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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    

This report is part of the set of reports from the REAP Program - Recycling and Reimbursement of Aluminum 

and PET Packaging - pilot system, and is intended for: 

a) describe in detail the progression of work for each program activity; 

b) demonstrate the activities and their impact. 

 

DETAILED DESCRIPTIONDETAILED DESCRIPTIONDETAILED DESCRIPTIONDETAILED DESCRIPTION    OF ACTIVITIESOF ACTIVITIESOF ACTIVITIESOF ACTIVITIES    

The activity was designed with the purpose of significantly expanding the dissemination and participation 

of students, as well as other members of the academic community and partners, aiming to significantly 

increase the number of packages deposited in the collection machines. 

To achieve this ambitious goal, we have undertaken a multi-faceted approach, implementing a series of 

strategic activities. This included the integration of the project in several events promoted by the 

University, where we sought to engage and raise awareness in the community about the importance of 

recycling and active participation in this environmental initiative. 

In addition to publicity actions, our team was also dedicated to dealing with administrative issues crucial to 

the continuity and effectiveness of the project. This involved managing payment requests, ensuring 

financial resources to sustain operational activities, and requesting an extension of the project deadline, a 

strategic measure that was granted to us, extending our efforts for these last 3 months, which are covered 

in this report. 

The extension allowed us to consolidate and expand our awareness and packaging collection initiatives, 

reinforcing our commitment to sustainability and environmental awareness. As we move forward, we feel 

the academic community's increasing commitment to continuing to improve and diversify engagement and 

sustainability strategies. 

We recognize that the success of this project will depend not only on the quantitative increase in packaging 

collected, but also on building a culture of environmental responsibility and active participation throughout 

the university community. We are confident that, with perseverance and continued collaboration, we will 

achieve our goals and leave a lasting impact on the sustainability landscape within our institution. 

 

ACTIVITYACTIVITYACTIVITYACTIVITY    0 0 0 0 ––––    MANAGEMENTMANAGEMENTMANAGEMENTMANAGEMENT    

STATUS: STATUS: STATUS: STATUS: concluded In December of 2023 | EXECUTION RATEEXECUTION RATEEXECUTION RATEEXECUTION RATE: : : : 100% 

 

We strategically adjust the processes on the various campuses where the collection machines are located, 

so that, after the financing ends, the project can continue generating transformations in the culture of 

sustainability and the circular economy. 

Adjustments were made to the execution of the project to take into account its extension, meaning that all 

activities that had changes in execution time could be better worked on. It also focused on the approval of 

the budget adjustment by the SGA in relation to the project activities. 

The consortium meeting and technical visit were held at the headquarters of Infinitum SA (Norway), with 

the aim of technology transfer and preparation of the University team for the changes in recycling 

legislation that will occur in Portugal in 2024. 
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AAAACCCCTIVITIVITIVITIVITYTYTYTY    1 1 1 1 ----    DEFINITION OF THE DEFINITION OF THE DEFINITION OF THE DEFINITION OF THE PILOT STUDYPILOT STUDYPILOT STUDYPILOT STUDY    

STATUS: STATUS: STATUS: STATUS: concluded in January of 2021 | EXECUTION RATEEXECUTION RATEEXECUTION RATEEXECUTION RATE: : : : 100% 

 

AAAACCCCTIVITIVITIVITIVITYTYTYTY    2 2 2 2 ––––    PILOT IMPLEMENTATIONPILOT IMPLEMENTATIONPILOT IMPLEMENTATIONPILOT IMPLEMENTATION    

STATUS: STATUS: STATUS: STATUS: concluded in March of 2022 | EXECUTION RATEEXECUTION RATEEXECUTION RATEEXECUTION RATE: : : : 100% 

 

AAAACCCCTIVITIVITIVITIVITYTYTYTY    3 3 3 3 ----    MONITORING AND EVALUATION OF PILOT IMPLEMENTATIONMONITORING AND EVALUATION OF PILOT IMPLEMENTATIONMONITORING AND EVALUATION OF PILOT IMPLEMENTATIONMONITORING AND EVALUATION OF PILOT IMPLEMENTATION    

STATUS: STATUS: STATUS: STATUS: concluded in December of 2023 | EXECUTION RATEEXECUTION RATEEXECUTION RATEEXECUTION RATE: : : : 100% 

 

This is one of the activities that was carried out constantly during the project and that will go beyond the 

scope of the project, that is, it will continue to be worked on after completion, being absorbed by the 

University's technical management services. To this end, learning was shared and adjustments were made 

to fit within the team, thus generating a consolidation of the culture of sustainability within its services, 

which is an added value that REAP brought to the academic environment. 

Monitoring and collection data can be analysed at the end of the report and in the Excel document attached 

to this report, where you can see the project's progression month by month. 

The collection of quantitative data allowed the assessment of pilot effectiveness and calculation of 

operating and performance indicators, on a temporal basis. 

 

 

Figure 1 - Packaging deposited between April 2022 and November 2023. 

Figure 1 shows the evolution of the quantity of packaging deposited during the pilot period, with a growing 

trend towards adherence to the project, between April 2022 and November 2023, with more PET packaging 

being deposited than cans. aluminum. 

For the same period of time, Figure 2 shows the fraction of packaging deposited in the six RVM machines, 

relative to a total of 200 thousand units of PET and 47 thousand units of aluminum cans 

Figure 3 presents the estimated ratio of packaging deposited to packaging sold on UA campuses, based on 

packaging sold in 2019, being higher for PET packaging (51%) than aluminum packaging (49%). 
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Project monitoring data made it possible to estimate some indicators relating to the operation of the six 

RVM machines, see Figure 4. 

 

  

 

Figure 2 – Fraction of packaging deposited in the six RVM machines, between April 2022 and November 2023. 

 

 

Figure 3 – Estimated ratio of packaging deposited to packaging sold on UA campuses, using 2019 as a reference. 

 

 

Figure 4 – Indicators relating to pilot operation.   

 

Assessment of the pilot from the point of view of its environmental sustainability, through a life cycle 

analysis. 

The environmental assessment targeted the management of PET packaging and aluminum cans and had as 

its functional unit phase considered: 1 ton of PET or aluminum beverage packaging waste sent for recycling. 
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Two scenarios were considered: Scenario 1 or Base scenario and Scenario 2, with implementation of a 

Deposit and Refund System (SDR), with analysis for two return rates, 40% and 80%. 

Figures 5 and 6 represent the management models considered for Scenario 1 and Scenario 2. 

 

 

Figures 5 - Management models considered for Scenario 1. 

 

 

Figures 6 - Management models considered for Scenario 2. 

 

The methodology followed in Life Cycle Analysis is shown in Figure 7 and the results can be found in Figures 

8 and 9.  
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Figures 7 – Summary of the life cycle analysis methodology. 

 

 

Figures 8 – Summary of the life cycle analysis methodology. 
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Figures 9 – Summary of the life cycle analysis methodology 

These allow us to conclude that: 

• The implementation of SDR reduces, for PET and aluminum beverage packaging, the production 

of packaging waste requiring treatment (sorting units and TMB) and landfill disposal. 

• The increased impact associated with the production and use of RVM machines highlights the 

importance of regular use of the equipment and the importance of adequate maintenance and 

cleaning. 

• Improving the environmental performance of this system is possible by increasing the return rate. 

The deposition rate is a social aspect, for which it is essential to invest in the academy's 

environmental awareness and continue the implementation/operationalization of the system. 

. 

AAAACCCCTIVITIVITIVITIVITYTYTYTY    4 4 4 4 ----    INNOVATION IN PET INNOVATION IN PET INNOVATION IN PET INNOVATION IN PET RECYCLINGRECYCLINGRECYCLINGRECYCLING    

STATUS: STATUS: STATUS: STATUS: concluded in September of 2023 | EXECUTION RATEEXECUTION RATEEXECUTION RATEEXECUTION RATE: : : : 100% 

Activity 4 of the REAP project presents itself as an innovative activity in the reuse and valorization of PET 

bottles collected by the collection systems spread across UA Campi and ESAN. The strategy for valuing 

collected post-consumer bottles focused on two distinct aspects: 

i) Production of PET bottles with high incorporation of recycled PET (rPET) 

ii) Production of filaments with high incorporation of rPET for 3D printing 

The preparation of rPET flakes followed a mechanical recycling approach, without any addition of chemical 

agents, in order to guarantee the direct reuse of PET bottles, without compromising the sustainability of 

the process. Briefly, obtaining rPET flakes went through several stages, namely: (1) separation of bottles by 

brand; (2) removing the covers; (3) washing bottles with water to disinfect and remove the label; (4) 

removing the glue from the label with acetone; (4) drying and; (5) mechanical recycling. The execution of 

the various steps is quite time-consuming, thus affecting the amount of rPET produced. Step (1) is 

fundamental, since bottles with different amounts of rPET are available on the market, with 0%, 25% and 

30% being the most common amounts. In this sense, different nomenclatures were defined according to 
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the amount of rPET initially present in the rPET flakes: flakes coming from bottles with 0% rPET (rPET0R), 

flakes coming from bottles with 25% rPET (rPET25R) and flakes coming from bottles with 30% rPET 

(rPET30R). The non-spherical geometry of the flakes is limiting during the feeding phase of industrial 

equipment. 

For strategy i), different formulations containing different concentrations of rPET were initially prepared. 

The formulations tested are described in Table 1. 

 Table 1. Composition of the formulations (vPET – virgin PET). 

Formulations 
vPET  

% (w/w) 
rPET0r 

% (w/w) 
rPET25r 
% (w/w) 

rPET30r 
% (w/w) 

100vPET 100 0 0 0 

50rPET0r 50 50 0 0 

50rPET25r 50 0 50 0 

50rPET30r 50 0 0 50 

75rPET25r 25 0 75 0 

 

After preparing the mixtures, they were studied and the injection molding (IM) conditions suitable for the 

production of preforms were defined. The optimal conditions are listed in Table 2. 

Table 2. MI conditions (Kraus Maffei 80T injection molding machine). 

Parâmetros de MI vPET e rPETs 
Perfil de temperatura (°C) 295 – 290 – 285 – 275 – 265 

Pressão de injeção (bar) 110 

Velocidade de injeção (mm/s) 35 
Contra-pressão (bar) 10 

Temperatura do molde (°C) 20 

Tempo de arrefecimento (s) 10 

 

Next, the blow molding (MS) conditions of the injected preforms were also studied and defined (see Table 

3). 

Table 3. MS Conditions 

Parâmetros de MS vPET e rPETs 
Perfil de temperatura (°C) 0 – 0 – 20 – 35 – 35 – 110 
Temperatura do forno (°C) 60 

Pressão de sopro (bar) 20 

Tempo de sopro (s) 1,2 

 

In Figure 1 it is possible to see examples of bottles blown with different amounts of rPET, using the 

conditions defined in Table 3. 

A qualitative and comparative analysis was carried out between the various bottles, evaluating different 

parameters, as illustrated in Table 4. 

It is visible from Table 4 that the formulation that presented the best performance and evaluation after the 

MS process was 75rPET25r. This formulation will then be evaluated by CESAM regarding its performance 

as packaging, namely regarding its chemical, mechanical and structural behavior, in accordance with the 

guidelines for food packaging. 

In the case of strategy ii), filaments containing 100% rPET were developed. Before the filament extrusion 

process, the thermal behavior of vPET and recycled materials was evaluated using differential scanning 
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calorimetry (DSC) analysis. Figure 2 presents the DSC curves obtained, where it is possible to observe that 

the melting temperature does not change and the crystallization temperature is slightly anticipated for 

recyclates from different origins. The extrusion conditions for filaments containing 100% recycled content 

can be found in Table 5. It is also possible to view the surface of the extruded filaments. 

 

 

Figure 1. Image of bottles obtained with different amounts of rPET. 

 

Table 4. Comparative analysis between bottles with different rPET contents. 

Parâmetros  vPET 50rPET0r 50rPET25r 50rPET30r 75rPET25r 
Transparência           

Brilho           

Uniformidade da espessura da 
parede  

          

Vitrificação   +/-   +/-   

Número de garrafas descartadas   ↑   ↑   

 

 

Figure 2. DSC curves of vPET and rPET flakes from bottles with different amounts of rPET. 
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Table 5. Extrusion conditions for producing filaments with 100% recycled content. 

 

 

A complementary study was also carried out to evaluate the reprocessing limit (number of cycles) of vPET 

filaments. This study concludes that vPET filaments could only be reprocessed once, without compromising 

their performance. The addition of another reprocessing cycle results in the degradation of the PET chains, 

impacting both the rheological and thermal properties, and, consequently, the mechanical properties. The 

main results of this study are summarized in Figures 3 – 5 and Tables 6 – 8 (1 reprocessing cycle: vPET_1C; 

2 reprocessing cycles: vPET_2C) 
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Figure 3. Fluidity Index (MFI) results. 
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Table 6. Extrusion conditions for producing vPET filaments after different reprocessing cycles. 

 

  Figure 4. DSC curves of vPET filaments after different reprocessing cycles. 
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Table 7. DSC parameters (Tg: glass transition temperature; Tm: melting temperature; Tcc: cold crystallization 

temperature; Tc: crystallization temperature). 

Amostra Tg (°C) Tm (°C) Tcc (°C) Tc (°C) Xc (%) 

vPET 78.7 ± 2.1 251.6 ± 0.2 136.3 ± 0.1 179.5 ± 0.1 56.5 ± 0.7 

vPET_1C 79.6 ± 1.8 254.6 ± 0.3 141.0 ± 0.1 191.4 ± 0.3 61.6 ± 0.9 

vPET_2C 71.2 ± 3.3 254.3 ± 0.3 117.7 ± 0.2 205.5 ± 0.5 71.3 ± 2.2 
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Table 8. Tensile mechanical properties (TS: tensile strength; SB: elongation at break: YM: Young's modulus).1 values 

from the technical sheet 

Samples 
TS 

(MPa) 
SB 
(%) 

YM 
(GPa) 

vPET1 70 – 75  65 – 75  2.76 – 3.10 

vPET_1C 47.8 ± 4.6 12.1 ± 0.7 0.65 ± 0.05 

vPET_2C 52.4 ± 2.1 10.1 ± 1.0 0.71 ± 0.09 

 

 

 

Figure 5. SEM images of the fracture surface of the tensile specimens. 

 

Some examples of parts printed with filaments developed within the scope of the REAP project can be seen 

in Figure 6. 
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Figure 6. Examples of printed parts. 

During the project's closing event, research conclusions regarding the quality of recycled PET were 

presented. Completing the technical demonstration of its quality and closing the activity in question with 

technological developments and technology transfer between University units and strategic partners. 

Several works were also presented before and by the year 2024 they will be defended and presented at 

several conferences in the materials area. 

Researchers presentation 

  

 

Research results presentation: 
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AAAACCCCTIVITIVITIVITIVITYTYTYTY    5 5 5 5 ----    DEMONSTRATION OF THE DEMONSTRATION OF THE DEMONSTRATION OF THE DEMONSTRATION OF THE QUALITY OF RECYCLED PETQUALITY OF RECYCLED PETQUALITY OF RECYCLED PETQUALITY OF RECYCLED PET    

STATUS: STATUS: STATUS: STATUS: concluded in December of 2023 | EXECUTION RATEEXECUTION RATEEXECUTION RATEEXECUTION RATE: : : : 100% 

The demonstration of the quality of products obtained with recycled PET (rPET), bottle-to-bottle, within 

the scope of the project, considered the scheme for the tested samples in Figure 10. 
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Figures 10 – Products obtained by incorporating recycled PET, bottle-to-bottle. 

The study was based on chemical, structural and thermal analyses. 

The chemical analysis was based on the determination of Bisphenol A and Terephthalic Acid, applying: 

• Global migration tests, in accordance with European Standard 1186-1; 

• Specific migration tests according to European Standard 13130-2,13130-13. 

In global migration tests, given the global migration limit of 10 mg/kg, all samples are below the detection 

limit (≃ 0.1 mg/kg). 

In the specific migration tests, by ion chromatography, the presence of bisphenol A or terephthalic acid 

was not detected in any of the rPET fractions and for two different simulants. 

It was concluded that no significant changes were detected in the quality of bottles produced with 50%rPET 

and 75% rPET in the first recycling cycle. 

The structural analysis was carried out by FTIR analysis on bottles produced in the project (50%rPET and 

75%PET) and commercial bottles (0%rPET), Figure 11. 

 

  

 

Figure 11 - FTIR analysis comparison on commercial bottles 0% rPET, bottles 50% rPET and 75% rPET, produced within 

the scope of the REAP project. 

Thermal analysis was carried out using thermogravimetric analysis (TGA) of the same samples, to evaluate 

the mass variation according to the temperature variation, Figure 12. 

 

  

 

Figure 12 - Comparison of TGA analysis on commercial 0% rPET bottles, 50% rPET and 75% rPET bottles, produced 

within the scope of the REAP project 

550 750 950 1150 1350 1550 1750 1950

Wavenumber [cm-1 ]

50% rPET

0% rPET

0

20

40

60

80

100

120

0 100 200 300 400 500 600

M
a
s
s
 [
%

]

Temperature [ºC]

50% rPET

0% rPET



 

 
 

 

 

  

Interim nº 7 / Final Report 

09_CALL#1/SGS#X – REAP - Recycling and Reimbursement of Aluminum and PET Packaging - pilot system 

17 

These two analyzes were carried out for comparison, with the aim of evaluating the possible change in 

structure/chemical modification of PET when adding recycled PET. 

No significant changes were detected in the quality of bottles produced with 50%rPET and 75%rPET in the 

first recycling cycle, compared to 0%rPET bottles. 

No significant changes were detected in the quality of bottles produced with 50%rPET and 75%rPET in the 

first recycling cycle. 

The results highlight the importance of selective collection and the recycling method bottle-to-bottle. 

During the project's closing event, research conclusions regarding the quality of recycled PET were 

presented. Completing the technical demonstration of its quality and closing the activity in question with 

technological developments and technology transfer between University units and strategic partners. 

Several works were also presented before and by the year 2024 they will be defended and presented at 

several conferences in the materials area. 

Researchers presentation 

  

 

Research results presentation: 
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AAAACCCCTIVITIVITIVITIVITYTYTYTY    6 6 6 6 ––––    PROJECT COMUNICATIONAL PLANPROJECT COMUNICATIONAL PLANPROJECT COMUNICATIONAL PLANPROJECT COMUNICATIONAL PLAN    

STATUS: STATUS: STATUS: STATUS: concluded in December of 2023 | EXECUEXECUEXECUEXECUTION RATETION RATETION RATETION RATE: : : : 100%    

Following the work previously carried out in activities 3 and 5 of the Project (“Monitoring and evaluating 

the implementation of the pilot” and “Demonstration of the quality of recycled products”), three 

communications were written, resulting in three presentations and a poster, presented in three scientific 

events, referred to below: 

• CEST 2023 – 18th International Conference on Environmental Science & Technology 

A scientific article was submitted to the CEST 2023 conference entitled “Reimbursement of aluminum and 

PET packaging project at a University Campus: a case study”. This was accepted and presented at the 

conference held in Athens, Greece between August 30th and September 2nd, 2023. This article is published 

and accessible through https://doi.org/10.30955/gnc2023.00116. A poster was also created and displayed 

during the event's poster sessions. 

    

 

• WASTES 2023: Solutions, Treatments and Opportunities - 6th International Conference 

A scientific article was submitted to the WASTES 2023 conference, entitled “Quality assessment of PET 

bottles produced through bottle-to-bottle recycling” (Annex 3). This was accepted and presented at the 

conference held in Coimbra between the 6th and 8th of September 2023 where the project and the work 

carried out were presented. The article is compiled in the Book of Proceedings pp 299-301, ISSN 2183-0568 
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• 13th International Waste Technical Conference (13th JTIR) - under the theme “Singularities and 

Opportunities” 

A scientific article was submitted to the 13th JTIR conference, entitled “ENVIRONMENTAL PERFORMANCE 

OF A DEPOSIT AND REFUND SYSTEM IN ACADEMIC CONTEXT. CASE STUDY: UNIVERSITY OF AVEIRO”. This 

was accepted and presented at the event that took place from 15 to 18 November 2023, in Bragança. The 

communication is referenced in the Summary Book. E-Book ISBN: 978-989-54301-4-7. 

    

 

The results related with Activity 4 are listed below: 

• Participation on International Conferences: 

• International Additive Manufacturing Conference (I-AM 22) 

OCT 19 – 20, 2022 https://event.asme.org/IAM  

• MATERIALS 2023 – Sustainability for a Future 

APR 3 – 6, 2023 https://congressomateriais.pt/  

• International Conference on Additive Technologies (iCAT 23) 

APR 19 – 22, 2023 https://www.icat.si/  

• Materials Science and Technology in Europe (EUROMAT 23) 

SEP 3 – 7, 2023 https://euromat2023.com/  

• Polymer Connect 23 

OCT 23 – 25, 2023 https://polymersconference.yuktan.com/  

• Participation on National Conferences and press: 

• Moldplas – 3D ADDITIVE fair 

NOV 9 – 12, 2022 https://exposalao.pt/pt/feira/3d_additive  

• Interview, Investigadores da Universidade de Aveiro querem dar um nova vida às garrafas de 

água, TVI 
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SET 13, 2021 

 

On December 18th, the closing event of the REAP project was held, where the packaging deposit and refund 

system was discussed. With the recent approval by the government of the legislation that defined the 

framework for the packaging Deposit and Refund System (SDR), we promoted a conference that brought 

together entities at the table to discuss the future system that should be implemented and come into 

operation in 2025. 

The conference was moderated by journalist Carlos Vaz Marques and was part of the closing program of 

the REAP project. The initiative took place in the Renato Araújo Auditorium (Central Building of the 

Rectory), with free entry and was opened with the inauguration of “Reciclophonia”, created especially for 

the UA, which gave life to materials found on the campuses, abandoned and unused, to promote music in 

an interactive way. 

The conference was attended by Miguel Aranda da Silva, general director of SDR Portugal, the entity that 

should take over management of the system in the future, Ana Carrola (Portuguese Environment Agency), 

Pedro Gomes (General Secretariat for the Environment) and Tor Guttulsrud, financial director of Infinitum, 

a Norwegian company partnering with the UA for the project. 

The project's closing event also served to publicize the results of the research projects and award prizes to 

the winners of the “Recicla & Ganha” competition, which awarded the students who deposited the most 

PET and aluminum packaging in reverse vending machines. (RVM) spread across campuses. 
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An artistic musical installation was planned and executed with the aim of creating an interactive orchestra 

that generates interactivity with people. It gave new life to materials that would be discarded by the 

University of Aveiro through recycling and constituted an invitation to create other works with creative 

reuse. 

After a temporary stay at the entrance to the University Rectory, it was placed close to the student bar and 

study room 24 so that it had free access and could be shared among the community. 

 

Presentation video link: https://www.youtube.com/watch?v=A7OWAzqfkD0https://www.youtube.com/watch?v=A7OWAzqfkD0https://www.youtube.com/watch?v=A7OWAzqfkD0https://www.youtube.com/watch?v=A7OWAzqfkD0 
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The Recicla e Ganha Awards were awarded to the students who collected the most aluminum and PET 

packaging within the scope of the project and we were successful with record participation and collection 

in the same months (September, October, November and December). 
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The repercussion in the media of the Reap's activities is presented below: 
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RESULTS ACHIEVED 

The project results are presents in Tables 9 and 10.  

Table 9 - Collection numbers – October; November; December 2023 
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Table 10 - Project execution rate 

 

 

FINANTIAL FINANTIAL FINANTIAL FINANTIAL EXECUTIONEXECUTIONEXECUTIONEXECUTION    

The execution of the UA corresponds to 97.29% of the Promoter's budget (percentage without Indirect 

Costs). Considering the value of € 13,503.03 of expenditure contained in the excel file made available by 

the Partner, the execution of INFINITUM corresponds to 62.80% of the Partner's budget. 

Therefore, under the above assumption and aggregating the UA data (email below), compared to the global 

budget, it will correspond to an execution of 96.42% (percentage without Indirect Costs). 
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