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Abstract  

The growing need for sustainable construction materials has led to increased research on the use of domestic waste 

in recycled concrete. This review paper examines the potential of incorporating household waste such as glass, 

plastics, ceramics, and organic residues into concrete production. Using these materials helps reduce landfill waste 

and supports a circular economy in the construction industry. Studies show that recycled aggregates from domestic 

waste can enhance concrete properties, including durability, strength, and workability, depending on processing 

methods and mixing proportions. However, challenges such as variations in waste composition, mechanical 

performance, and long-term durability must be addressed. This paper also explores advancements in treatment 

techniques, innovative concrete mix designs, and their compliance with construction standards. The findings suggest 

that integrating domestic waste into concrete is a viable approach for sustainable construction, reducing dependence 

on natural resources while maintaining structural integrity. 
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1 INTRODUCTION 

The construction industry consumes a large amount of natural resources and plays a significant role in 

environmental degradation.  The production of concrete is particularly significant, as it is the most commonly 

utilized building material globally.  Traditional concrete mainly consists of cement, water, aggregates such as sand, 

gravel, or crushed stone, and occasionally includes additives.  The process of extracting natural aggregates and 

producing cement significantly impacts the environment, contributing to greenhouse gas emissions, energy use, and 

disruption of ecosystems.  The cement industry accounts for about 8% of global CO2 emissions, which makes it an 

important focus for sustainability initiatives (Rashad, 2014). 

 Recently, there has been an increasing emphasis on sustainability in the construction industry, especially through 

the use of alternative materials and methods that minimize environmental effects.  A promising approach involves 

using recycled and waste materials as substitutes for traditional construction components.  Materials that are 

typically considered waste in various industries can be reprocessed and incorporated into concrete mixes. This 

approach offers sustainable alternatives and helps decrease contributions to landfills and the need for resource 

extraction. 

1.1 Motivation for Using Domestic Waste in Concrete 

Domestic waste, including materials like plastics, glass, textiles, and other non-biodegradable substances, presents a 

valuable resource for incorporation into concrete.  The large quantities of plastic and glass waste produced 
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worldwide pose an environmental challenge, as well as a chance for recycling into beneficial products.  Through 

suitable processing, these materials can be transformed into aggregates or binders for concrete, which may assist in 

addressing the environmental issues related to waste disposal and the extraction of raw materials. 

 The use of waste materials in concrete supports the concepts of the circular economy, which aims to minimize the 

environmental impact of products throughout their lifecycle by reusing resources.  Substituting virgin materials with 

recycled waste allows the construction industry to decrease its reliance on natural resources, lower carbon emissions 

linked to material production, and aid in waste reduction.  Nonetheless, incorporating waste-derived materials into 

concrete presents challenges, as their integration can change the mechanical properties, durability, and long-term 

performance of the material. 

 This literature review analyzes existing research on the use of domestic waste in concrete production, focusing on 

the mechanical, environmental, and economic effects of these practices.  The review identifies gaps in knowledge 

and areas where additional research is needed to facilitate the wider adoption of sustainable practices in the 

construction industry. 

2 GENERAL BACKGROUND 

The production of concrete is among the most resource-intensive industries worldwide.  The extraction of natural 

aggregates and the production of cement entail considerable environmental costs.  The removal of sand and gravel 

frequently results in habitat destruction, erosion, and the depletion of local ecosystems.  Cement production is also 

energy-intensive, as it involves the calcination of limestone at high temperatures, resulting in significant carbon 

dioxide (CO2) emissions.  The environmental impact of concrete production is significant, leading to air pollution, 

high energy use, and the depletion of resources.  A study by Kementerian Pekerjaan Umum dan Perumahan Rakyat 

(2015) indicates that the cement industry contributes about 5-6% of global CO2 emissions. 

2.1 Environmental Impacts of Traditional Concrete Production 

 

Figure 1: Solid waste generation per capita (in grams per day) for the years 2015-16 to 2020-21 as per 

CPCB 2022  

 

This figure 1 shows the Solid Waste Generation Per Capita (in grams per day) across several years, demonstrating 

the yearly per capita solid waste generation. 
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 The figure presents data on the quantity of solid waste produced by each individual daily (measured in grams) over 

the years 2015 to 2021.  The y-axis indicates the quantity of waste produced in grams per day (g/day), with a range 

from 0 to 140 grams.  The x-axis represents the years ranging from 2015-16 to 2020-21. 

 Given these concerns, the construction industry has started to investigate alternative materials that can replace 

natural aggregates and decrease the carbon footprint associated with concrete production.  The ability to recycle 

domestic waste into concrete presents a chance to tackle two environmental concerns: decreasing dependence on 

virgin raw materials and lessening the environmental effects of waste disposal. 

2.2 The Importance of Waste Materials in Sustainable Construction 

 The incorporation of waste materials, including plastics, glass, textiles, and other non-biodegradable substances, in 

concrete production is an emerging field of study.  These materials can be reused as aggregates, binders, or 

additives, enabling the production of concrete that is environmentally sustainable and structurally reliable.  

Incorporating waste materials into concrete can lead to several benefits, such as reducing the consumption of raw 

materials, lowering energy usage, decreasing landfill waste, and supporting a circular economy. 

 Numerous studies have demonstrated the practicality of incorporating different types of waste into concrete, 

including the use of recycled plastic, glass, rubber, and construction and demolition waste (CDW) as substitutes for 

aggregates.  The use of waste materials in concrete mixes helps to lessen environmental impact and provides 

potential cost savings by decreasing the reliance on new raw materials. 

 Although there are benefits, incorporating waste materials into concrete presents certain challenges.  Waste 

materials frequently exhibit distinct physical and chemical properties in comparison to traditional aggregates, which 

can influence the workability, strength, durability, and long-term performance of concrete.  Thus, it is important to 

carefully consider the selection, processing, and dosage of waste materials to ensure that the resulting concrete 

meets the required standards for construction applications. 

3 LITERATURE STUDY 

3.1 Incorporation of Waste Materials in Concrete 

1.1.1 Polyvinyl Alcohol (PVA) Fibres, Crumb Rubber, and Surgical Face Mask Waste  

Ahmad Fuad et al. (2024) investigated the use of polyvinyl alcohol (PVA) fibers, crumb rubber, and surgical face 

mask waste in 3D concrete printing (3DCP) mixtures.  The research focused on assessing how these waste materials 

influence important characteristics of concrete, such as buildability, pumpability, extrudability, and compressive 

strength.  The results showed that both PVA fibers and crumb rubber positively influenced slump flow, which 

assesses workability, and compressive strength. This suggests they are effective options for enhancing the 

rheological properties of concrete used in 3D printing applications.  The inclusion of surgical face mask waste led to 

varied results.  The enhancement of compressive strength was observed, but it also led to a decrease in slump flow, 

suggesting a possible compromise between workability and mechanical performance. 

 The research also investigated the application of sodium gluconate as an additive to enhance the printability of the 

mixtures, especially when recycled sand was included.  This chemical additive assisted in mitigating the high water 

absorption of recycled sand, which frequently poses a challenge when incorporating recycled materials in concrete.  

The authors emphasized that the ideal waste content is important for achieving a balance between workability and 

mechanical properties, pointing out the necessity for further research on the long-term durability and performance of 

these mixtures in real-world environmental conditions. 

1.1.2 Recycled Concrete Aggregates (RCA) in Asphalt  

Bastidas-Martínez et al. (2022) conducted a review on the application of recycled concrete aggregates (RCA) in 

asphalt mixtures.  The research indicated that recycled concrete aggregate (RCA) can demonstrate comparable 

performance to natural aggregates (NA) under specific conditions, but it showed decreased durability when utilized 

as a complete substitute for NA.  The decrease in durability was mainly attributed to the greater water absorption 

capacity of RCA, resulting in a higher optimum asphalt content (OAC).  This finding indicates that RCA can be 

effectively utilized in low-volume roads; however, it may necessitate pretreatment methods, such as washing or 

chemical treatment, to enhance its performance in high-volume roads. 

 The research indicated that although RCA could enhance the adhesion between the asphalt binder and aggregate, it 

also led to a higher usage of binder.  This may present an economic challenge, particularly when RCA is utilized in 
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significant amounts.  RCA provides notable environmental advantages, such as decreasing construction and 

demolition waste, despite the challenges it faces.  The study supports the need for enhanced optimization of recycled 

concrete aggregate (RCA) in asphalt mixtures and promotes further investigation into pretreatment methods that 

may enhance the performance of asphalt mixtures containing RCA. 

1.1.3 Cold Recycling for Asphalt Pavement Restoration  

Bieliatynskyi et al. (2022) examined cold recycling methods for the restoration of asphalt pavements, highlighting 

the notable environmental and economic benefits compared to conventional hot mix techniques.  The research 

investigated the characteristics of asphalt granulate and the impact of adding fibers derived from fly ash into the 

mixture.  The inclusion of fibers improved the bond between the asphalt binder and aggregate, enhanced the 

pavement's strength, and sped up the hardening process, enabling roads to be reopened to traffic sooner. 

 This research examined the impact of various asphalt granules, specifically Type M and Type A granules, on the 

overall strength and crack resistance of the pavement.  The findings showed that Type M granules, which contained 

a cement binder and fibers, exhibited superior strength and crack resistance compared to Type A granules.  The 

study found that the best emulsion content for cold recycling is 4% by mass, which greatly enhances water 

resistance and durability in the recycled asphalt mix. 

 The findings highlight the potential of cold recycling as a sustainable and cost-effective method for road 

construction and maintenance, which can decrease waste and environmental impact. 

1.1.4 Recycled Aggregate Hydraulic Asphalt Concrete  

Dong et al. (2024) studied the tensile properties of recycled aggregate hydraulic asphalt concrete (RAHAC), with a 

specific emphasis on the impacts of temperature and strain rate.  The study showed that RAHAC had a significant 

dependence on temperature, with tensile strength and modulus increasing as the temperature lowered.  Furthermore, 

increased strain rates were observed to enhance the tensile strength and modulus, whereas peak strain diminished 

under these circumstances. 

 The research indicated that the stress-strain curves of RAHAC exhibited both linear and nonlinear segments, with 

increased temperatures expanding the range of plasticity.  Analyses of damage morphology and fracture evolution 

revealed notable aggregate fractures, and numerical simulations corroborated the experimental findings.  The 

findings indicate that RAHAC is a potentially sustainable material for asphalt applications. However, the study 

emphasizes the need for additional research on its performance under different temperature ranges and with varying 

amounts of recycled aggregate. 

4 RECENT STUDIES ON NEW WASTE MATERIALS IN CONCRETE 

The recent studies examined in this review have concentrated on the incorporation of new materials, such as 

recycled brick powder (RBP), steel-reinforced recycled concrete (SRRC), reclaimed asphalt pavement (RAP), fly 

ash (FA), and various other waste materials into concrete mixtures.  These studies are essential for understanding the 

impact of such materials on the mechanical properties, workability, and long-term performance of concrete. They 

also offer insights into the optimization of waste materials for sustainable construction, as illustrated in Table 1. 
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Table 1: Recent Studies on New Waste Materials in Concrete 

Author(s) Materials Used Outcomes 

Ahmad Fuad et al. (2024) PVA fibres, crumb rubber, 

surgical face mask waste 

Waste materials improve slump flow, compressive 

strength, and durability, but concerns exist over long-

term performance. 

Bastidas-MartÃnez et al. 

(2022) 

Recycled concrete 

aggregates (RCA) 

RCA improves adherence with asphalt binders but 

causes durability issues when fully replacing natural 

aggregates. 

Bieliatynskyi et al. (2022) Fiber from fly ash Fiber addition enhances strength and crack resistance 

in recycled asphalt pavement. 

Dong et al. (2024) Recycled aggregate 

hydraulic asphalt concrete 

(RAHAC) 

RAHAC shows improved tensile strength and 

modulus at low temperatures, suitable for structural 

applications. 

He et al. (2023) Drinking water sludge ash 

(DWSA) 

DWSA enhances compressive strength and shrinkage 

resistance, with environmental benefits. 

Lee et al. (2021) Radioactive concrete Safe disposal and recycling of radioactive concrete is 

feasible with controlled conditions. 

Lei et al. (2023) Recycled concrete powder 

(RCP) 

RCP enhances high-temperature rutting resistance and 

bonding, but requires further investigation for cold 

climates. 

Li et al. (2021) Granulated hydrated binder 

(GHB) 

GHB improves high-temperature resistance, 

enhancing concreteâ€™s resilience in fire-prone 

environments. 

Li et al. (2024) Construction and demolition 

(C&D) plastic waste 

ATT and PBC significantly influence recycling 

behaviors, improving construction sector 

sustainability. 

Lu et al. (2023) Treated wastewater, 

aggregates 

Optimized water-saving aggregate washing process 

shows effectiveness in reducing water usage and 

ensuring concrete performance. 

Mohammadinia et al. 

(2019) 

Recycled plastic waste 

(RPW), recycled crushed 

glass (RCG) 

RPW and RCG as aggregate replacements lead to 

reduced strength, but still meet performance criteria 

for footpaths. 

Nangyal and Salhotra 

(2024) 

Silica fume (SF)-coated 

waste PET flakes 

SF-coated PET flakes improve mechanical strength 

and workability in concrete while reducing density for 

lightweight applications. 

Nikookar et al. (2023) Non-potable water (NPW) NPW-based concrete shows comparable compressive 

strength to freshwater-based concrete, with additional 

challenges in durability. 

Olofinnade et al. (2021) HIPS and LDPE granules Plastic granules (HIPS and LDPE) reduce strength and 

workability but are suitable for lightweight concrete 

applications. 

Tu et al. (2023) Recycled sand Recycled sand-based mixtures improve concrete 

properties in 3D printing, balancing sustainability and 

performance. 

Wang et al. (2024) Waste ceramic particles Ceramic waste improves concrete's internal curing, 

reducing shrinkage and enhancing freezing resistance. 

Wang et al. (2024) Waste incineration bottom 

ash (BA) 

Bottom ash-based concrete shows good mechanical 

strength, sulfate resistance, and reduced drying 
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shrinkage. 

Wang et al. (2024) Micro-steel fibres Micro-steel fiber improves toughness and post-peak 

load-bearing capacity, enhancing the performance of 

recycled aggregate concrete. 

Wang et al. (2024) Waste ceramic particles Recycled ceramic particles reduce shrinkage and 

improve freezing resistance, making them beneficial 

for durable concrete. 

Wu et al. (2024) Recycled brick powder 

(RBP) 

Moderate RBP enhances hydration, strength, and 

durability, but excessive RBP reduces concrete's 

performance. 

Xue et al. (2021) Recycled concrete 

aggregates (RCA) 

RCA decreases bond strength and energy dissipation 

under cyclic loading but optimized stirrup ratios 

improve performance. 

Yao et al. (2021) Reclaimed asphalt pavement 

(RAP), fly ash (FA) 

RAP and FA reduce shrinkage and improve 

mechanical properties, suitable for rapid construction 

and repairs. 

Zeyad (2023) Recycled wastewater Recycled wastewater can replace freshwater in 

concrete, although some performance issues arise, 

particularly in compressive strength. 

Zhaoyuan et al. (2024) Recycled rubber aggregates Rubber aggregate reduces environmental impacts, 

enhancing structural performance and sustainability in 

CFST columns. 

Zheng et al. (2023) Fully recycled aggregate 

concrete (FRAC) 

FRAC shows potential in fire-resistant applications 

with appropriate admixtures and reinforcements 

improving high-temperature resistance. 

Zheng et al. (2024) Waste glass aggregate 

(WGAC) 

WGAC enhances sustainability with optimal 

performance at 20% replacement ratio, reducing 

environmental impact in composite columns. 

 

CONCLUSION 

The integration of domestic waste and recycled materials into concrete production offers promising benefits in terms 

of environmental sustainability and resource efficiency. As highlighted by various studies, the use of materials such 

as recycled concrete aggregates (RCA), plastic waste, glass, and even wastewater, can significantly reduce the 

reliance on natural resources, minimize landfill waste, and lower carbon emissions associated with concrete 

production. Key findings from the research show that incorporating these materials can enhance certain properties of 

concrete, such as compressive strength, shrinkage resistance, and thermal performance, while also contributing to 

the development of more eco-friendly construction practices. 

However, challenges remain, particularly regarding the long-term durability and mechanical properties of concrete 

made with recycled and waste materials. Several studies point to issues such as reduced bond strength, increased 

porosity, and a potential decline in performance when higher amounts of waste materials are used. This underscores 

the importance of optimizing the types and amounts of waste materials to achieve the best balance between 

sustainability and material performance. Moreover, while the research has made strides in understanding the impact 

of domestic waste in concrete, gaps still exist in areas such as the chemical interactions between waste materials and 

concrete binders, the long-term durability under various environmental conditions, and the development of 

standardized methods for evaluating waste-based aggregates. 
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