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Project summary 

At STOPP, we're pioneering a transformative initiative to revolutionize the way 
we approach food packaging by working with all the stakeholders in the value 
chain to promote the "5 Rs": Refuse, Reduce, Redesign, Reuse, and Recycle  

Our main aim is to drastically reduce the environmental impact caused by 
plastic waste in food packaging, aligning closely with the EU's Packaging and 
Packaging Waste Directive. Our collaborative efforts encompass every facet 
of the food packaging value chain.  

We're set on creating circular strategies that not only appeal to plastic 
production and processing but also drive awareness through a multi-actor 
network. Our strategic actions include analysing plastic waste impact, 
monitoring current usage, designing sustainable business models, boosting 
recycling efforts, and understanding consumer attitudes through an in-depth 
study. 

Executive summary 

This document provides a progress report on activities of work package 4 of 
STOPP project within the first periodic report (M1-M18). The final goal of this 
work package (WP) is to increase uptake and safety of reusable plastic 
packaging in alignment with EU sustainability targets and regulations such as 
Packaging & Packaging Waste Regulation (PPWR). The research in this WP is 
divided into 3 tasks, namely, implementing reuse pilots in restaurants and 
retail scenarios (T4.1), material safety and enhancement (T4.2), and 
optimising the reuse cycle via logistics and packaging monitoring. The results 
for each task will be reported in 3 deliverables, D4.5 (due M36), D4.2 (due M32), 
and D4.1 (due M24), respectively. 

In T4.1 (Chapter 2) – Reusable food packaging ReUse Cases, led by reCIRCLE 
(reC, Switzerland), Finland, France, and Switzerland are defined as reuse 
piloting countries with a case-specific research focus area. The piloting 
countries were selected based on the level of reuse market establishment, and 
regulations. The restaurant pilots in Finland are running with 9 pizza home 
delivery restaurants. An active stakeholder mapping is ongoing with potential 
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stakeholders to start planning and implementing further retail and restaurant 
pilots in all 3 locations. For Swiss pilot planning, reuse stakeholder mapping 
and interviews were realised along with a consumer journey diagram, which 
will help to pinpoint the key areas enabling or hindering the reuse. As task 
partners, University of Vaasa (UVA, Finland) provides insights into pilot design 
and data analysis from circular business development and consumer science 
perspective, while Ekokumppanit (EKOF, Finland) supports reC with 
implementing stakeholder interviews, communication and dissemination of 
Finnish pilots. The main risk in this task has been the lack of local reuse market 
and operator in Finland, and lack of reCIRCLE partners in France. However, 
based on the expertise and extensive network of reCIRCLE and STOPP project 
partners, it is foreseen that the task objectives can be realised according to 
the grand agreement plan. For instance, in Finland, restaurant chain operator 
Kotipizza Oyj and retail operator KESKO Oyj, were onboarded to STOPP pilots 
based on VTT-led Business Finland projects 4everPack and Reusify. 

In T4.3 (Chapter 3) – Optimising the reuse cycle: Return logistics and 
packaging monitoring, led by reCIRCLE, a reuse map was prepared 
summarising all operational scenarios along with a literature review and 
market analysis on packaging digitalisation and automation. A literature 
survey was prepared by VTT on available sensor and tag technologies 
relevant to reusable packaging. The collected data will be analysed in D4.1 
(due M24) in terms of how these technologies affect reuse uptake rates, 
efficiency and consumer convenience. As the reuse pilots in T4.1 will take place 
until the end of project, the implementation and evaluation of the pilot will be 
included in D4.5 – Reusable food packaging reuse case due M36, instead of 
D4.1. 

In T4.2 (Chapter 4) – Material and packaging safety and enhancement for 
reusable packaging, led by VTT (Finland), post-consumer reusable plastic 
food packaging was characterised in terms of wear and scratch patterns and 
geometries. The identified damages were linked to various packaging formats 
and use of cutlery. Accelerated wear and scratch test method was developed 
based on the post-consumer packaging. Currently, 7 reuse relevant polyolefin 
and polyester-based polymers are being characterised with established wear 
methodology. The outputs will be analysed along with complementary 
indentation hardness tests, impact, and quasi-static tensile tests to identify 
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key polymer characteristics and functionalities contributing to packaging 
safety and wear resistance. The safety of aged specimens will be evaluated 
by National Institute of Chemistry (NIC, Slovenia) in terms of e.g., microplastics. 
GreenDelta (GD, Germany) is conducting a life cycle assessment (LCA) on 
environmental impact of industrial and conventional washing-drying 
practices applied for reusable plastic packaging. The relevant data is 
collected in collaboration with GD and Remondis (RE, Germany). Based on the 
preliminary results, a clear reduction in climate change impact was realised 
when using continuous type dishwashing approach over hood-type 
machines, due to increased water and energy efficiency. Adjusting the model 
to reflect a different grid mix (Germany vs Finland) showed that electricity 
consumption was a clear hotspot for climate change impact. Overall, the 
progress is task T4.2 is 52% by M18, and the final results will be reported in D4.2 
(due M32). The research progress aligns with key performance indicators 
outlined in the grant agreement.  
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Acronyms and abbreviations 

BR Braskem S. A 
EKOF Ekokumppanit Oy - Ecofellows Ltd. 
FCM Food Contact Material 
GD GreenDelta GmbH 
LCA Life Cycle Assessment 
MVL Mutual Value Labs 
NIC National Institute of Chemistry 
POS Point of Sale 
PP Polypropylene polymer 
PPWR Packaging and Packaging Waste Regulation – EU Regulation 
RE REMONDIS SE & Co. KG  
TRL Technological Readiness Level 
reC reCIRCLE AG  
UVA University of Vaasa 
VTT Technical Research Centre of Finland  
WP Work Package 

  

1. Introduction 

This document is prepared for the purpose of evaluating and monitoring the 
progress in WP 4 of STOPP project - within the first reporting period (M1-M18) -
corresponding to D4.4 (M18), led by VTT. The objective of this WP is to promote 
safety and implementation of reusable plastic food packaging as a 
complementary and sustainable alternative for single-use packaging. Based 
on the EU 2025/40 - Packaging and Packaging Waste Regulation (PPWR), all 
businesses should ensure their products are sold at least by 10% in reusable 
packaging by 2030. The PPWR also enforces minimum durability and washing 
standards, ensuring packaging can be used multiple times without 
compromising safety or hygiene. However, currently, there are no available 
criteria for durability and safe reuse of packaging, which requires further 
research. The reuse in food packaging is not yet regulated in many EU 
countries. Reusable food packaging market in EU member states is either not 
established (e.g., Finland), or growing (e.g., France, and Switzerland). Therefore, 



 

 

  

 

Swiss partner funded by 

Funded by the European Union. Views and opinions expressed are, however, those of 
the author(s) only and do not necessarily reflect those of the European Union or REA. 
Neither the European Union nor REA can be held responsible for them. 

it is necessary to investigate reuse market opportunities and bottlenecks for 
specific member states via reuse pilots. It is also beneficial to perform a 
market analysis on available packaging tracing technologies (such as RFIS, 
NFC) and their impact on consumer convenience and enhancing reuse cycles. 
This report provides progress in identified three research gaps addressed with 
subtasks T4.1 to T4.3 of STOPP project. 

Chapter 2 – Reuse cases – Task 4.1 (reC, UVA, EKOF), provides details of 
planned reuse pilots, implementation status and upcoming tasks, along with 
identified risks and mitigation plan. This task is a testbed environment for other 
tasks within WP 4 and STOPP’s WP 7 (on consumer acceptance and social 
innovation).  The reuse pilots will be running until the end of STOPP project in 
restaurant and retail scenarios and the results will be reported in D4.5 (due 
M36), led by reC, titled Reusable food packaging ReUse Cases. 

Chapter 3 – Optimising the reuse cycle – Task 4.3 (reC, VTT, UVA), provides 
status report on literature review and market analysis with respect to 
challenges and opportunities of implementing digital solutions and logistics 
for reusable packaging. The objective is to enhance consumer convenience 
and reuse rates - corresponding to D4.1 (M24), led by reC, titled Optimised 
return systems. 

Chapter 4 – Material safety and enhancement for reusable packaging – Task 
4.2 (VTT, reC, BR, NIC, RE, GD). The aim of this task is to provide thorough analysis 
of reuse value chain from material safety and durability perspective along 
with risk assessment. This chapter provides status report on analysis of post-
consumer reusable food packaging and developing an accelerated wear 
method to mimic reuse cycles. It contains overview of ongoing material 
characterisation methods applied to 7 reuse relevant polyolefin and polyester 
polymers, upcoming tasks, risks and mitigation plans. This chapter provides 
preliminary results on environmental impact of washing-drying operations in 
different scenarios. The results in this task will be reported in D4.2 (M32), led by 
VTT, titled Material and packaging safety and enhancement for reusable 
packaging. 
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2. Reuse cases 

2.1. Vision for reuse cases and pilots 

The reuse cases serve as a testbed for different types of solutions that are 
developed and proposed within STOPP. The members of task T4.1 agreed to 
plan the pilots in a way that will generate a broad range of insights and 
learnings. This way, it might even be possible to iterate some of the pilots 
based on the first results and dig deeper. 

The three countries that were chosen for the pilots are Finland, France and 
Switzerland. These countries are particularly interesting because their state-
of-the-art on reusable packaging is very different from each other, which is 
why they were found to be a very promising choice. However, this also meant 
that different, more individualized approaches would be required to get the 
most promising and interesting results.  

The restaurant pilots will focus more on efficiency, communication and 
convenience, whereas the retail pilots are more about finding out what is 
needed to translate and extend the existing reuse scheme to this new context, 
that differs from restaurants regarding infrastructure and logistics. 
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Table 1. STOPP’s reusable food packaging pilot locations, scope and focus. 

Pilot scenarios    
Country Finland France Switzerland 
Market status No active market Somewhat 

established, laws and 
financial incentives in 
place 

Established, no 
national laws, some 
regional laws 

Main focus Getting first 
feedback about 
reusable packaging 
from consumers and 
POS 

Finding out which 
reuse scheme type 
works best for this 
market 

Strategies to increase 
the adoption of 
reusable packaging 
at existing partner 
restaurants to 
maximize the 
potential 

Related Task T3.1 T4.3 T7.2 

Reuse cases Restaurants: 
9 participating 
Kotipizza restaurants 
in Tampere 
Pilot status: ongoing 
Duration: 
3 M (will be 
extended) 
Focus: 
Logistics and 
feasibility 

Restaurants: 
to be decided 
Pilot status: planning 
of contents 
Duration: 
3-6 M 
Focus: 
analogue deposit vs. 
digital delayed 
payment scheme, 
automated returns 

Restaurants: 
3 in Bern and 3 in 
Geneva (mix of 
canteens, restaurants 
and takeaways) 
Pilot status: 
contacting 
restaurants 
Duration: 
3-6 M 
Focus: 
Communication& 
Intervention 
strategies 

Retail: 
1 high throughput 
local supermarket 
(Kesko) 
Status:Planning 
phase 
Duration: 
to be decided  
Focus:  
Logistics:  feasibility 
& desirability 

Retail: 
to be decided  
Status:  
planning 
Duration: 
3-6 M 
Focus: 
to be decided  

Retail: 
to be decided  
Status:  
planning 
Duration: 
3-6 M 
Focus: 
to be decided  

Key risks No local reuse 
operator, no state-
of-the-art for reuse, 
finding restaurants 
to participate 

Not many existing 
reCIRCLE Partners – 
finding restaurants to 
participate 

Not enough reCIRCLE 
Partners willing to 
participate 

Mitigation actions Onboarding partner 
from previous Project 
(4everpack), 
collaboration with 
regional project 
Reusify. 

Contacting small 
chains, reaching out to 
competitors if 
necessary 

Option to give them 
benefits/ financial 
incentives if 
necessary. 
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2.2. Implementation plan and status 

2.2.1. Finland 
In Finland, reusable packaging in general, but especially in a scheme, is a 
novelty as the only local operator there was – Kamupak - went out of business 
in mid-2024. This makes pilots in Finland specifically interesting because there 
is no danger of disrupting existing schemes. The lack of existing operators 
allows for full creativity and few restrictions in designing the reuse cases. Also, 
this means that whatever is tested in Finland will work as a benchmark to build 
on. 

On the other hand, the PPWR will also require finish companies to make a move 
towards reusable packaging in the next couple of years, so the motivation of 
restaurants and retailers to start acting accordingly should be generally high, 
which will hopefully be beneficial for finding piloting partners. 

 

2.2.1.1. Restaurants 

Kotipizza had already piloted reusable packaging with deposit and digital 
option in the past, in the context of the 4everpack project and there was little 
success and little appreciation by the customers. But Kotipizza is eager to find 
ways to make reusable options work, so we decided together to opt for a 
different approach this time.  

Reusable pizza packaging pilot has been implemented in the existing 
processes of 9 Kotipizza restaurants, specifically in the context of pizza home 
delivery. Customers ordering their pizza online from one of the participating 
restaurants have the option of choosing to receive their pizza “without 
packaging”. The reusable pizza packaging is then used to transport the pizza 
from the restaurant’s kitchen to the customers’ doorstep. At the doorstep, the 
pizza is transferred to a plate or container of the customers' choosing, 
removing the customers' responsibility to deal with the pizza packaging. 
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This approach includes various communication strategies online - on 
Kotipizza’s web store and on social media. The reuse campaign from task T7.3 
was executed in collaboration with Kotipizza during the first phase of the pilot, 
which created broader visibility for the project and the pilot and resulted in 
media attention. 

The aim is to find out if this novel approach could make reusable packaging 
more convenient and more accessible to consumers in general, and whether 
it is compatible with Kotipizza’s logistic and efficiency requirements or not. 
More specifically, the aim is to gain insight into the feasibility and desirability 
of the drafted zero waste delivery scenario. If this approach works, it could be 
interesting to try and replicate it with other pizza chains that have similar ways 
of operating as this strategy could significantly reduce their packaging 
footprint. 

This pilot started in March 2025 and will be running at least until June 2025, it 
might be extended until the end of August, including some Kotipizza 
restaurants in Helsinki and in a rural area for the second phase. 

Customer feedback is collected via a questionnaire sent out by Kotipizza, data 
will be collected and anonymized before STOPP receives the results. 

Feedback from the restaurants (franchisees, kitchen staff and couriers) is 
collected in a series of in person interviews that will be conducted around July 
2025. A privacy notice will be signed by all interviewees before the interviews 
to ensure informed consent of all participants. 

Greendelta (GD) is currently conducting a life cycle assessment study on this 
pilot to analyse the potential impact this way of implementing reusable 
packaging could have at scale.  
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2.2.1.2. Retailer 

Depending on the aim of the specific pilot, compared to restaurants, applying 
reusable packaging in a retail context will most likely require additional 
infrastructure or partnering up with logistics partners, e.g. washers. The retail 
pilot in Finland is specifically interesting since there is no existing reuse 
scheme, which gives us more freedom in designing the pilot. 

Through our sister project, Reusify, we are currently reaching out to Kesko, a 
Finnish retail chain with branches in Tampere. In some stores, Kesko has a very 
inviting takeaway counter with a salad bar, sushi bar, wok buffet, etc. which is 
predestined for making a reuse pilot quite easy to implement.  

 
The specific scope of the pilot will be defined with the piloting partner; however, 
the aim could be:  

• The introduction of a reusable alternative for take-away packaging for 
Kesko’s meals, such as the salad bar, sushi bar, wok buffet, etc. 

• Customers’ response and choices based on different communication 
strategies. 

• Return strategies, like the deposit-based return scheme or return 
infrastructure such as return vending machines (or alternatives). 

• Necessary logistics like the storing, washing, transportation, and 
reimplementation, with existing infrastructure or external partners. 
 

A meeting with K-Supermarket in Tampere was scheduled in June, before the 
4th consortium meeting. It went well and the detailed planning of the pilot will 
be the next step. This pilot is envisioned to start in Fall/Winter 2025. 
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2.2.2. France 
France has already implemented laws that set clear goals for the reduction of 
food packaging waste. For example, the loi AGEC [1] aims to develop a new 
responsible consumer practice in France and sets the target quote of 10% 
reusable packaging by 2027. There are multiple initiatives and operators 
working towards functional solutions and large-scale schemes, e.g. Citeo or 
Léko [2]. None of the existing solutions has reached a relevant size yet. The 
market is quite hard to oversee as there is so much happening, and many 
operators have already gone out of business. Incentives from the state and 
regions include financial support to build schemes and put reusable solutions 
forward. All in all, the situation seems to be rather chaotic and hard to grasp 
which complicates the decision-making process for gastronomers to move 
forward. 

 

2.2.2.1. Restaurants 

The aim of the French pilots will be to evaluate the desirability and viability of 
an analogue deposit scheme vs. a digital delayed-payment concept. 

In the last year, ReCIRCLE has been working to expand their network, hiring a 
sales representative based in Metz, in the north-east of France close to the 
Luxemburg border and about halfway between Basel and Paris. For this 
reason, the plan is to onboard piloting partners mainly in this region. Existing 
reCIRCLE partners will be contacted first, but we expect that we will have to 
reach out to new leads as well. The main reason for this is that the plan is not 
to implement the regular reCIRCLE scheme, but a deposit scheme as well as a 
digitalized solution side by side to evaluate their potential, which might 
interfere with existing reCIRCLE partner’s processes. 

The project team is on the look-out for opportunities to collaborate e.g. with 
multiple single restaurants, a small chain or a company restaurant operator, 
depending on feasibility. They are also prepared to explore a collaboration 
with local reuse operators, as it might facilitate the successful implementation 
of the pilots. 
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A decision will be made in the course of 2025 with the pilots foreseen to start 
in the Q1 of 2026. 

The solutions that will be implemented will be chosen based on the results of 
task T4.3 which is currently ongoing. The status of this task is reported in 
chapter 3 of this progress report. Some level of communication will also be 
implemented, supporting the digitalisation strategy. 

2.2.2.2. Retailer 

The situation with the retailers is like the one with the restaurants. The way 
reusable packaging will be implemented and what exactly will be piloted will 
strongly depend on their existing offer, available infrastructure and flexibility of 
the retail partner. 

The project team is currently brainstorming and reaching out to possible leads 
and in a workshop that will be held during the 4th consortium meeting in Vaasa 
the aim and scope of this pilot will be defined. 

 

2.2.3. Switzerland 
Contrary to the EU member states, there are no national laws and regulations 
in place or in the pipeline in Switzerland that aim towards reusable packaging 
quotes or strategies to increase reusable packaging uptake. Bearing in mind, 
that – although a small country - Switzerland is divided into 4 language and 
cultural zones – the two big ones being the German and the French speaking 
parts - it makes sense to not only focus on one urban area but opt for two: 
Bern and Geneva. 

Based in Bern, reCIRCLE started building their network in 2016 and counts 
approximately 1800 restaurant partners in Switzerland today. Roughly 150 of 
those partners are in and around the capital and although there is no local 
law in place, reCIRCLE is very visible in the streets of Bern every day around 
lunch time. 
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The canton of Geneva on the other hand, has a regional single use plastic 
packaging ban in place, that went into force on January 1st of 2025. The canton 
also promotes reusable solutions with their campaign called “Emportons 
malin”. Like in Bern, reCIRCLE has around 150 partner restaurants in and around 
the city of Geneva [3].  

reCIRCLE has a broad network in Switzerland, which grants STOPP access to a 
range of restaurants. Due to the state of reuse market in Switzerland, it was 
decided to focus the contents of the pilots on scaling up the use quotes of 
reusable packaging, rather than implementing new solutions. This is why the 
focus will lie on communication strategies, interventions and nudging 
experiments with the goal of increasing the uptake and supporting 
restaurants to live up to their full reuse potential. 

2.2.3.1. Mutual Value Labs Study 

To understand the Swiss market better and get some new perspectives on the 
current situation, the Geneva based organisation Mutual Value Labs (MVL) [4] 
was hired by reCIRCLE to conduct an ecosystems analysis, a series of 
stakeholder interviews and a consumer study on the status quo of reusable 
packaging. This work will serve as a starting point to draft solutions with a fresh 
eye and a good chance of creating an impact in the market, reCIRCLE already 
knows very well.  

A total of 48 stakeholders were identified and considered relevant for the 
adoption of a circular system for food packaging (see Figure 1). MVL 
conducted a total of 17 interviews with representatives of the key stakeholder 
groups and created stakeholder profiles, pinpointing the most relevant needs, 
pain points and their priorities. For the Swiss reuse cases, the relevant 
stakeholders are primarily the existing partners – the restaurant owners and 
staff – as well as their customers.  
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Figure 1: An overview of 48 stakeholders' profiles identified for reusable packaging ecosystem analysis. 

An example of a stakeholder profile analysed by MVL is presented in Figure 2 
which will serve as a base for the project team to define and implement 
communication strategies and other interventions at the point of sales of the 
piloting partners. An extended range of stakeholder profiles is provided in 
Appendix I, Figure S1 A-D. 

 

Figure 2. An example of reuse stakeholder profiles (drawn from stakeholder interviews) pinpointing the 
most relevant needs, pain points and their priorities. 
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In addition, a consumer journey was created based on the interviews and the 
consumer study (see Figure 3), which will support the decision on what types 
of strategies will be tested and at what point of the decision-making process 
they will be implemented. 

For consumer study, a mobile ethnography was conducted with 11 takeaway 
customers over a period of two weeks. The whole study was conducted by MVL 
and executed via a research platform called “EthOS”, which is specifically built 
for research purposes, making sure that notice of consent is ensured, and 
personal data stays secure at any given time. ReCIRCLE and STOPP did not 
gain access to any consumer data or raw results but only received 
anonymized summaries of the results. Data protection and ethics 
management for this study was managed by MVLs research team according 
to the contract signed in advance. 

An example of the detailed consumer journey analysis, which in full length 
includes all moments, when decisions are made during the whole process of 
getting a takeaway meal, is visualized in Figure 4. A complete visualisation of 
the consumer journey is provided in Appendix II, Figure S2.   

  

Figure 3: Graphical representation of consumer journey supporting decision making in adapting reuse 
strategies, drawn from stakeholder interviews. 
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Figure 4. An example visualisation of consumer journey covering the takeaway process. 

 

2.2.3.1. Restaurants 

The goal of the Swiss pilots is to find strategies to increase the uptake of 
reusable packaging in existing reCIRCLE partner restaurants.   

reCIRCLE is currently reaching out to their existing partners in Bern and Geneva, 
who sell a significant number of takeaway meals and/or drinks each day, 
prioritizing partners who are motivated but do not max out their potential for 
reusable packaging yet. So far, out of 70 contacted partners, 14 match our 
requirement of at least 20 takeaway portions per day and are at the same 
time interested in participating in the pilots. The STOPP team will now evaluate 
their potential and iterate on the design of the pilot contents. 

The results from the MVL study and from the study conducted in task T7.2 will 
both be used as starting points to design the Swiss pilots, which are envisioned 
to start in September 2025. 

  

2.2.3.2. Retailer 

There are not many existing retail partners in the Swiss reCIRCLE network, which 
is why outreach to possible leads is planned to start soon. The way reusable 
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packaging will be implemented and what exactly will be piloted will strongly 
depend on the existing offer, infrastructure and flexibility of the retail partner. 

The project team is currently brainstorming and reaching out to possible leads 
and in a workshop that will be held during the 4th consortium meeting in 
Vaasa the aim and scope of this pilot will be defined.  

2.3. Outlook  

2.3.1. Benchmarking 
As all three piloting countries have different situations, the benchmarking 
strategy will differ as well. 

In Finland, benchmarking reusable packaging with Kotipizza in 2-3 rural 
restaurants is being considered. Alternatively, an online survey could be 
conducted with Kotipizza customers in rural areas. Collaboration with K-
market could also open some opportunities. The final decision still needs to be 
made. 

In France, the benchmarking strategy will strongly depend on the location of 
the participating restaurants and retailers. As soon as the pilots are more 
concrete, benchmarking can be planned. 

In Switzerland, there are a broad range of possibilities for benchmarking - the 
reCIRCLE network encompasses several restaurants in more rural areas. The 
benchmarking strategy will be developed alongside the strategies that will be 
piloted. The results and outcome of pilot studies will be reported in deliverable 
D4.5 – STOPP Reuse Cases, by M36 (December 2026). 

2.4. Risks and mitigation plan 

The biggest risk for all reuse cases is that not enough piloting partners can be 
found. In all three countries, it is technically possible but there are several 
strategies to avoid this. reCIRCLE’s network of partner restaurants is a starting 
point, but even other reuse operators – competitors of reCIRCLEs – could be 
involved for support. With existing partners, financial incentives like vouchers 
for reCIRCLE packaging or a discount on their annual fee could be used to 
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motivate them to participate. Currently, however, it looks like the pilots are on 
a good path and no major issues are to be expected. 

  

3. Optimising the reuse cycle 

3.1. Technical progress report 

This task started with a brief literature review on the state-of-the-art of 
digitalization and automation for circular economy and reuse. Information 
was gathered about the opportunities and challenges of implementing digital 
components and processes in circular economy concepts, about the value 
associated with smart packaging and the potential of digitalization for 
reusable packaging solutions. The number of studies and reliable data 
available around this topic is limited, which is why the literature review does 
not go into detail. In addition, a review of different tags and sensors was written 
by VTT, which will support the decision making for the solution that will be 
piloted. 

To dive deeper into the potential of digitalization and automation for 
reuseable packaging solutions, a market analysis was done by reCIRCLE. The 
reuse cycle map (see Figure 
5) was created as a 
framework to be able to 
compare the existing 
approaches used by reCIRCLE 
and competitors, focusing on 
what services they offer and 
what methods and 
technologies are used to do 
so. 

Based on this framework, the 
most prominent European 
reuse operators were 
analysed to understand the 

Figure 5: Reuse cycle map. 
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intentions behind using the respective approach and - if applicable – what is 
meant to be the purpose of the technical solutions chosen. 

In summary, there are three approaches used in the market today: the classic 
analogue deposit-return-scheme, the app-based approach and the 
comparatively new “tap & reuse” approach in which the reusable container is 
linked directly with the customers credit card. All three approaches were 
analysed based on their general concept, the underlying approach - meaning 
the focus and aim - some specific examples of operators, looked at in more 
detail, focussing on their similarities and differences, the benefits/value 
proposition, the limitations, the minimum requirements for digital components 
to serve the solution and the relevant technologies. 

Novel and possible future scenarios were also considered and evaluated, like 
the Petaluma project, piloted in 2024, opting for maximum convenience by 
simply making reusables the default and offering no alternative. A summary 
of task implementation status is presented in Table 2. 

Table 2: Overview of tasks and their status related to packaging return logistics and monitoring. 

Overview    
Objective Implementation Progress Partners 
1. Analysis of how digitalization and 
automation of reusable food 
packaging can increase the use 
rates and consumers’ convenience 
and commitment to reusable 
packaging. 

Literature review, market 
analysis and stakeholder 
analysis 

50% ReC 

2. Analysis of digitalization and 
automation as measures to avoid 
confusion and minimize misuse of 
reusable packaging. 

3. Design of pilot scenario 
Based on findings from 
literature review, market 
analysis and stakeholder 
analysis 

20% ReC 

4. Comprehensive safety and risk 
assessment relating to 
digitalization. Based on what solution(s) will 

be chosen for the pilots 
0% 

ReC 
 

5. Evaluation of business potential 
based on the generated digital 
data. 

ReC 

6. Comprehensive review of 
different tags and sensors 

Based on 4ever pack 40% VTT 
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7. Investigate delivery services (e.g. 
Wolt, Foodora, Deliveroo) especially 
for the return logistics. 1-2 rapid 
experiments leading to refine 
circular logistics models will be 
developed. 

interviews with delivery 
platforms, 1-2 rapid 
experiments 

10% ReC 

 

3.2. Outlook 

With inputs from literature and the stakeholder interviews conducted by 
Mutual Value Labs (study described in section 2.2.3.1) the next step in this work 
will be attempting to evaluate the desirability and convenience of the three 
existing as well as the novel approaches. This step shall support the decision-
making process for designing the approach/ solution that will be piloted as a 
result from this task. This solution will be designed based on the literature 
review, the tags and sensors review, the market analysis and the stakeholder 
analysis. The business potential of the designed solution will be evaluated 
based on expected results and outcomes. A risk and safety assessment will be 
done for the designed solution before piloting.  

The solution will be tested and evaluated in the context of the reuse cases in 
task T4.1. Desirability and feasibility of the designed solution will be evaluated 
within the pilots by measuring how many times reusable packaging is used 
within the duration of the pilot compared to single use packaging. Interviews 
will be conducted with restaurant staff as well as their customers – both users 
of reuseable and single use packaging. The results and outcome of pilot 
studies will be reported in deliverable D4.1 – Return logistics, digitalisation and 
packaging monitoring and automation as drivers of reusable food packaging 
systems, by M24 (December 2025).   
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3.3. Risks and mitigation plan 

In this task, the potential of digitalization and automation for reusable 
packaging is analysed. The solutions resulting from this analysis are piloted in 
the context of the reuse cases in task T4.1. As task T4.1 runs until month 36 and, 
based on the choice of piloting countries and contents, it makes sense to 
spread out the pilots to make more use of the whole project duration and 
spread out the available resources more evenly. To make the best of the time 
that is still left to work on the project, the results of the pilots, that derive from 
this task (T4.3), will be reported in the deliverable D4.5 – STOPP reuse cases 
due M36 and not in deliverable D4.1 – Optimized return systems, due M24. This 
gives the project team in task T4.1 more time and resources to conduct the 
pilots carefully and to follow up and iterate and make the results more 
valuable for the whole project. 
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4. Material safety and enhancement for 

reusable packaging 

4.1. Technical progress report 

The implementation status and progress of each task is summarised in Table 
2, with key tasks divided into 2 categories, namely (i) materials safety and 
enhancement, and (ii) washing efficiency. In materials safety and 
enhancement category, implemented tasks are divided into 5 subgroups. 

Table 3: Overview of implementation status and progress in material safety and enhancement for 

reusable packaging. 

Overview     
Task Objective Implementation Progress Partners 

M
at

er
ia

l s
af

et
y 

an
d 

en
ha

nc
em

en
t  

 

1. Identification of 
wear patterns in 
reusable food 
packaging 

Microscopy analysis of 
post- consumer 
reusable packaging – 
based on 4 reuse case 
categories 

100%  VTT-ReC 

2. Devise 
accelerated wear 
protocol mimicking 
multiple reuse 
cycles 

Instrumented scratch 
method mimicking post-
consumer scratch 
geometry 

80%  VTT 

3. Enhance TRL level 
of material 
enhancement 
solutions from 2 to 4 

Experimental 
characterisation of 7 
food contact material 
(FCM) grades of 
polyester and 
polypropylene to identify 
key polymer properties 
sensitive for packaging 
safety and durability 

60%  VTT 

Additivation and recipe 
development 

40% VTT-BR 

4. Compare reuse 
and single use risks 
in migration tests 

Migration and 
microplastic risk analysis 

10% NIC-VTT 

5. Summary of 
measures to 
mitigate material 
wear and extend 
safe reuse cycles 

Synergic results and 
insights from key 
objectives 1-4 

40% All 
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W
as

hi
ng

 
ef

fic
ie

nc
y 

 

6. Evaluate  
environmental 
impact of industrial 
and conventional 
washing-drying 
practices adapted 
for reusable 
packaging 

LCA analysis 40% GD, RE, VTT 

 

Material safety and enhancement - Task I: Identification of wear patterns in 
reusable food packaging 

In task (i) 4 reuse cases composed of post-consumer Polybutylene 
Terephthalate  (PBT)-based reusable food packaging formats were 
considered for identification of critical wear mechanisms. The post-consumer 
packaging was provided by reCIRCLE, with minimum reuse number of 50 
cycles and 2 to 5 years of service life. The packaging format in each use case 
enforces use of specific cutlery type, corresponding to a specific type of wear. 
The wear mechanisms and scratch geometries, and potential safety risks in 
terms of microplastics and hygiene were characterised at VTT via optical 
microscopy profilometry methods (100% progress). For instance, in Figure 6 A, 
the packaging format allows consumers to use sharp cutlery and therefore 
there are large scratches with an average depth of 50 ± 8 µm and width of 178 
± 3 µm  (Figure 6 A-c). Packaging format B in Figure 6, requires different cutlery 
such as fork and spoon, and therefore it is subjected to less harsh wear 
compared to packaging format A. In Figure 6 B-c, post-consumer packaging 
format B has an average scratch depth of 10 ± 8 µm and a width of 269 ± 100 
µm.  
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Figure 6: Typical formats of reusable plastic food packaging, and corresponding wear mechanisms.  

From packaging safety perspective, the type and extent of wear patterns on 
reusable packaging can potentially impose risks on microplastic leaching and 
hygiene aspect. For example, in Figure 7 A-B, post-consumer packaging 
format type A (as defined in Figure 6) with wear traces of sharp cutlery, 
indicates traces of polymer chain extension and their fragments on the 
packaging; also, micro-size food residue fragments. On the other hand, in 
Figure 7 C-D, there is no evidence of microplastic fragments or food residue 
on post-consumer packaging format type B (as defined in Figure 6). The lower 
risk of packaging format B compared to format A is because of the average 
scratch depth of format B is smaller than those in format A by 2 orders of 
magnitude. The wear type in packaging format A, created by sharp cutlery, is 
critical as it can impose potential risks towards safe consumption, while the 
wear type in packaging format B, created by spoon and fork type cutlery, is 
rather an aesthetic issue. The work on microplastic risk assessment will 
continue within STOPP project in collaboration with National Institute of 
Chemistry (NIC, Slovenia) and VTT Business Finland project Reusify on hygiene 
issues. 
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Figure 7. Microscopic wear and scratch traces of post-consumer reusable packaging format type A 
(Figure a, b), and packaging format B (Figure c, d).  

Based on the preliminary results, it becomes clear that packaging format 
design, type of cutlery, and defining allowable (i.e., safe) degree of wear are 
important factors for longevity and circularity of packaging. Furthermore, 
choice of plastics with sufficient hardness and scratch resistance are 
necessary.  

Material safety and enhancement - Task II: Accelerated wear protocol 

In task (ii) the focus is on developing accelerated wear ageing method for 
mimicking post-consumer scratch geometry, which were characterised in 
task (i). The developed wear methodology will be applied on various polymers 
to evaluate their scratch and wear resistance and associated safety aspects. 
The scratch tests are to mimic use of sharp cutlery scenarios (as in format A 
packaging) and wear tests are to mimic mild wear scenarios (as in format B 
packaging, and e.g., hand washing with sponge) and material resistance to 
maintain gloss. 

For both tests, 8 series of food contact safe polyester, and polyolefin grades 
were injection moulded into cubic specimens with dimensions of 60 mm × 60 
mm × 2 mm (width × length × thickness). A snapshot of the reciprocating wear 
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and scratch-indentation test setup is presented in Figure 8 A and B, 
respectively. The scratch-indentation tests were optimised in terms of 
diamond radius, sliding speed, and the required normal load level in 
progressive and constant loading mode. The wear cloth grade, normal load 
level, and number of reciprocating movements were optimised to fit the wear 
patterns in Figure 6 B, and Figure 7 C-D. The material hardness, elastic and 
plastic ratio of deformation, and surface friction were characterised and 
considered in the accelerated wear ageing method.  

 

 

Figure 8. Snapshot of wear and scratch-indentation testing setup. A: A custom-made reciprocating wear 
tester with an abrasive cloth between loading arm and plastic specimen, B: Micro-Combi tester (Anton 
Parr, MTC3) tester with Vickers-type diamond indenter. 

Based on the preliminary results, the proposed methodology was successful 
in mimicking the wear patterns and scratch geometry of post-consumer 
packaging. An example of the mimicked cross-like wear patterns on injection 
moulded PBT specimens is presented in Figure 9 Bb based on post-consumer 
wear patterns in Figure 7 B. As shown in Figure 9 Bb, during the experimental 
campaign, various indenter radius and normal load levels were evaluated to 
fit the geometrical dimensions of post-consumer reusable packaging. 
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Figure 9. An example of accelerated wear scheme to mimic reuse. A: Profilometry surface image of post-
consumer reusable packaging. Ba: Profilometry surface image of mimicked scratches via indenter on 
pristine polymer surface. Bb: Top view of cross-like scratch grooves mimicked at various normal load levels. 

The indentation penetration profiles of mimicked cross-like scratch patterns 
are provided in Figure 10. The penetration depth increases linearly with the 
applied normal force (see Figure 10 A). The intersection between scratch lines 
enhances the penetration depth and damage complexity which might lead to 
potential microplastic leaching or trapping of food residue. The work in this 
task will continue in the next periodic reporting on various polymeric 
substrates. 

 

Figure 10. Penetration depth of indenter during the scratch test on PBT substrate, with normal load range of 
5 N to 20 N. A: Penetration profiles without intersection point. B: Penetration profiles with 45° intersection. 

An important aspect in scratch tests was to choose a loading mode which 
enables maximum consistence and facilitates comparison between various 
polymers. It is possible to mimic post-consumer scratches via progressive 
normal load or constant normal load. As depicted in Figure 11 A, in progressive 
loading mode, the depth and width of scratch groove enhances from starting 
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point (i.e., 0 N) to the maximum target force (e.g., 20 N). Based on the results 
in Figure 11 B, the friction coefficient remains constant per type of material (i.e., 
polymeric substrate) regardless of the load levels. However, the friction forces 
resisting against the indenter enhance linearly by the applied normal load 
level. For comparison between scratch geometries of different specimens or 
polymer types, it is important to have the exact normal force level. Therefore, 
the scratch resistance of polymers in this work will be performed in the 
constant load mode to have a comparable and consistent results. 

 

Figure 11. Effect of applied load level on the scratch depth and developed friction forces during progressive 
scratch testing mode. 

In summary, the progress in task is 80%, meaning that the ageing 
methodologies are established for both wear and scratch scenarios. The 
remaining 20% work is to understand synergetic effect of mechanical wear 
and chemical ageing due to use and washing operations. Specifically, to 
understand whether ageing can induce polymer chain extension around the 
scratch grooves as in Figure 7 for post-consumer packaging which impose 
microplastic risk. 
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Material safety and enhancement - Task III to Task IV: Technological 
readiness level (TRL) of polymer wear enhancement solutions 

In task (iii) the focus is on understanding wear and scratch resistance of 
polypropylene (PP) and polyesters with different fillers, formulations and 
functionalities. The PP and polyesters were selected due to their high share and 
interest in reusable packaging market. The list of polymers under investigation 
with their key feature is summarised in Table 4. All polymers were injection 
moulded for various characterisations listed in Table 5. 

Table 4. List of polymers being investigated for reusable packaging application. 

List of materials   
Materials of 
interest 

Trade 
Name 

Producer Key features 
Typical 
application 

Polybutylene 
terephthalate 
(PBT), semi-
crystalline, semi-
aromatic polyester 

POLYshine 
PBT D201 FD 

Polykemi 
AB 

Good balance between 
stiffness, toughness, yield 
strength and wear 
resistance. Susceptible to 
acids and bases, 
operation temperature 
below 80 °C 

Injection moulding, 
food contact, 
automotive and 
electronics 

PBT with 30 wt% 
glass fibre 

POLYshine 
PBT D201 
GF30 

Polykemi 
AB 

High elastic modulus and 
failure strength, brittle, 
better thermal stability 
than PBT. 

Injection moulding, 
food contact, 
automotive and 
electronics 

Amorphous 
copolyester 

Tritan 
TX2001 

EASTMAN 

Heat and chemical 
resistance, fast drying, 
high clarity, hydrolytic 
stability, stiffness/impact 
balance 

Injection moulding, 
food contact, water 
bottles, toys, 
cosmetics 

Polypropylene (PP) 
homopolymer 

INSPIRE 215 Braskem 

Stiffness/impact balance, 
high clarity and gloss, 
good organoleptic 
properties 

Sheet extrusion, 
thermoforming, 
extrusion, food 
contact, transparent 
packaging, cleaning 
products 

Impact modified 
PP copolymer 

C705-
44NAHP 

Braskem 
Antistatic, and good 
impact resistance 

Injection moulding, 
compounding, food 
contact, thin wall 
containers, caps 

Impact modified 
PP copolymer 

CD700NAQ Braskem 

Dimensional stability, low 
shrinkage, good impact 
resistance, high speed 
injection moulding 

Injection moulding, 
compounding, food 
contact, thin wall 
packaging, freezer 

Impact modified 
PP copolymer 

INPSPIRE 137 Braskem 
Very high impact 
resistance 

Film extrusion, blow 
moulding, food 
contact 
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All polymers are being characterised in terms of mechanical, physical and 
thermal properties. The aims are to understand key material properties and 
functionalities which contribute to wear resistance and durability of reusable 
packaging. The overview of ongoing material characterisation campaign and 
task progress is provided in Table 5. Based on the results, and available 
resources, additional material recipes might be considered for better wear 
and scratch resistance. These potential recipes might include combination of 
polymers listed in Table 4, fillers or nucleating ageing to adjust the polymer 
and surface crystallinity. The results will be reported in Deliverable D4.2 due 
M32 (August 2026). 

Table 5. Overview of material characterisation campaign and progress status. 

Progress status in Task III    
Examined material properties Method or standard Progress Partners 
Elastic modulus and yield stress per ISO 527-1: 2019 Completed VTT 

Material toughness per ISO 179-1: 2023 Completed VTT 
Thermal properties per ISO 11357-1:4: 2023 Completed VTT 

Wear resistance Reciprocating wear Due M 19 VTT 
Washing resistance ISO 12875-1 Completed VTT 

Gloss and sensitivity to wear Gloss meter/wear Due M 19 VTT 
Polymer hardness Indentation test Due M 19 VTT 
Scratch resistance Instrumented MCT3 Due M 19 VTT 

In task (iv) the microplastic leaching risks and migration of selected 1−2 
polymers subjectied to accelerated wear will be assessed in collaboration 
berween NIC and VTT. This task will start after M19 of project. The results and 
summary of best practices to mitigate material wear will be reported in 
Deliverable D4.2 due M32 (August 2026). 

Washing efficiency 

This section outlines the preliminary Life Cycle Assessment (LCA) of washing 
re-usable packaging, part of the broader sustainability assessments being 
conducted by GD within WP6. The goal of this study is to evaluate and 
compare the environmental impact of industrial conveyor-type and hood-
type washing-drying practices for reusable packaging. The datasets and 
results generated through this study will then be adapted and used in the 
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modelling of the various pilot case studies described in Chapter 2 of this 
report.  

Continuous-type washing was modelled based on a combination of data 
provided by RE for the MEIKO M-iQ dishwasher. Hood-type washing was 
modelled based on the MEIKO UPster H 500. The background data were taken 
from the LCA database ecoinvent v3.11 and selected to reflect the geographies 
represented in the STOPP project.  The functional unit for the comparison was 
the washing of 1 dish. The impact assessment method used was EF 3.1. 

Preliminary results (see Figure 12) show a clear reduction in climate change 
impact when using continuous type dishwashing machines over hood-type 
machines, largely due to increased water and energy efficiency. Adjusting the 
model to reflect a different grid mix (Germany vs Finland) showed that 
electricity consumption was a clear hotspot for climate change impact. 

Further primary data for hood-type washing will be gathered to better reflect 
the Kotipizza context and a sensitivity analysis will be conducted to quantify 
the effects of assumptions made on the overall impact. The datasets 
generated in this study will be integrated into the broader reuse case LCA 
models.   

 

 

Figure 12. Comparison of Climate Change impact for continuous vs batch type dishwashers, representing 
both German and Finnish electricity mixes. 
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4.2. Outlook 

The final results of this task will be reported in deliverable D4.2 – Material and 
packaging safety and enhancement possibilities for reusable packaging, due 
M32 (August 2026). It is foreseen that the research outcome will enable better 
understanding of plastic wear mechanisms in reusable packaging and 
provide an accelerated mechanical wear method to mimic multiple reuse 
cycles. In that regard, a collaboration might be realised with VTT coordinated 
Business Finland funded project Reusify on the topic of accelerated ageing.  
Such method can act as a tool for safety assessment of reusable packaging. 
The effect of packaging format on the wear mechanism will be discussed. The 
final report will provide perspective on which material properties are more 
sensitive to mechanical wear, which can be potentially tuned for future 
reusable packaging designs. The LCA assessment will provide an insight on 
energy and resource efficiency of continuous type dishwashing machines 
over hood-type machines.  

It is planned to elaborate and disseminate the results of this deliverable with 
a scientific peer-reviewed journal article within 2026. Furthermore, the results 
will be presented in scientific and industrial conferences. For instance, AMI 
plastic conference on 3rd to 4th of December 2025 in Berlin, Germany. The topic 
of AMI conference will be on refill, reuse, reinvent – packaging for a sustainable 
future. 

4.3. Risks and mitigation plan 

The main risks related to this task were change in research and administrative 
staff. New personnel were onboarded to the project and therefore, there are 
no issues related to personnel and resources. Another risk, in certain cases, 
was unclear definition of tasks in the grant agreement which was aggravated 
by the leave of key personnel involved in the initial project proposal writing, 
was an issue. For instance, in case of washing efficiencies, Green Delta (GD) 
was not planned as a task partner. Eventually, these shortcomings were 
discussed in the project managing committee and GD was onboarded to task 
in collaboration with Remondis (RE). 

  



 

 

  

 

Swiss partner funded by 

Funded by the European Union. Views and opinions expressed are, however, those of 
the author(s) only and do not necessarily reflect those of the European Union or REA. 
Neither the European Union nor REA can be held responsible for them. 

5. References 

[1] Anti-waste law, Ministère de la Transition Écologique. (2024, April 17, France). 
La loi anti-gaspillage pour une économie circulaire (loi AGEC). Click for 
webpage access.  

[2] Web page, Citeo – Pour une économie circulaire des emballages et 
papiers. Click for webpage access.  

[3] Web page, République et canton de Genève. Emportons malin. Click for 
webpage access.  

[4] Web page, Mutual Value Labs. Mutual Value Labs – Click for webpage 
access. 

  

  

  

https://www.ecologie.gouv.fr/loi-anti-gaspillage-economie-circulaire#:~:text=La%20loi%20vise%20%C3%A0%20augmenter,march%C3%A9%20en%20France%20en%202027.
https://www.ecologie.gouv.fr/loi-anti-gaspillage-economie-circulaire#:~:text=La%20loi%20vise%20%C3%A0%20augmenter,march%C3%A9%20en%20France%20en%202027.
https://www.techniques-ingenieur.fr/actualite/articles/loi-agec-cinq-ans-apres-son-adoption-citeo-dresse-un-bilan-en-demi-teinte-143176/#:~:text=Les%20emballages%20plastiques%20%C3%A0%20usage,simple%20%C3%A0%20l'horizon%202040.
https://www.ge.ch/en/teaser/let-take-it-smart
https://www.ge.ch/en/teaser/let-take-it-smart
https://www.mutualvaluelabs.com/#:~:text=Mutual%20Value%20Labs%20is%20a,problems%E2%80%A6%20profitably%20and%20at%20scale.
https://www.mutualvaluelabs.com/#:~:text=Mutual%20Value%20Labs%20is%20a,problems%E2%80%A6%20profitably%20and%20at%20scale.


 

 

  

 

Swiss partner funded by 

Funded by the European Union. Views and opinions expressed are, however, those of 
the author(s) only and do not necessarily reflect those of the European Union or REA. 
Neither the European Union nor REA can be held responsible for them. 

Appendix I: Reuse stakeholder profiles 

Overview of stakeholder profiles related to reuse pilots in Switzerland in task 
T4.1 (section 2.2.3.1 of this report) is provided in Figure S1 A-D. These stakeholder 
profiles were extracted from 17 key reuse stakeholder interviews conducted by 
Mutual Value Lab (MVL), which was outsourced by recircle. The aim of creating 
profiles was to pinpoint the most relevant needs, pain points and priorities of 
stakeholders. These profiles will serve as a starting point to draft solutions with 
a fresh eye and a good chance of creating an impact in the market, reCIRCLE 
already knows very well.  

 

Figure S1-A: Reuse stakeholder profile: Users. 

 

Figure S1-B: Reuse stakeholder profile: Non-users. 
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Figure S1-C: Reuse stakeholder profile: Restaurant owners. 

. 

Figure S1-D: Reuse stakeholder profile: Restaurant staff. 
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Appendix II: Reuse consumer journey 

This section provides supplementary information related to reuse pilots 
conducted in Switzerland. The content is related to chapter 2 section 2.2.3.1 of 
this report. Detailed visualisation of consumer journey, including all moments, 
when decisions are made during the whole process of getting a takeaway 
meal is present in Figure S2. 

 

Figure S2 (continues): Takeaway consumer journey. 

 

 

Figure S2 (continues): Takeaway consumer journey. 
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Figure S2 (continues): Takeaway consumer journey. 

 

 

Figure S2 (continues): Takeaway consumer journey. 



 

  

 

 


