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Abstract 
The returned fresh concrete, hardened leftovers, slurry trash, recovered aggregates, and high-alkaline 

wash-out water are among the substantial amounts of waste produced by the ready-mixed concrete 

(RMC) business. Because of their hazardous qualities and growing disposal costs, these wastes provide 

both economic and environmental difficulties. Reusing under-designed concrete, adding partially 

hydrated cementitious materials, recycling hardened concrete into recycled concrete aggregates (RCA), 

and reclaiming aggregates and water through wash-out systems are some of the sustainable methods for 

managing and using RMC processing wastes that are examined in this review. Reduced mechanical 

performance, decreased workability, high variability, extra admixture requirements, and strict quality-

control requirements restrict the practical adoption of these technologies, despite the fact that they 

promote resource conservation and lessen environmental responsibilities. The study emphasizes the 

need for comprehensive, plant-specific waste management frameworks that are backed by cooperation 

between precast manufacturers and RMC producers. To move the RMC industry toward a more 

sustainable and circular future, it is imperative to develop recycling technology and set clear norms. 
 

Keywords: Waste Management; Ready-Mix Concrete; Recycled Aggregate; Slurry Waste; 

Sustainability; Concrete Industry 

 

Introduction 

Concrete, the second most consumed material on Earth after water, forms the backbone of 

global infrastructure development. Cement-based materials alone account for nearly one-

fourth of global material consumption [1], and over their service life cycles, they are 

responsible for a comparable share of waste generation. Considering that concrete represents 

approximately up to 45% of total cement consumption, and that aggregates and water 

together constitute about seven to eight times the cement quantity [2], the global concrete 

production was estimated at nearly 109 billion tonnes per year (Mineral Commodity 

Summaries, 2017). With such immense scale and ubiquity, even a marginal improvement in 

the efficiency of resource use or waste reduction practices can have a substantial impact on 

environmental sustainability.  

Emissions and energy consumption are inherent in the cement and concrete industries. About 

5% of the world's anthropogenic CO2 emissions come from the manufacturing of cement 

alone (IEA/WBCSD, 2009). The calcination of limestone and the high-temperature kiln 

activities necessary for cement production are the main causes of this substantial carbon 

footprint. As a result, sustainability evaluations throughout the world now place a strong 

emphasis on the concrete industry's environmental performance. For the construction sector 

to further sustainable growth, it is imperative to manage and mitigate the environmental 

consequences related to the manufacture, transportation, and use of concrete materials. 

Because of the significant amount of waste and leftover materials produced during 

manufacturing, distribution, and plant operations, the ready-mixed concrete (RMC) industry 

in particular is receiving more attention. Returned concrete, wash water, slurry, and leftover 

aggregate materials are some of these wastes that, if improperly handled, result in serious 

environmental problems and resource inefficiencies. There is little primary data on waste 

creation and management during the earlier stages of production, despite the fact that a lot of 

study has concentrated on the end-of-life phase of concrete buildings. The total resource 

efficiency of the concrete supply chain may be significantly increased by addressing this  
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issue with efficient waste minimization and recycling 

techniques.  

Since the late 1980s, global research and practice have 

increasingly focused on the recycling and reuse of hardened 

concrete derived from construction and demolition (C&D) 

waste streams [3]. While these efforts have led to the 

development of effective recycling principles and treatment 

technologies for end-of-life concrete, such approaches are 

not directly applicable to the wastes generated during the 

ready-mixed concrete (RMC) production and supply stages. 

The key difference lies in the state and timing of waste 

generation RMC wastes typically occur in fresh, 

unhardened, or early-hardened conditions within the first 

few hours after batching.  

Returned concrete, which frequently maintains enough 

workability upon returning to the batching facility, makes 

up a sizable component of these wastes. This material is 

sometimes recycled to create low-grade or non-structural 

concrete products like standard-sized blocks, backfill 

materials, or blinding layers, either with or without the 

inclusion of set-retarding admixtures. However, the 

returning concrete is frequently just thrown away, either in 

makeshift mounds on the plant's property or, once it has 

solidified, moved to public landfills. Both resource 

management and environmental sustainability face several 

difficulties as a result of such activities. In addition to taking 

up precious factory space and interfering with traffic and 

logistics, temporary on-site dumping raises operating 

expenses since it requires double handling, such as crushing 

hardened concrete to make transportation simpler. 

Additionally, the buildup of these wastes presents possible 

environmental hazards, such as dust emissions, pollution of 

adjacent land and water sources, and a rise in the carbon 

intensity of manufacturing as a whole.  

About 70% of recovered aggregates and up to 30% of 

unrecoverable paste, which includes cementitious materials, 

water, partly hydrated cement, pozzolanic products, small 

fine aggregates, and traces of unreacted admixtures, are 

frequently found in returned concrete debris. Many ready-

mixed concrete (RMC) facilities use aggregate reclaimers to 

recover useable materials. These machines use enormous 

amounts of fresh or recycled grey water produced during 

cleaning operations to wash off cement paste. Large 

volumes of grey water, frequently rich in fine cementitious 

particles, are produced during the aggregate washing 

process. In order to deal with this, a number of factories use 

slurry dewatering or water reclamation systems, which 

separate slurry solids from grey water and produce 

recovered water that may be used again. A crucial 

environmental management tactic that improves resource 

efficiency and lowers wastewater discharge is the use of 

aggregate and water reclamation systems. By using these 

technologies, plants can reduce the amount of freshwater 

they need and the environmental impact of producing RMC. 

Batching plants create and handle a variety of processing 

wastes, such as solid residues, slurry, and grey water, 

depending on the size and design of the reclamation system. 

 

 
 

Fig 1: Wastes Generated from RMC Plant 

 

Over 200 million tons of new concrete are returned to RMC 

plants and garbage each year from a worldwide viewpoint; 

this is mostly dependent on the degree of QA and QC in 

both concrete manufacturing and building activities. The 

expense of disposing of leftover trash has become a 

significant issue due to the increased focus on sustainable 

development and environmental preservation. Due to their 

high alkalinity and heavy metal content, fresh wastes from 

concrete batching plants, such as waste returned concrete, 

concrete slurry waste, grey water, and recovered water, are 

categorized as hazardous materials in many nations [4]. For 

example, according to Technical Guideline WM2, wastes in 

the UK with a pH more than 11.5 are classified as hazard 

class H8. According to studies, slurry waste usually has a 

pH between 11.5 and 13.0 [5]. Because such highly alkaline 

wastes must be pre-treated to make them non-hazardous and 

are susceptible to rising landfill charges, disposing of them 

presents both environmental and financial issues. For 

instance, the projected cost of treating CSW in Japan before 

it is disposed of in a landfill is $60 per tonne [6]. 

As sustainable practice in construction has gained priority in 

most part of world, sustainable management of waste 
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generated during from RMC production has become a major 

concern. 

 

Waste Management Approaches in RMC Plant 

In most of the condition, the RMC produce concrete by 

centralized batching system. It is found that more than 75% 

of the concrete work is done with concrete produced by 

RMC in construction activity. The concrete produced is 

customizable and as per requirement of the client. The raw 

materials are blended and mixed with batching and mixing 

control system. The concrete produced from RMC is 

suitable for all kind of infrastructure development work. 

Once the concrete is produced, it is supplied to the required 

site with transit mixer. In the entire process the waste from 

RMC is generated from there different source like returned 

fresh concrete, residues inside the truck mixer and waste 

from washing truck mixer and batching plant. 

 

 
 

Fig 2: Approaches for Waste Management 

 

Reuse of Under-Designed Concrete Mix 

One major source of fresh concrete waste is returned or 

under-designed concrete from ready-mixed concrete (RMC) 

manufacturers, which is mostly caused by overordering or 

residual residues in truck mixers. While leftover concrete is 

the consequence of washout and cleaning procedures, 

overordering frequently happens as a result of inaccurate 

site estimation and scheduling. A medium-sized batching 

plant that produces around 1000 m³ of concrete a day may 

produce 8-10 tons of fresh waste, or 0.4-0.5% of the overall 

production, which presents problems for the environment 

and the economy [7]. 

Reusing fresh returned concrete in low-grade or non-

structural applications including blinding layers, backfilling, 

pavement blocks, partition wall blocks, and weight blocks is 

one of the simplest ways to handle this waste. By taking use 

of fresh waste concrete's natural workability, this method 

drastically lowers processing and material requirements. 

However, cost-efficiency may be impacted by the short 

working time, transit distances, and accessibility to local 

precast facilities [8]. 

Depending on the state of the concrete and the plant's 

capability, a number of processing techniques are used in 

addition to direct reuse. These consist of: partly reusing 

partly hydrated cementitious materials as accelerators in 

fresh batches. Manufacturing of precast blocks or retaining 

wall modules utilizing overordered concrete.  

All things considered, reusing under-designed or returned 

concrete is a workable circular strategy that lowers waste 

production, preserves raw materials, and decreases disposal 

expenses, all of which are in line with the RMC industry's 

sustainable management objectives [7, 8]. 

 

Reuse of Fresh Concrete 

This waste management approach is a techno-managerial 

methodology of reuse of fresh concrete waste such as 

returned concrete waste and residues inside the truck mixer 

is utilised as a raw material for production of fresh concrete. 

To meet the criteria like workability, quality and durability, 

additives like retarders and stabilizer to slow hydration 

process and activation agent to accelerate the hydration 

process [9]. Factors like amount of retarder, age, dosage and 

holding period of retarder greatly influence on properties of 

concrete blended with returned fresh concrete. Though we 

have many approaches to reuse the returned fresh concrete, 

but there is no proper guidelines and specification. This 

might bring up high risk and challenge for QA and QC. 

 

Usage of Hardened Concrete 

Recycled concrete aggregate (RCA) refers to aggregate 

material obtained by crushing and processing clean concrete 

waste with minimal contamination by other building-waste 

materials RCA has distinct physical and chemical properties 

from natural aggregates since it usually keeps adhering 

mortar and leftover cement paste. These differences include 

increased water absorption, lower density, and more quality 

fluctuation. If the proper mix design modifications or 

treatments are not used, these variations may negatively 

impact the mechanical performance and longevity of 

concrete manufactured using RCA. Positively, RCA 

contributes to material circularity, lessens the demand for 

virgin aggregate extraction, and reduces construction-waste 

quantities. In order to safely and successfully utilize the 

benefits of RCA in structural and non-structural concrete 

applications, ongoing research focuses on enhancing RCA 

quality (via treatments or preprocessing), defining ideal 

replacement amounts, and creating uniform protocols. 

When compared to mixes including natural aggregates, 

concrete manufactured using recycled concrete aggregate 

(RCA) often exhibits worse mechanical performance; the 

degree of this loss varies depending on the replacement 

amount. Compressive strength usually drops by 5-20% with 

up to 30% RCA replacement, which is generally regarded as 

acceptable for many structural and non-structural 

applications. Studies show that even with full replacement, 

there is a 15-20% decline in strength at higher replacement 

levels, such as 60-100% RCA. Due in large part to the 

increased porosity and weaker adhering mortar found in 

RCA, other mechanical parameters are also impacted: 

splitting tensile strength reduces by around 33-39%, while 

flexural strength declines by about 28-41%. These 

numerical trends highlight that although RCA can be 

effectively used in concrete production, especially at lower 

replacement rates, careful mix design adjustments and 

quality control are needed to maintain performance [10-15]. 

 

2.4 Reclaiming from Wash-Out Process  
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In RMC plants, during the operation process a substantial 

volume of wash-out water (Waste Wash Water) is generated 

from the cleaning the truck mixer, pump lines and batching 

equipment. The reclaimed water is collected from the 

sedimentation process and coarse aggregate along with fine 

solid particles are reclaimed with the help of reclaimer. 

Cleaning-up and removal of residual of concrete is very 

essential for maintaining working efficiency of the transit 

mixer and other batching equipment. In mechanical 

reclamation systems, useful aggregates are separated from 

fresh returned concrete waste by washing. The wash water, 

contains aggregate and fine cementitious particles, 

undergoes series of sedimentation process and settles in the 

pits. Reclaimed aggregates (coarse and fine) and grey water 

with suspended particulates are the two primary byproducts 

of the process. The last settling pit that the grey water passes 

through yields comparatively cleaner recovered water, 

which is frequently utilized for non-critical tasks like dust 

suppression, road washing, first truck drum cleaning, or 

cleaning out new RCW. The heavier slurry solids are 

accumulated in the earlier pits and are regularly removed, 

these collected materials may be landfilled or assessed for 

possible usage. As a result, the system typically generates 

two additional outputs: recovered water, and waste concrete 

slurry. Further, the grey water can be treated by using filter 

press to extract suspended solids mechanically. The 

reclaimed water further can be used for washing the truck 

mixer again. Other source of fresh concrete waste includes 

trails performed for production and remains from batching 

plant [16]. The application of above reclaimed materials are 

discussed in detail in further section the article. 

 

Functional Properties and Engineering Deployment of 

Reclaimed Materials 

Materials reclaimed through methods such as downgraded 

concrete production, recovered residues from batch mixers, 

and hardened fresh concrete generally exhibit inferior 

characteristics, including poor workability, reduced 

durability, lower strength, and higher recycling costs, when 

compared to natural raw materials. The downgraded and 

under designed fresh concrete can used in the manufacturing 

of products like cement blocks, paver blocks and non-

structural element in the building. However, this is not 

practically implemented due to issue in workability, strength 

and poor management of setting time. The resides from ethe 

batch plant and transit mixer can be reused by blending with 

the fresh production process. Studies have shown that 

incorporating 25–50% partially hydrated cementitious 

materials in ultra-high-performance concrete can 

significantly enhance 24-hour early strength, noticeably 

accelerate setting, and help reduce shrinkage [17]. It is found 

that batching up to 5% of reuse of fresh concrete had no 

effect of setting time, strength, and dry shrinkage. The 

problem found mainly due to time gap until next batching 

process. However, this can be solved with proper dosing of 

retarder and additives, may also cause high cost of 

production. The reclaimed material from second approach 

should have characteristic properties similar to the 

demolition waste. The RCA can be used up-to 10% of total 

mass of natural aggregate for most of the concrete 

application. The mechanical properties like compressive 

strength, tensile strength and flexural strength is reduced 

with increase in the recycled concrete aggregate. The 

approach three, processing the waste from wash-out process 

is most common process to treat waste in the RMC plant. 

The method adopted depend on site condition, facility and 

production capacity. With different reclaiming system 

different wastes. 

 

 
 

Fig 3 Reclaimed Materials (Wash-Out Process) 

 

The reclaimed aggregate from RMC plat during reclaiming 

process is considered as an alternative source of natural 

aggregate. It is found be advantageous for conserving 

natural resource and low cost production. Studies have 

found that reclaimed aggregate can be fully replaced with 

natural aggregate. However, the cement content has to be 

increased to meet the mechanical properties of concrete with 

natural aggregate. The maximum permissible limit of 

replacement of natural aggregate with RCA is allowed up to 

15 % has no change in mechanical properties [18], but the 

workability get reduced. On such a case the workability can 

be adjusted with suitable dosage of superplasticizer. The 

reclaimed waste cement slurry waste from wash-out process 

is a mixture of fine aggregate, cement hydration product and 

cement particle collected from sedimentation pit. The slurry 

waste has more water content, hence it fails to develop high 

strength after dry-out process. Hence, this residual can be 

used as replacement of sand and filler material but not for 

cement replacement. This type of slurry waste is allowed up 

to 30% of sand and will be able to achieve the similar 

strength. But decreases the workability of fresh concrete [19]. 

Also, up to 2% of cement replacement is allowed with dry 

cement slurry waste [20]. The disposal of reclaimed water 

from wash-out process is very challenging due to high pH 

value, and require careful consideration for make the 

disposal environmental friendly. Hence, this waste is used 

for cleaning equipment and machinery. The reuse of such 

water is done by utilising in washing purpose and mixing 

new concrete by meeting the requirement. This could be the 

simple and sustainable method of saving water. The 

incorporation of waste water in new concrete production 

lowers the setting time and workability with decreased 

mechanical properties. 

 

Discussion 

Reusing and recycling RMC byproducts effectively may 

significantly reduce the financial and environmental costs of 

treating hazardous trash. These methods also aid in the 

prevention of pollution and the preservation of energy and 
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natural resources. Cost analysis and environmental 

evaluations must be included in order for each facility to 

choose the best recycling route given its unique 

circumstances. Enhancing cooperation between local precast 

concrete manufacturers and RMC companies makes 

recycling possibilities even more feasible. An integrated and 

well-coordinated waste-management system is necessary 

since each RMC facility produces a variety of trash and 

operates under particular local restrictions. However, there 

are many restrictions on the use of recycled materials, 

including limited allowable replacement levels, the 

necessity for extra admixtures, the need for additional 

storage or recycling space, strict quality-control procedures, 

and even the demand for regulatory clearance prior to use. 

These practical issues currently limit the widespread use of 

RMC derived wastes, despite the fact that many of them 

have potential uses in building materials. Because of this, it 

is becoming more and more crucial to create recycling 

procedures that are both economical and technically sound 

in order to minimize the need for disposal. increasing 

landfill fees and the need for pre-treatment because these 

wastes are dangerous in many areas. Significant amounts of 

trash are being produced in the RMC sector despite 

improvements in recycling returned new concrete, 

underscoring the continuous need for better waste-

management techniques. 

 

Conclusions 

Although the ready-mixed concrete (RMC) business is 

essential to the development of contemporary infrastructure, 

it produces large amounts of trash throughout the 

manufacture, distribution, and equipment cleaning phases. 

This research shows that a significant amount of returned 

concrete, slurry waste, recovered aggregates, and high-

alkaline wash-out water are either misused or disposed of 

despite continuous improvements in recycling technology 

and a revived worldwide focus on sustainability. The need 

for more effective and comprehensive waste-management 

techniques is further highlighted by the hazardous character 

of these wastes, especially their high pH levels and heavy-

metal concentration, which raise disposal costs and 

environmental concerns. Numerous strategies for handling 

RMC processing waste have demonstrated encouraging 

possibilities. Utilizing recycled concrete aggregates (RCA), 

reclaiming aggregates and water from wash-out processes, 

using partially hydrated cementitious materials as 

accelerators, and reusing under-designed or returned fresh 

concrete in low-grade applications are all ways to conserve 

resources and lessen environmental impact. Each approach, 

however, has practical drawbacks, including decreased 

mechanical performance at greater replacement levels, loss 

of workability, increased need for admixtures, higher 

operating costs, and the need for stringent regulatory 

approval and quality control. A single solution is 

insufficient since each RMC plant produces several waste 

streams with different properties. Rather, a thorough, plant-

specific waste-management strategy that integrates 

economic viability, environmental sustainability, and 

technological feasibility is crucial. The use of recycling 

paths may be further improved by increased cooperation 

between manufacturers of precast concrete, RMC producers, 

and regulatory bodies. Decision-makers will be able to 

determine the best waste-utilization methods based on 

production sizes and local conditions by including life-cycle 

cost analysis and environmental impact assessments. 

Overall, sustainable management of RMC wastes is not only 

feasible but also essential for minimizing environmental 

contamination, cutting down on the social and financial 

expenses related to treating hazardous waste, and 

encouraging the effective use of natural resources. In order 

to move the sector toward a more circular and ecologically 

conscious future, it will be essential to set clear standards 

and guidelines, improve quality-control processes, and 

advance reclamation technology. 
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