RTOs directly in the value chain might offer a cost-efficient solution in order to overcome the identified barrier.  
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3.3. Tailored strategy for unlocking rPP for food-contact components 
As all food-contact products have to comply with legislation provided by the European Food Safety Authority (EFSA), 

this stakeholder imposes one of the key barriers for the acceleration of a recycled plastic value chain concerning food-

contact products. Through stakeholder interviews, the interests, needs and perspective of EFSA on the uptake of 

recycled plastic in food-contact products will be comprehensively assessed. During these interviews, future 

possibilities to overcome this barrier from a legal perspective will be addressed as well. This information can be used 

throughout the INCREACE project in order to ensure that the project outcomes are aligned with (upcoming) food safety 

legislation. Therefore, it would be interesting to organise panel discussions and/or interviews with plastic recyclers 

and compounders to understand to what extent it is feasible to design a chemical or solvent-based recycling process 

that could produce food grade rPP which complies with food safety regulations. 

Before EFSA gives their consent that recycled plastic materials comply with these food safety regulations extensive 

laboratory research and testing might need to be conducted. This poses a financial barrier mainly, due to the relative 

high costs that are associated with these research activities. It is still unknown which stakeholder group should bear 

these financial costs, but probably either plastic recyclers, plastic processors or OEMs are the ones likely to cover these 

costs. For this, discussions with the three stakeholder groups might be needed. In the upcoming stakeholder analysis, 

we will also analyse which role Research and Technology Organisations (RTOs) can play here, as they usually possess 

the required facilities and expertise to conduct the extensive laboratory analyses that EFSA might require or provide 

innovative cost-effective recycling processes. Involving these stakeholders in the value chain might offer a cost-efficient 

solution in order to overcome this barrier.  

An end-user survey, and more specifically a consumer survey (B2C), will be used to better understand the cost that 

consumers are willing to pay for products made from recycled plastic. As such, this survey provides preliminary 

insights in the market demand for products made from recycled plastic, which helps OEMs to with the pricing of their 

products. Moreover, this survey will provide insights in the extra effort consumers are willing to put into disposal of 

plastic waste in order to increase the separation and thus the quality of waste streams. This contributes to the 

optimisation of the quality of the material streams for the entire value chain around food-contact products.  

3.4. Tailored strategy for ESD in recycled polyolefins  

A main barrier that has been identified during the preliminary stakeholder analysis for ESD plastics is the 

contamination of these plastics with non-ESD plastics and other materials. This barrier is likely to occur at the 

collection and sorting stages. In this specific business case, the end-users are the companies that use ESD pallets for 

transport and protect their products. Therefore in this B2B setting, it would make sense to implement a take-back 

strategy, from which, recyclers and, in turn, Cabka would benefit by receiving a higher quantity of ESD plastics and of 

higher quality (i.e. with low levels of contamination). For this, we find important to involve a producer responsibility 

organisation (PRO) that could potentially assess the take-back strategy. However, it is still unclear who has the best 

interest in implementing a take-back system that would include assessing the capacity and facilities to collect and store 

ESD pallets before recycling and if the volumes are sufficient for plastic recyclers. The proposed methodological 

approach to obtain insights on this strategy is to carry out first a focus group discussion between OEMs and PROs. 

Discussions with recyclers and collection and sorting organisations should follow. 

Additionally, if a take-back strategy cannot be implemented, another constraint is the lack of clarity on the ability of 

the technology currently available in the market to overcome the barriers for the use of recycled materials in ESD 

applications (mainly the sorting, collection and cleaning process, as well as the recycling and compounding step for 

obtaining the final ESD material). To alleviate the barrier, the recommended methodology is to explore how a joint 

process can be designed through a focus group involving collectors and sorters, recyclers, and compounders. This 

analysis would also serve the purpose to clarify the respective functions of recyclers and compounders, which, at this 

stage, are blurry.  

3.5. Tailored strategy for rPC-based polymers for UL94 V0 flammability standard 
One of the main barriers of this business case is caused by the requirements set by regulatory bodies, more specifically 

by the UL94 V0 flammability standard. Therefore, stakeholder interviews with regulators are required in order to 

understand and comprehensively assess their needs and concerns. During these interviews, future possibilities to 

overcome this barrier from a legal perspective will be touched upon as well. This information can be used by the project 

partners in order to ensure that their outcomes are aligned with (upcoming) regulation applying to thermoplastics for 

flammability. 
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By means of stakeholder interviews the needs of collecting and sorting organisations to provide a sufficient amount of 

high-quality PC, ABS, and PC/ABS material to recyclers can be analysed. These interviews intend to identify enabling 

factors and possible actions available at the sorting and collecting stage in order to increase the uptake of recycled 

material in the entire value chain.  

Requirements from the mechanical and chemical recyclers could be assessed through stakeholder interviews to fill 

existing knowledge gaps about the required level of quality/purity of recyclates as well as the classified fraction of PC 

and ABS for further recycling. More insights should also be obtained regarding the most critical impurities for end-user 

applications and characterisation methods for the detection of these impurities, as well as optimal recycling 

technologies for various fractions of recycled material. 

Finally, the role of Research and Technology Organisations (RTOs) in this value chain will be analysed more closely, as 

they usually possess the required facilities and expertise to conduct the laboratory analyses which are required to 

comply with prevailing flammability standards. These laboratory analyses typically concern advanced testing of 

thermoplastic properties specific to the flammability standards. Directly involving RTOs in the value chain might 

contribute to the development of innovative solutions in order to overcome some of the identified barriers, e.g. the 

relative high costs related to required laboratory research, and the low amount of high-quality recycled material that 

is currently supplied by plastic recyclers.  

3.6. Tailored strategy for the uptake of PCR in medical applications 
The main challenge we encountered in this business case is to clearly understand who are the key stakeholders to be 

involved to fully understand the barriers and enablers of the value chain. This is given by  the differences of barriers 

and enablers and types of stakeholders involved in the case of medical devices, packaging or healthcare products. For 

this, the main strategy will be to set an interview with the business case owner (i.e. OEM stakeholder) in order to assess 

more closely the enablers that could be most promising. 

 

From assessing the value chain as one, one of the main barriers to enable this business case is the regulations currently 

in place around medical waste and recycling waste materials into medical devices and/or packaging. Therefore, the 

first action to take is to engage the discussion with regulatory bodies to understand and comprehensively assess what 

their needs and concerns are. In order to achieve this outcome, stakeholder interviews with regulators of a relevant 

series of standards and regulations for quality and safety such as ISO 11607 and PPWD (for packaging), MDR, and 

especially, ISO 10993 (for biocompatibility) can be conducted. Compliance with the latter standard heavily hampers 

closed-loop recycling as introducing recycled contents into the material loop can jeopardise the overall biological safety 

of the product.  

During these interviews, future possibilities to overcome this barrier from a legal perspective will be addressed as well. 

This information can be used throughout the INCREACE project in order to ensure that the project outcomes are aligned 

with (upcoming) medical safety legislation. 

Additionally, a focus group consisting of at least three stakeholder groups (i.e. OEMs, healthcare institutions and 

medical waste collectors and processors) would increase the understanding of the next steps to be taken in the project. 

All these actors should be involved in the discussion given the need to develop a joint process involving new logistics, 

technologies and/or supply chains that enable a circular value chain for PCR material in medical applications. If 

necessary, regulatory bodies can also be involved in these discussions in order to ensure that the joint process is aligned 

with prevailing legislation. 
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4. CONCLUSIONS 
This document provided an overview of the most relevant stakeholders and value chain for the five business cases of 

INCREACE. Although the described stakeholders in this document is by no means exhaustive, the study provides initial 

and relevant information on the most important groups that have an obvious influence on the recycled plastic value 

chain for each of the business cases.  

The stakeholder analysis of an individual business case provides background information on the recycled plastic value 

chain, a value chain map and a description of the identified stakeholders as well as their most important barriers and 

enablers. This will not only help to start identifying the potential interdisciplinary collaboration required between key 

stakeholders, but it will also help consortium partners to target dissemination and communication activities targeted 

towards specific groups of stakeholders – thus, contributing to maximise the impact of INCREACE’s outcomes.  
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