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Personal information 
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Studio   
Name / Theme Building Technology Graduation Studio AR3B025 / Material and design 

optimization of injection-molded reinforcement spacers using plastic 
residues of WEEE recycling 

Main mentor Dr. Telesilla Bristogianni Structural Design 
Second mentor Dr. Marcel Bilow Façade and Product Design 
Argumentation of choice 
of the studio 

I perceive Building Technology as an interdisciplinary bridge between 
architecture and engineering. The graduation studio offers the 
opportunity to evaluate a material loop from inception to completion 
comprehensively. Therefore, it enables a deeper focus on the material 
and product design for the construction industry, as my mentors’ 
specialities include structural design and product design. The studio 
enables the study for one of the R-ladder implementations -recycling- 
for a specific material. The thesis aims to benefit from these 
opportunities and create an optimal design solution for recycled 
architectural components for the construction industry. 

 

Graduation project  
Title of the graduation 
project 
 

rec-HERO  

Goal  
Location: Not Defined 
The posed problem The problem is the inefficient recycling processes and accumulation of 

unrecycled plastic waste, which poses environmental and economic 
challenges. Current recycling technologies struggle to handle mixed 
and contaminated post-consumer plastic wastes, which forces a 
substantial portion of unrecycled plastic to be sent to incineration or 
landfill. The regulations in the Netherlands necessitate incineration as 
the final resort, which has a lower environmental impact than landfills. 
However, the emissions from incineration are three times the total 
mass of plastic waste worldwide, making recycling the preferred 
option (Vollmer et al., 2020). Globally, about 10% of plastics are 
being recycled, and the overall efficiency of the 10% portion is 50% 
(Lange, 2021). The unrecycled plastic waste from recycling practices 
presents a significant potential as a material source for the 
construction industry, which has the second highest plastic demand 
(Ragaert et al., 2017). The existing limitations for the unrecycled 
plastic fraction include: 

 Contamination with organic and inorganic fractions 
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 Unknown polymer compositions and ratios 
 Polymer degradation 

Therefore, addressing this issue more effectively is imperative by 
utilising unrecycled plastic waste into another service life as an 
architectural component. 
 

Research questions  Research Question: 
How can plastic residues from WEEE recycling be processed into an 
optimized injection-moldable building component?  
 
 
Sub-questions  

 What is the state of the art of plastic manufacturing and 
plastic recycling? 

 What are the primary challenges of recycling plastics from one 
waste stream? 

 What are the material characteristics of WEEE plastic waste? 
 What are the technical requirements and limitations of 

injection molding for plastics? 
 How does the presence of contamination and unknown 

polymer composition affect the injection molding behavior of 
WEEE plastic waste? 

 What architectural applications are suitable for contaminated 
and mixed plastic? 

 What parameters influence the structural performance, 
moldability and concrete compatibility of reinforcement 
spacers? 
 

Design assignment The design assignment is to develop a structurally functional, 
injection-molded reinforcement spacer for concrete construction using 
the unrecycled plastic waste fractions from the WEEE (waste electrical 
and electronic equipment) waste stream. The project aims to 
transform contaminated and mixed plastic waste into a functional, 
non-exposed component for concrete construction. The reinforcement 
spacer, not subjected to fire risk, weathering or UV radiation, makes it 
a suitable target product to prove the potential of using contaminated 
and low grade plastics for industrial scalability. 
 
The project adopts a dual-track methodology, combining bottom-up 
material research with top-down product design optimization. Each 
track is evaluated under a distinct set of parameters throughout the 
thesis. The material track focuses on developing a workable recipe for 
injection molding through various experiment setups that mimic both 
mechanical recycling and injection molding. Simultaneously, the 
product track begins with the understanding of the functional and 
structural requirements of reinforcement spacers to set up 
parameters. The parameters are set to iteratively optimize the design 
for real-life applications. The tracks are set to be in a feedback loop 
that continuously informs one another for accurate testing and 
simulations. Therefore, the reinforcement spacer is a validated, 
optimized prototype that showcases a practical business case of 
plastic waste that otherwise would be incinerated.  
 
 
 
 
 



Process  
Method description   
The thesis consists of three main phases, including computer work and laboratory: 
Phase 1 - Literature Review 

 Identifying the state-of-the-art plastic manufacturing and recycling technologies, including 
mechanical and chemical recycling. 

 Comparing global, EU, and the Netherlands’ waste rates and current waste flows. 
 Analysing the waste streams -waste electrical and electronic equipment, end-of-life vehicles, 

packaging- and their common polymer ratios. 
 Reviewing existing prototypes and design evaluation criteria to determine potential design 

methodologies. 
 Conducting interviews with plastic recycling companies to collect data on the sorting and 

recycling stages to identify the source of unrecycled plastic flows while obtaining plastic waste 
samples for the experimentation phase. 

 Reviewing building components suitable for mixed and contaminated plastic use. 
 Identifying the state-of-the-art injection molding of plastics and simulation approaches for 

testing applicability. 
 Reviewing existing regulations and performance benchmarks for concrete construction and 

reinforcement spacers. 
 
Phase 2 – Material Experimentation & Product Development (Dual-track Methodology) 
 
Material Experimentation Track 

 Analyzing and documenting the physical and chemical characteristics of fridge and small 
domestic appliances lines of the WEEE stream. 

 Doing Differential Scanning Calorimetry (DSC) and Fourier-Transform Infrared spectroscopy on 
manually selected polymers from each waste line. 

 Mimicking the key steps of mechanical recycling for plastics in a low-tech method: density-
based float-sink separation and manual color sorting. 

 Using the FT-IR technique to create polymer batches suitable for injection molding. 
 Experimenting with all polymer blends, manual color-sorted polymer blend, density-sorted 

polymer blends, FT-IR identified polymer/polymer blends with three respective setups: rapid 
testing that mimics injection molding principles, a manual-pressured injection molding 
machine, and a compressor-powered injection molding machine.  

 Evaluating outcomes based on material performance parameters of mixing, morphology, 
degradation, polymer blending, polymer sorting and identification results, developing an 
optimal recipe for injection molding.  

 
Product Development Track 

 Evaluating the mainstream designs and properties of reinforcement spacers and their usage. 
 Establishing a set of evaluation parameters that will be used to verify the optimal application 

context (beam/column) and design of the spacer. 
 Asses the parameters of contact area, flexibility for rebars, plastic use per product, injection 

flow analysis, compressive test analysis, and Charpy impact analysis both by simulation and 
physical tests.  

 Develop alternative methods with resin printing to create a mold applicable for injection 
molding and high temperature, pressure values. 

 Continuously adapt the simulation conditions based on real-time data and outcomes from the 
material experimentation track. 

 Assign an overall grade for each reinforcement spacer design and choose the final design for 
developing the resin mold for injection and to fabricate the full-scale mockup. 

 
 
 
 
 
 



 
Phase 3 – Application 

 Selecting the most promising material-design combination based on cross-analysis of the data 
from both tracks. 

 Testing the resin mold’s workability, dimensional accuracy and surface quality for the final 
injection molding. 

 Validating the effectiveness of the decision-making parameters for the dual-track 
methodology. 

 Presenting a 1:1 scale proof of concept with varying aggregate sizes for concrete with the final 
design to assess the flow and the final surface performance.  

 Comparing the recycling/recovery rates and system diagram of the thesis proposal based on 
the existing EPD data. 

 Suggesting alternative methods and possibilities for future studies for contaminated WEEE 
plastics and injection molding. 
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Reflection 
1. What is the relation between your graduation (project) topic, the studio topic (if 

applicable), your master track (A,U,BT,LA,MBE), and your master programme 
(MSc AUBS)?  
 
The core of the thesis is centred around innovation-driven material research and building product 
innovation with an emphasis on research-by-design and design for recycling approaches. The 
material testing, laboratory work and structural validation fall within the scope of Building 
Technology. Whereas the focus on practical implementation of the selected design in the built 
environment and attention to circularity strategies align with the goals of the Architecture faculty, 
Moreover the design proposal addressing societal, industrial and scientific challenges related to 
sustainability, waste management and innovation in construction materials aligns with the goals 
as well. The integration of the processing technique of injection molding with product design that 
takes its foundation points from the material research done on recycling residues rather than 
virgin materials represents a novel convergence between structural design and building product 
innovation. 
 



2. What is the relevance of your graduation work in the larger social, professional 
and scientific framework?  

 
The thesis focuses on social, professional and scientific fields during each phase of the study: 
 
Social Relevance: 

 The thesis tackles the growing accumulation of plastic waste, contributing to 
environmental pollution and public health challenges. With the expected tripling of global 
plastic use by 2060, the work offers a sustainable alternative to reducing waste 
accumulation (OECD, 2022). 

 By exploring the potential of unrecycled plastic waste for architectural components, the 
work reduces the reliance on incineration and landfilling. This aligns with future CO2 
emission mitigation goals (Vollmer et al., 2020). 

 The work contributes to the circular economy by reintegrating unrecycled plastic waste 
into the material cycle. This effort aligns with EU policies like the Green Deal and Circular 
Economy Action Plan, which aim to increase the use of recycled plastic materials by 
reducing the reliance on virgin plastics (Wijngaard et al., 2020). 
 

Professional Relevance: 
 As the construction industry is the second-largest consumer of plastics, the work provides 

an alternative to integrating recycled plastics into architectural components, addressing 
the industry's needs and standards.  

 The work aligns with Design for Recycling, which envisions material recovery and reuse at 
the end of the product’s life cycle.  

 By developing a recipe for open-loop mechanical recycling with the unrecycled fraction of 
recycling practices, the work creates an alternative manufacturing process to conventional 
production methods. 
 

Scientific Relevance: 
 The thesis explores open-loop mechanical recycling for mixed and contaminated plastics 

while addressing the scientific gaps in polymer blending and compatibility. 
 The experimentation phase concludes with structural and thermal data to understand the 

applicability of recycled plastics for high-value applications. 
 The proposed methodology offers scalable end-products for the construction industry, 

which opens the possibility for further studies in other industries, such as automotive and 
packaging. 

 
 

 
 

 


