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Argumentation of choice of
the studio

Plastic, often mistakenly perceived as environmentally unfriendly due
to recycling challenges, provides valuable insights for material
development when analyzing these difficulties. As the world shifts
towards sustainability, incorporating waste streams into material
development helps mitigate carbon dioxide emissions. Both chairs
contribute to my understanding and development of materials
development from waste stream and tailor them specific needs.

Graduation project

Title of the graduation
project

Re-P-Tile Recycling PVC into a facade Tile — Exploration of the
potential of recycled PVC waste streams from construction and
demolition industry to engineer a facade sheet material as an
architectural product

Goal

Location:

Europe for contextual analysis and The Netherlands

The posed problem,

The prevalent issue within the realm of plastic recycling lies in the
inherent complexity arising from the multitude of plastic types
distinguished by their diverse compositions, contaminants, and fillers.
This poses significant challenges to the recycling process. Moreover,
with each recycling iteration, the material properties experience a
noticeable decline, contributing to a diminishing structural integrity
and overall performance. In response to these challenges, an
alternative approach emerges — the extension of product lifespan
through reuse integrated into product design.

However, this potential solution faces economic hurdles, primarily due
to the accessibility and cost-effectiveness of virgin plastic, rendering
recycling economically non-viable. Another critical concern comes from
the deleterious effects of UV radiation when used on an external
surface, inducing photodegradation and resulting in material loss,
thereby compromising structural stability. This not only addresses the
material degradation, but also questions the location of application of
the material and to facilitate the reuse of the material without the
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necessity of recycling, thereby offering a comprehensive and
innovative approach to mitigating the challenges inherent in plastic

recycling.

Research question and sub-
question

Main research question:
“How can PVC waste streams originating in windows and pipes be
processed to develop sheet materials for facades cladding??”

The sub-questions are formulated to inform the broader research
methodology and assist in organizing the research progress
chronologically, using the results of previous sub-questions as a
starting point for subsequent ones. The sub-questions are as follows:

e What are the key challenges in plastic recycling, specifically with
PVC, and what strategies can be employed to address these
challenges effectively?

e How do we determine the compositional differences and material
behaviour in PVC waste from various sources, colors, and
applications, which complicate the recycling process?

e How do the compositional differences in the waste streams and
production parameters, such as temperature, pressure, and
dwell time, influence the processing of PVC into flat tile
materials?

e How do variations in shred size and composition affect the
mechanical properties of the resulting tiles?

e How can we effectively evaluate the strength of recycled PVC
tiles and analyse the causes of failure using morphological
analysis and sample homogeneity?

¢ What role does compositional variation play in influencing the UV
stability of these tiles?

e How do aesthetics and material application correlate with
sustainability, considering factors like R-strategies to map the
waste management hierarchy, carbon footprint, and
benchmarking against conventional materials typically used in
facade systems?

Design assignment in which
this result.

This thesis aims to analyse the PVC waste stream- one of the largest
plastic resins in construction and demolition waste, considering
compositional variations and contamination levels, to identify an
optimal mix through the validation of the material's flexural
strength. Subsequently, an assessment of the material's suitability
for facade components and interior wall panels is conducted,
focusing particularly on parameters such as UV degradation,
compatible extrusion process and flammability.

Process

Method description

The thesis is structured around five integral phases, each contributing to the overarching goal of
developing a sheet material for an architectural product from a recycled plastic waste stream:

Phase 1 - Literature review and interviews

In this initial phase, a comprehensive literature review is conducted to identify non-recyclable plastic
waste streams. The primary objective is to analyse the material flow of plastic waste, mapping out the
various types encountered. The research involves understanding the challenges associated with
recycling, which include economic, logistical, technical, regulatory, and societal aspects.




Another important part of the literature is to engage with various research experts, companies operating
in a similar domain, and fellow master’s thesis students for gaining a comprehensive understanding of
the challenges involved. Conversations with research experts provided insights into potential technical
innovations. Interacting with other master’s thesis students offers valuable leads and practical tips and
companies shed light on business challenges and the complexities of transitioning from product
development to large-scale production. These interactions collectively helped in a better understanding
of the material and the reason behind the challenges encountered.

Phase 2 - Choice of plastic resin

The next phase involved the selection of the preferred resin. This choice was dependent on the inherent
properties of virgin plastic and the intended location of the architectural product that is being crafted.
Various factors, such as the cost of virgin plastic, mechanical properties, flammability, and waste
production percentage, were considered during this selection process. This step is very important as it
also affects the type of component that can be created, and the properties that can be dealt with.

After a comprehensive analysis of all the important properties of the material, PVC was chosen as the
ideal plastic resin due to its significant waste generation volume, self-extinguishing material
characteristics, and the array of material properties it offers. Following this, samples of the PVC were
tested to understand their composition, as additives can influence material properties. This testing was
conducted both at macro and micro levels, evaluating factors such as the purity of the shreds, the
presence or absence of hazardous substances, and the glass transition temperature.

Another important part of the literature is to engage with various research experts, companies operating
in a similar domain, and fellow master’s thesis students for gaining a comprehensive understanding of
the challenges involved. Conversations with research experts provided insights into potential technical
innovations. Interacting with other master’s thesis students offers valuable leads and practical tips and
companies shed light on business challenges and the complexities of transitioning from product
development to large-scale production. These interactions collectively helped in a better understanding
of the material and the reason behind the challenges encountered.

Phase 3 - Experimentation

Following the scientific analysis of sample composition, the rPVC shreds underwent various fabrication
techniques that seemed suitable and had the potential to yield the desired outcomes. Initially, the
sampling was conducted to ascertain temperature and pressure requirements, followed by using a
mould for larger sample production. Due to limited literature on hot pressing PVC samples, extensive
experimentation was carried out to determine the optimal pressure for sheet pressing. Initial
experiments aimed at maintaining constant composition and thickness of the sheet material while
adjusting pressure levels. Subsequently, temperature variations were introduced alongside composition
adjustments to understand their interplay. The experimental phase aimed to produce a number of
samples at the end of the experimentation phase with varying compositions and thicknesses for
validation.

Phase 4 - Validation and analysis

The validation phase consists of a range of standard procedures aimed at assessing the viability of the
designed material as a competitive alternative to conventional materials used in similar applications.
These tests include conducting accelerated UV tests to gauge long-term effects of UV exposure, as well
as flexural strength tests to evaluate its capacity to withstand loads. Additionally, the samples were
inspected under the microscope to understand the reason of fracture. Furthermore, the conclusion aims
to also address the avenues for further research and development.

Phase 5 - Application and circularity strategies

Based on the extensive study conducted on the material, the final phase includes designing of a
component. Various criteria and building requirements are taken into account to choose the location of
application. The phase further explores in mapping of R-strategies for waste managemnet hierarchy of
the material and determining the carbon footprint with the results are benchmarked with some of the
conventional materials used in the application. The application section also focuses on designing facade
tile by two methods - (a)by using a mould designed by NPSP.B.V to produced a facade tile and (b)
layering technique of the shreds. The section also provides few visualisations of the product in use.




Literature and general practical references
Handbook (pp. 635-649). Elsevier. https://doi.org/10.1016/B978-0-323-39040-8.00030-4

Al-Salem, S. M., Lettieri, P., & Baeyens, J. (2009). Recycling and recovery routes of plastic solid waste (PSW): A review. Waste
Management, 29(10), 2625-2643. https://doi.org/10.1016/j.wasman.2009.06.004

Antonio Jr., R. (2024). Synthesis, compounding, processing, morphology, structure, and properties of PVC. In Poly(vinyl chloride)-
Based Blends, IPNs, and Gels (pp. 17-46). Elsevier. https://doi.org/10.1016/B978-0-323-99474-3.00017-3

Awasthi, A. K., Shivashankar, M., & Majumder, S. (2017). Plastic solid waste utilization technologies: A Review. IOP Conference
Series: Materials Science and Engineering, 263, 022024. https://doi.org/10.1088/1757-899X/263/2/022024

Bryan D. Vogt. (2021). Why is Recycling of Postconsumer Plastics so Challenging? ACS Applied Polymer Materials, 3(9), 4325—
4346. https://doi.org/10.1021/acsapm.1c00648

Ciacci, L., Passarini, F., & Vassura, |. (2017). The European PVC cycle: In-use stock and flows. Resources, Conservation and
Recycling, 123, 108-116. https://doi.org/10.1016/j.resconrec.2016.08.008

Crippa, M., & Morico, B. (2020). PET depolymerization: A novel process for plastic waste chemical recycling. In Studies in Surface
Science and Catalysis (Vol. 179, pp. 215-229). Elsevier. https://doi.org/10.1016/B978-0-444-64337-7.00012-4

Damayanti, D., Saputri, D. R., Marpaung, D. S. S., Yusupandi, F., Sanjaya, A., Simbolon, Y. M., Asmarani, W., Ulfa, M., & Wu, H.-S.
(2022). Current Prospects for Plastic Waste Treatment. Polymers, 14(15), 3133. https://doi.org/10.3390/polym14153133

Dhawan, S. K. (2023). Waste Plastic Management — A Step towards Circular Economy. Vantage: Journal of Thematic Analysis, 4(2),
21-33. https://doi.org/10.52253/vjta.2023.v04i02.03

Escobedo, J. P., Cerreta, E. K., & Dennis-Koller, D. (2014). Effect of Crystalline Structure on Intergranular Failure During Shock
Loading. JOM, 66(1), 156—164. https://doi.org/10.1007/s11837-013-0798-6

Eurostat. (2024). Municipal waste statistics. Retrieved June 1, 2024, from https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Municipal_waste_statistics#Municipal_waste_generation

European Commission. Construction and demolition waste. Retrieved May 31, 2024, from
https://environment.ec.europa.eu/topics/waste-and-recycling/construction-and-demolition-waste_en

Gajarska, Z., Brunnbauer, L., Lohninger, H., & Limbeck, A. (2021). Identification of 20 polymer types by means of laser-induced
breakdown spectroscopy (LIBS) and chemometrics. Analytical and Bioanalytical Chemistry, 413(26), 6581-6594.
https://doi.org/10.1007/s00216-021-03622-y

Geddes, W. C. (1967). The thermal decomposition of polyvinylchloride—lii. European Polymer Journal, 3(4), 747-765.
https://doi.org/10.1016/0014-3057(67)90059-6

Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, use, and fate of all plastics ever made. Science Advances, 3(7), €1700782.
https://doi.org/10.1126/sciadv.1700782

Gunjan, Bharti, R., & Sharma, R. (2021). Analysis of plastic waste management: Utilization, issues & solutions. Materials Today:
Proceedings, 45, 3625—-3632. https://doi.org/10.1016/j.matpr.2020.12.1151

Hopewell, J., Dvorak, R., & Kosior, E. (2009). Plastics recycling: Challenges and opportunities. Philosophical Transactions of the
Royal Society B: Biological Sciences, 364(1526), 2115-2126. https://doi.org/10.1098/rstb.2008.0311




Jaidev, K., Suresh, S. S., Gohatre, O. K., Biswal, M., Mohanty, S., & Nayak, S. K. (2020). Development of recycled blends based on
cables and wires with plastic cabinets: An effective solution for value addition of hazardous waste plastics. Waste
Management & Research, 38(3), 312—321. https://doi.org/10.1177/0734242X19890918

Lahl, U., & Zeschmar-Lahl, B. (2024). More than 30 Years of PVC Recycling in Europe—A Critical Inventory. Sustainability, 16(9),
3854. https://doi.org/10.3390/su16093854

Liu, D., O’Sullivan, C., & Carraro, J. A. H. (2023). The influence of particle size distribution on the stress distribution in granular
materials. Géotechnique, 73(3), 250-264. https://doi.org/10.1680/jgeot.21.00127

Lodi, P. C., Bueno, B. S., & Vilar, 0. M. (2009). UV Exposure of Polymeric Geomembranes. In G. Li, Y. Chen, & X. Tang (Eds.),
Geosynthetics in Civil and Environmental Engineering (pp. 44—48). Springer Berlin Heidelberg. https://doi.org/10.1007/978-
3-540-69313-0_10

Lu, L., Li, W., Cheng, Y., & Liu, M. (2023). Chemical recycling technologies for PVC waste and PVC-containing plastic waste: A
review. Waste Management, 166, 245-258. https://doi.org/10.1016/j.wasman.2023.05.012

Mohamed, H. F. M., Abdel-Hady, E. E., Abdel-Hamed, M. O., & Kamel, M. S. A. (2020). Impact of ultraviolet radiation on the
performance of polymer electrolyte membrane. Journal of Solid State Electrochemistry, 24(5), 1217-1229.
https://doi.org/10.1007/s10008-020-04611-4

Oksana, H., Andrea, C., Daniel, D.-L., & Andrés, F. (2021). Applications and Future of Recycling and Recycled Plastics. In J.
Parameswaranpillai, S. Mavinkere Rangappa, A. Gulihonnehalli Rajkumar, & S. Siengchin (Eds.), Recent Developments in
Plastic Recycling (pp. 345-372). Springer Singapore. https://doi.org/10.1007/978-981-16-3627-1_15

Petrovi¢, E., & Hamer, L. (2018). Improving the Healthiness of Sustainable Construction: Example of Polyvinyl Chloride (PVC).
Buildings, 8(2), 28. https://doi.org/10.3390/buildings8020028

Ritchie, H., Samborska, V., & Roser, M. (2023). Plastic Pollution. Our World in Data. Retrieved June 1, 2024, from
https://ourworldindata.org/plastic-pollution

Rodrigues, M. O., Abrantes, N., Gongalves, F. J. M., Nogueira, H., Marques, J. C., & Gongalves, A. M. M. (2019). Impacts of plastic
products used in daily life on the environment and human health: What is known? Environmental Toxicology and
Pharmacology, 72, 103239. https://doi.org/10.1016/j.etap.2019.103239

Shrivastava, A. (2018). Plastic Properties and Testing. In Introduction to Plastics Engineering (pp. 49-110). Elsevier.
https://doi.org/10.1016/B978-0-323-39500-7.00003-4

Taborianski, V. M., & Prado, R. T. A. (2012). Methodology of CO2 emission evaluation in the life cycle of office building fagades.
Environmental Impact Assessment Review, 33(1), 41-47. https://doi.org/10.1016/j.eiar.2011.10.004

Thompson, M. (1979). Rubbish Theory: The Creation and Destruction of Value. Oxford University Press.

Vogt, B. D. (2021). Why is Recycling of Postconsumer Plastics so Challenging? ACS Applied Polymer Materials, 3(9), 4325-4346.
https://doi.org/10.1021/acsapm.1c00648

Wagner, M. (2022). Solutions to Plastic Pollution: A Conceptual Framework to Tackle a Wicked Problem. In M. S. Bank (Ed.),
Microplastic in the Environment: Pattern and Process (pp. 333-352). Springer International Publishing.
https://doi.org/10.1007/978-3-030-78627-4_11

Wedrychowicz, M., Papacz, W., Walkowiak, J., Bydatek, A., Piotrowicz, A., Skrzekut, T., Kurowiak, J., Noga, P., & Kostrzewa, M.
(2022). Determining the Mechanical Properties of Solid Plates Obtained from the Recycling of Cable Waste. Materials, 15(24),
9019. https://doi.org/10.3390/ma15249019




Wilson, D. C. (Ed.). (2015). Global waste management outlook. United Nations Environment Programme.

World Architecture. (n.d.). Kenyan startup founder Nzambi Matee recycles plastic to make bricks that are stronger than concrete.
Retrieved from https://worldarchitecture.org/architecture-news/egmeg/kenyan-startup-founder-nzambi-matee-recycles-
plastic-to-make-bricks-that-are-stronger-than-concrete.html

Wythers, M. C. (Ed.). (2019). Advances in materials science research. Volume 38. Nova Science Publishers.
Wypych, G. (2012). Handbook of polymers. ChemTec Pub.

Zijderveld, F. (retrieved on May 31 2024). The Chemistry of Plastics.







