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Executive Summary 

The REMEDIES project addresses one of the most critical environmental challenges of our time: the pervasive 

presence of marine litter in the Mediterranean Sea(1) and the profound risks it poses on biodiversity, human 

health, and economies dependent on clean waters. Positioned within the framework of the EU Mission 

“Restore Our Ocean and Waters by 2030,” Deliverable 3.1 (D3.1) demonstrates the feasibility of upstream 

solutions to prevent waste before it enters the system. It emphasizes that the challenge is not merely one of 

waste management but of systemic overreliance on disposable plastics, particularly single-use cups and bottles 

that dominate in critical sectors(2). It advances the transition from single-use plastics (SUPs) toward scalable, 

circular, and sustainable models of consumption, emphasizing prevention, reuse, and citizen engagement. 

 

To do so, D3.1 integrates the research and development of “sustainable, circular, safe and non-toxic 

products”(3) with Nature-Based Solutions (NBS) and sustainable materials management, complying with key 

EU directives and regulations, including Single-Use Plastics Directive (EU) 2019/904 and the Plastics Regulation, 

(EU)10/2011. By adopting a systemic approach to circular design methods, explicitly aligning with key EU policy 

priorities such as the Circular Economy Action Plan, the Waste Framework Directive, and the European Green 

Deal, D3.1 embraces the core principles of circular design to “eliminate waste and pollution at the source”, 

“circulate products and materials”, and “regenerate natural systems” (4).  

 

Additionally, it operationalizes innovative materials, smart pathways to reuse, and decentralized water 

infrastructures not only to mitigate plastic waste but also reduce greenhouse gas emissions by lowering 

reliance on virgin materials, save water and energy through closed-loop cleaning and water refilling systems, 

strengthen social awareness and participation in circular practices, and finally provide new data streams on 

material use and reuse cycles, informing both science and policy.  

 

Deployed in diverse Mediterranean contexts including a global tourist hotspot in Greece, a natural reserve in 

France, and a cultural festival in Croatia, D3.1 pilot demonstrators exemplify the power of combining 

technological innovation with circular business models to support coastal communities that are challenged by 

water quality and availability being more vulnerable to the impacts of climate change(5). Moreover, these 

interventions demonstrate the adaptability and scalability of the approach, confirming that the solutions 

developed are not only technically sound but also socially adaptable and environmentally effective. They 

highlight how different combinations of technologies and infrastructures can be tailored to address specific 

challenges, whether ecological sensitivity, tourism pressure, or mass cultural consumption. By showcasing 

flexibility and real-world performance, these pilots provide replicable models that point the way toward 

systemic solutions to Europe’s plastic problem.  

 

Through this comprehensive framework, D3.1 advances a circular, resource-efficient, and climate-resilient 

design methodology that supports the EU’s transition to a circular economy, reporting the following key 

achievements:  

 

Reusable Cup and Bottle Systems: Designed, produced and manufactured 25,000 reusable biobased cups 

and introduced reusable glass bottles as sustainable alternatives to disposable containers. These products 

meet strict technical and safety standards, demonstrating durability across multiple washing cycles while 

reducing lifecycle emissions compared to fossil-based plastics. 

 

Decentralized Washing-as-a-Service Infrastructures: Large- and small-scale washing units were 

developed as the backbone of reuse ecosystems. Equipped with energy-saving and water-recovery 

technologies, coupled with advanced treatment systems (vertECO® and GRETA™), these infrastructures 

enable safe, efficient, and scalable cleaning of reusable containers. 
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Digital Deposit–Return Systems (DDRS): Innovative digital tools—comprising web platforms and 

mobile applications—were deployed to allow real-time monitoring of reusable cups and bottles. These 

systems enhance transparency, provide accountability through data-driven insights, and encourage active 

consumer participation and high return rates. 

 

Water Refilling Technologies: Two complementary solutions were piloted to reduce reliance on bottled 

water: (i) an Atmospheric Water Generator (AWG) that harvests potable water directly from air humidity, 

and (ii) a smart water fountain offering high-quality drinking water. These installations provide practical, 

accessible alternatives to SUP bottles in public and outdoor spaces. 

 

Pilot Demonstrations in Three Contexts: The integrated solutions were tested in real-world 

environments: A beach bar on Mykonos Island, Greece, combining reusable cups, washing infrastructure, and 

AWG refilling stations; the Sea Star Festival in Umag, Croatia, deploying reusable cups and cleaning under high-

traffic conditions; Porquerolles Island in France, within a protected natural reserve, showcasing sustainable 

bottle and refilling solutions.  These pilots validated not only the technical functionality but also the social 

acceptance and economic feasibility of reuse ecosystems. 

 

Data Generation for Science and Policy: The technologies embed generated new and valuable data 

streams on material performance, reuse cycles, consumer behavior, and environmental impact. These insights 

inform ongoing scientific research, support EU policymaking, and contribute to future innovation in circular 

economy strategies. 

 

In conclusion, D3.1 demonstrates that upstream prevention of SUP pollution is both technically feasible and 

socially viable. By combining biobased product innovation, decentralized infrastructures, digital accountability 

tools, and behavioral engagement, the deliverable lays the foundation for a new paradigm in plastic prevention. 

It establishes pathways for replication and scaling, advancing Europe’s transition toward a zero-pollution, 

circular, and climate-resilient economy, while actively contributing to the EU’s mission of restoring oceans and 

waters by 2030. 
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I Introduction  
Plastic pollution in the Mediterranean has been driven by heavy reliance on SUP cups and bottles, particularly 

in high-traffic areas such as tourist destinations, cultural events, and coastal communities. While the EU Single-

Use Plastics Directive (2019/904) has spurred important regulatory progress, implementation remains uneven 

across Member States, with significant challenges in enforcement, consumer acceptance of reuse models, and 

insufficient infrastructure for large-scale adoption(6).  

 

D3.1 addresses these gaps by providing a comprehensive account of the delivery, installation, and deployment 

of upstream solutions developed under Tasks T3.1 and T3.2 targeting two of the most pervasive pollutants in 

European marine environments, single-use plastic (SUP) cups and bottles. With the objective of delivering 

reusable cups, bottles and deploying water demo installations, D3.1 encompasses approachable pathways for 

avoiding SUP containers and preventing their distribution and use in the first place, across systemic sectors. 

It's scope, is not merely about replacing one product with another but rather facilitating a holistic shift in 

service logistics, moving from a linear 'take-make-dispose' model to a sustainable circular model(4) through 

value propositions oriented to satisfying users through function delivery instead of product ownership(7).  

 

Committed to circular design, D3.1 innovations and interventions are shaped and guided by three core 

principles. The first principle “eliminating waste and pollution” is reflected in the development of reusable, 

bio-based cups and plastic-free bottles designed to prevent new material extraction and waste before it is 

created.  By focusing on upstream solutions, D3.1 shifts the emphasis from managing pollution to avoiding it 

altogether, as detailed in Chapters 2 and 3 of the report. The second principle “circulating products and 

materials” comes to life through the implementation of digital deposit reuse systems (DDRS) and 

decentralized infrastructures for dishwashing and water refilling. These systems are built to keep products in 

use for as long as possible, enabling multiple reuse cycles and extending the lifespan of materials. This approach 

not only reduces environmental impact but also supports a more resilient and resource-efficient consumption 

model, as explored in Chapters 4, 5, and 6. The third principle “regenerating nature” is woven into the 

overarching goal of the REMEDIES project specific objectives to prevent 600 kg of waste per festival and an 

additional 120,000 kg per tourist season in the Cyclades islands of Greece, mitigating plastic pollution at the 

source and directly contributing to the quality of marine ecosystems, protecting biodiversity across the 

regions of implementation. Moreover, this principle is underscored through nature-based solutions, and 

closed-loop process integrated for water generation, treatment, and reuse, combatting plastics reliance in 

water stressed regions.    

 

D3.1 goes beyond stand-alone technologies as their real impact emerges from their interdependence, forming 

an integrated ecosystem of prevention that is flexible, accessible and tailored to meet diverse stakeholders’ 

needs, empowering public authorities, businesses, and civil society to combat plastic reliance without 

compromising hygiene, efficiency, or user convenience. 

 
A clear and comprehensive overview of the design, development, installation, and successful deployment D3.1, 

as direct output of T3.1 and T3.2 is organized in the following breakdown of chapters:  
• Chapter two reports the milestones during research and development of reusable biobased cups as 

a substitute for conventional SUPs, concluding with a successful industrial production of 25.000 items 

through injection molding.  

• Chapter three turns to the problem of plastic water bottles, following a comparative analysis of 

available materials, presenting reusable glass bottles as the most sustainable alternative.  

• Chapter four introduces the DRS, reporting on the web platform and mobile applications developed 

to allow real-time monitoring of reuse cycles, coupling the physical circulation of cups and bottles 

with data-driven accountability.  
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• Chapter five presents in detail the large-and small-scale dishwashing installations, which incorporate 

advanced energy optimization technologies, and water treatment closed-loop management, to 

guarantee increased circularity and ease decentralization.  

• Chapter six is dedicated to innovative water refilling technologies and installations, including an 

Atmospheric Water Generation (AWG) and a smart water fountain to mitigate SUP water bottles 

dependence in the outdoors.  

• Chapter seven outlines the planning of the interventions and the deployment of the pilot 

demonstrators on the pre-selected DS illustrating the potential to address the systemic issue of 

plastic pollution through a multifaceted approach and replicable models that can be scaled under 

varied conditions.  

• Chapter eight synthesizes the insights gleaned from the various demonstrators, incorporating updated 

data from the interventions and outlining optimized pathways for future progress. It advocates for 

EU-level endorsement to replicate and scale these integrated systems throughout the Mediterranean 

Sea Basin, thereby establishing prevention ecosystems as a fundamental element of Europe's transition 

towards a zero-pollution, circular economy. 

 

Ultimately, D3.1 goes beyond technical deployment and does more than deliver tangible outputs; By framing 

reuse as a systemic and policy-aligned solution it provides transparency and evidence about material 

performance, reuse cycles, consumer behavior, and environmental impact. It demonstrates that prevention 

ecosystems—combining technology, infrastructure, and social innovation—can become a cornerstone of 

Europe’s transition toward a zero-pollution, climate-neutral, and circular economy, underscoring the 

imperative of sustained citizen engagement, the implementation of robust monitoring frameworks, and the 

integration of upstream solutions within existing EU policy instruments, ranging from the Zero Pollution 

Action Plan to the European Green Deal. 
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2. Reusable Biobased Cups  

2.1 Initial Design Review  
 

The general product description according to the GA, is a reusable cup that claims a Biobased, Biodegradable, 

and Recyclable alternative to SUPs.  A big size is proposed particularly for draft beer (up to 20% alcohol) 

holding 0.5L capacity targeting industrial production, manufactured with injection molding. The research 

objective was to achieve a practical lightweight cup, resistant to impact and heat, with the less quantity of 

materials possible.  

2.1.1 Design Brief and Concept 

Advocating an industry-specific solution, the REMEDIES reusable cup conceptualizes a pathway to prevent 

plastic use and waste at the source with a circular design approach, demonstrating environmental benefits at 

all stages of the product life cycle. Essential to the product concept is the use of new plastic materials and the 

innovative features they hold, especially as regards to their capacity to withstand re-use as many times as 

possible, to be recycled efficiently with mechanical processes, and to meet the conditions of industrial 

composting (8).  

2.1.2 Product Analysis  

Conceptual mapping was used to analyse the monomaterial construction key-concepts as regards to the 

manufacturing process: 1) Valuable, 2) Resistant to impact, 3) Resistant to heat, 4) Practical, 5) Inclusive, and 6) 

Easy Storage. Initial technical drawings were developed exploring mold design and cup’s geometry cone-

shaped, rounded profile and branding (Figure 1).  

 

To reconcile technical choices related to injection molding, a prioritization model was employed, considering 

nice-to-have features (Table I). Essential requirement is to meet all relevant EU safety legislation for food 

contact materials, ensuring full compliance for repeated use. This involves a comprehensive approach including 

risk assessments for additives and potential non- intentionally added substances (NIAS), migration testing 

using standardized simulants, and specifically food simulant C for alcoholic food with an alcohol content of up 

to 20%, and the issuance of a Declaration of Compliance (DoC) including REACH.  

 

The environmental impact of the product throughout the value chain is focusing on lower carbon emissions, 

reduced virgin materials extraction and sustainable end-of-life options. The LCA and PEF are developed in 

WP4. Material innovation prioritizes a bio-based, biodegradable plastics mixture, as well as Good 

Manufacturing Practices (GMP). Bio-based content is essential, focusing on innovative aspects, PHAs and 

Figure 1 Initial technical drawings 
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marine biodegradability. Injection molding and mechanical recycling are key, Extended Producer Responsibility 

(EPR) with a decentralized End-of-Life management model for the cups is desirable. Repeated use is essential, 

with a life expectancy of 200 uses being a desirable goal.  

Table 1 Injection Molding Suitability Aspects 

 
Targeting durability, longevity, and high performance to withstand excessive dishwashing, the cups resistance 

to impact, heat and water, are of great importance. EU No 10/2011 compliance for repeated use is 

necessary, to prove that subsequent use cycles do not increase the migration of substances into food.  

Functionality focuses storability (Figure 2), while comfortable handling, and tactile appeal are nice to have. To 

promote brand identity and encourage repeated use, the possibilities for branding (e.g., printing, etching) are 

considered important, while transparency is nice to have.   

2.1.3 Materials Selection  

Different material options were identified as suitable candidates based on product’s key-aspects. Each option 

was further analysed in positive (pros) and negative aspects (cons) based on their expected performance and 

competence to satisfy the design key-concepts. The starch-based materials were excluded due to their poor 

performance in thermal resistance. The biopolymers proposed were the following:  

 

1. Polylactic Acid (PLA) is a thermoplastic polymer derived from renewable resources like cornstarch or 

sugarcane. It's known for its decent mechanical properties, with a glass transition temperature (Tg) of 60°C 

making it suitable for packaging. However, PLA can be brittle and may have limitations in terms of barrier 

properties and heat resistance. Moreover, PLA currently lacks adequate recycling options and generally scores 

negatively in landfill scenarios.  
 

Priority Aspects  Must-Have  Nice-to-Have 

1 Safety BPA-free, Food compliance EU 

10/2011  

N/A 

2 Environmental Impact Low lifecycle emissions LCA/PEF 

3 Material Innovation Bio-based, Biodegradable, GMP PHAs, Marine 

biodegradability 

4 Recyclability  Mechanical Recycling  EPR, Decentralized EoL plan 

5 Repeated Use  Reusable, Dishwasher-safe Life expectancy 200 uses 

6 Functionality & UX Leak-proof, Storable Tactile appeal & easy 

handling 

7 Aesthetic & Branding Customized branding, Eco-labels Transparency, Visual appeal 

Figure 2 Examples for the leak-proof feature 
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2. Polyhydroxyalkanoates (PHAs) is a family of polyesters produced by various bacteria and algae. They 

are fully biodegradable and can be synthesized from renewable resources, making them a promising alternative 

to traditional plastics. PHAs offer a wide range of properties depending on their composition and can be 

tailored for various applications, including packaging. They exhibit strong mechanical properties, thermal 

stability, and good oxygen and moisture barrier capabilities. The material properties of PHAs can be tuned by 

varying the repeat unit chain length, side chain functionalities, and co-monomer composition. However, 

challenges exist with the PHAs supply chain. Especially, within Europe, the demand in PHAs is currently 

exceeding the supply with many implications challenging industrial production.  

 

3. Polybutylene Succinate (PBS) is a biodegradable thermoplastic polyester, known for its properties 

comparable to polypropylene. Typically synthesized from non-renewable feedstocks, but monomers can be 

obtained from renewable sources. PBS degrades into water and carbon dioxide under the soil, making it an 

environmentally friendly option.  Key benefits include its biodegradability, good mechanical properties, and 

relatively high heat resistance compared to other bioplastics. However, challenges exist with its higher 

production cost, limited availability, and potential for lower gas barrier properties than some conventional 

plastics.  

 

4. Polybutylene adipate terephthalate (PBAT) is designed to be biodegradable under various conditions, 

including composting (both industrial and home composting), however it does not degrade in marine and 

fresh water. PBAT has a high elongation at break, high flexibility and toughness making it suitable for flexible 

packaging. However, currently made from fossil-based resources, suggesting the least preferable among the 

proposed materials.  

 

5.Starch-based materials are formulated with various additives to enhance their properties and are 

suitable for a wide range of applications, particularly in food packaging. They exhibit strong mechanical 

properties, thermal stability, and good oxygen and moisture barrier capabilities. However, starch-based plastics 

are often sensitive to moisture and may require modifications to improve their mechanical strength and 

barrier properties. Moreover, due to being "supersoft," they imply limitations in rigidity or durability necessary 

for a reusable cup.  

2.1.4 Benchmark Analysis  

An existing product made in Europe with 100% PHBV content was used as a benchmark and subjected to 

several analysis (DSC, MFI, Density, HDT, FTIR and TG) to achieve full characterization (Table 2).  

Table 2 Benchmark samples mechanical properties  

 Parameter HC Brown HC Blue PHBV (granules) 

Mass, g 27,1 25,5 n/a 

Thickness, μm 1100 850 n/a 

MFR, g/10min, 180 °C, 

2,16 kg  

> 50 > 50 6,35 

Tm, °C 169,8 169,6 171,8 

Density, gcm-3 1,17 1,19 1,22 
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Two products (Figure 3) were tested, blue and brown cups holding common physical properties: volume of 

250 ml, weight ~27.5 g and thickness at 1.1 mm.  

2.1.5 Technical Specifications  

Initial product properties (Table 3) were studied focusing on the following investigative parameters:  

• material properties  

• thickness of the cup’s walls,   

• thermal resistance to washing.  

Table 3 Preliminary design specifications 

 Characterization Specification  

Type Reusable Cup ≥200 times 

Material Biopolymers Food Contact Material (FCM) 

Application  Beer 20% alcohol ≥20% alcohol 

Useful Capacity  0.5L 

Maximum Capacity  0,55L 

Weight Light 63 - 86 (g) 

Craft Injection Molding 80.000 items 

Height  120 (mm) 

Diameter  100 (mm) 

Thickness  1,5-2mm 

Color Neutral  Transparent 

Claim 01 Bio-based ≥65% biobased content 

Claim 02 Biodegradable Industrial Composting 

Claim 03 Recyclable Mechanical Recycling 

Claim 04 Dishwasher Safe 50/60°C 

Design Feature 01 Easy to hold and storage Cone profile, Rounded Shape 

Design Feature 02 Secure holding Non-slip grip 

Design Feature 03 No dripping Rounded spout 

 

Thermal resistance was the most important parameter to control. It’s dependence to the variable of the cup’s 

walls thickness was the research objective. Thermal resistance was proposed by design at 100oC, to compete 

Figure 3 Benchmark samples, reusable PHBV of 250ml 
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the product’s endurance to excessive washing, specifically 200 cycles. However, important considerations 

underlined the technical challenges to achieve industrial production of 80.000 units within the project timeline 

and budget. Therefore, the specification for preliminary testing was temperature resistance at 50/60°C.  

2.1.6 Preliminary Design  

Desktop research was performed to study the geometry of the regular 0.5L PP cups, typically used for beer 

at festivals, and which can range from 120-130mm height and 100-95mm.  

AITIIP developed the cup’s technical drawing (Figure 4) specifying the geometry profile and actual dimensions. 

These were 122.5mm height and 93mm diameter, including the following design features:  

• Rounded shape to hold in hand,  

• Non-slip grip for secure holding, and 

• Rounded spout to prevent dripping.  

2.2 Bioplastic Mixtures Formulation and Development  
BMI developed in total eleven formulations (Annex 10.1). Three of them proved the most promising to 

compete the technical and mechanical properties for a reusable plastic cup based on design specifications.  

2.2.1 First Trial – TRL5  

The initial candidate formulations were based on PHAs, PLA, PBS, cellulose, and organic fillers with 

temperature resistance set up to 50/60 °C. Compounding (Figure 5) was conducted on intermeshing twin 

screw extruder with screw diameter 35 mm, and L/D ratio 44:1 without issues. BMI performed the 1st trial, 

resulting in nine different formulations. 

 

 

 

 

 

 

 

Figure 4 REMEDIES cup preliminary design by AITIIP 
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All formulations were characterized (Table 4) for their thermal (DSC, ASTM D3418) (Annex 10.2), 

rheological (MFR, ISO 1133) and physical properties (density – ASTM D792 & moisture – ASTM 6980).  

Table 4 Characterization of developed formulations 

Formulation 
Tm, °C 

MFR, g/10 min  

2,16 kg/190 °C 
density, g/cm3 moisture, % 

Remedies 1 146.3 / 167.6 11.6 1.247 0.3 

Remedies 2 146.6 / 168.1 8.7 1.198 0.5 

Remedies 3 147.3 / 167.9 18.7 1.345 0.4 

Remedies 4 112.0 / 166.8 8.8 1.166 0.3 

Remedies 5 112.9 / 169.4 10.9 1.277 0.4 

Remedies 6 114.5 / 169.0 14.7 1.361 0.3 

Remedies 7 116.8 / 167.5 9.2 1.202 0.4 

Remedies 8 111.7 / 167.4 9.8 1.197 0.4 

Remedies 9 168.6 10.5 1.374 0.3 

 

Sample discs of several thicknesses (2mm) were prepared by AITIIP (Figure 6) and theoretical screening was 

applied to narrow the candidate recipes, resulting to five qualifying candidates. Remedies 7, Remedies 8 and 

Remedies 9 were excluded as well as Remedies 3. The first three, because of the low bio-based content 

(PBAT is a fossil-based plastic), and the later because of the resulting hue, affecting the aesthetic aspect of 

the end-product.   

Figure 5 Twin screw extruder – compounding at TRL 5 

Figure 6 Sample discs of the candidate formulations 
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2.2.2 Technical Testing –Formulations First Screening  

The temperature resistance of the five candidate formulations (Remedies 1, Remedies 2, Remedies 4, 

Remedies 5 and Remedies 6) was further tested and measured with dishwashing simulations. In-lab immersion 

tests were performed with specimens of 2mm thickness. The immersions were realized in 10 specimens of 

each formulation, followed by 10 minutes sensory check on each with the following schemes:  

• immersion for 60 min at 65°C  

• immersion for 200 min at 85°C,  

• immersion for 60 min at 100°C.  

Based on the immersion results (Table 5):  

• all candidate formulations failed, however the benchmark proved resistant to 100°C,  

• all candidate formulations performed well at 65°C,  

• Remedies 1, Remedies 2 & Remedies 5 were excluded due to their poor performance at 85°C,  

• Remedies 4 specimens exhibited 1.4%, dimensions change (shrink) but only in 2 of the 10 specimens,  

• Remedies 6 proved resistant at 200 minutes immersion at 85°C.  

Table 5 Immersion Tests Comparative Results  

 

Specimens 

of 2mm 

 

Immersion 

60 min at 65 oC  

(10 specimen check) 

Immersion 

200 min at 85 oC  

(10 specimen check) 

Immersion  

60 min at 100 oC  

(10 specimen check) 

Shrink Discoloration Shrink Discoloration Shrink Discoloration 

Remedies 1 No No 1,4 % No 1,4 % Yes 

Remedies 2 No No 1,4 % Yes 1,4 % Yes 

Remedies 4 No No 1,4 % (2/10) No 1,4 % Yes 

Remedies 5 No No 1,4 % Yes 1,4 % Yes 

Remedies 6 No No No No 1,4 % Yes 

Benchmark  No No No No No No 

2.2.3 Second Trial 

The two most promising formulations, Remedies 4 and Remedies 6, were scaled up.  Remedies 4 and 

Remedies 6 are PHBV and PBS made, the first one containing no filler and the second one incorporating an 

organic filler. During the compounding step (Figure 7), no issues were encountered with any of these three 

formulations). Additionally, a new formulation, Remedies 10, was developed based on PHBV and fillers.  

Produced compounds were characterized (Table 6) for their rheological (MFR, ISO 1133), thermal (DSC, 

ASTM D3418) (Figure 8) and physical (density – ASTM D792 & moisture – ASTM 6980) properties (Table 6).  

Figure 7 Compounding process 



 

 22 

 

Table 6 Three Finalist Compounds Characterization Results on 2nd trial 

Parameter Remedies 4 Remedies 6 Remedies 10 

Tm, °C 113.7/168.1 115.4/168.2 171.0 

MFR, g/10 min  

(190 ºC/2.16 kg) 
10.97  11.20  33.01  

Density, g/cm3 1.218 1.345 1.367 

Moisture, % 0.2 0.3 0.2 

 

 

70 kg of each scaled up formulation along with 7.5 kg of Remedies 10 was shipped to AITIIP for further 

investigation. However, Remedies 10 filling simulations at 1,5 mm and 1 mm was technically challenging. During 

the filling simulations processability issues occurred, therefore it was decided BMI to perform the necessary 

modifications, to enhance processability, and repeat the trials on the injection molding machinery.  

2.2.4 Mechanical Testing  

A series of mechanical tests were conducted by AITIIP on the five candidate formulations (Remedies 1, 

Remedies 2, Remedies 4, Remedies 5 and Remedies 6.  The objective was to identify the most promising for 

injection molding balancing stiffness, flexibility, and impact resistance. Remedies 10 and the benchmark cups 

(Figure 9) were also analyzed. The following properties were measured: 

• Young’s Modulus (MPa): Indicates tensile stiffness. 

• Elongation at Break (%): Measures ductility and the ability to deform before failure. 

• Flexural Modulus (MPa): Reflects resistance to bending. 

• Elongation at Maximum Force (%): Indicates deformation under peak load. 

• Impact Resistance (kJ/m²): Assesses toughness under dynamic stress. 

• Heat Deflection Temperature (HDT, °C): Measures thermal resistance under load. 

• VICAT Softening Temperature (°C): Indicates the temperature at which the material begins to 

soften. 

The mechanical performance of each formulation across the seven parameters was evaluated (Annex 10.3) 

based on the results, according to which:  

1. Remedies 4 (PHB:PBS) showed outstanding ductility (elongation at break: 320.77%) and the highest 

impact resistance (14.35 kJ/m²), but its low stiffness (Young’s modulus: 864 MPa) could compromise 

dimensional stability.  

2. Remedies 6 (PHB:PBS + organic filler) offered a well-balanced profile including the following:  

• Moderate stiffness (Young’s modulus: 1374 MPa) 

• Good ductility (elongation at break: 60.25%) 

• Acceptable impact resistance (4.45 kJ/m²) 

• High thermal stability (VICAT: 108.45 °C) 

3. Remedies 10 (PHBV) exhibited high stiffness (Young’s modulus: 5669.6 MPa; Flexural modulus: 7668.6 

MPa), but its low impact resistance (2.53 kJ/m²) and lack of elongation data suggested brittleness, 

Figure 8 DSC thermograms for Remedies 4 (left), Remedies 6 (middle), Remedies 10 (right) 
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making it unsuitable for applications requiring rigidity. The formulation demonstrated also the highest 

thermal resistance (VICAT: 159.55 °C), compared to Remedies 4 and Remedies 6 (exceeding 108 °C). 

 

2.2.5 Technical Testing – Second Screening  

The new specimens for the two qualifying formulations, Remedies 4 and Remedies 6 were produced by AITIIP 

and sent to ANGR to compare their heat resistance at 1mm and 1,5 mm thickness (5 of each per formulation).  

 

The second run of immersions was realized for 200 min at 85°C. Based on the second run of immersion tests, 

Remedies 6 proved the best candidate to upscale, exhibiting no changes in dimension or colour compared to 

Remedies 4 at 1,5mm (Figure 10).  As regards the 1mm Remedies 6 specimens, one out of five (1/5) specimens 

exhibited whitening and slight curling.  

Figure 9 Candidate formulations’ mechanical properties charts  
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2.2.6 Third Trial  

BMI produced additional quantities of Remedies 10 and achieved an alternative formulation with a higher 

PHBV content, Remedies 10.1.  

 

Both formulations were produced successfully on twin screw extruder (Figure 11) and characterized following 

standards, exhibiting the same properties as in the previous trial. 23 kg of Remedies 10, and 24 kg of Remedies 

10.1 (Figure 12) were produced and dispatched to AITIIP. Characterization of compounds (Table 7) and DSC 

thermograms results (Figure 13) are presented below.  

Figure 11 Compounding process of Remedies 10 on 3rd Trial  

Figure 12 Remedies 10 granules (middle), and Remedies 10.1 granules 

(right) 

Figure 10 Immersion tests visual check results with 1mm & 1,5mm discs 
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Table 7 Results of characterization of compounds in the 3rd trial 

Material Tm, °C 
MFR, g / 10 min  

190 °C/2.16 kg 
Density, g / cm3 Moisture, % 

Remedies 10 175.3 22.4 1.4 0.2 

Remedies 10.1 174.1 20.0 1.3 0.1 

 

2.2.7 First Scale Up Trial – TRL7  
Remedies 6 first scale-up trial was conducted by BMI at TRL7 level based on the outcomes from previous 

trials. The material was produced successfully on a twin screw extruder line with a screw diameter of 52 mm, 

a length-to-diameter (L/D) ratio of 40:1, and an output capacity of 100 to 200 kg/h. After extrusion the 

material was initially dried in a hot air dryer (Figure 14) and then characterized (Table 8 and Figure 15) 

according to the relevant standards.  

 
Table 8 Results of Remedies 6 characterization in the 1st scale-up trial 

Tm, °C 106,3; 164,7 

MFI, g / 10 

min  2,16 kg 

160 °C 0,3 

170 °C 1,8 

180 °C 13,3 

Figure 14 Compounding process at TRL7 (left) and drying (right) 

Figure 13 DSC thermograms of Remedies 10 (left) and Remedies 10.1 (right) 
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190 °C 23,0 

Density, g cm-3 1,370 

Moisture, % 0,248 

 

 

 

To evaluate the processability, test specimens were produced using an injection molding machine (Figure 16). 

Once the specimens were prepared, they were subjected to impact testing using a standardized impact testing 

machine (ISO 179) (Figure 16). 

Figure 16 Injection moulding machine (left) and Impact testing machine (right)  

Figure 15 DSC thermogram of Remedies 6 – TRL5 



 

 27 

 

The results on the tested specimens (Figure 17) showed that the average impact strength of the specimens 

was 22.2 kJ/m².  This value represents the amount of energy absorbed by the material per unit area before 

fracturing. The results of the 1st scale-up trial are comparable with previous trials which confirm successful 

transition to higher TRL.  After initial difficulties with scale-up, the process was successfully optimized and 280 

kg of material produced were sent to AITIIP (Figure 18).  

 

2.2.8 Preliminary Migration Testing  

 

Figure 17 Specimens impact test results 

Figure 18 Dispatch of 280 kg Remedies 6 of 1st scale-up trial 

Figure 19 Compounding process of Remedies 6 on a twin screw extruder  
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Preliminary migration testing was performed on Remedies 6 formulation produced on a twin screw extruder 

(Figure 19), following the same procedures (Table 9) as in previous trials.  

 

Table 9 Remedies 6 characterization results 

Parameters Remedies 6 

Tm, °C  115,4; 170,5 

MFI,  g/10 min 
2,16 kg, 160 °C 0,3 

2,16 kg, 190 °C 11,9 

Density, gcm-3 1,341 

Moisture, % 0,160 

 

Migration tests concluded on compliant results but were performed for food product “water” and not “beer”. 

Due to the unforeseen challenges in the biopolymers market (December 2024), partners had to procure 

same grade of PBS from a different European supplier. This condition obliged partners to repeat preliminary 

migration tests for Remedies 6.  Second run of migration testing was performed, both overall and specific. For 

these tests, 500 grams of granules were sent to the Laboratory for the Control of Food and Items of General 

Use at the Teaching Institute of Public Health in Primorsko-Goranska County, Croatia. The results were 

consistent with the previous trials. Furthermore, overall migration and specific migration of metals had to be 

repeated with the appropriate simulant on the end-product. 

 

2.2.9 Second Scale Up Trial  
Remedies 6 second scale-up (February 2025) trial was conducted successfully in BMI facilities (Figure 20). The 

same procedures, methodologies, and temperatures were applied as in the first scaling-up trial.  

 

After drying material was characterized (Table 10 & Figure 22).  

Figure 20 Compounding process of Remedies 6 - TRL7 
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Table 10 of Characterization of Remedies 6 - TRL7  

Remedies 6 

Tm, °C 106.4; 171.3 

MFI, g / 10 min 

2,16 kg; 190 °C 
19.0 - 22.0 

density, g cm-3 1.356 

moisture, % 0.331 

 

Figure 22 DSC thermogram of Remedies 6 – TRL7  

Figure 21 Underwater pelletizing unit 



 

 30 

 

 

 

 

Injection trials and impact testing were repeated with the same method as in the first scale-up trial. The results 

(Figure 23) are aligned with those from the first scale-up trial. Finally, 1520 kg of Remedies 6 were dispatched 

(Figure 24) to AITIIP.  

2.2.10 Dishwashing Life Testing  

In general, thermal resistance in dishwashing is assessed by the European standards EN 12875-1 and EN 

12875-2 particularly for materials like ceramic, glass, and plastics. EN 12875-1 specifies a reference test 

method for assessing the resistance of these materials to the combined chemical, thermal, and mechanical 

stresses of a domestic dishwasher, specifically the impact of detergents, rinse agents, high temperatures, and 

mechanical action (water jets and utensil movement). Based on these standards, kitchenware can generally be 

considered dishwasher-safe if it can withstand 125 washing cycles without showing visible damage, but the 

number of cycles can be adjusted to show a higher level of dishwasher resistance (e.g. 250 or 500 cycles). 

However, fixed temperature values for dishwashers, are not specified, but a reference method for testing the 

resistance to washing cycles with a specific detergent concentration and temperature (60°C for 20 minutes 

during the wash cycle).  

 

Dishwashing life testing on 100 pilots was organized and realized in ANGR facilities with the following 

objectives:  

1. measure the cups’ useful life in professional washing to specify their lifespan,  

2. reduce energy consumption by lowering dishwashing temperatures,  

Figure 24 Dispatch of 1520kg of Remedies 6 – 2nd scale up 

trial 

Figure 23 Test specimens – 2nd scale-up trial 
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3. test detergents chemical compatibility and customize proportions if needed.  

The washing conditions investigated and compared were:  

• professional washing at 60°C / R 85°C the norm in EU countries and prevalent HORECA practice,  

• calibrated washing and rinsing temperatures set at 55°C / R 75°C.  

The dishwashing tests proved the following:  

1. REMEDIES cups can withstand 135 cycles (120 seconds) of dishwashing.  

2. Excessive dishwashing affected the material after 12 cycles of dishwashing, and 2 minutes intervals in 

between.  

3. Drying was insufficient with conventional detergents. This condition was studied further.  

4. At 55°C / R 75°C cups required less time to dry, compared to higher dishwashing temperatures.  

Table 11 Washing Tests Objectives  

Test Type Parameter 

Durability Testing Material durability under excessive washing conditions  

Lifespan Testing Useful life of cups with pilots in the dishwasher – 100 samples 

Safety Testing Safety of use at lower washing temperatures (aiming to reduce energy footprint) 

Lifespan Testing Effect of lower washing temperatures on cup lifespan 

Cleaning Efficacy Effective cleaning with one detergent 

Desktop Research Investigation of existing practices in other countries from literature 

Chemical Tests Chemical analysis of cups after uses 

 

Technical considerations regarding the efficient cleaning and treatment of the reusables were addressed 

involving the traditional baskets drawbacks for washing reusable plastic items. Their design frequently 

compromises stability, leading to glasses tipping over or accumulating water, which impedes thorough washing 

and hygiene.  

Moreover, these baskets prove ineffective in removing residues, as beverage and food remnants can tenaciously 

adhere to plastic surfaces, necessitating more intensive cleaning than traditional baskets can facilitate. Lastly, 

they often contribute to incomplete drying, resulting in streaks and moisture marks that are aesthetically 

displeasing and foster an environment conducive to bacterial proliferation. With market research two 

products were identified holding the potential to address effectively these challenges. Compared to their 

ergonomic design, the rack made by Sistema Project Italia (Figure 26) was preferred to that of HOBART.   
 
 

 

 

Figure 25 Dishwashing temperatures calibration 
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2.3 Mold Design and Fabrication  
The mold plan (Figure 27) was proposed by AITIIP to ensure the effective allocation of resources, organize 

research activities and methods. The injection mould was specifically designed to produce two cups 

simultaneously (2-cavity mould), optimizing production efficiency (Figure 28). Key design features include: 

• Hot runner system to ensure consistent flow and reduce material waste. 

• Wall thickness of 1.5 mm, balancing structural integrity and material savings. 

• Initial geometry included a sharp internal step, which was later revised for improved demoulding.  

2.3.1 Initial Injection Trials  

Initial runs were conducted using Remedies 6 to evaluate mould performance. Key parameters assessed 

included: 

• Filling behaviour (to detect short shots or air traps), 

• Cooling efficiency (to identify hotspots or uneven shrinkage), 

• Ejection performance (to prevent part sticking or deformation). 

Figure 26 Specialized dishwashing rack for testing 

Figure 27 Mold plan, design and fabrication phases 
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2.3.2 Testing and Optimization  

Based on the trial results, process optimization was carried out by adjusting injection speed, pressure, and 

cooling time. Following the initial trials, the mould underwent successive modifications to further enhance 

performance and ensure high-quality, repeatable production.  

 

Mold iterations included (Figure 29): 

1. Gate enlargement: 

 The gate size was increased to improve material flow and reduce injection pressure, ensuring complete filling 

of the cavity without defects. 

2. Geometry smoothing: 

The original design included a steep internal step that hindered demoulding. This was replaced with a smooth 

curvature, significantly improving part release and reducing stress marks. 

3. Addition of air valves: 

Air valves were added to facilitate the release of trapped air during injection and to assist in demoulding by 

breaking vacuum effects. 

4. Incorporation of internal undercut: 

An internal undercut was introduced to ensure the cup remained on the moving half of the mould during 

opening. This undercut also served as a 0.5 L fill line, combining functionality with process control.  

2.3.3 Texturing and Colour  

The technical specifications (Table 12) and key characteristics of the colorant are:  

Figure 28 Preliminary mold design 

Figure 29 Mold iterations 
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• Thermal Stability: 140-160°C 

• Light Fastness: 7-8 

• Additives, Heavy Metals, Diarylides: None 

• Recommended Material: PBS 

• Recommended Dosage: 2% 

• Color Tolerance: ΔΕ≤1.5 

Table 12 Technical Specifications of the Colorant 

Feature Value 

Product Reference 014111 MTB AMARILLO RAL-1016 BIOPBS 

Thermal Stability 140-160°C 

Light Fastness 7-8 

Additives No 

Heavy Metals No 

Diarylides No 

Recommended Use PBS material 

Recommended Dosage 2% 

Color Tolerance ΔE≤1.5 

Storage Dry, ventilated place, <50°C, out of sunlight 

Disclaimer Values are theoretical; buyer must test for suitability 

Manufacturer NEMARA RESEARCH S.L. 

Date 05-05-2025 

2.3.4 Branding Elements and Methods  

The final modification to the mould focused on the integration of logos and regulatory markings to ensure 

compliance and enhance project visibility. Integrating logos and regulatory markings directly into the mould 

offers significant advantages over post-processing methods such as ink printing or labelling. This approach 

eliminates the need for additional materials (e.g., inks, adhesives) and energy-intensive steps, reducing both 

environmental impact and production costs. It also ensures that the markings are permanent, resistant to wear, 

and compliant with food safety standards. By embedding the information during the moulding process, the 

solution aligns with circular economy principles and enhances the overall sustainability of the manufacturing 

workflow.  The branding specifications addressed the following claims: 

• Ownership Claims,  
• Production Claims, 
• Environmental Claims, 
• Safety Claims,  
• Claims of Impact.   

The following branding elements were engraved into the mould: 

• The European flag (12 stars forming a circle), proving the support and funding from Horizon Europe,  
• The REMEDIES project logo (Figure 30), symbolizing partners shared mission for prevention,  

• The food-safe symbol, certifying that the material is suitable for contact with food. 

• The plastic identification code, indicating the type of polymer used. 

• The recyclability logo, promoting environmental responsibility and proper waste sorting. 
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These engravings were designed to be shallow and precise, ensuring they do not interfere with the demoulding 

process or compromise the structural integrity of the cup. The project logo was added to the lateral surface 

of the cup using a textured finish rather than traditional engraving. This decision was made to avoid 

complications during demoulding, as deep or sharp engravings on the side walls could hinder part ejection or 

cause damage to the mould or the product. The textured logo provides a visually distinct and tactile branding 

element while maintaining manufacturability and process efficiency.  This final design update ensures that each 

produced cup carries the necessary regulatory information and project identity, aligning with both technical 

and communication objectives of the Horizon Europe initiative. 

 

It is important to note that initially the tag line “Green EXIT” was to stand on the opposite side of the project 

logo to re-brand a sustainable identity for EXIT festivals. However, to adjust both elements, several mold 

modifications were required, which was not technically wise to conduct at that stage.   

 

  

Figure 30 REMEDIES engraved logo on cup walls (left) and symbols at the base (right) 
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2.4 Food Compliance Assessment   

2.4.1 Documents Screening  

The DoCs at every step of the production chain were collected to ensure the provision of sufficient 

information on the composition of the substance or material that is used for Remedies 6. This is key to 

ensuring the safety and compliance of the finished food contact article and is conducted to approve the 

industrial scaling. Screening was performed by ANGR’s packaging expert. The collected documents can be 

reviewed in Annex 10.4.  

2.4.2 Chemical Analysis and Compliance Testing  

The chemical analysis tests were monitored by ANGR and performed by a certified lab in Greece, between 

May 13, 2025, and June 2, 2025. The methods and test conditions used for the chemical analysis on various 

substance migrations and organoleptic properties, are the following: 

 

• Overall migration using ethanol 20% v/v simulant at 70°C for 2 hours (repeated contact). The 3rd 

migration showed a mean value of 1.6 mg/dm² with a limit of 10.0 mg/dm². 

• Specific migration of elements (compliance with EC 10/2011) using ethanol 20% v/v simulant at 

40°C for 2 hours (repeated contact). Results for elements like Chromium, Mercury, and Lead were 

all below their respective limits of 0.01 mg/Kg. Calcium showed a result of 0.090 ± 0.018 mg/Kg in 

the 1st migration. 

• Specific migration of primary aromatic amines (PAA) (compliance with EC 10/2011) using 

Acetic Acid 3% w/v simulant at 40°C for 2 hours (repeated contact). The results for individual and 

sum of "more amines" were below the detection limits and within the set limits. 

• Specific migration of non-intentionally added substances (NIAS) using GC-MS/FID with 

ethanol 20% v/v simulant at 40°C for 2 hours. Two unknown substances were detected with results 

of 0.08 ± 0.04 mg/Kg and 0.63 ± 0.32 mg/Kg, respectively. 

• Organoleptic properties (Odour and Flavour) using water simulant at 40°C for 2 hours. The 

3rd migration showed an Odour mean value of 0.0 (no noticeable deviation) and a Flavour mean value 

of 1.0 (barely noticeable deviation). 

 

All results are within legislation limits for beer and short-term contact (up to 2 h). The cups are 

suitable for repeated use. 

 

Note: on the NIAS assessment, during the material for volatile migrating substances screening, two substances 

were found, which are unknown.  An unknown substance in this analysis means that the graph given by the 

instrument does not match a substance of the library by more than 80 %, which is the minimum percentage 

to safely identify the nature of the substance. The match percentage in these cases is called match factor (MF). 

In such cases, the best hits were provided, which means the substances which best match the substances 

library of the instrument. In our case we have 78 % match factor and 71 % match factor for the two substances 

found:  

1. Unknown substance RT: 16.2 

Best Hit: 1,3-Dioxepane, 2-heptyl- [CAS: 61732-92-1; RT: 16.2 min; MF: 78 %]; This substance has a limit of ≤ 

0.09 mg/kg; The result here is 0,08 mg/kg, so the substance is in compliance. 

2. Unknown substance RT: 39.6 

Best Hit: Succinic acid, di(but-2-en-1-yl) ester [CAS: 1000391-23-3; RT: 39.6 min; MF: 71 %]; This substance 

has a limit of ≤ 1,8 mg/kg; The result here is 0,63 mg/kg, so the substance is in compliance. 

 

Therefore, the material is safe for use for the intended application (beer and water) and this is clearly stated 

in the evaluation page at the end of the analysis report (Annex 10.5).  
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2.5 Production Upscaling   
To ensure efficient, scalable, and hygienic production of biobased drinking cups, the injection molding process 

was fully automated. The system was designed not only to optimize productivity but also to meet the specific 

requirements of food-contact applications.  

The following automation strategies were implemented: 

1. The molding cycle was optimized to a total of 30 seconds, including injection, cooling, and ejection 

phases. This ensured high throughput while maintaining dimensional stability and surface quality of the 

cups. 

2. Two separate feeding systems were used: 

• One for the biobased polymer formulation developed within the project. 

• Another for the colorant, which was dosed and mixed automatically at a controlled ratio of 2%. 

This ensured consistent coloration and material homogeneity, while minimizing operator intervention and 

material waste.  

A robotic arm was programmed to pick the cups directly from the mold after ejection (Figure 31). This 

eliminated manual handling, reduced the risk of deformation, and ensured consistent orientation for 

downstream operations (Figure 32). It allowed manufacturing fluently more than 25,000 cups.  

 

The system includes full traceability of:  
• Incoming material batches. 

• Production parameters. 

• Outgoing cup batches delivered to project partners. 

Figure 31 Demolding Process with Robotic Arm  
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This traceability is essential for food-contact compliance and quality assurance and supports auditability 

throughout the supply chain.  Once inspected, the cups are automatically sorted and packed using food-

grade packaging materials. To prevent jamming or deformation during transport cups are stacked 

horizontally inside the boxes (rather than vertically) (Figure 33). 

 

Each box contains 280 cups (Figure 34), arranged to optimize space and stability.  All packaging materials 

used are compliant with food-contact regulations, ensuring the final product is ready for safe distribution 

and use.  

Figure 33 End Product Inspection and Packaging 

Figure 32 Transport with Robotic Arm and Inspection 

Figure 34 Photo of the End Product the REMEDIES Cups 
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A small production was prioritized for 5.000 items and was ready to be shipped to Greece on June 17, 

2025, to demonstrate in Mykonos. The industrial production of 20.000 items was finalized on August 1 and 

was later dispatched to EXIT.   

 

The REMEDIES cups compliance documents are presented in Annex 10.6.  
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3.  Plastic-free Reusable Bottles  

3.1 Design Brief  
Single-use plastic bottles for water contribute to massive waste generation and plastic accumulation. Especially 

at high stressed tourist destinations and water stressed locations, where the demand in cool water increases 

disproportionally to the available resources, plastic water bottles are hard to refuse, as access to other options 

is inexistent. Based on the GA specifications 5.000 reusable bottles are deployed in Mykonos DS, to equip the 

water refilling station developed by MCG. The reusable bottles target to the visitors of the beach, who can 

use them to refill cool water on site.   

3.2 Technical Analysis and Specifications  
To decide the proper and most sustainable alternative to SUP water bottles for the DS of Mykonos, market 

research was conducted by ANGR. The market offers several sizes, shapes and materials as solutions for 

reusable bottles. Several factors were considered in choosing the most appropriate material and eventually 

the most suitable size for the demonstrator, including in relation to the material:  
• health hazards and safety, 

• sustainability,  

• ease of availability and replacement.  

Desk research was performed, looking into results, publications and papers comparing the different materials 

used for reusable bottles available in the market. Aspects studied and compared included:  

• the behaviour of the material,  

• potential bacterial growth,  

• migration of substances hazardous for human health,  

• reaction to washing, transparency providing proof of cleanliness,  

• end of life potential for recycling, especially when the material is distributed in a remote place.  

Based on the above, glass bottles appeared as the best suitable choice for the demonstrator. Regarding the 

environmental impact, compared to other materials, SUP glass bottles have the highest overall impacts 

compared to other alternative materials, such as PET, aluminium and beverage cartons. However, reusing glass 

bottles avoids emissions associated with new production; even after the first use, the reduction in emissions 

can be drastic (Figure 35).  As the study reports, a 40% reduction in CO2 emissions for the glass bottles is 

possible after the second cycle (9).  

Emissions from reusable packaging are usually related to the washing process and the transportation phase 

(backhaul and resupply), which are present in every cycle of a reusable packaging.  However, in the specific 

case, the reuse scheme of the water-bottles in Mykonos DS does not embed for collection and washing any 

means of transportation that could result in CO2 emissions. Specifically, the Mykonos DRS demonstrates a 

Figure 35 Reusable glass bottles global warming potential (g CO2 eq/L.) graph 
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decentralized loop where the water is locally produced, and bottles are self-distributed and returned to a 

collection point next to the beach. Redistribution is monitored by the cleaning staff that operates the 

dishwashing system, for the cleaning. Therefore, the transportation factor within the loop is eliminated and 

the logistics are kept to the outmost minimum.   

  

When the size of the bottle was considered, after discussions with the demo site leader MCG, a small 

size/volume was chosen. The AWG system produces 10-50L of water depending on the atmospheric 

conditions (see 2.4.3 below). Bearing this in mind and aiming at being able to serve as many people as possible, 

a 300 ml glass bottle was chosen. Moreover, the smaller volume appears more suitable for personal use, it 

optimizes the operational ease of the involved staff, and end-user convenience, while preventing irrational 

water use, because of heat exposure.   

 

Market research identified a manufacturer of glass bottles located in Greece, Apikian Packaging, bearing the 

suitable ISO 22000 certification accompanied by the equivaled lid. One palette, that is 4.693 bottles, and 2 

boxes, that is 6.200 metal lids were purchased by ANGR and send to Lia Beach Mykonos.  

  
Figure 36 Technical drawings of the selected glass bottle and lids by Apikian  
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4. Digital (Deposit) Reuse Systems (DDRS) 
Digital reuse systems typically comprise four standard and widely accepted components: unique marking 

codes, a consumer-facing smartphone application, smart collection points, and sophisticated IT orchestration 

platforms. It is also important to note that reuse schemes can exist without smart interventions and are 

commonly integrated with a free-deposit reuse scheme in real-life business-to-consumer (B2C) interactions, 

often at eco-conscious outdoor events.  
 
A DRS can either incorporate a classic model, which refunds the consumer upon the return of an empty 

container with the deposit initially charged for the packaging or service of a product, or a Reuse with Deposit 

(or Reusable DRS) model, which applies to the circular economy of reuse. In the latter, consumers pay a 

deposit on a reusable container, which is returned after use, whereupon the deposit is refunded, and the 

container is subsequently washed, sanitized, and prepared for reuse. This system can effectively replace single-

use plastics entirely by establishing a closed loop of reuse, whereas the classic model enhances the collection 

of containers with a short lifespan by incentivizing recycling. 
 

Within the framework of the REMEDIES project, the focus is on Digital Reusable Deposit-Return Systems 

(DRS) to transparently monitor the lifecycle of reusable cups and bottles. These systems integrate advanced 

technologies, such as QR codes and RFID, to facilitate the tracking of reusable containers, optimize the return 

process, and yield valuable data for enhancing reuse cycles. The implementation of unique identifiers per item 

is deemed ineffective for embedding on the REMEDIES biobased cups and glass bottles. Given the paramount 

importance of the environmental impact of innovative material aspects, conventional options like printing or 

stickers are not favored. Conversely, an alternative approach emphasizes transparency in circular performance 

and accountability among all participating entities. 

4.1 Design Considerations   
In general, the material characteristics as regards the reuse life, cleaning, handling, transportation and storage 

conditions were considered in the initial design of the DRS, focusing on the product's use environment and 

specific reuse modalities (use cases), as well as labeling and communication of essential information specifically 

as regards the environmental claims and impact of reuse. The reuse modalities were further investigated 

including requirements for collection, sorting, redistribution, and cleaning, as well as end user engagement to 

enable high return rates through incentives, improved user experience, and clear instructions.  

4.2 Digital Return Scheme for Water Bottles 
To fit the use-case of the DRS in Mykonos, CIBOS has provided the necessary hardware to achieve smart use 

on the beach. With the aim to maximize glass bottles returns IT tools were coupled with the Atmospheric 

Water Generation System to engage actively end users via their mobile phones.  

4.2.1 System Overview 

The bottle scheme provides an always-on, app-mediated access and return flow that couples smart storage 

with the Atmospheric Water Generation System, enabling seamless self-service bottle pickup, refill, and return 

without the need for event-based “Campaigns.” Participants unlock storage via the mobile app, withdraw one 

or more reusable glass bottles, refill at the Atmospheric Water Generation System, and return bottles to the 

same smart storage where in/out counting is automated to generate anonymous usage analytics. Smart 

sensors on the Atmospheric Water Generation System and lockable cabinets with RFID readers support 

reliable access control, inventory accounting, and closed-loop reuse without single-use plastics. 
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4.2.2 App Architecture and Roles 

The bottle module builds on the same multi-role, mobile-first architecture as the cup DRS, but operates 

perpetually and independently of Campaign lifecycle states, reflecting the static infrastructure and continuous 

service model of refilling points. Two roles are supported: participants, who register and self-serve bottles 

through the app, and organizers, who monitor operations and can intervene when a user requests support or 

when anomalies in flow are detected. The app also delivers REMEDIES engagement content to inform 

participants about goals, impacts, and local guidance, reinforcing circular behavior at point of use. 

4.2.3 Registration and access 

Participant registration follows the same flow as Use Case 2 in 4.3.3 (auto-registration): account creation, 

email verification, then app login, after which the user may immediately access bottle storage without any 

Campaign association. This ensures frictionless onboarding for first-time users and consistent credentials for 

subsequent visits across days or seasons. Once authenticated, the participant can select the unlock action 

near the storage, which triggers proximity-based or RFID-assisted authorization and automated door release. 

4.2.4 Use cases 

Use Case 1: Participant registration (participant) 

A first-time user downloads the app, selects Register, completes the form, and verifies the account via email 

to activate access rights for bottle storage and Atmospheric Water Generation System usage. 

Use Case 2: Storage unlock and bottle pickup (participant) 

From the home screen, the authenticated user taps Unlock Storage while physically near the cabinet; the 

system validates proximity and user state, then unlocks the door automatically. 

The storage system counts bottles extracted in real time via embedded sensors/RFID, updating inventory and 

the participant’s session metadata (anonymized) without creating item-level unique identifiers on the bottles. 

Use Case 3: Bottle use and return (participant) 

The user refills bottles at the Atmospheric Water Generation System and consumes water in the venue, then 

returns bottles to the same storage or designated return compartment that automatically re-counts inbound 

items to reconcile the loop. The system stores anonymized events for analytics (e.g., pickups, returns, dwell 

time), feeding dashboards that summarize throughput, reuse rates, and return compliance. 

Use Case 4: Error handling and support (organizer) 

If unlocking fails, sensors error, inventory mismatches occur, or a participant requests help, an organizer is 

alerted via notifications; organizers can remotely re-initiate unlock, assist on site, or flag units for inspection. 

All interventions are logged to support quality assurance, root-cause analysis, and service-level monitoring 

across usage. 

4.2.5 Engagement content 

The app includes an engagement section that showcases REMEDIES objectives, environmental benefits of 

reuse, and site-specific guidance, reinforcing correct return behavior and social norms that improve return 

rates. 
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4.2.6 Data, privacy, and analytics 

The system tracks anonymized session data—such as number of bottles taken and returned per unlock 

session, time between pickup and return, and aggregated throughput with per-item unique identifiers on 

bottles. Organizers access aggregate dashboards to monitor availability and return ratios. All telemetry follows 

data minimization, with personally identifiable information limited to account credentials required for 

authentication and support. 

4.3 Deposit Reuse System for Plastic Cups 
The system is designed for a multi-stakeholder environment, catering to organizers responsible for planning 

and overseeing Campaigns, bartenders stationed at the event's service points, and the participants attending 

the events. The DRS system is a composite solution, comprising a web-based platform and two distinct mobile 

applications. The web platform serves as the primary interface for Campaign management and provides 

organizers with tools for tracking cup reuse metrics. Conversely, the mobile applications are designed to 

facilitate the cup exchange process during a Campaign and to offer participants a personalized view of their 

contribution to sustainability through reuse statistics. 

4.3.1 System Overview 

The reusable cups DRS mobile application is engineered to monitor and quantify the reuse of cups within the 

framework of organized events, hereafter referred to as Campaigns. These Campaigns typically represent 

gatherings where beverages are served in reusable containers, which this document standardizes as "cups." 

Within the operational area of an event, participants can access various designated locations, or Points of 

Interest (e.g., bars). At these points, cups are initially distributed and subsequently exchanged for clean ones, 

promoting a circular economy model and sustainable consumption practices. Consequently, the facilitation of 

cup reuse constitutes the central functionality of a Campaign, which is strategically planned and targeted 

toward the event's attendees.  

4.3.2 App Architecture   

The DRS application architecture supports a variety of user roles, each with distinct permissions and 

functionalities. Campaign members are integral to the organization and execution of a Campaign. Within this 

group:  

• Organizers function as the principal event planners; they possess the capabilities to create and 

manage Campaigns, as well as to administer the roles of other members involved.  

• Bartenders are defined as qualified staff members who execute the core operational tasks of a 

Campaign. They are responsible for distributing, swapping, and collecting cups at designated Points of 

Interest, thereby managing the physical logistics of the cup exchange process.  

• Participants are the end-users who attend Campaigns. Their interaction, which involves receiving 

and exchanging cups, is fundamental to the viability of the reuse process.  

• Admin users, who possess a higher level of authorization than organizers, granting them access to 

advanced system-wide configuration and management features. 

The fundamental use cases, suggest the scenarios under examination including:  

• Organize a Campaign,  

• Participant Auto-Registration,  

• Participant association with Campaign,  

• Cup Exchange,  

• Campaign States,  

• Cup exchanges and statistics. 

https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.pet3tbbdzxvf
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.265afes4ygl2
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.1uz04vxvzkud
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.aol9w9wap6i0
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.wrsxmnapdu67
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.6ppmjik6zlxk
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4.3.3 Use Cases  

Use Case 1: Organize a Campaign (organizer, bartender) 

As explained, Campaigns represent events where reusable cups are given to participants for their drinks. In 

order to successfully monitor these cup reuses, a new Campaign must be added to the system.  After all the 

required parameters are set, the Campaign can start enabling the tracking functionalities (Figure 37).  

 
1. To plan a new event the first step is to create a Campaign. Campaign creation includes basic 

information (name, location, date), the setting up of the bars and the cups that will be given to 

participants.   

2. After the creation of a new Campaign, it is suggested for an organizer to perform some preparatory 

steps. Nevertheless, these steps could also be performed throughout the Campaign. 

a. Organizers can assign new members for the Campaign, including co-organizers and 

bartenders. Newly added organizers and bartenders of a Campaign are then associated with 

it according to their role.  

b. Then bartenders can take their place at a Point of Interest for the specific Campaign. To define 

their position, they should scan the codes of Campaign and Point of Interest through the app.   

c. Participants will use unique participant identifiers during the event to show at the bars and 

make cup exchanges. These identifiers are generated by the organizer for the specific event, can be printed 

and distributed to participants.  

Figure 37 Organize a Campaign Flowchart 
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Use Case 2: Participant Auto-Registration 

When a new user wants to use the mobile app, they should, first of all, create a new account (Figure 38). This 

account will be then associated with any Campaigns they attend.  
 

1. Participants who use the app for the first time need to sign up with a new account. Auto-

registration for participant users is supported by the mobile app, by clicking “Register” in the login 

page and providing the relevant account information.  

 

2. After submitting the required form, users are prompted to verify their email to login for the first time. 

Specifically, they will receive an e-mail which contains a verification link for the e-mail address they 

provided in the registration form. This action is required for a participant to login and use the 

application. 

Use Case 3: Participant association with Campaign (participant) 

This use case concerns participants who want to attend a certain Campaign (Figure 39). Each time a person 

(participant) attends a Campaign, they must associate with it to ‘unlock’ the feature of their personal reuses 

tracking. More specifically, the following use case describes the actions required for an already registered 

application user (participant) to be associated with a Campaign, which includes an activation process enabling 

them perform to Cup Exchanges in the Campaign.  

1. After receiving a unique participant identifier for a Campaign, each participant should first scan this 

code with the application to perform any cup exchange on the Campaign and view personal statistics.  

2. After the above activation step, participants can go to the nearest Point of Interest which serves as a 

Distribution point to receive their first cup. 

Figure 39 Participant association with Campaign 

Figure 38 Participant Auto-registration 

https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.ynt1fe0o42i
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.4km3p778ndfn
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Use Case 4: Cup Exchange procedure (participant, bartender) 

Whenever a participant wants to get a drink during a Campaign they must go to a Point of Interest (bar). In 

general, the exchange between a bartender providing a drink in a reusable bottle and the participant receiving 

it, is called a Cup Exchange in the application. Different cup exchanges can be performed at specialized Points 

of Interest of a Campaign. 

The following use case describes the steps required to perform a Cup Exchange. The first figure (Figure 40) 

represents an overview of the different Cup Exchanges flow throughout a Campaign for a participant. The 

second figure (Figure 41) focuses on a discrete Cup Exchange and can be interpreted as either the flow of a 

distribution or a collection cup exchange.  

 

The third figure (Figure 42) involves an extra step and refers to a swapping exchange. 

Figure 41 Cup exchange (distribute/collect) 

Figure 42 Cup exchange (swap) 

Figure 40 Cup Exchanges flow throughout a Campaign 
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1. A participant can go to a relevant Point of Interest to perform a cup exchange. This means to receive, 

swap or return a cup. 

2. Then, they should display their personal participant identifier to the bartender. 

3. Next, the bartender scans this code through the app. 

4. Upon a successful cup exchange, the bartender gives a new cup to the participant or collects their 

current one according to the type of cup exchange performed. 

Note: In a swap cup exchange, when a participant already uses a cup and wants to get another one, they must 

first give their current cup to the bartender. 
 

Use Case 5: Campaign Status (organizer) 
Prior to the official start of a Campaign, its functionalities related to reuse-tracking are inactive, and users can 

only view preliminary information. During this "upcoming" phase, Campaign organizers have the ability to view 

and modify Campaign details. Conversely, participants who have registered for the Campaign and bartenders 

assigned to Points of Interest must await the Campaign's official activation.  
 
Once the organizer activates the Campaign, its state transitions to "active." In this state, participants and 

bartenders are enabled to commence with Cup Exchanges. Concurrently, the system begins to collect data, 

and all relevant statistics are updated in near real-time (Figure 43).  
 
When the organizer determines that the event should conclude, they must execute the corresponding action 

within the application. This is accomplished by navigating to the Campaign Details and selecting the "End 

Campaign" option. Upon this action, the Campaign's status is updated to "ended" across both the web and 

mobile platforms. While no further cup exchanges can be performed, organizers and participants retain the 

ability to view all statistics associated with the completed Campaign (Figure 43).  

Use Case 6: Cup exchange analysis and statistics (organizer, participant) 

Whenever a Cup Exchange is successfully performed, there is a related change in both Campaign and 

participants statistics in the web application. Participants are also informed nearly real-time about these 

changes by the statistics displayed on their mobile app:  

1. Distribution:  

• Participant's personal statistics for this Campaign become visible.  
• Total distributed cups for this Campaign are increased by οne.  

2. Swapping:  

• Participant's reuses are increased by one. 

• Total Campaign reuses are increased by one as well as distributed cups. 

3. Collection:  

• If participant returns their last cup, their cup usage status for this specific Campaign is updated to 

“Returned”. 

• Total collected cups for this Campaign are increased by one. 

Figure 43 Campaign Statuses 

https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.4km3p778ndfn
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.9w1j8hec83a7
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.lgf457h3a8wg
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.oq4x7kdvvqhq
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In general, statistics’ values are updated according to cup exchanges throughout the Campaign. This is 

important for: 

• An organizer: Can be informed about total cups needed for their events and track the reuses 

with different metrics. 

• A participant: Personalize their experience of the event by informing them about their 

contribution to reuses. 

4.3.4 Campaign Management (Web Platform) 

This section contains information on how a Campaign can be successfully organized and monitored from start 

to finish. All actions described below can be performed either by an organizer or admin. 

The web platform can be found in this link: https://reuse.mycibos.eu/ 

Add Campaign 

To add a campaign, an organizer user should navigate to Campaigns > Add New Campaign (Figure 44) and fill 

in the required info (Figure 45) including: 

• Basic details about the Campaign: name, date, location, 

• The quantity (and optionally the type) of the cups that will be provided for the specific Campaign, 

• The distribution limit: each participant can have in their possession up to a specific number of 

distributed cups, 

• The collection limit: each participant can return up to a specific number of cups, 

• The option whether to allow or not, participants to take new distributed cups after returning old 

ones, 

• The setup of the bars by defining the corresponding Points of Interest. 

 

If an admin creates a Campaign, they will have to also add elevated staff members, such as organizers and 

bartenders, as described in the Members section. 

 

Concerning distribution and collection limits: if the collection limit is greater than the distribution limit, then 

a participant is allowed to return extra cups in addition to their own (e.g. their friends’ cups). Points of interest 

can be added either by selecting previously used points from other campaigns or by adding new ones on the 

map. 

 

 

Figure 44 Home page for Campaigns 

https://reuse.mycibos.eu/
https://docs.google.com/document/d/1yC0AtdIrhMxOLwkyrjV2HnbY_odBSE-t/edit#heading=h.2qu8lt9qz9w7
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Previous Campaign 
All points used in previous campaigns will appear on the map (blue points). When clicking on a point, it will 

become highlighted with the option to add it (Figure 46).  

 

 

After adding points to the new Campaign, a list of the selected ones will appear along with the ability to 

remove all of them or specific ones. These points will be displayed on the map in the colour red (Figure 47).  

Figure 45 Add Campaign Form 

Figure 46 Highlighted Point from Previous Campaign 
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Furthermore, a user can view the setup of a specific campaign by selecting the campaign’s name from the 

corresponding list. The setup will be highlighted with green colour. Optionally, the whole setup can be added 

to the new Campaign by clicking on the button “Use Same Setup”, or a subset of that by selecting individual 

points as described above (Figure 48). 

 

Map 

To add a new point, its name and location are required. By clicking on the map, user can place the point in its 

corresponding location (Figure 49). After adding the point to the new Campaign, the point’s colour will turn 

from blue to red. 

 
 

 

 

 

 

 

 

 

Figure 48 Setup of Selected Campaign 

Figure 47 Selected Points for New Campaign 
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4.3.5 Cup Exchanges (Mobile App) 

Bartender 

There is a separate mobile application targeted at Campaigns’ bartenders. Detailed information about the 

application’s usage by bartenders (other elevated users can also use this application), is provided in the 

following sections. To determine a bartender’s position on the event, the following preparatory step is required.  

 

The bartender user should navigate to Campaign Info option from the menu and provide “Campaign” and 

“Point of Interest” codes: 

1. Scan or manually enter a Campaign’s code (Figure 50),  

2. After each scan, a message is shown indicating the success/failure of adding the Campaign, (Figure 50)   

3. After a successful Campaign code scan, the corresponding Campaign is selected and the user can 

proceed to scan or manually enter a Point of Interest’s code, following a similar process. 

Figure 50 Add Campaign code (left) and Campaign Identifier Scan Results (right) 

Figure 49 Add new point to map 
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Note: The Campaign Info initialization needs to be performed only once before beginning cup exchanges and can be 

changed at any time, for example, if a bartender is placed in a different Point of Interest. 

 

Bartenders are qualified users for making cup exchanges throughout the Campaign. There are three types of 

exchange: 

1. Distribute: Distribute the first cup to a participant user. 

2. Swap: Receive the cup a participant already uses to give them another cup. 

3. Collect: Final collection of a participant’s last cup. 

 

After specifying the Campaign and Point of Interest, a bartender can begin performing cup exchanges from the 

Exchange menu option, according to the following steps (Figure 51, Figure 52): 

1. A participant displays their personal participant identifier and the bartender scans it. 

2. The bartender selects and confirms one of the available exchange types. 

3. Success/failure message is displayed on the screen, providing relevant information if exchange fails. 

   

Figure 51 Scan participant code (left), select exchange type (right) 

Figure 52 Cup Exchange - Successful exchange (left), error on exchange (right) 
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Note: If Campaign’s exchange limits (Distribution/Collection limit) are set to a value greater than the default value of 

1 cup per exchange, bartender can optionally choose to pick quantity of cups to be distributed, swapped or collected, 

as presented below:   

Select exchange types 

Bartenders can select which exchange types of the app are configured for, from the Settings menu option 

(Figure 53). If none are chosen, all options will be displayed as available. Otherwise, only the selected options 

will be visible during the exchange process. If only one option is selected during the exchange process the 

type of exchange selection is skipped. 

 

Note: This option is connected to the types of Points of Interest. For example, if a Point of Interest serves as a 

Swapping point, only the Swap option can be used to accelerate the cup exchange process. 

 

Types of Points of Interest 

There are three types of Points of Interest.  At Distribution points participants can receive their first cup after 

entering the Campaign.  At Swapping points, they can exchange the cup they use to get another one. Finally 

at Collection points participants can return their cup before leaving the event.  

 

Accordingly, the possible exchanges are the following (Table 13): 

• Distribution cup exchanges: The first time a participant gets a drink, they should go to a 

Distribution point of interest.  

• Swap cup exchanges: Any time a participant wants to ‘swap’ the cup they currently use for another 

one, they should go to a Swap point of interest.  

• Collect cup exchanges: The last cup of a participant is returned before they leave the Campaign 

to a Collection point of interest.  

Figure 53 Exchange Settings - Select Exchange Types 
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Table 13 Points of interest for cup exchanges  

Point of Interest type Cup exchange Description 

Distribution Distribute The first time a participant gets a drink in a Campaign 

Swapping Swap Any time the participant ‘swaps’ the cup they use for another one 

Collection  Collect The last cup of a participant is returned before they leave the Campaign 

 

Note: A Point of Interest may help more than one types of Cup Exchanges. 

4.3.6 Statistics and Aggregated Views 

View Personal Statistics (Mobile App) 

Reuse statistics for a participant user about the Campaigns they currently attend or attended in the past are 

available in the mobile app dedicated to participants.  A participant can view their statistics by tapping on the 

Campaigns menu option (Figure 54).   

 

View "Overview Statistics for all Campaigns" (Web Platform) 

On the web platform, the "Overview" page provides organizers and admins with a high-level statistical 

summary of all combined campaigns. This dashboard (Figure 55) displays aggregated metrics such as average 

distributed cups per campaign, average reuses per campaign, average collected cups per campaign, average 

missing cups per campaign, average reuses per participant, and average reuses per cup.  

 

Visualizations, such as a "Reuses per Campaign" chart, a "Total Participants per Campaign" bar graph, and a 

line graph showing "Total Participants vs Campaign Date," offer a comprehensive view of the system's overall 

performance and trends.  
 

Figure 54 Personal statistics view about all Campaigns 
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Statistics 
The "Statistics" tab for a selected participant (Figure 56) displays aggregated data from all campaigns they have 

participated in. This includes their total number of attended campaigns, total reuses, total returned cups, and 

their average reuses per campaign. Charts provide a visual comparison of their reuses across different 

campaigns and their performance relative to the average campaign reuses.  

 

Figure 56 Statistics tab of a participant 

Figure 55 Data Overview page 
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Campaigns 

Organizer’s view provides a list of campaigns (Figure 57) that have been launched to track the cup reuses in 

a specific campaign (Figure 58).  

 

 

Figure 57 Campaigns Tab of a Selected Person 

Figure 58 Personal Statistics in a Selected Campaign 
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5. Decentralized Dishwashing Infrastructures  

Although the project planned one washing system, after a deeper analysis of the distinct use cases of the DS, 

it became clear that the initially planned larger unit was unsuitable for use at the Mykonos. More specific as 

shown in the table below (Table 14), the differences between the two DS are important.  

Table 14 Mykonos beach-bar vs Sea Star Festival use case comparisons 

Lia beach DS Mykonos – Beach bar Umag Sea Star DS - Festival 

Longer demo duration – up to 3 months Shorter demo duration – 3 days 

Regulated low volume daily washing Unregulated large volume of washing 

1000 – 2840 items per week 25.000 items in 3 days up to >100.000 per week 

No time pressure in washing phase Pressure to deliver fast 

Low volume and slow production of grey water High volume and fast production of grey water 

Need for a small vertical wastewater treatment 

system treating low volumes of grey water 

Need for a vertical wastewater treatment system 

treating high volumes of grey water 

 

Therefore, to support the project's reusable packaging scheme, two distinct decentralized, "plug-and-play" 

cleaning systems were engineered and constructed. The core purpose of these systems is to provide hygienic, 

resource-efficient, and scalable on-site washing capabilities, thereby creating a viable alternative to single-use 

plastics at different types of venues. Both systems are designed on the same loop achieving basis and are 

equipped to wash any reusable tableware and bottles. 

 

Both systems are designed to minimize fresh water and energy consumption by creating a closed loop for 

washing water, directly addressing the environmental pressures of water scarcity and waste generation in 

Mediterranean tourist areas. The primary innovation of these systems is the integration of nature-based 

solutions – more specific, vertically constructed wetlands, or "functional green walls" - to treat greywater 

generated from the washing process. This approach creates a closed water loop that significantly reduces the 

consumption of fresh water, a critical advantage in the water-scarce areas.  

 

Furthermore, the systems have fitted solar heating panels pre-heating the water entering the DW. The latter 

one is in turn equipped with a heat exchanger aiming at utilising the heat generated by one washing cycle into 

the next one. These two technology applications wish to reduce the energy consumed during the 

heating/preparing and washing phases of the DW washing cycle. 

5.1 Large-scale Circular Dishwashing System  

5.1.1 System Overview   

The large-scale cleaning infrastructure is a plug-and-play system, built into a standard shipping container 

(Figure 59) that uses the VertECO® technology (10) for increased water circularity in reusables cleaning.  

 

The integration of this nature-based solution, the vertical wastewater treatment plant, or "functional green 

wall" - to treat greywater generated from the washing process is creating a water loop that significantly 

reduces the consumption of fresh water. The closed-loop process is monitored via sensors to adjust water 

quality and safety. Integrated heat exchangers and solar water heaters ensure the system's energy efficiency. 

The system also includes a Reverse Osmosis (RO) unit for inflow water treatment.  
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Engineered to meet the high demands of large-scale music festivals and public gatherings, with a target capacity 

of cleaning over 2,000 reusable items per hour, the infrastructure measures approximately 6.0m x 2.4m x 

2.9m (L x W x H) (Table 15) and holds 6 tons weight.  

Table 15 Large-Scale Unit Dimensions 

Unit Dimensions Length (m) Width (m) Height (m) 

External 6.05 2.45 2.9 

Internal 5.9 2.35 2.69 

5.1.2 System Layout  

The unit integrates three commercial dishwashers and the high-performance vertECO® green wall for on-

site greywater treatment and reuse. The interior is logically divided into zones to ensure a one-way workflow.  

An integrated technical section houses the main control unit, pumps, and water treatment manifolds (Figure 

60). 

The DW units are housed in a tailor-made stainless-steel cage, which is secured on the floor. This ensures 

that they are placed at an ergonomic hight and are secured safely during transportation and operation. The 

Figure 60 Floor plan of the containerized large-scale washing infrastructure with vertECO®  

Figure 59 The container before (left), after initial modifications (middle), and finished (right)  
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space below the DW is designed to be used for storing the detergents, baskets with cups/bottles, or as a 

drying surface for items before storing. The DWs are placed opposite the washing basin, minimising 

movement and ensuring ergonomic workflow (Figure 61).  

Given the substantial quantity of items requiring washing, it is apparent that the container lacks adequate 

drying space. Furthermore, for reasons of hygiene and operational efficiency, it is crucial to distinctly separate 

soiled and cleaned items. Consequently, the incorporation of external areas or on-site tents is being 

considered from the outset. 

 

5.1.3 Dishwashing 
The washing area is equipped with three professional industrial-grade MEIKO M-iClean UM+ professional 

DW, providing the necessary capacity and hygiene assurance.  

Each machine operates with a rapid cycle time (Figure 62) of approximately 90 sec, using a wash temperature 

of ~55-60°C and a final sanitizing rinse of ≥70°C to comply with EU hygiene regulations (EC) No 852/2004.  

Detergent and rinse-aid are managed by automated dosing systems to ensure consistent cleaning performance 

and operational efficiency.  

5.1.4 Process Flow and Capacity 

The system is designed for high throughput, capable of redistributing an estimate of 48.000-57.600 clean cups 

on-site over a three-day festival period, achieved in 8-hour dishwashing operations which equates to a feasible 

on-site operational capacity of approximately 2,000-2,400 cups per hour.  The water management follows a 

circular path detailed in the system P&ID: mains water is pre-treated by a Reverse Osmosis (RO) unit (Figure 

63) and stored; this water is pre-heated and used in the dishwashers; the resulting greywater is collected, 

Figure 62 Dishwashing cycle in progress 

Figure 61 The basin (left), staff position (middle) and dishwashing units (right) inside the large-scale unit 
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stored and intermittently pumped to the vertECO® green walls for biological treatment; finally, the treated 

water is further filtered (activated carbon and UV) and reused, minimising waste-water and clean-water 

consumption.  

5.1.5 Water Management and Ancillary Systems 

• Inlet Water Pre-treatment: An integrated RO unit treats incoming water to prevent scale build-up and 

ensure consistent washing water quality. 

• Hot Water Generation: Hot water is supplied by a hybrid system, combining solar thermal heaters 

mounted on the container's roof with standard electric boilers built-in the dishwashers to guarantee 

constant availability. 

• Storage Tanks: A network of appropriately sized tanks is integrated for freshwater, hot water, pre-

treatment greywater, and post-treatment (reusable) water, ensuring sufficient buffer for continuous 

flow of water during operation. 

The P&ID of the system with the vertECO® is presented in Annex 10.7 

 

5.1.6 Energy System 
The container requires two 400V systems with 64A (dishwasher panel) and 40A (main electrical panel) three-

phase electrical connection for full operation of all systems. The total estimated energy consumption for one 

hour of operation with all systems fully working, including dishwashers, pumps, and control systems, is 

approximately 26 kWh.  As stated above, an attempt to reduce the consumption of energy by heating the 

water was made by integrating the solar water pre-heating system and the heat exchangers, one for each DW 

at manufacturing stage.   

 

5.1.7 Automation, Control, and Monitoring 
The entire facility is managed by a central Click-PLC (Programmable Logic Controller). This system automates 

the complete water management circuit according to a predefined protocol, monitoring key parameters in 

real-time, including water levels in all tanks, water temperature, conductivity, turbidity, and pH levels, to ensure 

efficient and safe operation.  

 

Prior to its scheduled deployment, the container system underwent a series of comprehensive technical 

checks and a multi-week continuous test run to validate its full operational functionality, mechanical integrity, 

and automation logic.  

Figure 63 Reverse Osmosis Unit (left), Control Panel Display (right)  
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5.1.8 Green Wall Water Treatment Design and Objectives- vertECO®    

The core of the system's water recycling capability lies in the two identical, parallel vertECO® units mounted 

on the floor of the container's front, behind the two large sliding glass doors (Figure 64). This dual 

configuration ensures a high treatment capacity and system redundancy.   

 

 

The primary objective of the vertECO® system is the biological treatment of greywater from the dishwashers. 

It is designed to significantly reduce the organic load (BOD, COD), surfactants from detergents, and suspended 

solids, rendering the water suitable for reuse in the washing process. Each of the two units consists of three  

vertically stacked modules with each module having a length of 1500 mm and a width tapering from 500 mm 

at the top to 400 mm at the bottom (Figure 64).  This design facilitates even water distribution and creates a 

combined treatment volume of almost 1.8 m³.   

 

 

The modules are filled with a lightweight, inert substrate (Figure 65). More specifically expanded clay and 

zeolite were used in 4:1 proportion, to provide a high surface area for microbial colonization and support the 

plant root structure.  

Both units are planted with a robust polyculture of helophytes known for their high phytoremediation capacity 

and resilience. The selected species, including Typha latifolia (Broadleaf Cattail) and Iris pseudacorus (Yellow Flag 

Iris), develop extensive root systems (rhizospheres) that host the microbial communities responsible for 

breaking down pollutants(10). 

Figure 64 External and internal views of the vertECO® water treatment system installed 

Figure 65 vertECO® modules filled with substrate to begin plantation 
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The 115 plants in the vertECO© green wall system were planned during the first week of April. It was essential 

that they adjust and build-up a root biofilm before the dispatch to Croatia. After a three-week adjustment 

period in their new habitat (Figure 66), the plants began receiving "synthetic grey water" and occasional liquid 

fertilizer. The proportion of soap-water in the grey-water tank was gradually increased weekly. This continued 

until the soap-water constituted 50% of the tank's total volume, as determined by NTUA and ANGR. The 

plants showed very satisfactory growth and response by the eighth week (Figure 67). 
 

To ensure that the health of the plants in the vertECO© system is maintained in good state, as it is now in a 

state of “limbo”, ANGR cooperated with specializing in urban agriculture and gardening for the set-up and 

maintenance of the functional green wall. Part of the collaboration was the development of an application/on-

line dashboard which depicts the vertECO© system (https://plantation.adeka.gr/) log in is simple, by entering 

an email address).   

 

On the first page a dashboard depicts the plants as they are planted in the different levels of the system (Figure 

68).  As they are monitored, their health status is also stated, which ones are thriving, which need attention, 

Figure 67 Pictures of the Green infrastructure growth ~8weeks old 

Figure 66 Pictures of the Green infrastructure growth ~3weeks old 

https://plantation.adeka.gr/
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and which are in danger (Figure 69). Further tabs offer a list of the plants planted in summary and statistics 

regarding their growth and health.   
 

 

5.1.9 Operational Function 
In operation, greywater is intermittently pumped from the collection tank and distributed across the top of 

the vertECO® system. The water then percolates vertically downwards through the substrate and root zone, 

where it is biologically treated. An integrated aeration pump operates on a cyclical basis (e.g., 45 minutes on, 

15 minutes off) to supply oxygen to the root zone, ensuring aerobic conditions are maintained for efficient 

and odour-free microbial decomposition.  

 

The system is designed to significantly reduce key water quality parameters such as Biochemical Oxygen 

Demand (BOD₅), Chemical Oxygen Demand (COD), and turbidity, producing treated effluent suitable for 

reuse in the washing cycles. 
 

Figure 68 Screenshot of the plants dashboard per layer at the vertECO© system 

Figure 69 Plant performance analytics at the vertECO© system 
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5.1.10 Hydraulic Design 

Greywater is pumped from a collection tank and evenly distributed across the top of both vertECO® units 

(Figure 70).  The water then percolates vertically through the substrate, where it undergoes treatment.  

The system is designed with a Hydraulic Loading Rate (HLR) - the volume of greywater applied per square 

meter of the green wall surface each day - and Hydraulic Retention Time (HRT) - the average duration the 

water spends within the system for treatment. These parameters are optimized to match the greywater 

output of the three dishwashers during peak operation, ensuring efficient treatment without overloading the 

system.  Based on a peak output of approximately 1.0 m³ of greywater per day, the system operates with: 

• An HLR of approximately 741 L/m²/day. This loading rate is well within the design parameters for an 

intensive, aerated vertical flow system treating greywater with high organic content. 

• An HRT of approximately 17.2 hours. This calculated retention time ensures there is sufficient contact 

between the greywater and the microbial communities in the plant root zone for the effective 

biological breakdown of pollutants before the water is collected for reuse. 

5.1.11 Aeration System 

To enhance treatment efficiency and prevent anaerobic conditions, an aeration system is integrated into the 

base of the units. Operating on a pre-programmed cycle (e.g., 45 minutes on, 15 minutes off), it actively supplies 

oxygen to the plant root zones, stimulating the aerobic microbial activity crucial for the rapid decomposition 

of organic compounds. 

5.1.12 Artistic Interventions   

One of the most creative aspects of REMEDIES is the Artists' & Researchers' Residencies, curated and led by 

IHA. These residencies aim to develop and/or produce original works that align with the project's mission.   

 

A notable example is the mural created by the local street artist Dimitris Marinis (Figure 71) on the façade 

of the containerized system. This concept, originally developed by ANGR and assigned by IHA, was a large-

scale mural transformation of the ordinary façade of the container into a vibrant celebration of biodiversity.   

 

 

 

Figure 70 Water entry points of the vertECO® system before (left) and after plantation (right) 
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The artwork bridges the industrial and the natural, reclaiming utilitarian festival infrastructure as a living canvas 

for ecological storytelling, the heart of a festival, this piece turns infrastructure into eco-symbolic architecture.  

Street-art design uses colorful, nature-inspired motifs to connect people emotionally to the environment 

during festivals. Instead of showing plastic waste directly, it celebrates what we protect by rejecting SUPs.   

 

The joyful, accessible design (Figure 72) resonates with diverse audiences, embedding sustainability within the 

festive spirit rather than positioning it as a limitation. It offers an uplifting call to action protecting beauty is 

not about giving something up, but about choosing better alternatives together. Its placement on festival 

infrastructure makes it both a functional and artistic intervention, embedding the anti-SUP message seamlessly 

into the festive experience.  

 

Figure 72 Mural mock-ups by artist D. Marinis 

Figure 71 Street artist Dimitris Marinis at work (left) kick-off day and upon completion (right) 

Figure 73 Mural details at the container’s backdoor  
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Bold black outlines of flowers, plants, and organic forms dance across a backdrop of vivid color blocks—red, 

yellow, blue, and green—evoking the richness of ecosystems (Figure 73). 

 

The presence of blank white panels integrated into the design creates spaces for interaction—whether 

through educational signage, refill station labeling, or participatory elements. These voids act as reminders that 

human choices leave gaps in nature’s pattern, which can either harm or heal the environment. 

 

By celebrating the abundance of nature rather than the ugliness of plastic, this artwork operates as a positive 

protest. It demonstrates how art at festivals can do more than decorate—it can shift collective habits by 

inspiring pride in ecological stewardship. Here, rejecting single-use plastics becomes not just a responsibility, 

but part of the celebration itself. 

 

Instead of confronting audiences with images of waste, this mural shifts the perspective. By flooding the 

container with motifs of blooming flowers and thriving landscapes (Figure 74), the art reminds visitors of 

what we protect when we refuse SUPs: clean water, healthy soil, and flourishing habitats. 

5.2 Small-scale Circular Dishwashing System   
Complementing the large-scale festival unit, ANGR developed a second compact, modular cleaning system 

designed for smaller, permanent venues with smaller consumption and longer duration, such as beach bars, 

cafés, and small resorts. 

5.2.1 System Overview and Layout  

The small-scale modular closed-loop infrastructure of a compact cleaning system is housed in a 2.1m x 2.1m 

ISOBOX (Figure 75), coupled with the GRETA™ green wall for localized greywater treatment.  

Figure 74 The complete mural on the large-scale cleaning system  
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The small unit has a cleaning capacity of ~ 700 items per hour and provides only one workstation. This 

modular design offers significant flexibility, allowing the washing unit to be installed indoors or in separate 

space, while the green wall can be positioned elsewhere, where space and sunlight are available.  

 

It also allows the GRETA™ green wall to be offered as a standalone solution for businesses that may already 

have dishwashing facilities but wish to add a sustainable water recycling component.  It includes a dedicated 

position for the dishwasher, a stainless-steel basin, a professional DW solar heating system and integrated 

water storage tanks (Figure 76), creating a complete, self-contained washing station (Figure 77). 

Figure 75 Side Views of the Isobox Frame during Construction 

Figure 76 The DW unit (left), the basin (middle), and integrated water tanks for GRETA™ (right) 
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5.2.3 Dishwashing 
The unit is fitted with one commercial-grade MEIKO i-Clean UM+ dishwasher, appropriately equipped for its 

intended capacity and use. The machine adheres to the same strict hygiene protocols as the larger system, 

using high-temperature wash and rinse cycles to ensure proper sanitization of reusables. It is also fitted with 

a heat exchanger and an automated detergent and rinse-aid dosing system for consistent and efficient 

operation (Figure 78). 

Figure 77 Floor plan of the Small-Scale Cleaning Infrastructure with GRETA™ water treatment unit 

Figure 78 Automated detergents and rinse-aid  
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5.2.4 Process Flow and Capacity 
The system is engineered for the consistent, daily operational needs of a small commercial venue, with an 

estimated throughput capacity of approximately ~700 cups and 400 bottles per day. The water process flow 

is conceptually similar to the large-scale system but simplified: water from the local supply is pre-treated and 

stored in a clean water tank; it is then used by the dishwasher, generating greywater that is collected in a 

dedicated tank within the Isobox. Subsequently, the greywater is conveyed to the standalone GRETA™ green 

wall unit, where it undergoes integrated physicochemical (e.g., filtration, adsorption) and biological treatment 

processes. Upon completion of the treatment cycle, the reclaimed water is suitable for reuse in irrigation or 

other non-potable applications, subject to compliance with relevant regulatory standards. 

5.2.5 Water Management and Ancillary Systems 

• Inlet Water: The system connects to the local water supply, with an integrated Reverse Osmosis (RO) 

unit to pre-treat the water. Preliminary water analyses performed by the Sanitary Engineering 

Laboratory (SEL) of NTUA indicated that the water used in the location has a high concentration of 

dissolved ions (EC up to 3,000 μS/cm), thus the incorporation of the RO was necessary to ensure 

quality and protect the equipment. 

• Water Storage: Custom-sized water tanks for clean water and greywater collection are fitted within 

the Isobox frame, providing a sufficient buffer for a full day's operation. 

The P&ID of the system with the GRETA™ is presented in Annex 10.8.  

 

5.2.6 Energy and Control Systems 
The system is designed for a standard three-phase electrical connection suitable for commercial venues 
(Figure 79).  Automation is managed by a dedicated, simplified control unit housed within the Isobox, just as 

in the larger system, which governs the operation of the internal pumps and coordinates with the dishwasher 

plus the water flow to the green wall. Key parameters such as water levels, conductivity, pH, turbidity are 

monitored from the different tanks to ensure smooth operation.   

 

Here as well, the water is pre-heated before entering the DW by a solar water heater and the DW is equipped 

with a heat exchanger to minimise energy consumption. 

Figure 79 Photos of the control unit  



 

 71 

 

5.2.7 Water Treatment Design and Objectives - GRETA™ 

The GRETA™ green wall is the compact, nature-based treatment component designed to work in tandem 

with the Isobox washing unit. It functions as an independent, externally sited module for biological greywater 

polishing. The system is based on modular, stackable planting pots arranged on a support frame to create a 

vertical flow constructed wetland. Its design prioritizes a small physical footprint while maximizing the 

biological treatment surface area, making it ideal for venues with limited space.   

 

The standalone nature of the unit, complete with its own pump and controls, allows for flexible installation 

and potential retrofitting to existing greywater sources. It consists of 20 individual GRETA™ pots, each with 

a calculated volume of approximately 5.12L This creates a total substrate volume of around 102.4L.  The pots 

are arranged in two columns of ten, mounted on a custom-built aluminum frame (Figure 80). The total top 

surface area of the system is approximately 1.33 m², filled with a lightweight inorganic substrate mix, amended 

zeolite to enhance water retention and nutrient absorption.  

 

The plant selection was specifically tailored for the coastal, saline conditions of the Mykonos demo site, where 

the plantation was realized in middle June. Plants preparation and planting took place on Mykonos (Figure 81) 

mid-June.  

 

A polyculture of robust, salt-tolerant helophytes (halophytes) was chosen (Figure 82) including Crithmum 

maritimum (Rock Samphire) and Salicornia europaea (Glasswort), alongside aesthetic and aromatic species like 

Mentha aquatica (Water Mint). These plants provide the essential root zone environment for the microbial 

breakdown of pollutants in the greywater.  

Figure 80 GRETA™ pots installation process (left) and final set-up (right) 

Figure 81 GRETA™ Plants Preparation, before and after removing soil at Mykonos  
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The system remained under supervision and watering for three weeks, before connecting to the dishwashing 

unit.  

 

5.2.8 Hydraulic Design 
Greywater is pumped from the Isobox's collection tank to the GRETA™ unit.  A pump integrated within the 

base of the GRETA™ frame feeds the water to the top tier of pots. The water then percolates vertically 

down through the series of pots, undergoing treatment. Based on the Isobox's daily greywater output of ~54L, 

the system operates at a design HLR of approximately 41 L/m²/day. A three-way valve at the outlet allows the 

treated water to either be recirculated for further polishing or directed through a UV filter for safe use in 

local irrigation.  As the planting of GRETA™ was completed in the beginning of July, the continuous heat waves 

started to scorch Greece. These extended throughout July. The plants in the GW unit were not able to adopt 

to their new environment. Many of them dried out and had to be changed in the beginning of August. As 

availability of small plants on the island was limited, Mentha Aquatica, Tomatoes, Origanum, Basilicum were 

selected to replace the lost ones. 

 

  

Figure 82 Views of GRETA™ before and after plantation on Mykonos Island 
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6. Water Refilling Stations 
Two water refilling stations are developed to mitigate the problem of irrational SUP containers distribution 

and disposal resulting from bottled water consumption.  Using commercially available dehumidifiers, where 

water vapors are recovered, treated and mineralized, refilling stations will regenerate high quality water for 

direct consumption on public sites. The Atmospheric Water Generation System (AWG) is coupled with 

reusable bottles (T3.1) offering an alternative to plastic water bottle use to visitors of a remote island beach 

in Mykonos, Greece. On the other hand, the Water Fountain Technology adheres to maximize refills and reuse 

by the public, the environmentally conscious community of tourists and locals of a small French island. In both 

cases, distribution runs with a self-service model embedding a free-deposit reuse scheme.  

6.1 Atmospheric Water Generation System  
The Atmospheric Water Generation System is a compact atmospheric water generation (AWG) unit designed 

and developed by MCG to produce, purify, store, and dispense potable water derived from ambient air 

integrating cooling and storage functions (Figure 83). The system incorporates the following key components: 

1. Dehumidifier of Genaq s50 model capable of extracting up to 50L of potable water per day from 

atmospheric humidity in nominal conditions around 80% at 30°C,  

2. 150L stainless steel storage tank for the accumulation of treated water,  

3. One Hp stainless steel Flow 100 370W - PM5 Plus pump for water circulation,  

4. Water chiller Eiger EG103B-F equipped to deliver both cold and hot water on demand.  

 

As mentioned above, the nominal production of the cooler is 50L per day, but it varies depending on the 

region and conditions such as humidity and temperature. Below (Figure 84) is the water production as a 

function of external conditions, and the energy required for water generation.     

Figure 83 Installation of components (left) and complete AWG back side (middle) and front (right) 
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6.1.1 Operating Mechanism  

Ambient air is drawn into the dehumidifier, where water vapor is condensed and collected in a stainless-steel 

tray. The condensate is then directed to an internal 12L reservoir within the dehumidifier. From there, the 

water is circulated via a pumping system and undergoes a multi-stage treatment process, which includes 

mineral enrichment with trace elements suitable for human consumption and dual-stage filtration using 

activated carbon and ultraviolet (UV) light for microbial decontamination.  

The purified water is subsequently stored in the main 150L stainless steel tank. Based on end-user demand, 

water is pumped from the storage tank to a cooling unit that includes a 2L reservoir for cold water and an 

integrated heating function for hot water supply (Figure 85).   

 

System operation is fully automated and monitored through a dedicated local control panel, which displays 

real-time data on dehumidifier status, water volume, storage tank temperature, and pump pressure. This 

integrated monitoring ensures efficient and safe operation of the water production and delivery cycle.  

Figure 85 Diagram of the Water Production Process of the AWG 

Figure 84 Temperature and humidity impact on water production and energy consumption of the AWG 
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6.1.2 System Characteristics and Performance Evaluation 

The complete unit weighs slightly over 200 kilograms and is mounted on a Euro-pallet with standard 

dimensions of 1.2 × 0.8 meters, allowing for easy transportation using a pallet jack. The total energy 

consumption of the system is approximately 85 kWh, corresponding to an average specific energy 

consumption of 0.39 kWh per liter of produced water. The water production process, from the initial stage 

of air capture to its transfer to the cooler and the end user diagram is illustrated on the unit to direct user 

interaction and appropriate use (Figure 86). 

6.1.3 Water Sample Analysis  

Preliminary testing of the water output has demonstrated full compliance with current European drinking 

water standards. This compliance has been validated through detailed laboratory analyses conducted by the 

NTUA.   

 

Water quality assessments have been conducted throughout the machine's construction and operational 

phases. Measurements were meticulously taken at all stages, encompassing production, transfer to the storage 

tank, and delivery to the end user. Representative analytical results, detailed in Annex 10.9, confirm that the 

produced water consistently meets the quality standards stipulated by European legislation. 

6.2 Water Fountain Technology  
Kumulus technology (Figure 87) is available across all markets for a standard price, exclusive of tax, 

maintenance, and delivery fees, including a mandatory annual maintenance fee covering service and necessary 

interventions.  The technology was launched in 2022 with 140 units sold in schools, hotels, public institutions, 

and events across France, Tunisia, Spain, and other Mediterranean countries.  

 

On island Porquerolles the local cultural institution Carmignac Foundation has recently upgraded their refilling 

systems with new models in June 2025. Moreover, under the REMEDIES cascade funding, the Municipality of 

Kerkennah, winner of the call, acquired two of these fountains and expressed full satisfaction with their 

performance.  

Figure 86 Explanatory illustrations displayed on the AWG 
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6.2.1 Operating Mechanism 

Kumulus is an innovative atmospheric water generator producing up to 30L of drinking water per day from 

ambient humidity, using a condensation process inspired by natural dew formation (Figure 87).   

The system requires no heavy infrastructure or connection to the public water network and operates with 

standard electrical supply. It’s autonomous, local production cycle including water generation, mineralization 

and distribution, significantly reduces transport-related impacts and dependence on industrial supply chains. 

Its design is particularly suited to insular, arid, or water-stressed territories.  

Figure 87 Product Photos of the Water Fountain Technology Kumulus 

Figure 88 Operating mechanism and performance infographic by Kumulus 
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6.2.2 System Characteristics and Performance Evaluation 

Kumulus technology is technology offers multiple environmental benefits: 

• Addresses water scarcity in climate-vulnerable areas (islands, coastal zones),  

• Cuts CO₂ emissions linked to bottled water transport (up to 2T of CO₂ and 0.5 T of plastic avoided 

per machine/year),  

• Raise awareness on water conservation and circular use of local resources 

 

Energy consumption is contingent upon environmental humidity and temperature; however, the machine 

typically consumes between 0.4 and 0.7 kWh per liter. This translates to an approximate cost of 7 to 12 cents 

per liter in France. Kumulus proprietary algorithms dynamically adjust the machine's parameters to optimize 

power consumption and water production.  

 

Additionally, Kumulus machines feature a smart platform with predictive algorithms, energy management, and 

remote-control capabilities, making them more efficient and user-friendly than typical dehumidifiers. Water 

quality is monitored to ensure its safe and healthy in terms of filter functionality and the level of minerals, 

while regular quality checks are conducted by the Kumulus team in collaboration with accredited third-party 

laboratories. Quality tests and reports can also be shared with clients upon request. 
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7. Pilot Demonstrators 

7.1 Mykonos Island, Cyclades, Greece  
Mykonos is one of the 220 islands of the Cyclades group in the Aegean Sea (Figure 89), on the southeast of 

mainland Greece. It has an area of 86 km2 while the length of its shores reaches 89km (11).  Tourism is clearly 

important for the island, and it is the ultimate source of economic activity.  The island is a globally recognized 

tourist destination, attracting every year more than 1.5 million tourists with another 1.2 million arriving by 

cruise ship (12).   
 
 
 
 
 
 
 
 
 
 

 
However, Mykonos faces severe water shortage primarily due to limited water resources, relying on a 

combination of desalination plants and underground water sources, which are not sufficient to meet the high 

demand.  As per the statistics, between the 1st of July and the 31st of October, water consumption is reaching 

an astounding 15,000 cubic meters daily (13) and 2.5-3 million cubic meters per year(14).  

 

Due to the lack of potable water, the reliance on plastic water bottles is exacerbated during the summer 

months as many visitors are advised to avoid tap water and opt for bottled water for drinking. Moreover, 

public water fountains, as an alternative to bottled water, are often underutilized or in disrepair discouraging 

their use.  

 

The preference for bottled water contributes to the prevalence of plastic waste in the environment, a growing 

problem in Mykonos and the Aegean islands, with raising concerns about the marine ecosystem degradation 

and microplastics entering the water supply.  
 

The DS is geographically located on beach Lia, South-East of Mykonos town, 14klm distance (Figure 89). 

Compared to the standards of Mykonos, Lia is considered a rather quiet beach (Figure 90), accessible to the 

public, a famous destination for scuba diving.  A full-organized beach-bar occupies the beach providing sun 

umbrellas, sundecks, and other facilities to its customers (Figure 91).  

 

Figure 89 Maps of Cyclades (left), Mykonos Island (middle) and Lia beach (right) 
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In general, preference to glassware especially for cold drinks is evident, especially for draft beer, wine and 

cocktails. Nevertheless, SUP cups and bottles are used in parallel, to serve juices and water.  Cool water is 

mostly served in PET bottles, of 1.5L volume, accompanied by a set of SUP cups for the customers of the 

sunbeds.  

 

7.1.1 Establishment of a Circular Dishwashing Service On-Site  

The DW system was transported in mid-July and was installed on-site at Lia beach in the last days of the 

month (Figure 92,93). MCG prepared the area and secured a remote space close to the beach bar for setting 

up the infrastructure.  ANGR was present the first week of August. The automations were set and the PLC 

access to internet for monitoring was established.  

 

ANGR and MCG worked on the workflow for the distribution, collection, washing and redistribution of the 

cups, trained the beach bar staff in the circular dishwashing system and organized the washing line. The MEIKO 

Mobile App was downloaded and connected with the DW, to collect daily activity reports.  

Figure 91 The organized beach-setting and the beach-bar deck at Lia beach 

Figure 90 Lia beach visitors  
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The demo is equipped with 5000 REMEDIES reusable cups, 1500 of which are stored at the demo site, the 

rest is stored in another location to secure their exposure to heat. The reuse model introduced is a free-

deposit reuse scheme (Figure 94) that aligns more effectively with the business context and the specific 

application, to serve bottled water.  

 

The cups are introduced by the beach bar to substitute single-use cups for serving water to the customers 

occupying the organized beach. The maximum capacity of this setting is estimated to 480 people, based on 

the number of sunbeds, set in pairs under a total of 120 umbrellas.  

 

Figure 92 Establishment of the dishwashing system with GRETA™ on Lia beach, Mykonos, Greece  

Figure 93 Side views of the circular dishwashing service on-site 
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However, daily consumption rates vary, with a minimum of 100 SUP cups per day.  This material flow in the 

peak of the season (June - August) can raise over 500 items per day, resulting to 4kgs of plastic per day, 

approximately 450kgs in 16 weeks, which is the tourist season. In the event, REMEDIES cups are introduced 

for beer, the plastic refused will raise significantly.  

Despite the luck of a monetary DRS the scheme was successfully launched to support reuse though the 

following staff-flows:   
1. Distribution: Clean cups are transported by the beach-bar staff from the DW to the front bar 

(Figure 95) which is located on the beach side. 

2. Service: Clean cups are waiting at the front bar to serve customers at the beach (Figure 96)  

Figure 94 Infographic of the beach-bar reuse model by ANGR 

Figure 95 REMEDIES cups distribution from the DW to the front bar realized by the staff 
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3. Use: Customers use the cups to drink water at the beach (Figure 97). 

4. Collection: When customers leave, staff collect all used cups and return them to the bar (Figure 98). 

5. Transportation: The collected cups are placed in racks and carried back to the dishwashing system. 

 

Figure 97 REMEDIES cups used by the customers of the beach-bar instead of SUPs for water 

Figure 96 REMEDIES cups service starts at the front-bar located on the beach  

Figure 98 REMEDIES cups collection is monitored by the staff at the front-bar  
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6. Cleaning: Cups are washed, sanitized, and dried on site in the dishwashing unit (Figure 99). 

7. Storing: To prevent contamination, the clean cups are transferred to a dedicated clean storage room 

adjacent to the dishwashing installation, following manufacturer specifications.  

 

 
7.1.2 Deployment of Water Refilling Station and Reusable Bottles  
The AWG demonstrator developed by MCG was installed at the opposite side of the beach-bar, to generate 

and provide cool water to random visitors, aiming to expand reuse practices beyond the organized beach 

area. By embedding the reuse scheme in the beach experience, visitors are encouraged to adopt sustainable 

behaviors in a visible and practical way (Figure 100).  

 

The 0.3L glass bottles are also deployed, however a smart use pathway is necessary to support effortless 

returns and secure a safe and hygienic circular supply chain, on site. The total capacity of items to distribute 

and reuse is 5000 glass bottles.  

 

Figure 99 REMEDIES cups cleaning phase with prewashing, dishwashing and drying  

Figure 100 Deployment of the water refilling station (AWG) on Lia beach, Mykonos demo site 
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The digital reuse system which will be launched at the end of September 2025, will enable REMEDIES partners 

to monitor water refills, calculate returns, and support end user engagement. Co-developed by MCG, ANGR 

and CIBOS the smart reuse scheme with glass water bottles embeds smart sensors on the AWG, with lock 

cabinets equipped with RFID readers, to optimize cups’ collection for both the solution provider (MCG) and 

the end users. The reuse scheme to embed to the glass bottles for the visitors of the beach was studied by 

CIBOS proposing the following flows and interactions in the setting:  

• 1st touchpoint: the Refilling station is where the bottle can be picked up from the dehumidifier or 

from the 2nd cabinet where stock of bottles is settled. The user, by entering the fewest possible 

details, will receive a bottle via a code that will be sent to him and charged to him. The bottle via 

RFID will leave the warehouse so we know what is missing. 

• 2nd touchpoint: the beach-side where the cups are in use by the visitors of the beach.  

• 3rd touchpoint: the collection point, located either next to the dehumidifier or in cabinet 2, is 

where empty bottles can be returned by the end users, the visitors of the beach.  

• 4th touchpoint: At this stage we can do it again via RFID to check how many bottles have left the 

used cabinet and gone to the washing machine. The purpose of this stage is to check for any losses 

or breakage of bottles during the process from washing to their return to the original cabinets. 

The detectors in stages 1 and 4 should communicate with each other to identify the bottles that are re-

entered. 

 
A critical component of the system is the on-site washing and sanitization of bottles ensuring that all items 

are hygienically maintained and safe for repeated use.  After use, bottles can be returned to designated 

collection points, where they are cleaned and prepared for subsequent use. This process, combined with RFID-

enabled tracking and smart monitoring, guarantees that all bottles are hygienically maintained, thereby ensuring 

both safety and user confidence in the reuse program. 

 

This intervention emphasizes shared responsibility, demonstrating that sustainable behaviors are both 

actionable and seamlessly integrated into everyday experiences. Visitors are thus engaged in a circular, 

environmentally responsible system that combines convenience, safety, and operational efficiency, fostering 

awareness and participation in a sustainable community. 
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7.2 Porquerolles Island, Provence-Alpes-Côte d'Azur, France  
Porquerolles is the largest of the three Îles d’Hyères (also called the Golden Islands), located in the 

Mediterranean Sea, off the coast of the Var department in southern France (Figure 101). It is 3 km wide and 

7 km long.  Its highest point is 142m above sea level, located at the semaphore level. Tourism is regulated in 
the context of the Public Service Delegation (Délégation de Service Public – DSP) lunched in 2021, limiting 

the number of daily visitors to 6,000(15). 

Although Porquerolles is considered a sustainable mediterranean destination, it remains vulnerable to climate 

change, water scarcity, and mass tourism pressures, particularly on clear and drinkable water resources, which 

are scarce (no connexion to the mainland and limited water stocks on the island). Ships transport clean water 

from the mainland to meet the water supply needs on the island. Since May 2024, the island has been reliably 

supplied with potable water through a newly installed submarine pipeline, commonly known as the Sealine. 

This significant shift addresses large-scale freshwater supply needs on a structural level especially for residents, 

fire safety, and mass tourism. However, the island’s sustainability depends on continuous management of 

resources and active engagement from locals and visitors.  

 

The Maison du Parc of the Port-Cros National Park on Porquerolles island has been selected as the installation 

site (Figure 102) for the second water refilling station, the water fountain technology developed by Kumulus. 

Port-Cros National Park is a French national park established on the Mediterranean island of Port-Cros, east 

of Toulon. Located just a few minutes’ walk from the village centre, the Maison du Parc is a strategic hub for 

several reasons:  

• Visitor reception hub: it’s often the first point of contact for tourists when they arrive on the island, 

where they orient themselves, pick up maps, and learn about trails and rules. 

• Information centre: the Maison du Parc provides guidance on biodiversity, cultural heritage, and 

sustainable practices shaping how people understand and experience the island. 

• Awareness-raising space: exhibitions, educational materials, and interactive displays help communicate 

key environmental challenges (like water scarcity, waste reduction, and ecosystem protection).  

Figure 101 General Map of Porquerolle island, France  
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The placement of the Kumulus fountain at the Maison du Parc is planned to take place by the end of 2025, 

constituting a targeted policy measure aimed at promoting sustainable water practices and environmental 

awareness to the community, both locals and visitors.  As the island’s central visitor reception and information 

hub, the Maison du Parc ensures maximum visibility and engagement, allowing the intervention to reach both 

residents and tourists effectively. By integrating a tangible demonstration of local water production into the 

Park’s educational infrastructure, the demonstration aligns with broader strategic objectives:  fostering reuse 

and mindful consumption, reinforcing the island’s conservation and resource management policies, reducing 

dependence on single-use plastics, 

This policy-driven deployment illustrates the value of socio-technical interventions that complement large-

scale infrastructure interventions, such as the Sealine pipeline, by maintaining public awareness of 

environmental limits and preventing complacency in the face of perceived resource abundance. The visibility 

of the water fountain on Porquerolle island is crucial to counterbalance the powerful social narrative that the 

pipeline conveys; a perception of permanence with the potential of creating a form of technological lock-in. 

In practice, technological interventions such as the Sealine pipeline although secure water supply, they can 

unintentionally create a rebound effect, where increased availability leads to higher consumption and 

undermines sustainability goals, encouraging wastefulness and discouraging adoption of conservation 

behaviors such as reuse and refill practices.  

In this context, the value of this demonstrator lies less in its quantitative contribution (30 L/day) and more in 

its mediating role between technology, users, and institutions. It functions as a boundary object: a material 

presence that opens conversations about reuse, reduces reliance on single-use plastics, and reminds visitors 

that water resources are not unlimited. By enabling visitors to refill bottles directly from atmospheric 

condensation, the fountains translate an abstract sustainability challenge into a tangible experience. This 

approach mitigates the risk of complacency by maintaining awareness of environmental limits and encouraging 

responsible water use, ensuring that efficiency gains do not lead to unintended increases in consumption.  

Figure 102 Maison du Parc of the Port-Cros National Park on Porquerolles 
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7.3 Sea Star Festival, Umag, Croatia 
The Sea Star Festival is a vibrant electronic music festival, one of the seven cultural productions organized by 

EXIT Foundation (Figure 103). It’s a multi-stage electronic music festival that takes place every year in late 

spring (21-25 May) at Stella Maris beach (Figure 104), one of the most popular destinations across the Istrian 

peninsula, the largest of the Adriatic Sea.  

 

Since 2017, Sea Star Festival brings tens of thousands of young people from all over Europe to this location, 

just 1,5 km away from city Umag, the westernmost town of Croatia, and the third most visited destination in 

the region.  The location has various amenities at the disposal of beach guests, such as food & beverage outlets, 

sports & recreation amenities, showers, changing booths, lounge chairs and parking and a complex of 

Figure 103 Sea Star Festival stage next to the sea by EXIT 

Figure 104 Stella Maris beach aerial photo  
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apartments and luxurious villas the Plava Laguna Resort with a marina for boats and yachts.  The center of 

the festival activities is the tennis stadium “Gorana Ivaniševića” and its surroundings (Figure 105).  

 

In May 2024, a crucial field study was conducted by ANGR to meticulously observe the festival's existing 

waste management practices, particularly concerning SUP cups, and to explore the potentials of this use case 

for implementing a sustainable, reusable cup system, detailing observations on festival operations, visitor 

behavior, and the pervasive challenge of plastic waste. A central focus of the study was to quantify the festival's 

plastic waste, specifically from single-use PP cups.  

The festival’s allocation of activities as displayed on the festival map (Figure 106) was further analyzed by 

ANGR to design a strategic allocation of the points of interest dedicated to cups exchanges (Annex 10.10). 

Based on these findings the venue’s settlement and the arrangement of the spectacles is pretty much 

predetermined; the festival production occupies around 10 locations of the existing architectural settings and 

runs 33 operations in total, 10 of which were dedicated to the promotion of brands and initiatives. Beer bars 

operated in 5 different locations, 4 of them in stage areas, and 1 at the Plaza area.  

Figure 106 Sea Star festival map, 6th edition  

Figure 105 The tennis stadium “Gorana Ivaniševića” and its surroundings  
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The festival operations are strategically distributed across these locations, with a strong presence of cashless 

payment points and branded beer bars across multiple stages and areas. The Brand zones offer a mix of 

product promotions and interactive experiences, some of which provide free services like photoshoots to 

attract visitors.  The waste streams during the four days of festival activities put a lot of pressure on the 

festival’s waste management team.   

 

Good practices for collecting, sorting and recycling waste were not implemented systematically, but mainly to 

serve the dissemination purposes of a call-to-action initiative and not the management of recyclable waste 

during the days of the event. Recan Pixelata was a zone set in a central location, the round plateau area, next 

to many bars, dedicated to promoting cans recycling. The zone was equipped with three (3) small custom-

made green bins made of cardboard for cans collection, and two-people carrying backpacks designed to collect 

cans after drinks consumption. Generally, the waste management system is under the responsibility of the 

communal services, therefore no separate material collection was applied, during or after the event days. 

Material streams included plastic, paper and aluminum packaging. During the field visit realized by ANGR in 

2024 evidence supports that visitors didn’t respond to the action at all.   

 

The green plastic waste bins (240 Lt & 120 Lt of max weight 110 Kg & 60 Kg respectively) were set almost 

everywhere in triples or sets of more, to manage the amount of waste produced inside the venue settings. 

Waste of any kind was reported inside the green waste bins (Figure107), such as single use paper and plastic 

cups of varied sizes, 1lt plastic jugs, plastic bottles, cans, glass bottles, food waste, food wrapping paper, single 

use cutlery and paper trays used at the Foodland zone.  All types of waste that was reported in the green bins 

were identified as well inside the ones for recycling. Despite the lack of a consistent waste management 

system, it must be noted that littering inside the venue and its surroundings, although occurred it is 

considerably small compared to the excessive consumption and the waste produced.  

 

In 2024, the festival served a total of 44,000 PP cups, leading to 298 kg of plastic waste. While the total number 

of cups served decreased slightly compared to 2023, the overall plastic waste increased marginally (Figure 

108).  

 

In general disposables generated by the festival goers include the single-use polypropylene (PP) cups of 

different volumes serving beer and spirits.  The breakdown by cup type based on two years data is: 

• 0.5L Branded Cups: The usage of these cups increased to 27,000, contributing 216 kg of plastic waste. 

This represents a 2,000 cup increase and a 16 kg increase in plastic waste from this category compared 

to 2023. 

• 0.3L Non-Branded Cups: The usage of these cups decreased to 14,000, resulting in 70 kg of plastic 

waste. This is a reduction of 3,000 cups and 15 kg of plastic waste from this category compared to 

2023. 

Figure 107 Unsorted waste steams 
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• 0.2L Non-Branded Cups: A slight increase was observed, with 3,000 cups served, contributing 12 kg 

of plastic waste. This is an increase of 500 cups and 2 kg of plastic waste from this category compared 

to 2023. 

These findings highlight the significant environmental benefits of replacing conventional 0.5L disposable cups 

with reusable alternatives. According to ANGR’s study and calculations regarding the festival’s plastic footprint, 

cups used for beer consumption represent over 70% of the total disposable plastics generated during the 

four-day event.  

 

Regarding the implementation of the DRS, the four main touchpoints are considered for the demo 

interventions to enable a flexible and effective reuse scheme:  

1. Gateway Points: Two main entrances managed visitor flow, with a side entrance catering to guests 

from the nearby Stella Maris Resort and a main entrance for car arrivals and VIPs (Figure 109). 

2. Cashless Card Vendor Points: Strategically located near stages and bars, these staffed kiosks 

facilitated card issuance and top-ups, emphasizing the festival's reliance on this non-personalized 

payment method (Figure 109). 

3. Venue Stages: Four stages, ranging from large spectacles to smaller, more relaxed areas, served as 

the primary hubs for musical performances and visitor congregation (Figure 110). 

4. Bar Zones: Distributed throughout the venue, these bars offered a full array of drinks, with Beck's 

Pills draft beer exclusively served in 500ml single-use polypropylene (PP) cups (Figure 110). 

 

Figure 108 Festival's Plastic Waste Generation Graph (2023 vs 2024) 

Figure 109 Photograph of the first (left) and second touch point (right)  
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A survey of 25 attendees provided invaluable insights into visitors’ attitudes towards a reusable cup system. 

The findings were overwhelmingly positive: 

• Understanding of DRS: Visitors demonstrated a basic understanding of deposit-return systems. 

• Limited Experience: Most had limited prior experience with reusable cup schemes at festivals. 

• Future Standard: There was a strong belief that such schemes would become common practice. 

• Reasonable Deposit: Attendees found the concept of a monetary deposit for cups reasonable. 

• Acceptance of Responsibility: Visitors were willing to accept the responsibility of returning their 

cups. 

• Willingness to Pay (WTP): A significant willingness to pay a deposit ranging from €1 to €10 was 

observed. 

 

However, communication challenges were also identified. The proximity of stages made oral communication 

difficult, and English was not always sufficient for engaging with the audience, highlighting the need for 

communication in Balkan languages. While mobile phone use was high for recording the festival experience, 

battery concerns might deter app downloads for active participation. Notably, branded zones offering free 

services, like photoshoots, were more successful in attracting visitor participation than those solely focused 

on drinks consumption. 

 

Further observations on visitor behavior revealed a preference for issuing a single cashless card for group use, 

with one person often placing beer orders for an entire group. Visitors frequently carried group orders on 

six-pack trays and utilized branded stands for their cups, both full and empty. Crucially, instances of empty 

cups being disposed of on the ground were rare, suggesting a generally disciplined audience. 

 

The user flow-chart developed by ANGR as part of this study (Annex 10.11) outlines a proposed reusable 

cup scheme, integrated within the festival's existing four touchpoints. In this model, visitors would be charged 

a deposit upon their first order. Cup returns would necessitate a scanning process with the same NFC card, 

supported by designated collection points and cup swap options at bars. The model also explores options for 

restarting the loop and offering rewards upon cup return.  

 

Based on the field study and the information gathered, the Sea Star Festival faces several challenges related to 

single-use plastics (SUPs), particularly the PP beer cups: 

 

• High Volume of SUPs: A significant number of single-use PP cups are consumed at the festival. In 

2024, 44,000 cups were served, resulting in nearly 300kg of plastic waste. The trend shows a slight 

increase in waste despite a marginal decrease in the total number of cups served, driven by the higher 

consumption of heavier 0.5L branded cups. 

• Ineffective Waste Management and Recycling: The festival's waste management system, 

handled by communal services, lacks systematic separate material collection. All plastic, paper, and 

Figure 110 Photograph of the third (left) and fourth (right) touch points  
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aluminum packaging are discarded unsorted into general waste bins. While there were marketing-

focused recycling initiatives, visitor participation in sorting waste was minimal. 

• Non-Personalized Payment System: The cashless NFC card system, while efficient for 

transactions, is not personalized. This leads to group purchases and makes it difficult to track individual 

consumption patterns, which is important for understanding the true impact of SUPs per person. 

• Communication Challenges: The noisy environment and the need for communication in Balkan 

languages in addition to English pose challenges in effectively educating and engaging visitors on waste 

management and potential reusable cup systems. 

• Operational Strains: High demand, especially on peak days, can lead to operational strains at bar 

areas. While pre-filling cups was possible on less busy days, increased demand necessitated instant 

preparation and serving, which could be a factor to consider when implementing a reusable system. 

• Limited Visitor Experience with Reuse Schemes: Most visitors surveyed had limited prior 

experience with reusable cup schemes at festivals, although they were positive about the concept and 

believed it would become standard. This indicates a need for clear communication and a well-designed 

system to encourage adoption. 

 

These challenges highlight the need for a more sustainable approach to waste management at the Sea Star 

Festival, with a focus on reducing the reliance on SUPs and implementing effective reusable alternatives. 

Acknowledging the burdens of SUPs on its identity and operations the challenges addresses can be turned 

into an opportunity for the festival to rebrand itself, moving beyond its current identity to one that is more 

environmentally conscious and forward-thinking, especially concerning its plastic footprint:  

 

 1. Embrace a "Green Festival" Identity: Become a leader in sustainability, instead of just being a music 

festival, rebrand as a pioneer in sustainable large-scale events in the region and beyond. This means actively 

promoting commitment to environmental responsibility.  A new slogan that encapsulates the festival’s 

environmental mission, and clear communication of why they are making these changes (e.g., protecting the 

beautiful Stella Maris beach, preserving marine life, setting an example for future generations) to make the 

shift to a reusable cup system a more meaningful experience for festival attendees and to highlight the positive 

environmental impact. By framing the reusable cup system not just as a logistical change, but as a collective 

effort to protect the beautiful festival location and contribute to a more sustainable future, the Sea Star 

Festival can connect with visitors on a deeper level. This can transform the act of using a reusable cup and 

participating in the deposit-return system into a positive and memorable part of their festival experience. 

 

2. Shift Focus from "Single-Use" to "Reusable Experience": Make the reusable cup system a central 

part of the festival experience, not just a logistical change. Promote the DRS not just the reusable cup. 

Attendees’ contribution to sustainability should be framed not as a cost, but as a small investment in a greener 

festival, with the reward of a refund. Interventions such as a "Fast Lane for Reusables" should be considered, 

to ease the experience of reuse, creating dedicated, faster service lines at bars for those using reusable cups 

to encourage their use. 

 

3. Enhance Communication and Engagement around Sustainability: Multilingual "Green Guides" 

and engaging content (digital and physical) in Balkan languages that explains the reusable cup system, waste 

sorting, and the festival's environmental efforts are fundamental, as well as interactive info-points where 

visitors participate in fun environmental activities, and even see the cup washing process in action and learn 

more about reuse and how they can contribute to maximize return rates,. "Green Challenges" with rewards 

opting to gamify sustainability. For example, a challenge to return a certain number of cups for a prize, or a 

social media campaign for photos with reusable cups.  

 

4. Leverage Data and Transparency: To build trust and demonstrate tangible impact embed real-time 

impact metrics accessible to end users of the mobile App developed for the reusable cups DRS. The 

festival’s plastic footprint report should also be publicly shared after the event, including key environmental 

metrics, contributing to a long-term strategy to sustainability.  
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5. Community Involvement and Local Sourcing: Build collaborations with local businesses and 

organizations for sustainable initiatives, creating a sense of community pride, and engage regional influencers 

who align with sustainability values to spread the message organically.  

 

6. Sustainable Food and Beverage Options: While the focus is on cups, subtly promote other sustainable 

practices, such as locally sourced food or plant-based options, to reinforce the overall green message.  

 

By strategically implementing these rebranding efforts, the Sea Star Festival can not only mitigate its 

environmental impact but also attract a growing segment of environmentally conscious attendees, setting a 

new standard for sustainable entertainment in the region. To this direction, to re-brand the Sea Star Festival 

the brand brief below was proposed by EXIT:  

 

Established in 2000 in Novi Sad as a student movement advocating peace and freedom, EXIT Festival has been 

spearheading numerous socially responsible projects over the years.  

 

EXIT's mission focuses on environmental protection. In recent years, we have implemented a series of ecological projects, 

among which we particularly highlight the Life Stream, GreenЯ:Evolution, and the Green EXIT platform. 

 

EXIT Foundation participates in REMEDIES and INSPIRE, two innovative ecological projects within the European Union 

programme “EU Mission: Restore our Ocean and Waters”. These projects aim to attract public interest in creation and 

use of means to heal the oceans, seas, rivers, and water, in general, through detection, collection, and valorization of 

plastic waste, and, above all, through prevention of existing and new sources of pollution. 

We are aware that it is necessary to gradually continue with setting the standards for the well-being of the environment 

in which everyone will be involved – from contractors, artists, employees, crew, volunteers, all the way to the 

subcontractors and suppliers. We are enthusiastically proceeding with our mission to make our planet better for 

everyone, to prevent plastic pollution, and to leave no traces behind. 

 

Through the Green EXIT platform, we aim to mobilise and facilitate the cultural shift towards sustainable living habits, 

ethical choices, and responsible event practices. 

 

We continue to press onward by implementing innovations, seeking fresh solutions and inspiration, and consistently 

advance with each festival edition. 

 

Choose the Green EXIT 

because 

WE CAN ONLY DO THIS TOGETHER! 
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8. Conclusions and Next Steps 
D3.1 has successfully implemented the REMEDIES project's upstream solutions, directly addressing 

environmental pressures such as water scarcity and waste generation in vulnerable natural sites, particularly 

coastal areas and islands within the Mediterranean Sea basin.  

 

Single-use plastic (SUP) containers for water were successfully phased out and replaced at Lia beach, Mykonos, 

Greece, through the provision of plastic-free alternatives and closed-loop water solutions, significantly 

reducing plastic waste generation on-site. The pilot demonstrators established a small-scale prevention 

ecosystem through the operational deployment of a comprehensive solution offering hygienic, resource-

efficient, and scalable on-site service for clean reusable plastic containers, both cups and bottles.  

 

Conversely, transitioning to reusable cup systems at large-scale outdoor events, such as music festivals, was 

challenged, mainly due to the significant role of branding and marketing, diverse vendor relationships, and 

intense competition—factors that require careful management and strategic negotiation. While the significant 

environmental impact of reusable cups is widely acknowledged (16) and their adoption is becoming an 

emerging trend in the events and entertainment industries, successful implementation remains far from 

guaranteed. Festival organizers are often more inclined to adopt branded cups, which can support marketing 

efforts. However, redistributing and reusing these cups across multiple events, thereby extending their lifespan, 

presents challenges. One suggested approach involves partnering directly with venues’ brewery partners, 

where possible, to facilitate the transition. Yet, branding decisions can directly impact cup return rates. Event-

specific branding, while appealing to organizers and sponsors, often encourages attendees to keep the cups as 

souvenirs, reducing their return and reuse. A more effective strategy may involve using mostly unbranded or 

generically branded cups, allowing them to be reused across various events, thereby maximizing their lifespan 

and minimizing losses.  

 

A framework of actionable recommendations to successfully navigate D3.1 next steps is planned. The most 

effective first step is to optimize the complex logistics of collection, transportation, washing, sanitization, and 

inventory management, focusing on the system, not just the cup. Key performance indicators should include 

not only the durability of the cup but the entire operational loop, providing verified efficiency of the washing 

process, reliability of the logistics chain, and robustness of the tracking and inventory system.  

 

Futhermore, to maximize the number of reuses per cup the most effective mechanism for ensuring high return 

rates is a financial incentive. Implementing a mandatory deposit or levy (e.g., €1 to €3) on the first cup provides 

a powerful motivation for attendees to return their cup for a refund or reuse it for their next drink. To this 

end, clear and consistent communication is key to educating attendees on how the system works.  

 

Opportunities to benchmark existing reuse alternatives are already under investigation and will be further 

explored as a distinct business model. Finally, a decentralized End-of-Life (EoL) plan is expected to be realized 

within the DS regions, presented under WP2 deliverables by AITIIP.  

 

As part of the outputs for the SO3 KPI, partners responsible for the implementation and replication of 

deploying 25,000 reusable REMEDIES cups and 5,000 multi-use bottles, alongside circular dishwashing services 

and water refilling stations (T3.1, T3.2), will continue to monitor the solutions' performance and impact in the 

selected DS and their replications with the aim to identify gaps, weaknesses, and optimization opportunities, 

thereby enriching the evaluation of achieved results, contingent upon the availability of all data by Autumn 

2026.  

 

ANGR will continue to spearhead the implementation of these systems, with plans for replication across 

diverse environments and business interventions. This initiative will engage key stakeholders to facilitate 

feedback loops for continuous improvement, impact reporting, and evaluation. This will enable the 
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customization of event-specific seamless integration adaptable to various scales—from beach bars to large 

festivals—and efficient on-site reuse, with comprehensive transparency and real-time monitoring of resource 

management and environmental impact via the DRS App, co-developed by CIBOS and ANGR.   

 

Moreover, the implementation of traditional sampling methods during the demonstration of the cleaning 

systems and the AWG, will continue to support the water quality assessments supervised by NTUA as regards 

water solutions assessment and impact. Furthermore, optimization is anticipated regarding the integration of 

various collection systems and their adaptability across different environments and business cases. Additionally, 

to avoid negating the benefits of efficient washing with excessive transport emissions, the facility should ideally 

be located within 50 kilometers of the event site. Route optimization and full-load transport is used as the 

standard practice to further minimize the logistical footprint.  

 

The final version of the report will conclude with the actual values attained relative to the project's specific 

objectives, including the number of SUPs refused, cleaning system efficiency, water quality metrics, and the 

volume of plastic waste prevented during these interventions.  
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Annexes 

Annex I: Candidate Formulations Material Characterization  
 

Name Polymer matrix Filler Tm (°C) MFR, g/10 min  

 190°C, 2.16 kg 

Density, g/cm3 

Remedies 1 PHBV:PLA - 146,3/167,6 11,6 1,247 

Remedies 2 PHBV:PLA Wood fiber 146,6/168,1 8,66 1,198 

Remedies 3 PHBV:PLA Organic filler 147,3/167,9 18,72 1,345 

Remedies 4 PHBV:PBS - 112,0/166,8 8,84 1,166 

Remedies 5 PHBV:PBS Wood fiber 112,9/169,4 10,90 1,277 

Remedies 6 PHBV:PBS Organic filler 114,5/169,0 14,65 1,361 

Remedies 7 PHBV:PBAT - 116,8/167,5 9,17 1,202 

Remedies 8 PHBV:PBAT Wood filler 111,7/167,4 9,80 1,197 

Remedies 9 PHBV:PBAT Organic filler 168,6 10,49 1,374 

Remedies 10 PHBV Talc 175.3 22.4 1.4 

Remedies 10.1 PHBV Talc 174.1 20.0 1.3 
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Annex II: Candidate Formulations DSC Thermographs 
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Annex 111: Candidate Formulations Mechanical Properties 

  

Material Young 

Modulus 

(MPa) 

Flexural 

Modulus 

(MPa) 

Impact 

Resistance 

(KJ/m2) 

HDT 

(ºC) 

VICAT 

(ºC) 

Name Matrix + filler 

HAPPY 

CUPS 
rPHA - 3914 ± 58 1,95 ± 0,25 

83,34 ± 

0,19  
- 

REMEDIES 1 PHB:PLA 2712 ± 248 2994 ± 36 3,83 ± 0,17 
51,63 ± 

0,44 

60,44 ± 

0,51 

REMEDIES 2 
PHB:PLA + Wood 

Fiber 
3362 ± 192 3605 ± 53 4,20 ± 0,52 

51,63 ± 

0,22 

74,43 ± 

2,29 

REMEDIES 4 PHB:PBS 864 ± 25 773 ± 10 14,35 ± 1,62 
63,33 ± 

1,35 

109,56 ± 

0,06 

REMEDIES 5 
PHB:PBS + Wood 

Fiber 
1286 ± 85 1162 ± 33 5,48 ± 0,61 

71,07 ± 

1,76 

108,45 ± 

0,06 

REMEDIES 6 
PHB:PBS + Organic 

Filler 
1374 ± 155 1335 ± 15 4,45 ± 0,24 

65,94 ± 

1,4 

108,4 ± 

0,59 

REMEDIES 

10 
PHA? 5669 ± 36 7669 ± 68 2,53 ± 0,06 100 ± 4 159 ± 1 
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Annex IV: Raw Materials Compliance Documents 

PBS Declaration of Compliance  
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PBS Technical Data Sheet  
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PHBV Declaration of Compliance  
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PVBV Material Safety Data Sheet 
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Filler’s Declaration of Compliance  
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Filler’s Safety Data Sheet  
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Filler’s Technical Data Sheet  

 



 

 130 

 

 



 

 131 

 

 



 

 132 

 

 



 

 133 

 

 



 

 134 

 

 



 

 135 

 

 



 

 136 

 

 



 

 137 

 

 



 

 138 

 

 



 

 139 

 

 



 

 140 

 

 



 

 141 

 

 



 

 142 

 

Filler’s Product Data Sheet  

 
 



 

 143 

 

Colorant’s Declaration of Compliance  
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Colorant’s Safety Data Sheet  
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Colorant’s Technical Data Sheet  
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Annex V: REMEDIES Cups Chemical Analysis   
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Annex VI: REMEDIES Cups Compliance Documents  

REMEDIES 6 Declaration of Compliance by Bio-Mi  
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REMEDIES 6 Technical Data Sheet by Bio-Mi 
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REMEDIES 6 Material Safety Data Sheet by Bio-Mi  
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REMEDIES Cups Product Data Sheet by ANGR  
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Annex VII: P&ID of the container system with vertECO® by 

ANGR 
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Annex VIII: P&ID of the Isobox system with GRETA™ by ANGR 
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Annex IX: Indicative Water Sample Results of the AWG by NTUA 
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Annex X: Breakdown of Festival’s Allocation of Activities by 

ANGR   
 

 
 

 



 

 183 

 

Annex XI: Sea Star Festival DRS Initial Design by ANGR 
 

 


