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 The building sector often causes significant environmental damage due to 

the usage of conventional concrete. In addition to this, such a material 

requires a substantial quantity of natural resources, while simultaneously 

resulting in significant quantities of carbon dioxide emissions. The 

recognition of environmental difficulties in building construction projects 

has contributed to the development of eco-friendly concrete techniques, 

particularly in the area of recycling. This study primarily focuses on the 

advancements in sustainable concrete in recent years, specifically on the use 

of recycled aggregates and industrial leftovers such as fly ash and slag. 

Additionally, it explores the use of sustainable supplementary materials 

including recyclables such as plastics and glass. They contribute to reducing 

the need for new raw materials and divert trash from landfills, therefore 

promoting the circular economy. The study focuses on the environmental, 

economic, and technical benefits of using recycled materials into concrete 

mixtures. Additionally, it addresses concerns related to performance, 

uniformity, and appearance. The research aims to provide a fundamental 

understanding of the impact of recycled materials on the concrete industry, 

therefore promoting sustainability in response to the global need to reduce 

carbon dioxide emissions and conserve resources. The research is important 

because users in the concrete industry are looking for methods to reduce 

carbon dioxide emissions and resource consumption in order to adopt 

sustainable technology. This procedure will be accomplished by assessing 

various evaluation methodologies and generating relevant case studies and 

current developments 
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1. INTRODUCTION  

          Concrete, while being a crucial material for infrastructure and development, also has the capacity to make a 

substantial contribution to environmental resource conservation. Concrete, a commonly used material in the building 

sector, has been in use for almost two centuries. 

The scarcity of lunar resources has led to a rise in the adoption of sustainable practices, resulting in several new 

problems from managerial, strategic, and operational perspectives [1, 2, 3]. Furthermore, the building industry plays 

a significant role in addressing societal requirements via the implementation of Chernov’s concept of enhancing the 

quality of people’s lives. However, this particular sector is responsible for 35% of the total carbon dioxide emissions 

worldwide and generates 45-65% of the waste material that is disposed of in landfills. In addition, the building 

sector and its operations emit significant amounts of harmful pollutants, accounting for around 25-27% of the total 

world greenhouse gas emissions. The primary source of these emissions is construction activities, while the 

transportation and processing of building materials account for 18% of these emissions [7]. Therefore, it is necessary 

to conduct a thorough evaluation of the notion of sustainability in structures 

The waste products mostly consist of household rubbish, commercial and industrial waste, and building and 

demolition debris [8]. Efficient and efficient waste management, appropriate trash disposal, and innovative waste 
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reuse are crucial in addressing the present challenge of waste generation. While there are many methods for 

managing, recycling, or disposing of waste, a contemporary solution that effectively aligns with the circular 

economy notion has not yet been devised. The construction industry has a significant role in causing environmental 

harm and is a major user of resources. The construction of a structure begins with the acquisition of materials and 

concludes with the demising phase. Throughout these processes, a building uses a substantial quantity of energy and 

emits a huge number of carbon footprints [9-13]. Some of this may be attributed to the use of primary resources in 

the building’s construction. Additionally, it was discovered that the embodied energy of materials accounts for 

around 15% of a building’s energy use and carbon emissions [14-21]. Furthermore, the use of a significant amount 

of virgin materials in building materials diminishes natural resources and amplifies the environmental impact 

[22,23] By replacing virgin resources with waste products, we successfully address the two primary concerns: These 

include factors such as the overproduction of trash and the use of fresh resources Prior studies have also explored the 

possibility of using waste glass in the concrete and construction sector as a viable option and potential approach for 

handling mixed-color recycled glass material. These studies also aimed to provide a systematic analysis and 

practical application [24]. In the early 2000s, many research projects were conducted to evaluate the feasibility of 

using crushed glass waste in concrete production [25, 26]. Science has attempted to use glass as a concrete aggregate 

due to the high cost of disposing of glass waste. A specific discovery was made about the integration of waste glass 

into the coarse aggregate of concrete. This integration occurs inside the concrete structure, specifically in the 

changed interfacial transition zone between the aggregates and the cement matrix. Reference [28] indicates that the 

binding between cement paste and glass aggregate is weaker compared to that between cement paste and natural 

aggregate. However, the Alkali-Silica interaction is acknowledged as one of the obstacles that impede the use of 

recycled glass in concrete. Stanton pioneered the initiation of the ASR in the 1940s. The output produced by the 

ASR method is often known as an alkali-silicate gel. The ASR gel exhibits the property of swelling, or more 

precisely, growing in size, due to its absorbent nature with respect to water. The expansion of ASR gel may cause 

significant damage to the microstructure of concrete due to the development of internal tensions. ASR is considered 

a persistent occurrence, with its societal repercussions becoming apparent years later. Consequently, it is 

consistently seen as a possible danger. Moreover, glass is an amorphous material that is created by melting and 

rapidly cooling two or more components, preventing the formation of a crystalline structure. Trade glass is 

composed mostly of silicates. By virtue of its intricate and stochastic structural composition, as well as its 

constituent chemical components of silicon and calcium, the material exhibits the potential to enhance its pozzolanic 

or cementitious properties when subjected to grinding [29]. Recently, there has been a growing interest in using 

finely pulverized glass as a pozzolanic material due to the increasing buildup of glass trash and the associated 

challenges it poses Several industrial sectors, such as aluminium, steel, power plants, and biomass, have preserved 

their mineral resources by accumulating them as waste products. Industrial waste derived from aluminium, such as 

red mud, PLK (fully laterite kondalite), and KK (kaolinitic kondalite), includes abundant minerals that are suitable 

for use in the geopolymer process. The waste generated by steel manufacturers includes calcium and silica minerals 

that may be used in the creation of different calcium silicates and their mineral phases [30,31]. Certain types of 

biomass waste, such as rice husk and bagasse, may be transformed into ash that consists of about 80-90% 

amorphous silica. Research has shown that unaltered silica, namely in the form of silicon dioxide (SiO2), may 

reduce expenses in geopolymer procedures [32]. The pozzolanic qualities of fly ash and bottom ash generated by 

power plants are well recognized and advantageous. The ash is presently being used as a substitute for up to 30% of 

the cement. Based on the current advancements in repolymerization, it is feasible to completely use 100% of fly ash 

as a construction material [33]. The mutually advantageous strategy of using garbage in a productive manner may 

establish a habit of creating building materials with little carbon dioxide emissions. The mechanical characteristics 

of a geopolymer binder are influenced by several aspects, including the ratio of binder to waste, the nature of the 

waste material, the mineral composition, the technique of manufacture, and the proportions of the mixture [34-37]. 

Consequently, using the aforementioned industrial waste for manufacturing geopolymer concrete/cement has a 

significant and beneficial influence on the environmental, social, and economic aspects It is crucial to establish the 

primary sustainability indicators (including environmental, social, and economic indicators) for building materials in 

this scenario. 

This   waste   includes   a   significant   amount   of   alumino- silicates    in    the    form    of    geopolymer    

precursor   [38-39] A number of studies have examined the environmental impact of using Construction and 

Demolition waste as a method of decreasing the need of new materials [40]. Nevertheless, a research emphasised the 

need of taking into account the energy-intensive procedures necessary to convert these waste elements into useable 

substances. Frequently, the energy- intensive characteristics of sustainable materials are overlooked when 

comparing them to other options, highlighting the need of clearly defining the system boundaries when assessing 

their sustainable advantages. The study primarily focused on the use of ISO standards to enhance control and 
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management operations, with the objective of reducing environmental consequences. Construction and Demolition 

waste may be recycled in several sectors as packaging materials and in the construction sector for road building 

purposes. Concrete is mostly sourced from Construction and Demolition debris, which is obtained from the 

dismantling of foundations, reinforced structures, and roads [41]. A separate research thoroughly examined the use 

of recycled aggregate derived from Construction and Demolition waste in concrete [42]. The review reported that 

recycled concrete exhibited good durability and strength characteristics, such as compressive strength, tensile and 

flexural strengths, creep, and shrinkage qualities. In addition, a separate research conducted in Spain examined the 

use of recycled aggregate derived from Construction and Demolition debris, ensuring that it adhered to the 

regulations outlined in the Spanish Structural Code [43]. The findings showed that while the material and strength 

characteristics were obtained, compliance with criteria for some qualities, such as chloride content, water 

absorption, and sulphur content, could not be attained. A separate research classified the aggregate derived from 

Construction and Demolition waste into recycled coarse aggregate, recycled masonry aggregate, and a mix of both 

[44]. The research documented many findings on the durability, immediate performance, and performance over time 

of concrete made using recycled aggregate ingredients. However, the research did not address the sustainability 

implications beyond the replacement of virgin materials. Twenty publications on Construction and Demolition waste 

in concrete were analysed with a specific emphasis on sustainability. The results clearly indicate that the primary 

research emphasis was on examining the mechanical strength properties in a controlled laboratory setting. Only a 

small percentage (5%) of the studies included field investigations and other sustainable factors, such as socio-

economic benefits. Although there are environmental advantages to employing virgin materials instead of recycled 

ones, many studies have pointed out the difficulties of using Construction and Demolition waste in building material 

applications. These studies indicate that there are economic repercussions to consider, such as tipping fees and 

increased transportation expenses. The studies also emphasise the necessity of government incentives in promoting 

the use of waste materials. A further research highlighted the need of obtaining recycled materials from nearby 

sources in order to optimise both the economic and environmental effects [45]. Tam et al. [46] identified the absence 

of standards, inadequate financial incentives, and consumer perceptions as significant obstacles that limit the use of 

recycled aggregate from Construction and Demolition waste in concrete. 

 

2. TYPES OF RECYCLE MATERIAL TO PRODUCE SUSTAINALE CONCRETE 

Two minus one Sustainable concrete, commonly referred to as green concrete, is created by using different 

types of recycled materials in order to minimize the environmental effect of conventional concrete. The following 

are many common types of recycled materials used in the production of environmentally-friendly concrete:Here are 

some common types of recycled materials that are often utilized in the production of environmentally- friendly 

concrete. 

 

2.1.   Recycled Aggregate 

 

2.1.1 Crushed Concrete: Recycled concrete constructions are brought to the state where they are pulverised or 

crushed and are used as substitutes for basic aggregates. 

2.1.2 Recycled Asphalt Pavement (RAP): Concrete is also prepared using the recycled asphalt. 

 

2.2.  Recycled Plastic 

               Polyethylene Terephthalate (PET): Many PET items including recycled plastic bottles may be ground 

into granules and incorporated into concrete thereby reducing the use of new materials and hence do something 

about the increasing piles of plastic waste. 

 

2.3  Fly Ash 

               Fly ash is a pozzolan which originates from burning of coal in power plants; it is used as SCM in concrete 

where it is used as a partial replacement of Portland cement. This one contributes to a reduction of the general 

environmental imprint of concrete production to some extent by alleviating the use of CA and CAP. 

 

2.4  Ground Granulated Blast Furnace Slag (GGBFS): 

               Ground Granulated Blast Furnace Slag (GGBFS) which is a product of the steel industry is an SCM that 

can be used in partial replacement of cement in concrete. This substitution enhances the toughness of the concrete 

and at the same time making it to be environmentally friendly. 
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2.5 Silica Fume 

             The silica fume, which is obtained from the production of silicon or ferrosilicon alloy, is utilised to increase 

the durability and strength of the concrete and also to reduce the cement proportion. 

 

2.6 Recycled Glass 

             Quarry or glass dust can used as an aggregate or as a pozzolanic addition to enhance the mechanical 

properties of concrete. 

 

2.7 Recycled Rubber 

               Rubber produced from the used tires can be reclaimed and used to replace some of the aggregates in the 

concrete so making concrete more flexible and better in impacts. 

 

2.8 Rice Husk Ash 

               Rice husk ash is a pozzolanic material which has potential use in concrete which may replace cement – so 

increasing the sustainability and the life of the concrete too. It is one of the by products of rice milling industry. 

 

2.9 Recycled Wood Ash 

               A research of the use of woody biomass, that may be available from industrial processes or biomass power 

stations, may be used as partial substitution of cement in concrete by acting as a pozzolan. 

 

2.10 Municipal Solid Waste (MSW) Ash 

               Therefore, the ashes derived from incinerating municipal solid waste can be used as a replacement for 

cement in concrete, either as a binding agent or as an additive. This approach allows for an effective waste disposal 

method and helps mitigate the harmful impacts of cement production. 

 

2.11 Waste Glass Powder 

               Finely pulverized waste glass may be produced from waste materials and can be included into concrete 

mixtures either as a substitute for cement or as part of the fine aggregate. 

 

2.12 Carbon Nanotubes and Nanofibers: 

              Carbon Nanotubes and Nanofibers Utilizing sustainable carbon nanoparticles may enhance the mechanical 

qualities and durability of concrete without depending on traditional resources. By reusing these resources, the 

environmental impact is reduced, making cement manufacture sustainable. Instead of being thrown, the waste 

material is recycled and given another use. 

 

 

3.   THE FUNCTION OF WASTE CONCRETE IN CONSTRUCTION : 

             Concrete recycling is crucial in building construction because to its environmental, economic, and practical 

benefits. 

 

3-1 Enviromental benefits:  
             Recycling concrete debris back into the manufacturing cycle as a substitute for extracting fresh aggregate 

from the ground is a conservation practice. This is because the materials required for making regular concrete, such 

as sand, gravel, and limestone, are naturally occurring. This mitigates the environmental effect associated with 

mining and quarrying activities. In addition, recycling concrete reduces the amount of building and demolition 

material that has to be disposed of in landfills. In addition, it shows remarkable advantages in actually sparing much 

space on the ground than when using other traditional methods of disposal and it also enables total control of 

contamination in the disposal stations. 

 

3.2 Decrease in Carbon Emissions:  
             The ensuing synthesis of concrete particularly the making of cement contributes to emission of carbon 

dioxide to the atmosphere. Recycling concrete also reduces the raw materials for cement manufacture, which leads 

to decreased emissions of the green house gases. Reducing carbon emissions of a building or construction forms an 

important part of this endeavour and in fighting climate change. 
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3.3     Resource Conservation:  
            The recycling of concrete also makes for the efficient utilisation of material to avoid wasting their contents in 

previous constructions. From the above digestive, one should pay attention to the fact that global demand of 

construction materials is exerting pressure on natural resources. 

 

3.4    Economic Savings :  
            Some advantage from using recycled concrete is that it may lead to some saving in cost. This is so because 

concrete that is recycled is usually cheaper than that which is derived from new materials, this may reduce costs of 

constructions. Routine concrete which can be sourced locally may also reduce the expense of transportation of fresh 

material long distances mostly from the demolition sites. 

 

3.5     Maintaining Material Quality:  
            As such recycling technology has evolved to manufacture redemptions of concrete that conforms to a 

standard that is required and suitable for use in various constructions. This will also guarantee that-recycled concrete 

can be used in new constructions, highways, and infrastructure projects as it was done in the past without any 

problems. 

  

 

3.6     Promoting a Circular Economy:  
            Incorporating the concept of circular economy, recycling of concrete makes one of the critical pillars of 

reuse, reusing and upcycling of waste materials. It also assist in minimizing the wastage and steer inventiveness on 

the part of manufacturers of construction Friendly products Concrete re-use in construction therefore is a sustainable 

practice, lowers GHG emission, conserves resources, yields economic benefits, and in line with circular economy 

paradigm. Given the emerging strategies and practices of building construction more emphasis will be laid on 

concrete recycling to create rigid and resource efficient built environment. 

 

4. APPLICATION OF CONSTRUCTION WASTE 

             Construction trash, which people might define as something that appears as a consequence of construction 

works, can be used in the more and more various and ecologically friendly methods. Below are few primary 

applications: Some few main uses include: 

 

4.1 Incorporating Recycled Aggregate in Concrete 
 

4.1.1 Crushed Concrete: It can be obtained from the crushing of concrete and then used in concrete mixes that 

are new. This does reduce by a very large extent the usage of virgin materials that include gravel and sand in 

construction. 
 

4.1.2 Subbase Material: Recycled concrete can be utilized in roads, parking lots and pavement construction 

mostly in subbase material. The purpose of this is to give a base and minimize the use of other supplies for the 

procedure. 

 

4.2 Road Construction and Maintenance 

4.2.1 Asphalt Pavement Recycling: Therefore, waste asphalt is often occasionally reused by crushing and then 

incorporating it with the new asphalt so as to rejuvenate eroded roads. Its objective is to utilise and recycle as many 

materials as possible in order not to spoilt as many natural resources as possible and to create a minimum amount of 

landfill waste. 

 

4.2.2 Fill Material: Most wastes produced in construction activities such as breakdowns of bricks and concrete 

could be used for filling of road beds and other places like embankment, backfilling among others. 

 

4.3 landscaping and erosion control 

 

4.3.1 Mulch and Aggregate: Demolition waste, for instance, scooped up at construction sites – like mulch and 

aggregate, may be reused for beautification of outside zones. Mulch can added to enhance the beauty of outside 

spaces and crushed stone, concrete or the like can be used to develop attractive features of outside areas, such as 

paths, lawns and walls. 



Dijlah Journal of Engineering Science (DJES)                                  Vol. 3, No. 1, March, 2026, pp. 404-4011 

ISSN:  Printed: 3078-9656, Online: 3078-9664, paper ID: 141 

409 

 

4-3-2       Gabions : can be compacted with building debris in the form of stones or bricks and constructive wire 

baskets are used for this purpose. These gabions are employed in slopes and walls and also for picturesque in water 

courses for the purposes of conservancy 

  

4.4 Recycled Construction Materials 

4.4.1 Bricks and Tiles: The bricks and tiles often obtained from destroyed constructions may be thoroughly 

cleaned and utilized in future construction projects to preserve architectural resources and minimize waste. 

 

4.4.2 Wood Beams and Lumber: Salvaged timber from previous constructions may be used, restored, and 

incorporated into new building projects, furniture production, or interior decoration. 

 

4.5 Development Of Sustainable Infrastructure 

 Green Concrete: It can be mixed incorporating the recycled aggregates and the other building wastes so that 

the effect of concrete on the environment can be reduced as compared to the conventional concrete Modular 

building might advantages from Prefabricated modules of recycled material which in term will help in sustainability 

and reduction in waste on site. 

 

 

5. CONCLUSION  

            The integration of recycled materials in the manufacturing of concrete is a crucial step towards enhancing the 

sustainability of the building sector. This article addresses the increasing worldwide concern with the inclusion of 

recycled aggregates, industrial wastes, and other wastes in building, particularly in concrete construction projects. 

This strategy has shown to be very successful in reducing carbon emissions, conserving resources, and minimizing 

landfill trash. Nevertheless, there are still unresolved concerns, such as the need for similar material performance 

and the full manufacturing of innovative sustainable concrete. However, the advantages of this material are 

unquestionable. However, in order to overcome these hurdles and get more acceptability, it is essential to do 

ongoing research, enhance technological aspects, and establish the requisite legal frameworks. By using recycled 

materials into concrete operations, the construction industry achieves sustainability that aligns with worldwide 

environmental standards and policies on resilience and resourcefulness. The creation of concrete relies on three 

components and the harmonious performance of these factors, with recycled materials being essential. 
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