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In the context of national and global challenges related to plastic waste
management and carbon emission reduction, this paper explores the integration of
circular economy and ecodesign principles into educational practice. The aim of the
research is to develop sustainable containers for the selective collection of plastic
caps (HDPE and PP), created through a partnership between the Faculty of Design
at the Technical University of Moldova and Recycline SRL. The methodology was
based on the project-based learning (PBL) approach, which involved the following
stages: researching the context and user requirements, conceptual design, digital
prototyping, and technical-aesthetic validation. The research results materialized in
functional prototypes made from recycled plastic and assembled using a “puzzie’-
type milling technique, incorporating modular elements and attractive forms. In
conclusion, the study demonstrates that applying ecodesign principles and project-
based learning generates viable solutions for the community, directly supporting
national regulations and European directives on reducing packaging waste. The
study was conducted within the national project 020408: Research on Ensuring
Sustainable Development and Increasing Competitiveness of the Republic of
Moldova in a European Context.
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INTRODUCTION

In the context of global climate change and the increasing volume of plastic
waste, sustainable design projects are becoming increasingly important. Recent
data indicate that approximately 141 million tons of single-use plastic packaging are
produced annually, and their production and disposal generate around 1.8 billion
tons of CO, emissions [4]. Within this framework, pollution reduction through
recycling and the circular economy has become a global priority. The packaging
industry is directly affected: integrating ecodesign into education promotes the
rational use of resources and sustainable solutions [1]. Plastics coded as 2 (High-
Density Polyethylene — HDPE) and 5 (Polypropylene — PP) are recognized as
recyclable [5], offering the potential for repeated resource reuse and pollution
reduction. At the local level, Recycline — a manufacturer and educational partner of
the Faculty of Design at the Technical University of Moldova — initiated a
sustainable packaging project dedicated to the collection of plastic caps (types 2
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and 5) through the use of the project-based learning (PBL) method. The objective is
twofold: to valorize recyclable materials and to encourage community participation
in selective collection, thereby supporting and promoting the national regulatory
framework on packaging and packaging waste (Government Decision 561/2020),
the National Development Strategy “European Moldova 2023,” and EU Directive
2019/904 on the reduction of the environmental impact of certain plastic products.
By combining functional design with sustainability principles, the project
demonstrates how practical initiatives can reduce environmental impact. For
example, students at NC State developed compostable food containers, conducting
user interviews and collaborating with industry to create packaging that is “easy to
assemble, use, and dispose of” [2,3]. Such studies illustrate how well-founded,
user-oriented design can effectively address the problem of plastic packaging
waste.

PURPOSE

For the development of the collection packaging, clear technical and
aesthetic constraints were defined to ensure that the final product is efficient,
functional, and coherent both technically and visually. The main criteria included:

e Material — Recyclable plastics, such as HDPE and PP (plastic types 2 and
5), were chosen due to their mechanical properties and compatibility with recycling
processes. Selecting these materials contributes to maintaining a clear material
valorization chain and ensures a high content of recyclable material. Additionally,
the components are joined using a “puzzle”-type milling system, allowing precise
and efficient assembly of the parts without requiring additional fasteners.

e Shape and dimensions — These were established considering both
functional requirements and the technological limitations of the company,
particularly the types of available machinery and the maximum sizes of producible
components. The dimensions were limited so that the packaging remains portable
and easy to integrate into educational or community spaces for selective collection.
The resulting design ensures structural stability and provides sufficient internal
volume for collecting a large number of caps without compromising maneuverability.

e Color palette and aesthetics — The palette was restricted to maintain
visual clarity and emphasize the ecological purpose of the product. The colors are
determined directly by the available plastic and the company’s existing stock,
inspired by hues associated with recycling. This approach enhances the legibility of
symbols and ecological messages, facilitates the identification of the container as a
cap-collection unit, and reduces additional environmental impact by minimizing the
use of synthetic pigments.

These criteria reflect the principles of sustainable design and global
objectives regarding emissions and waste reduction. Recycline, as an educational
partner, contributed to defining these requirements, ensuring alignment with real
manufacturing and recycling processes.

RESULTS AND DISCUSSION

The project followed an iterative design process, which involved the
following stages:
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1.Research and Requirements Definition: Initially, students reviewed the
specialized literature, interviewed potential users, and visited Recycline SRL, a
company recycling plastics types 2 and 5. This stage was similar to practices used
in existing case studies: for example, at NC State, students interviewed packaging
manufacturers, restaurant operators, and consumers to understand all levels of the
user chain [2]. User behavior and the spaces where the container would be placed
were evaluated to establish requirements regarding the packaging’s size, capacity,
and ergonomics.

2.Design: Based on the collected requirements, students sketched multiple
concepts both in traditional format (on paper) and digitally. Different solutions were
tested for openings, shape, and compartmentalization (for example, separating type
2 from type 5 caps or separating by color). Some sketches included internal
divisions for each type of plastic and large openings for easy emptying. Handling
elements (such as a transport handle) and safety features (simple closures) were
also considered. At this stage, lightweight wood and recycled plastic were used for
initial mock-ups.

3.Prototyping: To validate the proposed dimensions and functionality, full-
scale digital prototypes were developed. This stage was complemented by a
documentation visit to the company to directly analyze existing models and
prototypes, and to gain a better understanding of the material properties used in
production.

4.Finalization and Evaluation: The outcomes derived from the
implementation of the PBL project were assessed.

The iterative design process described above provided the methodological
foundation for developing the final collection packaging solution. The stages of
research, design, and prototyping allowed for the gradual definition and testing of
the product’s functional, technical, and aesthetic requirements. Information obtained
from the literature review, discussions with potential users, and evaluation of the
usage context guided the creation of initial concepts and design variants.
Subsequently, full-scale digital prototypes and direct documentation within the
company validated both the proposed dimensions and functionality, as well as
compatibility with material properties and production capabilities.

Within this context, the final result of the design process was the
development of functional prototypes: a robust box made from recycled plastics
(HDPE/PP), equipped with a hinged lid and visual elements associated with
recycling. The prototypes demonstrated that a coherent integration of ergonomic,
aesthetic, and structural aspects can enhance the efficiency of selective collection
processes by facilitating use and clearly communicating the ecological purpose of
the container. Moreover, the proposed solution proved easy to implement in
educational or community settings, confirming the relevance of a prototyping- and
testing-based approach in the design process of sustainable packaging.
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AMBALAJ PENTRU COLECTAREA CAPACELOR DIN

PLASTIC RECICLABIL

Fig. 1. Packaging with detachable Fig. 2. “Cupbuddy” packaging, Fig. 3. Plastic cap collection
elements, student Madalina student Rodica Ceban, group DI- system, student Valeria Ursu,
Ciuperca, group DI-221, 221; supervisors: Nicoleta group DI-222; supervisors:
supervisors: Nicoleta Vasiliev, Vasiliev, Lucia Adascalita Nicoleta Vasiliev, Lucia
Lucia Adascalita** Adascalita

Fig. 4. Plastic cap collection box, Fig. 5. Packaging inspired by the Fig. 6. Modular packaging,

Xenia Andritchi, group DI-222; shape of a gift box, Tatiana Evghenia Bronistov, group DI-
supervisors: Nicoleta Vasiliev, Tiganas, group DI-222; 222; supervisors: Nicoleta
Lucia Adascalita supervisors: Nicoleta Vasiliev, Vasiliev, Lucia Adascalita

Lucia Adascalita

CONCLUSIONS

The research results highlight that integrating sustainable design principles
and the project-based learning (PBL) method into the educational process,
alongside collaboration with industry, can generate viable solutions to reduce the
environmental impact of plastic waste. The project carried out in partnership with
Recycline demonstrates that applying an iterative design methodology—based on
research, design, and prototyping—enables the development of functional products
that are adapted both to user requirements and to the technological constraints of
production. The selection of recyclable materials (HDPE and PP), the definition of
appropriate dimensions for use in educational or community settings, and the use of
a color palette inspired by recycling symbolism contributed to the creation of a
prototype that is coherent functionally, aesthetically, and ecologically.

In this regard, the research emphasizes the importance of collaboration
between universities and industry in developing innovative and implementable
solutions that can support the transition to a circular economy and help mitigate the
negative environmental impact of plastic packaging.

REFERENCES

1. Adascalita L.; Cazac V. Vasiliev N. Packaging ecodesign in the context
of sustainable education and innovation. In: 7th International Conference on
Competitiveness and Sustainable Development, Chisinau, 6—7 Nov. 2025. [viewed 2026-

47



\\\
,/l.

' 1) . VIl MixHapogHa HaykoBO-MpakTu4Ha KOHdepeHLis
& ) . .' «AKTYAIbHI MPOBJIEMU CYYACHOIO AN3AUHY»
SN e / Kuie, KHY T/, 09 keimHs1 2026 p.

<

03-05]. https:/doi.org/10.52326/csd2025.42, URL: https:/mww.researchgate.net/publication
/399879995 packaging_ecodesign_in_the_context_of_sustainable_education_and_innovati
on

2. Amani J. Going green: How supermarkets are tackling the global issue
of food packaging waste. Grocery Gazette, 2022-05-04. [viewed 2026-03-05]. Available
from: https:/imww.grocerygazette.co.uk/2022/05/04/food-packaging-recycling/ .

3. Strange D. Design Students Develop Compostable Take-Out
Container Prototypes in Project Sponsored by Eastman. NC State University News, 2022-
05-09. [viewed 2026-03-05]. URL: https://news.ncsu.edu/2022/05/eastman-design-
compostable-take-out-prototypes/

4, Tappi. Place Weekly Wrap Up [newsletter], 2022-05-11. [viewed 2026-
03-05]. URL: https://multibriefs.com/briefs/tappi/tappi051122.php
5. Adascalita L., Cazac V., Vasiliev N. Implementation of plastic recycling

strategies in the Republic of Moldova. Case study. Journal of Social Sciences, 2025, vol.
8, nr. 2, pp. 7-16. URL: https://ibn.idsi.md/sites/default/filesfimag_file/7-16_31.pdf

BACINIEB H., ADACKATILUA 1.

BHECOK NMPOMMUCNOBUX OU3AWHEPIB PECMNYBJ/IIKW MOJNOOBA Y
MPOEKTYBAHHS1 YMAKOBKUM B KOHTEKCTI CYYACHMUX TEHOEHLIW
CTANOro AU3AUHY

Y KoHmekcmi HaujoHarnbHUX ma anobanbHUX UKIUKI8 w000 yrpasiHHS
nnacmukosumMu 8i0xo0amMu ma CKOpPOYeHHS eukudig eyereyto, OaHa poboma
oocnidxye [HmMeespauyiro NPUHUUMNI8 UYUPKYMSPHOI €KOHOMIKU ma ekodu3alHy e
oceimHio npakmuky. Memoto docnidxxeHHs € po3pobka cmilikux KoHmeuHepie ons
cenlekmugHo20 36opy nnacmukosux kpuwok (HDPE ma PP), wo 3diticHroembcsi 8
pamkax napmHepcmea mix ®Daxkynbmemom du3alHy TexHiyHo20 yHigepcumemy
Mondosu ma komnanieto Recycline SRL. Memodonoeis 6a3ysanacs Ha memodi
npoekmHo20 Hag4aHHs (PBL), wo nepedbayano npoxoOXeHHs makux emaris:
OoCniOXeHHs1  KOHMEKCmy ma  euMo2  Kopucmysadig,  KOHUuernmyarbHe
rpoekmyesaHHsi, yugpose npomomury8aHHs ma MmexHiYHOo-ecmemuyHa easioauisi.
Pesynbmamu  docnidxeHHss eminunucs y  ¢hyHKUioHanbHUX mfpomomunax,
suzomosnieHux 3 rnepepobrneHo20 nnacmuky ma 3ibpaHux 3a OG0rnoMo20r
ppesepysaHHs mury «nasn», MoOyrfbHUX efleMeHmie ma npusabsusux ¢opm. Y
BUCHOBKYy poboma OeMOHCmpYye, WO 3acmocyeaHHsT NpuHyunie ekodusalHy ma
HagyaHHs1 Ha OCHOBI MPOoeKmig 2eHepye xumme3damHi pileHHs Ons 2pomadu,
6e3rniocepedHbO nidmpumyrodu HayioHanbHy HopMamueHy 6a3y ma €eponelcChKi
Oupekmusu w000 3MeHWeHHs 8idxodie yrnakoeku. [ocnidxeHHs1 6yno npogedeHo 8
pamkax HauyioHanbHoeo npoekmy 020408 «[ocnidxeHHs w000 3abe3rnedyeHHs
cmarnoz2o0 po3eUMKy ma nid8UUWEHHST KOHKYpeHmocrnpoMoxxHocmi Pecrnybniku
Mondosa & egporelicbkoMy KOHMeKCMIy.

Krnroyoei crioea: cmarnuti po3sumok, ekodu3saliH, yrakoeka, mpomomuri, 8ioxoou.
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