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Evaluating the Potential Use of Waste Plastics in Mortar Mixes and Road Construction.


Introduction

With the global plastic crisis notably escalating there has been a focus on finding an effective and sustainable solution to help combat this. Plastic production has drastically increased in the last 70 years, where in 1950 there was around 2 million tonnes of plastic produced which is a meek comparison compared to the staggering 450 million tonnes produced now (Ritchie et al, 2023). 
With the large increase in plastic production there is now an important need for better waste plastic management due to its inability to break down and biodegrade. When plastic waste in not managed correctly via recycling or incineration it ends up as a major pollutant for the environment, per year roughly 1-2 tonnes of plastic ends up in our oceans causing damage to the wildlife and ecosystems (Ritchie et al, 2023). 
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(Geyer et al. 2017)

From the growing issues of plastic pollution, I will be evaluating the potential use of hard plastics for construction applications such as road construction and mortar. This could potentially have incredible benefits for the planet as it would decrease the chances of surplus plastic being tipped into the oceans and create another great solution to recycling plastic to our benefit.
In this report I will be looking at previous research over the last 8 years relating to this topic to gain insight and possibly expand on their findings. I will also evaluate the short falls found from the completed research, so I can suggest solutions to try and mitigate these problems and improve the end-product performance. Towards the end of the report I will critically assess the material’s practicability, functionality and potential efficiency in the mentioned construction applications. To help support my critiques I will reference both the positive and negative opinions of professionals in the relevant field. 

Previous Research 

Recycled plastic and aerogel mortar mix
At Newcastle University researchers explored the idea of using recycled plastics and silica aerogel in mortar as a replacement for sand. They done this by swapping out the portion of sand with a mixture of shredded PET (polyethylene terephthalate) plastic and silica aerogel particles (Kaif Shaikh. 2025). 
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(Kaif Shaikh. 2025).
The researchers at the university recorded findings on seven different mortar formulations, which they then compared against conventional mortar. Their findings showed that the best results came from the mixture of 7% untreated silica aerogels with 3% shredded PET plastic in place of sand (Kaif Shaikh. 2025).
[bookmark: _Int_htFOvdet]The results of this testing displayed that this new mortar mix had good thermal properties, that could reduce heat loss in buildings. The study explained that “the new formulation helped reduce the thermal conductivity of mortar by up to 55%” (Kaif Shaikh. 2025) and still complied with international and British standards. Professor Lidija Šiller concludes that “this study demonstrates that our formulation of recycled PET plastic waste can be used to produce cement-based mortars, and it is an effective way to reduce their impact on the environment” (Kaif Shaikh. 2025). 
Delving a little deeper into the methodology completed by the university, the surface of the silica aerogel particles had to be altered to improve integration with the cement binder and PET plastic, and the shredded plastic had to be washed and dried for a total of 24 hours before use within the eco mortar (Kaif Shaikh. 2025). If these steps were not completed it would likely decrease the performance of the mortar.
My initial evaluation of this research is that it's a great innovation for construction applications, boasting great thermal performance which could lead to lower energy requirements while providing a legitimate method to help reduce plastic waste. 
Silica aerogel is a great material to use due to its thermal insulation properties and is already used in various sectors (Kaif Shaikh. 2025), however it is mentioned in the article that researchers had to modify the surface particles of this material for it to bind effectively the cement binder and PET plastic. It does not mention what method was used but in any case, this would be a challenging and complex process and would require specialised equipment and would have to be carried out in an advanced lab or industrial setting (MDPI. 2021). For this to be used widespread across the industry there would need to be facilities and processes that would be able to cope with the demand and the quantity, I’m also unable to determine the cost of completing this process but compared to natural sand this is a lot more complex. 

Waste plastic used in road construction in Pune 
India’s growing interest in plastic‑modified road construction has been driven by the increasing plastic waste that is being produced and the need for more durable road infrastructure. Among the cities experimenting with this technology, Pune stands out as a significant and well documented case within the last eight years. Between 2018 and 2020, Pune Municipal Corporation (PMC) collaborated with engineers and waste management organisations to incorporate waste plastics into asphalt mixes across the city. This initiative provides a strong basis for evaluating the technical performance of plastic being integrated into road construction, the challenges relating to bonding and adherence and long‑term feasibility.
The Pune case study is supported by detailed engineering research, including a peer reviewed comparison of conventional bituminous roads and where they have introduced waste plastic in the city. The study found that adding shredded waste plastics to hot aggregates produced a more stable and water-resistant asphalt mix, improving performance under traffic loads and during monsoon seasons (Biswas, Goel & Potnis 2020). The dry process used in Pune involved heating aggregates to around 170–180°C and adding shredded LDPE, HDPE, and multilayer packaging which melted and coated the aggregate surface before bitumen was introduced. This coating was intended to enhance the moisture-repelling properties of the mix and reduce moisture‑induced damage, which is a major cause of potholes in Indian cities.
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(MDPI. 2025).


[bookmark: _Int_RUJjsUoQ]The idea of introducing waste plastic into road construction seems quite feasible due to their waste management. According to the United Nations ESCAP case study Pune has one of India’s most organised systems for recovering plastic waste (UN ESCAP 2020), thus ensuring a steady supply of waste plastics suitable for road construction. The Resilient Cities Network similarly highlights Pune’s strong initiatives, which helped integrate plastic road construction into the city’s sustainability strategy (Resilient Cities Network 2020). These sources confirm that Pune’s plastic road programme was not an isolated engineering experiment but part of a coordinated effort which improves infrastructure quality and provides a solution to excess plastic waste. 
Despite these positive outcomes research from Pune reveals several technical challenges, particularly concerning adherence and bonding. Plastics are hydrophobic materials, and their interaction with bitumen and aggregates is not naturally cohesive. The dry process relies on plastics melting to form a uniform coating around the aggregate, but this coating can differ from type of plastic used and the temperature control during mixing. The ResearchGate case study notes that inconsistent melting of mixed waste plastics sometimes resulted in incomplete coating, creating weak points (Biswas, Goel & Potnis 2020). This issue was shown greatly when multilayer packaging or contaminated plastics were used, as these materials melt unevenly and can degrade at high temperatures.
The IJEAT engineering paper reinforces this problem, explaining that different polymers have different melting points and mixing them without proper sorting can lead to uneven bonding and reduced structural integrity (IJEAT 2019). This variability was a challenge in Pune where municipal waste streams contained a mixture of LDPE, HDPE, PP, PET, and multilayer laminates. Without adequate segregation, the resulting asphalt mix displayed inconsistent performance. The UN ESCAP case study also notes that while Pune’s waste recovery system is strong, contamination and sorting issues remain significant barriers to consistent material quality (UN ESCAP 2020).
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(rajaplastikindonesia. 2024)

Mitigating these problems requires improvements in both material preparation and process control. One of the best ways identified in the Pune project was the standardisation of plastic types used in road construction. When the materials used were restricted to LDPE and HDPE, researchers observed more uniform melting behaviour and improved bonding between plastic coated aggregates and bitumen (Biswas, Goel & Potnis 2020). Preparation steps such as washing, drying, and controlled shredding also played a significant role in improving the quality of the plastic input. Ensuring that plastics were shredded to a consistent size of 2–4 mm helped promote more uniform melting and coating during mixing. The IJEAT study further recommends maintaining strict temperature control to prevent plastics from not fully melting or degrading, both of which negatively affect bonding (IJEAT 2019).
A critical assessment of the practicality and functionality of plastic being used for roads must consider both technical evidence and environmental perspectives. From a practical standpoint the technology proved highly attractive because it offered a relatively cheap method of improving road durability while simultaneously addressing the growing plastic waste problem. Media coverage frequently portrayed the initiative as a model for other Indian cities, emphasising its dual benefits for infrastructure and waste management (Dhruv Consultancy 2021). 
However, professional engineers and environmental analysts offered more cautious assessments. While many acknowledged the improved performance of plastic implemented roads, concerns were raised about the long-term environmental implications of embedding plastics in road surfaces. Some experts argued that as roads age and potentially wear down, microplastics may be released into the environment, potentially contributing to soil and water contamination (UN ESCAP 2020). Others noted that the success of plastic roads could encourage continued production of single use plastics, rather than promoting reduction and reuse. 
Functionally, the Pune case study demonstrated clear advantages in terms of durability, water resistance, and reduced maintenance requirements. Roads constructed with plastic‑modified asphalt showed fewer potholes during monsoon seasons, a significant improvement in a city where heavy rainfall often leads to rapid deterioration of conventional bituminous roads (Biswas, Goel & Potnis 2020). Yet the functionality of these roads was closely tied to the quality of implementation. In areas where sorting and temperature control were inadequate, the performance of plastic‑modified roads was noticeably lower. 
Looking ahead, the future potential of plastic‑based road technologies in India appears promising but conditional. If challenges related to adherence and material variability is addressed, plastic‑modified roads could become a central component of India’s sustainable infrastructure strategy and potentially be utilised internationally. 

PVC introduced into mortar mix
The incorporation of waste plastics into cement materials has become an increasingly important research focus as the construction industry seeks more sustainable alternatives to traditional aggregates. A significant example from the past eight years is the 2020 study by Merlo and colleagues, which explored the use of polyvinyl chloride (PVC) waste that was sourced from discarded electrical and electronic equipment as a partial replacement for natural aggregates in mortar.  (Merlo et al. 2020).
The study found that substituting mineral aggregates with the PVC produced a noticeably lighter mortar, which could prove useful for applications in areas where reduced weight is beneficial. However, the research also identified several technical challenges relating to the bond between the PVC and the cement. Because PVC is hydrophobic, it does not naturally adhere well to cement paste. As a result, the modified mortar displayed increased porosity and reduced compressive strength when compared with conventional mixes. Microscopic analysis revealed gaps at the interface between the plastic particles and the surrounding matrix, which acted as points of weakness under load (Merlo et al. 2020). These findings are consistent with other research showing that many recycled plastics struggle to form strong bonds with cementitious materials due to their surface chemistry and smooth texture (Merlo et al. 2021).
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(Merlo et al. 2020).

There are a few methods established to help on this, one widely discussed strategy is to modify the surface of the plastic particles before mixing. Techniques such as mechanical roughening, chemical etching, or applying a thin cementitious coating can improve the mechanical bond between the plastic and the mortar. Another promising approach involves adjusting the binder composition. Research from the University of Birmingham suggests that alternative cement systems such as limestone‑calcined clay blends can help compensate for the weak plastic–cement interface by refining the pore structure and improving overall cohesion (University of Birmingham 2024). These methods indicate that while untreated PVC presents challenges, engineered modifications can significantly improve performance.
A critical evaluation of the practicality and future potential of PVC‑modified mortar must consider both technical performance and industry perspectives. From a practical standpoint, the reduced density and improved thermal behaviour of PVC‑enhanced mortar make it attractive for non‑structural applications, however its lower compressive strength limits its suitability for load bearing elements. Media discussions often highlight the environmental benefits of incorporating waste plastics into construction materials, like offering a creative solution to the global plastic waste problem. Professionals in the field, however, tend to adopt a more cautious stance, emphasising the need for long‑term durability studies and assessments of potential microplastic release during service life or demolition (MDPI. 2025).
Despite these concerns, the long term potential of plastic‑modified mortars remains encouraging. The case study by Merlo et al. demonstrates that waste plastics can be incorporated into mortar in a technically viable way, provided that the limitations of the plastic and cement interface are addressed. With continued research into surface treatments, binder alterations and mix design, plastic‑enhanced mortars may become a big part of sustainable construction. 
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