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ABSTRACT 
 

 The increasing demand for construction materials, fueled by population growth and infrastructure 

development, presents significant environmental concerns due to the energy-intensive and carbon-

intensive processes involved in manufacturing aggregates. The study investigated the viability of 

recycled aggregates as a mitigation strategy, focusing on the proximal distance for repurposing 

demolition rubble in the Gauteng region, Johannesburg in particular, to minimize environmental 

impacts. A mixed-methods approach combining surveys and interviews with demolition 

contractors, recyclers, and quarries was employed to conduct a comparative material analysis. The 

results indicated that recycled aggregates incur higher energy costs, carbon dioxide emissions, and 

manufacturing costs compared to natural aggregates. Subsequently, the study revealed that there 

is no feasible transport distance for repurposing rubble in the Johannesburg region due to these 

increased costs. However, the research also discusses unquantified costs associated with quarrying, 

such as unreclaimable land degradation and ecosystem disruption, which significantly contribute 

to the overall environmental impact of natural aggregates. This study contributes to the 

understanding of construction and demolition waste material recycling, emphasizing the 

importance of considering both economic and environmental factors. The findings will help in 

informing policymakers, construction industry stakeholders, and environmental managers on the 

potential benefits and limitations of recycled aggregates in reducing the ecological footprint of 

construction materials. The research highlighted the necessity of integrating life-cycle assessment 

and environmental costing into aggregate production encouraging policy incentives for sustainable 

construction practices.  
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1.1. Introduction  
 
1.1.1. Background  
 

Infrastructural development is key in accommodating growing populations and ensuring 

sustainable urbanisation. Investments in infrastructure such as transportation, water supply, 

building structures and energy systems are essential for improving quality of life and promoting 

economic growth. Infrastructure that integrates development with sustainability can reduce 

environmental damage from resource extraction and material transportation while increasing 

resilience to natural disasters and ensuring long-term material availability. As cities expand, the 

increased demand for construction materials puts a strain on the resources, exacerbates 

environmental degradation, and increases waste generated from both construction and demolition 

projects.  

The global population has increased by more than three times since the 20th century, with 

9.7 billion people projected in 2050 (de Marsily and Abarca-del-Rio, 2015). Many of the world's 

poorest countries, predominantly in Sub-Saharan Africa, are experiencing significant population 

growth (Population Division, 2022). The surge is predominant, particularly in urban areas of these 

developing countries, where rapid urbanisation is influencing population trends. Urbanisation, the 

movement of people from rural to urban areas in search of better living opportunities, has led to 

an increase in the population living in cities. The United Nations (2018) estimates that by 2030, 5 

billion people will live in urban areas, with 90% of this growth of 5 billion people occurring in 

Asia and Africa. The rapid urbanisation puts immense pressure on existing and new urban 

infrastructure, resources, and services, necessitating sustainable urban planning and development. 
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South Africa, currently with a population of over 60 million (Maluleke, 2022), experienced 

significant population growth. Between 2021 and 2026, the Gauteng province in South Africa is 

expected to have about 1.4 million immigrants, (Maluleke, 2022). It is the smallest province by 

land area with the highest population density of over 785 people per square kilometre (Alexander, 

2017) and a population exceeding 16.1 million, making up 26.6% of the national population 

(Maluleke, 2022). Both population growth and urbanisation in South Africa have driven the 

expansion of urban populations and infrastructure development (Luoma, 2016). This includes 

constructing new buildings and renovating existing structures. Such activities require significant 

quantities of construction materials like concrete, which is primarily composed of cement, 

aggregates (both fine and coarse), and water (Ajamu and Ige, 2015). Thus, the demand for these 

materials continuously rise with population growth and urbanisation (Marinković et al., 2010).  

1.1.2. Demand of Construction Material for Infrastructural Development and their 

Impacts 

Concrete is the most commonly used building material in the construction industry due to 

its versatility, durability, and cost-effectiveness when compared to steel and timber (Vagtholm et 

al., 2023). It can be moulded into various shapes and sizes, making it suitable for a wide range of 

construction projects (Van Damme and Houben, 2018). Concrete is also highly durable, 

withstanding harsh weather conditions, fire, and corrosion, which ensures the longevity of 

structures (Janev et al., 2023; Adesina and Zhang, 2024). This makes concrete the favourable 

choice for most infrastructure projects and everyday construction needs. 

Concrete constitutes of cement, aggregates (fine and coarse), and water, all mixed together. 

With an increase in the manufacture and use of concrete, which is driven by both population 

expansion and urbanisation, the use and consumption of natural aggregates in concrete production 
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as a constituent is continuously and rapidly rising (Marinković et al., 2010). This predicament 

raises concerns regarding the future availability of natural aggregate for concrete production as 

they are non-renewable resources. 

The processes involved in the extraction and manufacturing of natural aggregates include 

mining, drilling, and blasting, which often require the use of explosives (Bascompta, 2022). The 

ongoing use of natural aggregates has several harmful effects on the environment. Geological 

erosion, pollution of the air and water, changes in the landscape, noise, and vibration are just a few 

of the detrimental impacts of resource extraction on the environment (Harte, 2007). In addition, 

the process of manufacturing natural aggregates affects water and air quality, generates noise and 

vibrations, and disrupts the landscape (Drew et al., 2002; Careddu and Siotto, 2011; Kuter, 2013).  

In addition, due to the continued consumption of natural materials, there is a forecast of 

material and resource shortages for use by future generations (Harte, 2007). Aggregate quarries 

are not infinite, mining from this quarries cannot be continued forever, and thus, we consider 

mining the aggregates from a site further away from the city. The natural aggregates' extraction 

and processing result in emissions of carbon dioxide (CO2) (Meddah, 2017), which have an 

adverse effect on the environment. Given the rising demand for concrete as a construction material, 

the environmental impact of CO2 emissions from natural aggregate manufacturing processes poses 

a growing concern for the construction industry. 

Moreover, to supply and manufacture virgin aggregates, transportation of aggregates from 

one process stage to the next is necessary, as is the transportation of the aggregates to the concrete 

plants and construction sites. Over long distances of aggregates delivery, the relative contribution 

of transport to the total carbon emissions rises, increasing the environmental impact and financial 

costs (Sabâu et al., 2021). The life cycle analysis of natural aggregates carried out by Meddah 
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(2017), which included their production, transportation, use, and disposal, highlights their overall 

environmental impacts, as shown in Table 1.1.  

Table 1.1: CO2 emissions per ton of natural aggregates produced (Meddah, 2017)  

Activity Energy source Energy 

(MJ/ton) 

Kg•CO2 e 

/ MJ 

Kg•CO2 e 

/ ton 

Quarrying Fuel oil (NH4NO3 ) 0.05 0.04 0.002 

On-site transportation Diesel 26.41 0.07 1.93 

Crushing, sieving and sorting Electricity 28.80 0.12 3.43 

Transportation to the site (50km)  Diesel 

 

38.00 0.07 2.77 

TOTAL  93.26 0.31 8.13 

 
Table 1.1 highlights the various activities required to extract natural aggregates and the 

embodied CO2 emissions per ton of natural aggregate produced. The use of various none green 

energy sources such as diesel, fuel oil and electricity power these activities, contributing to the 

carbon footprint of natural aggregates. The total CO2 emissions per ton of aggregate production 

was estimated at 8.1 kilograms. The table also shows the environmental impact of natural 

aggregates production and highlights the need for sustainable practices to mitigate carbon dioxide 

emissions, such as using green energy sources, improving energy efficiency and promoting the use 

of recycled aggregates. 

 
1.1.3. Sustainable measures towards mitigating the negative impacts that arise from the 

use of construction materials 
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To mitigate the negative effects that arise from the use of natural aggregates in concrete, 

sustainable construction materials such as the use of recycled aggregates (RA) have been 

introduced into concrete production (Chen et al., 2019). Recycled aggregates are produced by 

recycling concrete waste materials (Visintin et al., 2020). One of the many waste products that can 

be recycled is waste generated from the demolition of buildings (construction rubble) that have 

been deserted or have reached their end-of-life. Furthermore, the concrete waste produced during 

construction of new buildings can also be recycled to produce recycled aggregates (Visintin et al., 

2020). Waste from buildings and demolition is increasing globally, thus, the recycling and reuse 

of construction and demolition waste materials can be an effective waste management strategy 

(Mistri et al., 2020). 

The common technique used to manage construction and demolition (C&D) waste is 

disposal in landfills. This approach has resulted in tons of C&D waste materials that end up in 

landfills and occupy significant volume of landfill airspaces (Marinković et al., 2010). Recycling 

C&D waste is an alternative approach to landfill disposal which can reduce the quantity of C&D 

waste sent for disposal in landfills and conserve natural resources. This practice of repurposing 

C&D waste will also relieve pressure on the landfills that are rapidly reaching maximum capacity.  

Repurposing C&D waste can also address the future material shortage required for 

construction materials. This practice is an example of a circular economy. Waste is produced 

throughout the building and demolition operations. The concept of a circular economy can be 

combined with that of waste management, resulting in boosting the economy and creating jobs 

(Sharma et al., 2021). 
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It is well understood that recycling preserves resources. However, it is debatable whether 

recycling processes and newer strategies does indeed save energy and financial costs. The 

production of crushed stone aggregates and the recycling process both require energy. Therefore, 

it is important to account for this embodied energy when assessing the use of materials for both 

recycled and natural aggregates. Hence, the question is whether the use of recycled aggregates can 

reduce both energy use and costs while reducing the negative environmental impact of concrete 

production. 

 

1.2. Problem Statement     

Previous studies have demonstrated the potential benefits of using recycled aggregates in 

construction, including reduced environmental impacts and cost savings (Ohemeng and Ekolu, 

2020). However, the industry's adoption of recycled aggregates remains limited due to concerns 

regarding their feasibility and sustainability (Zuo et al., 2018). This limitation is particularly 

concerning given the rapid growth of the construction industry in South Africa, which has led to 

increased environmental degradation, resource depletion, and substantial greenhouse gas 

emissions, particularly CO2, as a result of the extensive use of concrete (Simpeh and Smallwood, 

2018). Recent research has highlighted the importance of considering embodied energy, financial 

costs, and transport logistics when evaluating the use of recycled aggregates (Hameed and Chini, 

2010). The geographical distance between demolition sites, recycling plants, and construction sites 

can significantly impact the cost-effectiveness of recycled aggregates, making them more 

expensive than natural aggregates in some cases. Furthermore, the environmental benefits of 

recycled aggregates may be offset by the energy required for transportation and processing. Given 

the need for sustainable construction practices, it is essential to investigate the environmental, 
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financial, and logistical aspects of using recycled aggregates in the South African context, 

Johannesburg. Therefore, this study aims to evaluate the feasibility and sustainability of using 

recycled aggregates in Johannesburg, with a focus on reducing the industry's carbon footprint and 

promoting environmentally friendly construction practices.         

                                                                                                                                                                                                                                     

1.3. Research Significance  

The construction industry plays a vital role in the growth and development of South 

Africa's infrastructure and economy. South Africa is currently experiencing an increase in 

infrastructure demand brought on by economic and population growth. In addition to the growing 

population, urbanisation has also led to an increase in infrastructural projects such as the 

construction of buildings, roads and bridges. Thus, the continued demand for concrete as a 

construction material used in infrastructural projects results in the depletion of natural raw 

materials (Habert et al., 2010).  

In addition to the exhaustion of natural materials, mining of raw materials and their 

processing emit greenhouse gases such as CO2 into the atmosphere, polluting the air and 

contributing to both climate change and global warming (Ngwepe and Aigbavboa, 2015). 

Therefore, it is essential to minimise the use of natural materials, in particular, natural aggregates, 

and adopt the alternative sustainable construction materials, such as recycled aggregates.  

The challenge lies in the significant environmental impact of using natural materials for 

infrastructural developments, which not only depletes these resources but also exacerbates climate 

change through greenhouse gas emissions.  To solve this problem and alleviate the pressure that 

results from rapid infrastructural developments, principles of the circular economy have been 
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adopted in place of a linear economy (Godfrey et al., 2021). Concrete waste is recycled and 

repurposed into concrete aggregates instead of being disposed of in landfills (Batayneh et al., 

2007). A study has been conducted on the use of these recycled aggregates in concrete (Hameed 

and Chini, 2010), where it was concluded that recycling concrete on-site to produce recycled 

concrete aggregate (RCA) is the most cost-effective and energy-efficient method. Another study 

compared the costs and benefits of both natural and recycled aggregates. A study conducted in the 

Gauteng Province by Ohemeng and Ekolu (2020) concluded that recycled aggregates are less 

costly to produce than natural aggregates; incorporating recycled aggregates (RA) has 

demonstrated comparable mechanical and durability properties to that made with natural 

aggregates (NA). 

Although the production of recycled aggregates has been found to be less costly than the 

use of natural aggregates in concrete (Ohemeng and Ekolu, 2020), the distance travelled in 

transporting construction rubble between demolition sites, landfills, recycling plants, construction 

sites, and concrete plants is a geographical factor that can make recycled aggregates more costly 

to use than natural aggregates (Hameed and Chini, 2010). In addition to the issue of financial costs, 

there are energy costs incurred during the manufacturing and processing stages of both natural and 

recycled aggregates. Therefore, these aspects need to be investigated to provide a broader 

understanding of the sustainability and feasibility of using recycled aggregates. 

Furthermore, determining the limit transport distance, which can be described as the 

minimum  transport distance for supplying recycled aggregates to construction sites and concrete 

plants (Marinković et al., 2010), helps in determining the economic distribution of rubble 

processing units needed within the city. This distribution of processing units can create 
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opportunities for small, medium, and micro enterprises since there may be a need for more rubble 

processing units to be established in order to minimise the transport distance and logistics issues 

associated with transporting recycled aggregates in the city.  

In an ideal scenario, where concrete waste is processed on or close to the demolition site, 

the rubble becomes a suitable supply of recycled aggregates. The closer the processing of waste is 

to the worksite (concrete plants and construction sites), the less expensive it is, and the less time 

is required for loading and transportation to and from the site, as well as unloading which not only 

raises costs but also results in increased CO2 emissions.  

1.4. Scope of the Study 

The scope of this study focused on the manufacturing processes of recycled aggregates 

compared to natural aggregates used in the production of concrete. The financial and 

environmental costs associated with the extraction, manufacturing, and processing of these 

aggregates were compared and analysed. Recycling construction and demolition waste is an 

important component of sustainable waste management, and transportation of waste plays an 

important role in this process (Ulubeyli et al., 2017). The study was conducted in Gauteng, 

Johannesburg, using the two aggregate production and supply models (shown in Figure 1.1). 
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Figure 1.1: A schematic representation of the Johannesburg map in Gauteng, South Africa, 

demonstrating the two aggregates supply models of aggregates: Model 1 demonstrates a 

conventional, linear supply and disposal of aggregates, while Model 2 demonstrates a supply and 

repurposing of waste. 

Johannesburg is an expanding metropolitan area with a mix of high-rise buildings, 

industrial areas, and residential areas. The layout and development history of the city play an 

important role in understanding the transport distance and demand for aggregates. The city's 

development has been shaped by its history as a mining town, with quarry sites and industrial areas 

located on the outskirts of the city. 

Model 1 shown in Figure 1.1 represents the linear economy of construction materials, 

where raw materials are extracted, used to manufacture natural aggregates, and get disposed at the 
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end of their life cycle. In this model, the quarry sites are situated on the outskirts, distant from the 

major population centers included in the geographical sampling of the study - Johannesburg, a city 

in Gauteng province, South Africa. The quarry sites extract and produce the natural aggregates 

(NA), which are then transported to the concrete plants for concrete production and construction 

sites for concrete use. The model additionally shows the location of the landfill sites, which are 

also located on the outskirts of the city. These sites receive the construction rubble that gets 

disposed of from the demolition sites and new construction sites.  

Model 2 in Figure 1.1 represents a circular economy model in which materials are 

repurposed at the end of their life cycle. In Model 2, there are distributed recycling sites that 

process construction rubble into recycled aggregates. The recycling sites receive rubble from 

demolition sites or new construction sites in the city. The recycled aggregates are then supplied 

within the city at an economically feasible distance, as demonstrated in Model 2 in comparison to 

the distance in Model 1. Both quarry sites and landfills still exist, although smaller volumes both 

leave the quarry sites and arrive in landfills.  

While recycled concrete aggregates offer potential environmental and economic benefits, 

both of which are explored in this study, their use must be carefully managed to address the 

associated constraints and challenges. The challenges associated with the use of recycled 

aggregates in Model 2, which can affect their use in comparison to natural aggregates, are 

highlighted below: 

1. Environmental Concerns: Recycled aggregates (RA) reduce natural resource demands and 

free up landfill space, but their transportation and processing may result in negative 
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environmental impacts. Thus, the carbon footprints of RA production and transportation should 

be considered in sustainability assessments. 

 
2. Economic Considerations: Recycled concrete aggregates may offer cost saving benefits. 

However, costs may vary based on market demand and the location of demolition sites, rubble 

processing units, construction sites, and concrete plants, which also determine the distance 

required to transport recycled aggregates. 

 
Moreover, the perspective and scope of recycling concrete and demolition waste include 

environmental evaluation and economic evaluation. As transport is a variable parameter in 

sustainable waste management, it can significantly impact the economic and environmental 

viability of recycling construction rubble (Chen et al., 2019). Hence, bi-criteria evaluation, taking 

into consideration both environmental and economic concerns were conducted in this study. 

 
Transport distances are a key factor in evaluating the economic implications of aggregate 

supply and use within the construction industry. This study places particular emphasis on transport 

distance, as it significantly influences both the environmental and economic costs associated with 

aggregate production. The 20 km limit transport distance (defined as the maximum distance 

materials can be transported before the costs and environmental impacts outweigh the benefits), 

identified by Marinković et al. (2010) in their study conducted in Serbia, was adopted as a 

benchmark for this investigation. While the context of Johannesburg in South Africa differs from 

Serbia, the principle of minimising transport distance to reduce environmental impact remains 

relevant. In Johannesburg, the recycling sites (rubble processing units) are distributed as seen in 

Model 2 and they can supply recycled aggregates within the city at an economically viable 
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distance. This reduces the need for long-distance transportation and associated environmental 

costs.  

 
The link between distance and demand is important in understanding the feasibility of 

recycled aggregates. As demand for aggregates increases, the need for longer transport distances 

also rises, particularly when construction occurs on the outskirts of the city, leading to increased 

environmental impact. This study aims to determine the viability of using recycled aggregates to 

reduce costs and meet demand by limiting transport distances. Considering Johannesburg’s urban 

layout, the study further seeks to provide insights into the potential of recycled aggregates to 

minimize environmental impact while addressing the needs of a rapidly growing city. 

 
Several paths exist when considering the feasibility of the construction rubble from 

demolition sites, processing the rubble into recycled aggregates, manufacturing recycled 

aggregates concrete, and finally using recycled aggregates concrete in infrastructure projects on 

construction sites (as seen in Figure 1.2). In this study, we employed the critical path method to 

determine the minimum transport distance for using recycled aggregates. This method was adapted 

from a previous studies by Tsakiroglou (2002), Ganesh et al. (2021) and Bi et al. (2022), which 

provided a framework for optimizing transport logistics. Figure 1.2 was created to illustrate this 

method. The figure, Figure 1.2 is broken down into routes 1- 4 to demonstrate the different possible 

paths.   
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Figure 1.2: A model illustrating the different distance scenarios that can exist for the supply of 

RA; from demolition of a building structure to use of demolition waste on a construction site. 

 
In the context of aggregate transportation, the critical path refers to the transportation routes 

that determine the minimum costs required to transport recycled aggregates from the demolition 
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sites to the construction site. The critical path is important in determining the limit transport 

distance of aggregates, as it takes into account costs (economic and environmental) associated with 

each transportation route (Ganesh et al., 2021). Hameed and Chini (2010) concluded that the most 

favourable path is one where demolition, rubble processing, concrete manufacturing, and building 

construction all take place on one site. This results in minimal transportation of aggregates. The 

critical path method was used to determine the various alternative routes that can result with 

respect to determining the feasible transport distance for using recycled aggregates.  

Route1   

Path (1 – 4 – 6) 

 

 In this route, the building is demolished at the demolition site (A).  

 The rubble processing unit is still located at the demolition site (A).  

 Upon the processing of rubble into recycled aggregates, the aggregates are then transported 

to a concrete plant (C) located outside the construction site, (D) for concrete 

manufacturing.  

 From the concrete plant, the recycled aggregates concrete is transported for use on the 

construction site.  

 

Route 2 

Path (1 – 3) 

A
(demolition + rubble 

processing)

C

(Concrete plant)

D

(Construction Site)
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 In this route, the rubble is not recycled on the demolition site.  

 The construction rubble from the demolition site (A) is transported to the rubble processing 

unit at site (B) for recycling. 

 From the processing unit (B) the recycled aggregates are transported to the concrete plant, 

situated at the construction site in (D).  

 The manufactured concrete is then used on the same site in D.   

 
Route 3 

Path (1 – 2 – 6) 

 

 After the demolition of the building, rubble is transported from the demolition site (A) to 

the processing unit in site (B).  

 From the processing unit, the recycled aggregates are transported to the concrete plant in 

(C) for concrete manufacturing.  

 The concrete from (C) is then transported to the construction site in (D).  

 
Route 4  

Path (5) 

 

A
(demolition of  a 

building structure)

B

(Rubble processing)

D
(Concrete plant and 
Construction Site)

A
(demolition of the 

structure)

B
(Processing of 

rubble)

C

(Concrete plant)

D
(Construction Site)

A
(Demolition + Rubble processing)

D
(Concrete Plant + Construction Site)
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 The building is demolished at the demolition site in (A).  

 The rubble processing plant is located at the demolition site in (A), which eliminates the 

distance of transporting the construction rubble to a processing plant in (B) outside the 

demolition site.  

 Once the construction rubble has been processed into recycled aggregates, they are then 

transported to the concrete plant, which is situated on the construction site in (D).  

 Incorporating a concrete plant on the construction site eliminates the distance of first 

transporting the recycled aggregates to the concrete plant in (C) outside the construction 

site (D) for concrete manufacturing to be used on the construction site. 

 
Multiple transportation routes exist within a city. These routes are influenced by factors 

such as geographical location and can result in significant difference in the outcomes of feasible 

transport distances. For the purpose of this study, the focus is on one path, Route 4 of Figure 1.2, 

which is the transportation of recycled aggregates from the recycling facility, situated at the 

demolition sites to the concrete plants situated on construction sites. This is the preferred path in 

this study as it allows for an unbiased comparison between the manufacturing processes of 

recycled aggregates and natural aggregates, (from site Y to site Z) due to its similarities as 

indicated below.  

 

 

By focusing on one specific path, this study may provide a detailed analysis of the critical 

path and its implications for the limit transport distance of recycled aggregates. This contributes 

Y
(Extraction from Quarries + Rock 

processing into Natural Aggregates)

Z
(Concrete Plant + Construction Site)
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to the development of more efficient and sustainable aggregate transportation systems, which is 

critical for the construction industry's transition towards a more circular economy (Yu et al., 2022). 

 
1.5. Aim  
This study aims to compare the two aggregate supply models for natural aggregates and recycled 

aggregates to determine the proximity within which it is feasible to use construction rubble in 

terms of the associated embodied energy and financial costs in Gauteng, Johannesburg. 

1.6. Objectives   
In order to achieve the aims, the objectives of the study were to:  

 Review the processes involved in both the extraction and processing of raw materials used 

in the manufacturing of natural aggregates as well as the processes involved in the 

manufacturing of recycled aggregates. 

 Determine both the relative environmental and financial costs for Johannesburg associated 

with the manufacturing processes of the two models of the aggregates production for both 

natural and recycled aggregates. 

 Determine the amount of energy required to extract natural resources, process, and 

manufacture both natural and recycled aggregates. 

 Determine the costs that are associated with the transportation of both aggregate categories 

to construction sites and concrete sites. 

 Determine the economic distribution of recycling sites in Johannesburg with respect to 

distance.  
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1.7. Hypothesis 

The sustainable aggregate production supply approach is the one presented in Model 2 of Figure 

1.1. In Johannesburg, it is feasible to demolition rubble, recycle it into aggregates on the demolition 

site and supply it to construction sites and concrete plants within a 20 km radius of recycling sites. 

 

1.8. Research Questions 

1. What are the processes involved in the manufacturing of conventional aggregates and the 

repurposing of construction waste as aggregates in Johannesburg? 

2. What are the costs associated with the use of each material category, natural and recycled 

aggregates, in Johannesburg, Gauteng?  

3. What is the distance at which the costs of repurposing construction rubble exceed the costs 

of extracting and using natural materials in Johannesburg, Gauteng? 

4. What substances get emitted into the atmosphere during the aggregates production 

processes, and in what quantities in Johannesburg, Gauteng? 

5. What is the economic distribution of recycling sites that make it feasible transport distance 

for repurposing construction rubble in Johannesburg?  

 

1.9. Outline of the Report 

Chapter One – introduces the research study by highlighting the critical need for sustainability in 

infrastructural development in Southern Africa in particular, South Africa. With global 

population growth and urbanisation driving increased demand for infrastructure, the 

chapter explores the environmental impacts and the use of recycled aggregates as 

mitigation strategies. It also discusses the research's significance, scope, aim, objectives, 

hypotheses, questions, and limitations.  
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Chapter Two – The chapter reviews traditional construction materials and the standard 

manufacturing process of concrete. One of the constituents of concrete, natural aggregates, 

that are used in the manufacturing of concrete are reviewed as well as how they are 

manufactured and the environmental impacts. The chapter goes on to review circular 

economy and waste management in the construction industry. The construction and 

demolition potential of concrete waste to be reused and processed into recycled aggregates 

is reviewed, this covered both the processes and costs involved.  

 
Chapter Three – The chapter details the methodology employed in the study. It describes the 

approach used to collect data using questionnaires, including the tools and methods 

utilised. The chapter describes the types of the participants involved in the research, 

detailing their demographics and geographic origins. Lastly, it provides a clear overview 

of how the study was conducted, including ethical concerns of the research process.  

 
Chapter Four – This chapter presents the results and findings of the study. It begins by outlining 

the manufacturing processes involved in manufacturing natural and recycled aggregates. 

The chapter illustrates the embodied energy of two aggregate types, which covers energy 

consumption and emissions throughout production stages. It also analyses the financial 

costs associated with manufacturing both natural and recycled aggregates, offering insights 

into economic implications. Moreover, the chapter includes an analysis of the transport 

distances required for supplying these aggregates.  

 
Chapter Five – In this chapter, the objectives of the study are reviewed together with hypothesis. 

Additionally, implications of the study have been outlined. The limitations of the study 
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have been acknowledged, providing recommendations for further research and 

improvement. 
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CHAPTER TWO – LITERATURE REVIEW
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2.1. Overview 
 
The construction industry plays an important role in shaping the built environment, 

influencing economic development, and contributing to the overall well-being of a nation (Khan 

and McNally, 2023). This literature review explores four key themes: conventional construction 

practices, sustainability, the circular economy, and waste management of construction materials. 

A review of these themes served as a foundation for this research project. 

The chapter covers the following:  

 The conventional construction Industry in South Africa 

 Sustainability in the South African Construction Industry: Navigating Challenges 

for a Greener Future 

 Circular Economy in South Africa 

 Waste Management in South Africa 

2.2. Conventional Construction of Buildings 
 

2.2.1. Overview 
 
Traditional construction methods and materials have influenced the development of 

building structures throughout history, and some of these methods are still in use today (Muazu 

and Alibaba, 2017). Regardless of their continued use, there is pressure for continued research on 

new methods and materials due to challenges experienced with current technologies. The 

continued research uncovers new developments for innovative and sustainable design (Sierra-

Perez et al., 2016). To appreciate the developments in today's construction industry, an 

understanding of how traditional building techniques have evolved is essential. Masonry 

techniques are one of the oldest building techniques and are widely used in modern industries due 
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to its simplicity (Lourenço, 2014). It involves laying stone, bricks, or blocks on top of each other, 

a technique that has been successfully used since ancient times (Almusaed and Almssad, 2018). 

 
Both ancient and modern societies have used stone, a widely abundant raw material, for 

building construction, particularly in stone masonry (Ngowi, 1999). In recent times, there has been 

a shift towards brick masonry, where concrete and cement bricks are now commonly used. These 

bricks are produced using concrete and cement, and rely on limestone as a primary raw material 

of cement manufacturing (Marinković et al., 2010). On the other hand, clay, another building 

material was often used for brick manufacturing, especially when stone was scarce. This stone 

scarcity prompted the development of brick moulding techniques, which resemble the modern 

practice of casting concrete into brick moulds for construction purposes (Li et al., 2022). However, 

there was a decline in masonry as a structural material, which began in the 20th century with the 

introduction of concrete structures (Lourenço, 2014). 

 
2.2.2. How Concrete Is Traditionally Manufactured 

 

Concrete is the most commonly used construction material worldwide due to its 

affordability, durability and ease of use (Marinković, 2010). Concrete, composed of water, coarse 

aggregates such as stone, fine aggregates such as sand, and cement, has various applications 

(Mundra et al., 2021). It can be seen in walls, roofing, floor plans, foundations, and various other 

structural components of construction projects (Krishna et al., 2016). Concrete's main constituent, 

cement, is crucial because it acts as the primary binder, giving concrete its strength, durability, and 

ability to set and harden over time (Khalaf et al., 2019).   
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Cement is a fine powdered material with adhesive properties that acts as the binder in 

concrete. In 1824, one of the types of cement, Portland Cement (PC), received a patent in England 

and has been used since 1892 in South Africa. Cement is primarily made from lime (CaO), which 

is derived from the decomposition of limestone (CaCO3). In addition to lime, other key 

components such as aluminum oxide (Al2O3), silica (SiO2), and iron oxide (Fe2O3), are also 

essential in the manufacturing process (Owens, 2013). The manufacturing processes of cement as 

seen in Figure 2.1 below and the traditional materials used in the process (coal, for example, used 

as fuel) emit large quantities of carbon dioxide and increase the carbon footprint, negatively 

impacting the environment (Mohamad et al., 2022). 

 

Figure 2.1: The process of manufacturing cement (https://www.afrisam.co.za/manufacturing-

process/).  

https://www.afrisam.co.za/manufacturing-process/
https://www.afrisam.co.za/manufacturing-process/
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In addition to cement, aggregates such as sand, gravel, and crushed stones play a crucial 

role in concrete production. Aggregates can be grouped into two types, as fine aggregates (sand) 

and coarse aggregates (gravel or crushed stone). Fine aggregates fill the gaps between the larger 

particles, reducing the cement requirement, while coarse aggregates provide the concrete with its 

strength and durability. The Department of Mineral Resources (2014) emphasised the need for 

aggregates to be of good quality, consistent, cost-effective, and to ensure long-term supply 

assurance for the construction sector. 

 
2.2.3. Natural Aggregates and their Manufacturing Processes 

 
Aggregates have traditionally been widely used in concrete due to their strength, ease to 

process, and cost, which lead to an intense demand for aggregates, thus putting pressure on the 

resources for construction materials. Aggregates are manufactured by first extracting the raw 

materials as seen in Figure 2.2 below. The extraction processes involve drilling, blasting, and 

mining bedrock from an open-pit quarry in the South African context (Gbeve, 2013). Drilling 

explores the surface rock formations, while blasting breaks the rock into pieces suitable for 

crushing. The blasted material can be extracted using conventional earth-moving equipment and 

then processed into natural aggregates by crushing and screening (see Figure 2.2). 

 

Figure 2.2: The process of manufacturing natural aggregates.  
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The mining of resources involves large pits and quarries, which are often in operation for 

about 50 years. Coarse aggregates and fine aggregates are manufactured from rocks such as 

granite, basalt, sand and dust. In the context of South Africa, coarse aggregates are mined from 

open pit quarries. Coarse aggregates are then further crushed and screened to produce fine 

aggregates as shown in Figure 2.2. The intense demand for aggregates has led to the depletion of 

locally accessible resources from quarries that are situated on the outskirts of cities and towns, 

necessitating the exploration of new sources and quarries farther away, resulting in increased 

transportation costs to supply the aggregates (Department of Mineral Resources, 2014).  

 
Drilling and blasting are used during the initial quarry process, and the mined rock is then 

removed by the use of earthmoving equipment such as bulldozers. Mined rock is then sent to a 

processing plant, where it undergoes several crushing and sizing phases which breaks large rocks 

into different aggregate sizes (Guimaraes et al., 2007). To ensure that concrete with required fresh 

and hardened properties is attained, aggregates must be durable, hard, chemically inert, and clean 

(Muhit et al., 2013).  

 
Fine aggregates, on the other hand, can be found naturally and can also be manufactured 

(Abu Seif, 2014; Premanand et al., 2023). Natural sand is composed of grains that form as a result 

of the chemical and/or physical weathering of rocks (Hack, 2020). Alluvial, wind-blown, and 

beach sands are examples of natural sands. Rocks and gravel are mechanically crushed to produce 

manufactured sand (Wembe, 2023). Natural sand is often extracted using earthmoving machinery, 

and the amount of processing required typically depends on the grade of sand and its intended 

application. 
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Due to engineering activities involved in the aggregate extraction and manufacturing, it 

can be seen that quarrying causes severe environmental damage. The most visible effects are a 

conversion in land use and a shift in geomorphology, together with corresponding changes in the 

surrounding environment. Other effects, as previously noted, include habitat loss, erosion, dust, 

vibration, noise, and abandonment of the mined site (Willis and Garrod, 1999).  

 
2.2.4. Environmental Impacts of the Natural Aggregates Manufacturing Processes 

 
The process of manufacturing natural aggregates is energy-intensive, it relies on fuel 

sources like diesel and electricity (Ozcelik, 2018; Igogo et al., 2021). Diesel engines power heavy 

machinery used in extracting, processing, and transporting natural aggregates, while electricity is 

used to operate crushers, screens, and conveyors in aggregate processing plants (Klanfar et al., 

2016). 

The machines used in the manufacturing processes of aggregates consume large amounts 

of energy. In addition, the combustion of diesel and electricity generation releases carbon dioxide 

(CO2) emissions and other greenhouse gases into the atmosphere, exacerbating climate change 

(Eldesouki et al., 2023). Although diesel consumption has been linked to environmental issues, 

including greenhouse gases and nitrogen oxides, contributing to air pollution and climate change 

(Perera, 2017), it  is an essential fossil fuel in the aggregate industry as it enables a smooth 

operation of various activities such as transportation of aggregates in quarries. Transportation of 

aggregate to consumers can increase the negative impacts associated with the supply of aggregates, 

as most trucks use diesel. (Bortoli, 2023). 
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Additionally, electric-powered equipment like crushers, screens, and conveyors are 

becoming more common due to technological advancements and environmental concerns. 

Research shows the potential benefits of electrification, produced from clean sources such as 

uranium, include lower greenhouse gas emissions, reduced operational costs, and increased energy 

efficiency (Schoeneberger et al., 2022). However, the challenge lies in finding a solution that meets 

the increasing demand for aggregates while minimising the environmental impact of the aggregate 

production process.  

 
In an attempt to address the negative environmental impact, method used to assess and 

quantify the environmental impacts of aggregates production is the life cycle assessment (LCA). 

The impact assessment methods consider different environmental impact assessment elements 

such greenhouse gas emissions, global warming potential, pollution and air quality to name a few. 

The most important aspects that are related to the carbon footprint and embodied energy are the 

energy use and greenhouse gas emissions. The life cycle assessment has been investigated in some 

studies to measure the impact of aggregates on the environment. This can be seen in study of Dias 

et al. (2022) where the environmental impacts of various types of aggregates was compared to 

understand the relationship between Global Warming Potential (GWP) and energy use. Another 

study by Braga et al. (2017) conducted an LCA of aggregates in Portuguese to compare the 

environmental and economic impacts of natural and recycled aggregates. In this study inputs and 

outputs values of the life cycle phases for coarse aggregates were collected as seen in the Figure 

2.3. 
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Figure 2.3: The Life Cycle Assessment of Natural Aggregates, a method used to assess the 

environmental impact of manufacturing natural aggregates (Braga et al., 2017). 

 
When comparing the overall inputs (fuel consumption) and outputs (greenhouse gas 

emissions) of manufacturing natural aggregates against processing recycled aggregates, the study 

by Braga et al. (2017) concluded that the environmental impact of natural aggregates is greater 

than the environmental impact of recycled aggregates.  

 

2.3. Sustainability 

2.3.1. Sustainable Construction Materials 

 
Sustainable development has been defined as "development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs" (Verma, 

2019). The definition of sustainable development was revised in 2006, highlighting “a long-term 

vision for sustainability in which economic growth, social cohesion, and environmental protection 
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are mutually supportive” (Mavi et al., 2021). The construction industry needs to take measures to 

enhance the social, economic, and environmental sustainability. By using life cycle assessment 

(LCA), it is possible to quantify and maximise the three aspects (social, economic and 

environmental) (Ortiz et al., 2009). Sustainability serves as an effective instrument for economic 

and activity decision-making since it has an ability to integrate social and environmental factors.  

 
The goal of sustainability is to achieve an equilibrium where environmental benefits for 

the public are promoted while competitive advantages and financial gains for construction 

enterprises are pursued (Hossain et al., 2020).  The economic pillar of sustainability encompasses 

short-term costs and construction time as well as the long-term financial viability of the project 

(Mavi et al., 2021). It is important to consider the overall impact on the economy and ensure that 

resources are being used efficiently. Addressing sustainability issues requires considering all three 

pillars: environmental, economic, and social factors. Implementing sustainable construction 

concepts leads to high-performance green buildings, promoting sustainable built environments. 

Furthermore, construction projects are increasingly prioritising environmental-friendly 

techniques through the adoption of sustainable building practices and materials (Florez et al., 

2013). The choice of construction materials significantly contribute to the carbon footprint of the 

construction industry, with the production, transportation, and disposal of these materials leading 

to emissions, energy consumption, habitat destruction, and resource depletion (Serdar and 

Bjegovic, 2019). Thus, it is evident that the selection and reuse of materials plays a crucial role in 

meeting sustainability goals.  

 
A sustainable material is generally one that minimises the negative environmental impact 

throughout its lifecycle while being both cost efficient and cost efficient (Ljungberg, 2007). In 
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their study, Damman and Elle (2006) defined sustainable materials as materials that are simple to 

construct with and use fewer resources during production, delivery, and erection. On the other 

hand, Glavic and Lukman (2007) defined them as materials produced using non-polluting 

processes and systems that conserve energy and natural resources in ways that are commercially 

feasible, safe, and healthy for consumers.  

 
The triple bottom line and life-cycle assessment are used to assess the performance of 

sustainable materials, which are expected to be economically, environmentally, and socially 

beneficial (Abeysundara et al., 2009; Ljungberg, 2007). As the construction industry has come to 

understand, sustainable buildings have the potential to reduce environmental impact and provide 

substantial social and environmental benefits (Florez et al., 2013). However, in order to realise 

these benefits, it is necessary to choose construction materials that adhere to sustainability 

principles.  

 
The most sustainable building materials are those that are cost-efficient and have less 

embodied energy. These materials are good for the economy since they reduce expenses associated 

with operations, consumption, and maintenance (Ghisellini et al., 2018).  An example of a 

construction material that can be made more sustainable is concrete. This can be achieved by 

substituting constituents of concrete. Therefore, factors such as quantity of the substitute material, 

production processes, final product performance, and their impacts on the environment, economy, 

and people determine the sustainability of concrete (Nilimaa, 2023). 

 
Several studies support this claim; a study on the reuse of glass and clay brick waste as a 

substitute for natural aggregate in green concrete found that incorporating recycled waste materials 
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led to reduced energy consumption. This approach aids in environmental preservation and the 

conservation of natural resources by reducing the need for virgin materials (Olofinnade et al., 

2019).The strength of the paving bricks improved with the addition of waste glass sand, meeting 

the requirements for compressive strength. These bricks demonstrated that recycled glass can 

perform comparably to, or even better than, natural aggregates in certain applications. 

Another research study investigated the performance of green concrete paving blocks 

integrated with industrial scrap steel mill scale for sustainable construction. The study highlighted 

the reduction of energy consumption during production and the eco-friendly nature of using 

industrial waste materials in concrete (Parvathikumar et al., 2023).   

 
Another study considered the production of concrete shellfish waste powder and rice husk 

ash as substitute materials for cement and fine aggregate, respectively. This study demonstrated 

that these materials can be a solution to replace some cement and fine aggregate, leading to the 

development of environmentally friendly concrete with high strength and workability 

(Arumningsih et al., 2022). Similarly, in another study, concrete with wheat straw ash and silica 

fume as cement substitutes was evaluated and it was demonstrated that these materials can lead to 

the production of high-performance and sustainable concrete with reduced global warming 

potential (Khan et al., 2022). These studies provide evidence that the incorporation of substitute 

materials into concrete production can have positive effects on the environment by reducing the 

carbon emissions, energy consumption, and the depletion of natural resources. These substitute 

materials contribute to the development of environmentally friendly concrete with a reduced global 

warming potential (Althoey et al., 2023).  

 



35 
 

2.3.2. Sustainability in the South African Construction Industry 
 
The construction industry is responsible for severe environmental damage through waste 

generation, energy and water depletion, and other harmful practices. In response to these issues, 

experts and environmentalists have called for the adoption of sustainable construction practices 

(Dosumu and Aigbavboa, 2019). Sustainable construction practices aim to minimise the negative 

impact on the environment by using renewable materials, reducing waste, and implementing 

energy-efficient designs. This includes the use of eco-friendly building materials such as recycled 

aggregates concrete (RAC) and sustainable steel (Wang et al., 2023). By adopting sustainable 

construction practices, the industry can play a crucial role in mitigating environmental damage and 

moving towards a more sustainable future (Mfon and Bassey, 2023).  

 
As mentioned before, in South Africa, the construction sector heavily relies on 

conventional construction materials like cement, steel, and bricks, which not only have high carbon 

emissions during production but also require extensive extraction of raw materials (van Wyk, 

2017; Labaran et al., 2021). Sustainable alternatives, such as recycled aggregates, low-carbon 

cement, and locally sourced materials, can reduce the environmental impact that is associated with 

construction activities (Orhon and Altin, 2019). By using recycled aggregates, construction 

projects can reduce the need for extracting natural resources, thereby minimising habitat 

destruction and preserving the natural environment (Ogundairo et al., 2019). Low-carbon cement, 

on the other hand, emits fewer greenhouse gases during production, helping to curb global 

warming (Barbhuiya et al, 2024). Lastly, sourcing materials locally reduces both energy 

consumption and transportation emissions, making it a more sustainable option overall. The 

implementation of these alternatives in the South African construction sector as they have been in 
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Hong Kong can significantly contribute to reducing its environmental impact and promoting a 

greener future (Ogundairo et al., 2019). 

 
One of the primary challenges hindering the adoption of sustainable construction practices 

in South Africa is the perceived additional cost of using sustainable materials (Unni and Anjali, 

2022; Sundayi et al., 2015). Conventional construction materials may appear cheaper upfront as 

their life-cycle costs do not consider the long-term effects of environmental degradation (Kats, 

2013). Despite potential higher initial costs, sustainable construction materials can offer cost 

savings over a building's lifespan. Thus, a comprehensive cost-benefit analysis that incorporates 

life cycle costs and environmental externalities should be conducted to demonstrate the long-term 

advantages of adopting the use of sustainable materials (Unni and Anjali, 2022).  

 
By conducting a comprehensive cost-benefit analysis that includes life cycle costs and 

environmental externalities, decision-makers can make more informed choices about sustainable 

materials (Kats, 2013; Unni and Anjali, 2022). This analysis will highlight the potential long-term 

financial advantages of investing in sustainable alternatives (Reddy, 2016). Therefore, it is 

essential to consider multiple aspects when evaluating the benefits of using sustainable materials 

(Sundayi et al., 2015).   

 

2.4. Circular Economy in the Construction Industry 

2.4.1. Overview 
 
A circular economy is a restorative, closed ring that minimises resource utilisation, 

emissions, waste, as well as energy loss (Akhimien et al., 2021). The circular economy aims to 

supersede the conventional "take-make-dispose" linear paradigm with a regenerative strategy that 
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prioritises resource conservation, waste minimisation, and prolonged material life. Circular 

economy includes techniques like remanufacturing and repurposing waste material with the goal 

of building a stronger and resilient economy. The transition away from linear economic models of 

production, use, and disposal can be made possible through restoration, reprocessing, reusing, and 

recycling (Neves and Marques, 2022). This shift towards a circular economy is seen as crucial for 

achieving long-term environmental sustainability and reducing the strain on limited resources 

(Neves and Marques, 2022). Through sustainable materials, increased recovery of materials, and 

decreased waste production, the circular economy seeks to increase material efficiency (Hossain 

et al., 2020).  

Furthermore, rethinking a building or infrastructure project's complete life cycle is 

necessary when implementing circular economy ideas in the construction sector (Gamage et al., 

2024). Designing for ease of disassembly and material recovery at end of life is the first step in 

this process. Recyclability, durability, and reuse potential should be taken into consideration when 

choosing materials and products (Ogunmakinde et al., 2022; Ogunmakinde et al., 2022). Effective 

material management, sorting on-site, and appropriate recycling and repurposing methods may 

ideally contribute to minimising construction waste (Mhlanga et al., 2024).  

2.4.2. Circular economy in the South African construction industry 

The construction sector in South Africa stands to gain a great deal from the implementation 

of circular economy principles which can help lessen the extraction of resources, produce less 

waste, and save costs (Govender et al., 2023). The industry can boost employment growth, open 

up new commercial prospects, and improve the nation's reputation for sustainability by adopting 

circularity. The shift to a circular economy coincides with South Africa's National Development 

Plan and Sustainable Development Goals (SDGs) (Mhlanga et al., 2024).  
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There are numerous possibilities in South Africa for the building sector to successfully 

apply circular economy concepts (Hoosain et al., 2023). The country has an abundance of 

secondary resources that are suitable for use in construction activities. This encompasses the 

potential of upcycling waste resources, for example, using crushed concrete or crushed bricks to 

build new roads or turning plastic waste into material for construction (Qian et al., 2024; Ren, et 

al., 2024). Working together, government agencies, academic institutions, and industry players 

may help identify and capitalise upon these chances to adopt the circular economy. The South 

African government has initiated measures to facilitate the shift towards a circular economy. A 

framework of policies to sustainability is provided by the Integrated Resource Plan and the 

National Waste Management Strategy (Adeleke et al., 2021; Mhlanga et al., 2024). 

 
The National Waste Management Strategy (NWMS) and the Renewable Energy 

Independent Power Producer Program (REIPPP) are two examples of government efforts designed 

to promote sustainable practices in the building sector (Mhlanga et al., 2024). The NWMS and 

REIPPPP are key initiatives in South Africa that promote sustainable building and construction 

practices. The NWMS focuses on reducing waste generation and promoting recycling, 

encouraging the use of recycled materials and green building practices. The REIPPPP encourages 

the integration of renewable energy sources into building designs, reducing the carbon footprint of 

construction projects and supporting energy-efficient, green-certified buildings. These programs 

help reduce the environmental impact of the construction industry, promote sustainable materials, 

and align South Africa with global sustainability goals. There is still need for initiatives that 

promote sustainable construction practices. As the construction industry continues to grow, it is 
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crucial for the country to prioritise sustainability in order to protect natural resources and combat 

climate change. 

 

2.5. Waste Management in the South African Construction Industry 
 

2.5.1. Overview 
 
Construction materials are one of the significant contributors to the generation of waste in 

the construction industry (Western Cape Government, 2018; Kohler et al., 2022). Between 5 

million and 8 million tonnes of construction waste are produced annually in South Africa, most of 

which is dumped in landfills, with very little of it being reused or recycled (Fitchett and 

Rambuwani, 2022).  Construction and Demolition (C&D) waste excludes hazardous waste and is 

produced during the construction activities, refurbishing, and collapse of structures such as 

buildings, roads, and bridges (Berge and Blottnitz, 2022). Concrete, wood (from buildings), 

asphalt (from roads and roofing shingles), gypsum (the main component of drywall), metals, 

bricks, glass, plastics, salvaged building components (doors, windows, and plumbing fixtures), 

trees, stumps, earth, and rock from clearing sites are examples of C&D waste.   

2.5.2. Demolition of Structures – A Source of Construction and Demolition Waste  
 
The demolition of buildings and structures can be approached using two methods, 

conventional and selective demolition. Conventional demolition involves the dismantling of a 

structure, often using heavy machinery (such as excavators) and explosives. In contrast, selective 

demolition is a careful removal and separation of materials for reuse or recycling. Research has 

shown that selective demolition can be more cost-effective than conventional methods (Coelho 

and de Brito, 2011). This method enables the recovery of high-quality materials, such as steel, 

concrete, bricks, wooden beams and steel reinforcing bars, which can be reused or recycled.  
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The success of selective demolition pivots on effective sorting during demolition 

operations, minimising contamination and yielding high-quality reclaimed materials. Studies have 

demonstrated that selective demolition can significantly reduce environmental impacts, including 

climate change, when executed thoroughly (Silva et al., 2017). However, partial selective 

demolition may slightly increase environmental impacts due to extended transportation distances.  

 
It is essential to understand the evolving nature of the demolition industry. Advances in 

building design, plant design, health and safety, as well as regulatory requirements have 

transformed the industry from labour-intensive to machine processes (Silva et al., 2016). This shift 

portrays the need for efficient and sustainable demolition methods, such as selective demolition, 

to minimise environmental impacts and maximise material recovery.  

 
Demolition of structures offers an enormous potential supply of solid waste and 

construction rubble for recycling, repurposing, and reuse (Sormunen and Kärki, 2019). Recycling 

construction rubble as C&D waste helps to conserve the natural resources that are used to 

manufacture the construction materials (Alsheyab, 2022). They do so at a transportation cost that 

is cost-effective since quarry sites may be situated at greater distances than demolition sites, which 

are situated in cities and towns (Hameed and Chini, 2010). The practice of recycling and reusing 

construction rubble leads to the overall cost savings for construction companies by reducing the 

need to purchase new construction materials, thus reducing the demand and production of new 

construction materials.  

 
In addition to a decreased demand, recycling construction rubble increases airspaces and 

the lifespan of existing landfills. In some drop-off locations in the city of Cape Town, the disposal 
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of clean rubble is free up to a certain weight (Haywood et al., 2021). While in the city of 

Johannesburg, according to PIKITUP, construction rubble can be disposed of at no cost in some 

of their landfills dedicated to reusing such waste. This initiative is a measure to combat illegal 

dumping (PIKITUP, N.D.). It also motivates drop-offs of clean rubble at recycling centres as 

opposed to dropping it off in landfills, which have disposal costs. 

 
2.5.3. Application and Uses of Construction Rubble – Recycled Concrete Aggregates 

 
The use of building rubble collected from damaged and demolished structures reduce waste 

and conserves natural resources (Tabak, 2023). One application of building rubble is the use of 

broken bricks and concrete from the demolition of structures (rubble) as aggregates in concrete 

production (Thomsen et al., 2011). This application is one of many ways to solve and mitigate the 

negative impacts that result from the use of concrete, such as carbon emissions and the depletion 

of natural resources. 

 
It is important to note that natural aggregates in concrete can be substituted with 

construction rubble that has been processed into recycled aggregates (Rao et al., 2007).  However, 

construction rubble requires cleaning, crushing, and screening before it can serve as recycled 

aggregate in concrete (Zhang et al., 2019a). 

 
The use of recycled aggregates in concrete has been increasing (Nedeljković et al., 2021), 

thus, increasing the demand for recycling facilities. The establishment of recycling units is 

currently limited and to meet the increasing demand, there is a need for more recycling facilities 

within economic proximity (Kenzhegaliyeva and Lund, 2024). In addition to their use in concrete, 

the application of these aggregates is seen structurally in masonry load-bearing structures, where 
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they are used structurally in load-bearing structures and retaining walls (Prajapati et al., 2023). 

Like natural aggregates, the energy used to manufacture (crushing) these aggregates and the total 

costs incurred, which include transportation costs, are crucial factors in determining both their 

economic and environmental viability.  

Figure 2.4 and figure 2.5 below show the environmental and economic impact (Braga et 

al., 2017) while the table shows the performance of concrete with recycled aggregates from 

different studies (Wang et al, 2023). 

Table 2.1: Results from different studies for performance of concrete that has been manufactured 

from recycled aggregate (Wang et al., 2023).  

Year and Source Water Absorption (%) Compressive strength  (MPa) Slump (mm) 

Fernandes et al. (2023) 5.06 32.6 180 

Sajan et al. (2022) 4.00 25.5–27.8 76–84 

Fernandes et al. (2022) 4.52 39.7–44.8 174–210 

Liu et al. (2021) 3.02 30.7–38.1 40–66 

Alqarni et al. (2021) 8.21 16.1–34.2 84–140 

 

        
A 
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 Figure 2.4: The comparison of the Global Warming Potential (GWP) of concrete (1m3) 
manufacturing when recycled aggregates have been incorporated, in B and when natural 
aggregates were used to manufacture concrete in A (Braga et al., 2017).  

GWP – Global Warming Potential, SP – Superplasticizers, CARC – Coarse aggregates recycled 
from concrete 

 

 

Figure 2.5: The comparison of the costs of raw materials used in concrete (1m3) manufacturing 
of when recycled aggregates have been incorporated, in B and when natural aggregates were used 
to manufacture concrete in A (Braga et al., 2017).  

GWP – Global Warming Potential, SP – Superplasticizers, CARC – Coarse aggregates recycled 
from concrete. 

B 

B 

A 
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2.5.4. Processing Recycled Aggregates 
 
Plants that recycle demolition waste (construction rubble) have similarities and differences 

with those that manufacture natural aggregates from quarries. In order to produce granular material 

of different sizes, they make use of crushers, screens, transfer tools, and systems for eliminating 

impurities (Silva et al., 2016). Contaminants are a concerning issue in the recycling industry, and 

the process of removing them lengthens the manufacturing processes of recycled aggregates (Silva 

et al., 2017). To produce high-quality aggregates, it is necessary to take the time and effort to 

stockpile, crush, pre-size, sort, screen, and eliminate contaminants (Zeghioud et al., 2022).  

The ultimate goal is to produce recycled materials that meet or exceed industry standards 

while minimising waste, costs, and the environmental impact. This has been achieved in recycling 

plants like the Centre for Regenerative Design and Collaboration (CRDC) in Cape Town, South 

Africa or on the demolition site in cases where mobile plants are available on demolition sites. The 

CRDC is an organisation that transforms waste (plastic) materials into high-value, sustainable 

materials. Recycling of materials has also been successfully implemented in various parts of the 

world, including India, where innovative recycling practices are gaining traction to manage 

construction and demolition waste effectively. 
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Figure 2.6: The process of manufacturing recycled aggregates (S.Arora and S.Arora, 2015). 

 
Figure 2.6 above represents the processes followed in processing the construction rubble into 

recycled aggregates. The processes are described in detail in the following paragraphs.  

Sorting, Separation, and Contamination Removal Stage 

There are two approaches to removing contaminants from rubble: pre-crushing separation 

and post-crushing separation (O'Mahony and O'Mahony, 1990). Pre-crushing separation involves 

sorting of rubble during demolition, which can be time-consuming but offers significant benefits 

in terms of environmental and financial benefits (Silva et al., 2016). It can also occur when 

construction rubble reaches the recycling plant. The initial sorting optimises crushing time, energy 

spent, and product quality. 

 
Crushing Stage 
 



46 
 

The recycled aggregates are crushed once the impurities are removed from the construction 

rubble. The crushing stage is the process stage that follows. For crushing construction rubble, 

gyratory, impact, and jaw crushers are the three most popular crushers used (Silva et al., 2016). 

While impact crushers offer superior grain-size distribution and are less susceptible to non-

crushing materials, jaw crushers are capable of handling huge chunks of reinforced concrete (Arora 

and Arora, 2015). Gyratory crushers produce less tiny particles, use less energy, and have control 

over particle size (Pothina et al., 2007).  

 
Post-crushing separation occurs after crushing stages, using various contaminant removal 

techniques. Hand sorting is the most straight-forward method, but it is also costlier. Self-cleaning 

magnets, positioned strategically over conveyor belts, separate bits of steel reinforcements and 

other ferromagnetic metals (Zhang et al., 2013). The efficiency of these methods depends on 

factors such as the distance between the magnet and rubble, conveyer belt speed, debris volume, 

and magnet angle (Silva et al., 2016).  

2.5.5. Cost Benefits of Recycled Aggregates 
 

Compared to natural aggregates, recycled concrete aggregates have reduced manufacturing 

costs as seen in Table 2.2. The production of natural aggregates requires the excavation and 

transportation of large amounts of raw materials, which can lead to significant carbon emissions 

and environmental damage. The use of recycled concrete aggregates can help reduce the quantity 

of the landfill waste and conserve natural resources costs (Silva et al., 2017). Recycled concrete 

aggregates offer a promising solution for reducing financial costs, environmental costs, and the 

overall environmental impact of construction projects while promoting sustainability and resource 

conservation costs (Ohemeng and Ekolu, 2020).  
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Table 2.2: A breakdown of costs between natural aggregates and recycled concrete aggregates 

with reference to the study by Ohemeng and Ekolu (2020). 

Cost Component Natural Aggregates ($/tonne) Recycled Concrete Aggregates ($/tonne) 

Equipment 8.45 7.15 

Working Capital 2.17 1.86 

Maintenance 2.59 1.94 

Labour 3.05 2.60 

Fuel 1.10 0.88 

Fixed Overheads 2.26 1.83 

Water 0.10 0.12 

Total 19.72 16.38 

 
 

In addition to Ohemeng and Ekolu (2020), a study conducted by Tam (2008) has proven 

that aggregates produced by recycling methods are more economical in the long term than using 

natural materials. The cost-benefit analysis of the use of natural aggregates and the use of recycled 

aggregates reveals that recycling construction rubble is more beneficial, providing a positive net 

benefit of $30,916,000 annually, while the natural aggregates have negative net benefit of 

$44,076,000 annually (Tam, 2008).  
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In contrast to the positive and negative benefit analysis in the Tam (2008) study, the 

Ohemeng and Ekolu (2020) study concluded a negative benefit (indicated by a negative sign), as 

seen in Table 2.3, for both natural and recycled aggregates production in South Africa. 

 
Table 2.3: Comparison of the net benefit analysis of processing the recycled aggregates against 

processing natural aggregates.  

 
Aggregates Total Production Cost 

(US $/tonne) 

Total Benefit 

(US $/tonne) 

Net Benefit 

(US $/tonne) 

Coarse Natural 

Aggregates (Natural 

Aggregates) 
 

-76.30 0.73 -75.57 

Coarse Recycled Concrete 

Aggregates  

(Recycled Aggregates) 
 

-45.77 22.36 -23.41 

Fine Manufactured 

Aggregates  

(Natural Aggregates) 
 

-68.05 0.73 -67.32 

Fine Recycled Coarse 

Aggregates  

(Recycled Aggregates) 

-34.39 22.36 -12.03 

  

However, it was found that while the net benefit of both was negative, the production costs 

for recycled concrete aggregates were less than the production costs for natural aggregates in 

Ohemeng and Ekolu (2020) ‘s study. It is therefore important to encourage the commercial 

manufacturing of recycled concrete aggregates from construction rubble as a viable and 

sustainable method for the building sector to use.  
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2.6. Conclusions from the Literature  
 
The construction industry has evolved over centuries, influencing modern practices and 

modelling the current built environment. Masonry and concrete are two traditional construction 

materials that display strength and durability. However, conventional construction practices, 

construction materials contribute to carbon emissions and resource depletion, necessitating the 

need for sustainable alternatives. To mitigate these impacts, there are ongoing efforts to promote 

sustainable practices, such as incorporating renewable energy sources and reducing reliance on 

fossil fuels.  

 
Sustainability in the construction industry is a call to action that urges stakeholders to re-

evaluate practices and materials in light of environmental, economic, and social constraints. 

Sustainable materials, such as recycled aggregates and locally sourced materials, suggest possible 

opportunities for reducing environmental impact and promoting resource efficiency. However, 

perceived cost implications are barriers. 

 
The circular economy shift in the construction industry focuses on resource conservation 

and waste minimisation. The South African construction industry faces significant environmental 

and resource depletion challenges, necessitating strategies to minimise waste production and 

material efficiency. In South Africa, the implementation of circular economy principles can drive 

positive change by minimising waste generation, enhancing material efficiency, contributing to 

economic resilience, job creation, and improved sustainability outcomes.  

While the literature emphasises the benefits of using recycled aggregates in construction 

projects, such as reducing landfill space, lowering production costs, and conserving natural 

resources, it overlooks the logistical challenges associated with transporting these materials over 
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long distances. Transportation of recycled aggregates involves energy consumption and emissions, 

which can offset some of the environmental benefits achieved through their use. Moreover, the 

economic feasibility of transporting recycled aggregates depends on factors such as distance, 

infrastructure, and the availability of recycling facilities. Understanding the feasible transport 

distance for recycled aggregates is essential for optimising their use and maximising their 

environmental and economic benefits. Addressing these issues would provide valuable insights 

into optimising the use of recycled aggregates in construction projects while minimising 

environmental impact and maximising cost-effectiveness.  
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CHAPTER THREE – METHODOLOGY 
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3.1. Introduction 
 

This study involved an initial review of existing literature, focusing on articles relating to 

recycled aggregates, natural aggregates, sustainable construction materials, life cycle assessment, 

and the circular economy. This investigation served as the foundation for the formulation of 

research questions. In order to delve deeper into the details of the research methodology and 

design, the research onion framework was employed, as it stands out to be one of the most widely 

utilised models in research methodology (Saunders et al., 2012).  

  
The research onion framework shown in Figure 3.1 assisted in the breakdown of the 

research design process, which encompassed various stages such as methodology selection, 

philosophy, and the planning of data collection, processing, and analysis. It acted as a guiding tool, 

ensuring well-structured approach to the research project. 

 

Figure 3.1: The research Onion (Saunders et al., 2012). 
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Figure 3.2 provides a visual representation of the research approach. This diagram serves 

as an outline of the development of this study, from the review of the literature and data collection 

to arriving at the final conclusion of the study.  

 

Figure 3.2: Flow chart illustrating the methodology used for the study. 

 
 

3.2. Research Design  

The research philosophy for this study is positivist, and the approach to theory development 

is deductive. The research employed a mixed-method approach, integrating both quantitative and 

qualitative methods to investigate the aggregates extraction, processing of natural and recycled 

aggregates, and use of demolition waste. The strategy used was a survey, and the techniques and 

procedures include sending out questionnaires, carrying out surveys and conducting interviews. 

Research 
Study

Literature 
Review

• Problem 
Statement

• Aim

• Objectives

• Research 
Questions

Data 
Collection

• Qualitative -
Survey

• Quantitative 
- Interview

Data 
Analysis

• Deductive 
Approach

• Environmental 
Costs

• Financial 
Costs

• Transport 
Distance



54 
 

 

Figure 3.3: The Research Framework Adopted with Respect to (Saunders et al., 2012)’s Research 

Onion.  

A positivist approach employed in the study provided evidence that helped to and 

understand the empirical data, while a deductive approach enabled a logical analysis. By reviewing 

similar studies, various data collection methods were identified, contributing to the analysis and 

interpretation of the findings. The deductive approach enabled a logical connection of research 

questions with the collected data, ensuring that conclusions were grounded in solid evidence. This 

approach guaranteed validity and reliability. 
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3.3. Research Instruments 

The research instruments used in the conduction of this research were the questionnaires 

as seen in the appendix. To reach a diverse range of participants, the questionnaires were 

administered both online and in-person, using surveys and interviews as data collection methods. 

The questionnaires were sent through emails which were followed up by Google meet, Microsoft 

teams, direct phone calls and in-person visits. These questionnaires were an important tool to gain 

information used to meet the study objectives. 

To achieve these objectives, two questionnaires were designed for this study: a survey 

questionnaire for qualitative data and an interview questionnaire for quantitative data. The 

questionnaires aimed to gather information on demolition practices, recycling practices, quarry 

practices, costs associated, energy consumption and greenhouse gas emissions. A thorough 

internet search was conducted to identify a list of potential recycling sites, quarry sites, and 

demolition contractors to participate in the study. Once the potential participants were identified, 

invites were sent out to the prospective participants.  

  
The approach that was employed to initiate the participation invitations and issue the 

questionnaires were emails and calls, to distribute the information sheets, questionnaires (see 

Annexure A), consent forms (see Annexure B) and permission letters. The respondents had varied 

preferences as some chose in-person visits and interviews, while others preferred telephone 

interviews, Google Meet and Microsoft Teams. To accommodate these preferences, questionnaires 

were presented in hard copy for in-person engagements, while PDF documents sent through email 

aided interviews conducted remotely. By using a combination of online and in-person engagement, 

the study aimed to increase the response rate. A minimum response rate was targeted at 60% to 

ensure an understanding of the industry dynamics. 



56 
 

 
As stated before, the questionnaires were an important tool used in achieving the aim and 

objectives of the study as they played an important role in data collection. The study by Ohemeng 

and Ekolu (2020) aided in the development and formation of the questionnaires. The development 

of these questionnaires involved considering several aspects which included:  

- Clarity and simplicity of language  

- Relevance of the questions  

- Avoidance of leading questions and bias  

- Use of open-ended and closed-ended questions  

The questions for different groups of participants: demolition contractors, quarry sites, and rubble 

recyclers were in the ranges of 19, 13 and 11 questions, respectively. The purpose of using different 

questionnaires was to address the unique priorities and challenges of each group, making it 

necessary to create distinct sets of questions for more relevant and focused responses.   

3.4. Data Collection 

Data was gathered from various participants located in Johannesburg, Gauteng. The 

participants included demolition contractors, quarry sites, and recycling sites. The flexibility of the 

setting allowed for engaging interviews. As stated earlier, the collection process involved online 

and in-person interactions, incorporating surveys and interviews. A survey was used to collect 

qualitative data from all three groups of data sources mentioned above while interviews were 

conducted to collect quantitative data from the same data sources.  

  
A survey was conducted on the procedures employed in manufacturing natural aggregates, 

with a target on five quarry sites in Johannesburg. Qualitative data was collected from quarry sites 

through surveys, gathering information on natural resource extraction, manufacturing processes, 
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demographic data of participants, and energy sources of equipment. The survey also aimed to 

gather information on energy consumption, and greenhouse gas (GHG) emissions at each stage of 

aggregate production. This formed an important aspect of the qualitative dataset, though it was 

noted that most companies do not have records of greenhouse gas emissions. 

  
A separate survey was simultaneously undertaken to understand the details of 

manufacturing recycled aggregates by repurposing construction rubble obtained from demolition 

waste. The survey initially targeted five recycling sites, reviewing the recycling processes, energy 

sources for equipment and tools, and greenhouse gas emissions generated during manufacturing. 

Understanding the environmental footprint of the recycling process is essential for assessing 

sustainability (Haupt and Hellweg, 2019). Similarly, data on the equipment and tools used in the 

demolition of buildings was obtained from 5 demolition contractors through surveys. This included 

data on the types of energy required for operation and the associated carbon dioxide emissions.  

  
With respect to the quantitative aspect of the study, interviews that were conducted allowed 

collection of data on economic and environmental costs. The data covered information used in the 

determination of the costs incurred at each stage of the process, quantifying the energy 

consumption, and documenting data necessary for calculating greenhouse gas emissions for both 

natural and recycled aggregates. 

  
The economic costs encompassed various elements, such as equipment, working capital, 

equipment maintenance, labour, energy (fuel), and water expenses. On the other hand, the 

environmental costs covered the energy consumption. This quantitative data is aimed at providing 

an understanding of the economic implications and environmental impact associated with different 

stages of aggregate production and demolition activities. 
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To ensure data integrity, information was collected, documented, and subsequently 

transcribed into Microsoft Excel for statistical tests and data presentation. It is important to note 

that this data, was analysed, reported, and securely stored for five years before being ethically 

discarded, ensuring compliance with data retention standards according to Section 14 of the South 

African Protection of Personal Information Act (POPIA). This approach to data collection and 

management demonstrated the commitment to both accuracy and ethical considerations in the 

research process. 

 
3.4.1. Population and Sampling 
 

The increasing population growth is the key driver that escalates infrastructural demands, 

thus increasing their dependence on concrete as the most commonly used material in infrastructural 

developments (Marinković, 2010). In the context of South Africa, the demographic growth is more 

pronounced in urban areas compared to rural areas, an observation fueled by the forces of 

urbanisation (Mthiyane et al., 2022). The pull towards urban areas is connected to the attraction of 

employment opportunities (Mthiyane et al., 2022). However, rapid urbanisation has brought about 

a challenge, marked by a high population density and the scarcity of land and space (Lu et al., 

2023). This is all a consequence of businesses and individuals relocating to newly developed areas, 

abandoning previously established structures (Khatleli, 2017). 

 
This challenge creates a cycle where these abandoned structures are demolished, resulting 

in the generation of construction rubble. The rubble has the potential to be renewed and repurposed 

into concrete aggregates (Pourkhorshidi et al., 2020). This study pursued researching the details of 

this trend, with a focus on one city in South Africa, in Gauteng province, Johannesburg. Among 

the provinces with significant population density, Gauteng was found to be a fitting choice 
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(Alexander, 2017). Johannesburg, a major city within Gauteng, has a substantial percentage of the 

province's population. The city's attraction, which contributes to its substantial percentage, lies not 

only in the potential employment opportunities it offers, but also in its status as a major economic 

hub. 

Figure 3.4 below illustrates the population density in South Africa. 

 

Figure 3.4: Population Density in South Africa (Alexander, 2017; Lehohla, 2017). 

Gauteng, and Johannesburg in particular, has been selected for its rapid urbanisation 

(Katumba and Everatt, 2021). The migration of people and businesses towards the northern regions 

of Gauteng left a trace of deserted buildings in the city centre, the Johannesburg Central Business 

District (Khatleli, 2018). The surplus of such abandoned structures, coupled with the associated 

demolition activities, presents a unique scenario. These demolitions not only free up land for 

potential redevelopment but also produce a collection of construction rubble that can be repurposed 

into recycled aggregates (Pourkhorshidi et al., 2020). 
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3.5. Ethical Concerns 
 

The research design prioritised the ethical considerations of ensuring the rights of 

participants. It included ensuring confidentiality and anonymity, along with obtaining informed 

consent from participants before their involvement in the study. A crucial aspect involved 

recognising and addressing any potential risks associated with the study and providing participants 

with the freedom to discontinue their participation in surveys or interviews if they felt 

uncomfortable at any point.   

 
An essential procedural step, as stipulated by the university guidelines, involves securing 

a clearance certificate before the commencement of data collection. The ethics clearance process 

involved submitting a document containing the participant information sheet, consent form, 

questionnaires, and interview schedule to the ethics committee. The intent was to adhere to an 

organised and detailed approach, ensuring that the research aligns with ethical standards. The 

ethical clearance certificate, as proof of the obligation to research integrity, is included in the 

appendix for reference. 

 
The rights of participants were safeguarded through a commitment to confidentiality and 

anonymity. This means that any information shared by participants was treated with the utmost 

discretion, and their identities were protected. In conjunction with this, the process began with 

obtaining informed consent, ensuring that participants were fully aware of the nature and 

objectives of the study before agreeing to take part. 

 

3.6. Data Analysis 
 
3.6.1. Life Cycle Assessment, Analysis of Environmental Costs 
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Interviews assisted in collecting the data that was used to assess costs and perform a life 

cycle assessment (LCA). The key input parameters, collected from participants, such as electricity, 

petrol, and diesel consumption throughout the manufacturing processes of both recycled and 

natural aggregates, were recorded. Additionally, the relevant output values, specifically carbon 

dioxide emissions, were calculated using the collected data and recorded. These datasets were used 

to generate graphical representations, employing a life cycle assessment methodology. Through 

graphical comparisons, the environmental impacts of recycled and natural aggregates were 

analysed. This methodology ensured an evaluation of the sustainability aspect of the aggregates 

throughout their life cycle.  

The integration of the LCA methodology in the study was key to evaluating the 

sustainability of materials located in various geographical locations. Sustainability is based on 

various factors such as location, availability, and transportation requirements, all of which 

contribute to varying energy burdens (Reames et al., 2021). The study recognises the nature of 

sustainability, emphasising the need for an approach that considers the wider environmental impact 

of construction materials. The sustainability of aggregates encompasses environmental 

sustainability which looks into the embodied energy of aggregates. Investigating the aspect of 

embodied energy added an additional insight to the study which attempted to quantify carbon 

dioxide emissions during production processes.  

The data for energy consumed (fuel consumption), which was used in the calculations, was 

first obtained through interviews with the participants. The emissions data was calculated using 

the formula from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories: 

Emissions GHG, Fuel=Fuel Consumption Fuel  *  Emission Factor GHG, Fuel                   … Equation [1] 
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Where: 

 Emissions GHG, fuel = emissions of a given GHG by type of fuel (kg • GHG) 

 Fuel Consumption fuel = amount of fuel combusted (TJ) 

 Emission Factor GHG, fuel = default emission factor of a given GHG by type of fuel (kg 

gas/TJ) 

The following emission factors were used in this study, obtained from the 2006 IPCC 

Guidelines for National Greenhouse Gas Inventories: 

 Diesel = 74,100 kg of greenhouse gas per TJ 

 Electricity = 112,000 kg of greenhouse gas per TJ 

This methodology was applied to both recycled and natural aggregates production.  

The integration of the LCA methodology in the study was key to evaluating the 

sustainability of materials located in various geographical locations. Sustainability is based on 

various factors such as location, availability, and transportation requirements, all of which 

contribute to varying energy burdens (Reames et al., 2021). The study recognises the nature of 

sustainability, emphasising the need for an approach that considers the wider environmental impact 

of construction materials. The sustainability of aggregates encompasses environmental 

sustainability which looks into the embodied energy of aggregates. Investigating the aspect of 

embodied energy added an additional insight to the study which attempted to quantify carbon 

dioxide emissions during production processes. 
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3.6.2. Analysis of Financial Costs  
 

The collected data was analysed using system software, Microsoft Excel, presenting the 

results through tables and graphs for visual representation. Statistical analysis tests were then 

applied to enhance accuracy and reliability of the collected data. The “Student’s t-test” was used 

to compare the means between natural and recycled aggregates. Mean costs for each aggregate 

category were computed, facilitating a comparison to determine which category incurred higher 

costs. The mean difference was used for assessing statistical significance and calculating the 

distance at which both aggregate costs equate. The distance (km), D, was determined using the 

equation below, which has been formulated by the researcher. 

               𝐷 = 1
𝑃

 (∑ꭓᵢ(NA) 
𝑛₁

 - ∑ ꭓᵢ(RA)

𝑛₂
 )           … Equation [2] 

 

 

Where; 

D = transportation distance 

P = price of fuel consumed to travel 1km (when the price of fuel is highest, lowest and average) 

n1 = sample size of natural aggregates 

n2 = sample size of recycled aggregates 

∑ꭓᵢ(NA)  = summation of financial costs for producing natural aggregates 

∑ꭓᵢ(RA)  = summation of financial costs for producing recycled aggregates 
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Beyond this distance, at which (Costs natural aggregates = Costs recycled aggregates), it then becomes 

uneconomical to use recycled aggregates since they will be more expensive to use in comparison 

to natural aggregates. Three fuel prices were used: the lowest price, the mean price, and the highest 

price, in the last 12 months from January 2023 to December 2023, inclusive. Three fuel prices 

were used to account for price fluctuations during the year. This provided a more comprehensive 

analysis by reflecting potential cost variability, rather than relying on a single fixed price, which 

may not capture the full range of market conditions. 
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CHAPTER FOUR – RESULTS AND DISCUSSION 
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4.1. Introduction  
 

Chapter 4 presents an analysis of the results and discussion of the study, focusing on both 

qualitative and quantitative aspects. This chapter provides an exploration of the environmental and 

financial implications of using natural and recycled aggregates in the construction industry. It 

begins with an overview of the response rate and demographics of the study participants, 

highlighting their roles in the industry. It then delves into the manufacturing processes of natural 

aggregates. 

 
The discussion covers the manufacturing of recycled aggregates, exploring the methods 

and tools used in demolition and manufacturing processes. The chapter also compares the energy 

consumption and greenhouse gas emissions associated with both types of aggregates, providing an 

assessment of their environmental impacts. In addition to the environmental analysis, the chapter 

examines the financial costs of manufacturing natural and recycled aggregates. The feasibility of 

transporting recycled aggregates is also discussed.  

 
The financial costs of manufacturing recycled aggregates are 58.35% higher than those of 

natural aggregates, primarily due to the high costs associated with demolition activities. Recycled 

aggregates require more energy to manufacture compared to natural aggregates, highlighting the 

significant energy demands of the recycling process. Subsequently, the production of recycled 

aggregates results in higher carbon dioxide emissions than natural aggregates, largely due to the 

energy-intensive nature of demolition and recycling processes. There is no feasible transport 

distance for repurposing construction rubble into recycled aggregates in Johannesburg, Gauteng, 

when demolition costs are included. However, excluding demolition costs, recycling aggregates 

becomes viable within a 20 km radius. 
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Qualitative Results 
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4.2. Response Rate and Demographics Analysis 
 

The study gathered insights from the construction industry on the processing of natural and 

recycled aggregates from demolition companies, rubble processors (recycling sites), and quarry 

sites. Despite encountering challenges in securing willing participants. A total of 14 participants 

responded to participating in the study: 5 demolition companies, 4 rubble processors, and 5 quarry 

sites. The responses from all 14 participants were analysed and presented in the proceeding 

sections.  

 
Figure 4.1 illustrates the distribution of positions held by respondents within all the three 

sectors (the quarries, demolition contractors and rubble processors) that participated in the study. 

It provides a clear overview of the professional roles within the surveyed companies.  

 

Figure 4.1: Job position held by participants from the quarries, demolition contractors, and 

rubble processors in Johannesburg.  
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All five respondents from quarry sites identified as managers. While for the demolition 

contractors, out of the five respondents that participated, only one individual identifying as holding 

a managerial position and the other four respondents identified as "other". In addition, for the 

rubble processors, the research initially aimed to include five participants' insights, but locating 

recycling sites in Johannesburg was a challenge. However, a total of four participants responded 

to the questionnaires, as seen in Figure 4.1. Two of four respondents held managerial positions 

within their organisations while the other two individuals classified themselves as holding "other" 

positions.  

 
The demographics revealed different roles among the participants. An understanding of the 

different roles represented in the study is important in the feasibility of using recycled aggregates 

(Vasileiou, 2018) as it provides insights from different backgrounds professionally. This diversity 

can lead to a more comprehensive analysis of the potential challenges and benefits associated with 

using recycled aggregates in construction projects. Managerial and administration roles make up 

57% of the participants, there was 0% participation from engineers and technicians while the 

“other” (not listed on the questionnaires) roles 43%.  

 
The managers provided insights into cost structures of manufacturing natural aggregates. 

Managerial perspectives are important for decision-makers in understanding economic 

implications and resource allocations. In addition, understanding the economic implications of 

transporting recycled aggregates against natural aggregates is essential for decision-makers in the 

construction industry (Wilburn and Goonan, 1998). However, the lack of technical or engineering 

participants raises concerns on the extent of technical knowledge obtained during the data 

collection. 
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4.3. Manufacturing Processes 
 
 
4.3.1. Natural Aggregates 
 

The results from the quarry sites provided insights on the operations, resource availability, 

and processes of manufacturing natural aggregates. The results shed light on the sustainability 

issues and potential challenges associated with natural aggregate manufacturing. 

4.3.1.1. Quarries 
 
Aggregate Manufacturing Process and Extraction Period 
 

All five quarry sites manufactured both fine and coarse aggregates. The production of both 

fine and coarse aggregates shows the versatile use of natural resources in various construction 

applications (Zega et al., 2010). The similar production process at quarry sites provides a baseline 

for comparison with recycled aggregates.  

 
The extraction experience of participating quarry sites varied, with two out of five 

companies having less than twenty years of experience, indicating moderate experience. However, 

three out of five companies have been extracting raw materials from the same quarry site for over 

20 years, indicating substantial experience.  

All participating companies project to continue the extraction for twenty more years. 

However, they have a common foresight about the potential decrease in extraction rates and 

quantity if quarried at the same rate for many years. This emphasises the need for adopting 

alternative materials, sustainable resource management, a proactive environmental approach, and 

long-term planning.  
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The Need for Sustainable Practices in the Manufacturing Processes and Energy Sources  
 

The industry acknowledges the need for sustainable practices in the natural aggregate 

production sector due to limited resource availability and a potential decrease in extraction rates. 

This is in line with global sustainability goals and necessitates a balance between the financial and 

environmental advantages of natural aggregates while making sure that alternative resources are 

used (Faleschini et al., 2016). 

All five companies involved in natural aggregates manufacturing industry follow 

standardised processes, including drilling holes, blasting, size reduction, loading and unloading, 

primary crushing, secondary crushing, and tertiary crushing, with the exception of size reduction 

(see Figure 4.2). 

 

Figure 4.2: Processes required to manufacture natural aggregates.  
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This standardisation highlights common stages in aggregate production. All five 

companies rely on both diesel and electricity to power their equipment, selecting the energy source 

based on cost, equipment efficiency, availability and mobility on site.  

Aggregate Delivery Methods  
 

Transporting aggregates increases aggregate costs, but some companies allow clients to 

collect aggregates from quarries, providing flexibility in accessing manufactured aggregates. This 

dual approach caters to diverse project needs, enables efficient logistics in the supply chain and 

ensures a responsive and customer-friendly business model. 

 
4.3.2. Recycled Aggregates 
 

Demolishing building structures produces construction rubble, which can then be reused 

and processed into recycled aggregates. The data from demolition contractors provided insights 

into the variety of projects and structures involved in demolition, as well as the types and scale of 

recycling efforts within the construction industry in Johannesburg.  

 
4.3.2.1. Demolition Contractors 
 
Demolition Scope and Project Diversity 
 

Figure 4.3 illustrates that all five participating contractors were involved in the demolition 

of building structures. This involvement demonstrates the potential for incorporating recycling 

practices in the construction sector. By having a variety of building structures that can be 

demolished to obtain construction rubble, it is certain that demolishing buildings will generate a 

plentiful supply of materials, which can serve as a valuable resource for producing recycled 

aggregate. 
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Figure 4.3: The different types of demolition projects that can be undertaken by demolition 

contractors. 

 
In addition to building structures, one of the five companies demolishes mining structures, 

highlighting a niche area of expertise within the demolition sector. This specialisation suggests 

that the processing of construction rubble into recycled aggregates is not confined to traditional 

building structures. It extends to more unconventional projects, such as mining structures 

portraying the abundance of resources such as, rubble that can be used in the manufacturing of 

recycled aggregate.    

Figure 4.3 shows that the majority of the demolition activities involved building structures, 

with none of the companies affiliated with other infrastructural structures such as bridges, roads 

as well as dams and reservoirs.  
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in are residential, commercial, and industrial demolition projects. Figure 4.4 below illustrates the 

different types of building structures that can be demolished. 

 

Figure 4.4: Classifications indicating different uses of building structures that are demolished.  

 
Contractors in the demolition industry have varying levels of expertise. Some specialise in 

smaller residential projects, while others focus on large commercial and industrial structures as 

seen in Figure 4.4. The breakdown of these projects reveals that two out of five contractors have 

experience in residential demolition, while four out of five have been involved in commercial 

demolition, and three out of five have participated in industrial demolition. The demolition of 

commercial and industrial building structures emphasises a significant focus on larger and more 

complex projects with an ability to produce greater quantities of rubble. 

 
Demolition Methods  
 

Figure 4.5 illustrates the demolition methods that can be used during the demolition 

processes.  

Residential

Commercial

Industrial

0 1 2 3 4

Number of Companies



 75  
 

 

Figure 4.5: Demolition methods used by various demolition contractors. 
 

The demolition industry employs various demolition methods, as seen in Figure 4.5, with 

machine demolition being the most common, used by four out of five companies. It is a preferred 

method, based on its efficiency and accuracy in larger structures. Manual hand demolition is also 

used by four out of five companies. Explosives are used by one out of five companies, indicating 

a specialised controlled demolition method for specific scenarios. The combined use of machine, 

hand, and explosive demolition methods enable contractors to customise their demolition approach 

to a particular building structure (Pranav et al., 2015). 

 
Figure 4.6 illustrates that demolition contractors employ varying levels of labour and 

machine intensity.  

0

1

2

3

4

Machine demolition Demolition by hand Demolition by explosion

N
um

be
r o

f C
om

pa
ni

es

Method of Demolition



 76  
 

 

 
Figure 4.6: Demolition production methods. 
 

Three of five companies rely on manual labour, while two out of five adopt a hybrid 

approach, combining both labour and machine intensive methods. This strategy highlights the 

industry's ability to balance traditional techniques with technological innovation, leveraging the 

strengths of both human and machine capabilities for optimal efficiency and effectiveness. The 

hybrid approach highlights the industry's awareness of the benefits of combining human skills with 

technological advancements. 
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The choice of tools and machinery in demolition activities is crucial in ensuring efficiency, safety, 

and minimising environmental impacts (Mayowa and Chinda, 2023). Figure 4.7 illustrates the 

different tools and machinery that can be used during demolition. 

Figure 4.7: Tools and machinery used to demolish structures. 
 
 

As seen in Figure 4.7, excavators are preferred by three of five companies due to their 

versatility in handling various tasks, while cranes are used by two out of five companies for their 

specialised lifting capabilities. In addition, hammers are universally applicable for breaking 

structures while explosives are reserved for controlled precision situations.  

 
The environmental impact of demolition activities is significantly influenced by the 

different energy sources used as seen in Figure 4.8 below. The choice between diesel-powered and 

electric-powered machines depends on the availability of the source of energy as well as the 

available space on site for easy movement of the different plants and equipment.  
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Figure 4.8: Type of energy used to power the tools and machinery.  
 
 

As seen in Figure 4.8, all five companies use diesel, reflecting their traditional dependence 

on fuel. However, three out of five companies have introduced electricity. Four out of five 

companies use human power, indicating a commitment to traditional labour-intensive demolition 

practices. One company uses explosives as an energy source, indicating a controlled, specialised 

form of energy application in demolition. 

 
Transport Distances 
 

No data was obtained on distances for transporting demolition waste among all five 

companies as business see no need to track/ monitor transportation cost as part of their operation. 

While this lack of data may provide operational flexibility of transporting waste at any distance, it 

also raises concerns about increased transportation costs and carbon emissions associated with 

longer haul distances (Aminzadegan et al., 2022). The industry must be cautious of these factors 

and explore strategies to minimise environmental impacts and optimise logistical efficiency 

(Aminzadegan et al., 2022).  
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Carting and Disposal of Demolition Waste 
 

One of the five surveyed companies opted for on-site (demolition site) recycling, 

demonstrating a transition to new sustainable practices at the demolition site. Two out of five 

companies have the waste collected from the demolition sites, while the other two companies 

discard their own waste. However, none of the companies transported waste directly to recycling 

sites. This common practice highlights the challenges of waste management and sustainability in 

the construction industry as well as worsening the landfills challenge. (Purchase et al., 2022). 

 
4.3.2.2. Recycling Sites (Rubble Processors) 
 

The construction rubble from the demolition waste gets processed into recycled aggregates 

after the demolition of buildings. The aggregates can be recycled on the demolition sites or at a 

plant away from the demolition site. The manufacturing of recycled aggregates is important for 

sustainable construction practices and rubble processors play an important role in this process. The 

methods employed to process C&D waste into recycled aggregates are discussed in this section.  

 
Recycled Materials  
 

The study reveals that recycling units can recycle a diverse range of materials. Three out 

of four companies recycled construction and demolition waste only, while one out of four adopted 

a holistic waste management plan that includes recycling all waste materials. This approach goes 

beyond the singular conventional waste management approaches and contributes to a more 

sustainable waste management system. 

Recycling Processes 
 

All four companies are engaged in the two major recycling processes of crushing and 

screening rubble. Crushing involves breaking down the rubble into smaller pieces that are easy to 
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work with, while screening separates the crushed material into different size fractions. These 

processes are essential in preparing the recycled aggregates for use in construction applications 

(Silva et al., 2017).  
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Quantitative Results 
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4.4. Environmental Costs 
 

The study also examined the energy consumption of recycled and natural aggregates in the 

construction industry, focusing on the extraction, processing, and transportation stages. This 

include energy consumption in demolition companies, rubble processors (recyclers), and quarries, 

highlighting the environmental impacts of processing natural and recycled aggregates.  

4.4.1. Energy Consumption 
 
4.4.1.1. Natural Aggregates - Energy Consumed During the Manufacturing Processes of 

Natural Aggregates 

 
Table 4.1 indicates electricity consumption across various quarry sites, averaging 34.50 

MJ/m3, with the minimum (7.1% < mean) and maximum (mean < 3.2%) consumption values of 

33.15 MJ/m3 and 35.6 MJ/m3. In contrast, diesel consumption shows a mean of 32.58 MJ/m3 with 

a wider range of energy consumption, from 20.84 MJ/m3 (36% < mean) to 48.64 MJ/m3 (mean < 

49%). This difference suggests potential differences in operational approaches, equipment 

efficiency, geological conditions, and scale of operations among different quarry operations. 

Factors such as proximity to power grids, the availability of renewable energy sources, and access 

to diesel fuel can also influence energy sources and consumption patterns.  
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Table 4.1: Energy consumed by quarries in the manufacturing of natural aggregates.  

Quarries 

 

Electricity 

(MJ/m3) 

Diesel                 

(MJ/m3) 

Total Energy Consumption        

(MJ/m3) 

1 34.96 24.70 59.66 

2 34.16 20.84 55.00 

3 35.60 48.64 84.24 

4 33.15 37.06 70.21 

5 34.63 31.65 66.28 

Mean 34.50 32.578 67.08 

 
The combined mean of the energy consumed to manufacture a cubic metre (1 m3) of natural 

aggregates is 67.08 MJ, the minimum energy consumed is 18% less than the mean and the 

maximum energy consumption is 44% greater than the mean. This reflects the combined impact 

of both electricity and diesel sources on the production of natural aggregates.  

 
4.4.1.2. Recycled Aggregates - Energy Consumed during the Manufacturing Processes of 

Recycled Aggregates  

 
Energy Consumption during the Demolition of Building Structures 
 

Table 4.2 illustrates a mean energy consumption 247.43 MJ/m3, showing a variety of 

energy consumption ranging from 123.52 MJ/m3 to 370.56 MJ/m3 (50% < mean < 50%). This 

indicates varying degrees of energy efficiency within the industry.   
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Table 4.2: Energy consumed to during the demolition of building structures.   

 
Demolition contractors Energy (MJ) 

1 308.80 

2 251.29 

3 182.96 

4 123.52 

5 370.56 

Mean  247.43 

 

Energy Consumption during the Processing of Rubble  

Table 4.3 below shows the amount of energy consumed when processing the construction 

rubble into recycled aggregates. Energy efficiency in rubble processing is crucial, with electricity 

and diesel playing significant roles in the sector's overall energy consumption. It illustrates that 

processing rubble consumes roughly equivalent amounts of electricity and diesel fuel, of 

approximately 26 MJ/m3 each. The minimum consumption values for electricity and diesel are 

18% and 23% less than the mean, respectively. The maximum consumption values for electricity 

and diesel are 20% and 11% greater than the mean, respectively. The mean for the overall energy 

consumption (Energy consumption from electricity powered equipment + Energy consumption 

from diesel powered equipment) is 52 MJ/m3 with the minimum and maximum energy 

consumption values 9% less and 15% greater than the mean, respectively.  
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Table 4.3: Energy consumed by rubble processors when manufacturing recycled aggregates 

 
Rubble Processors Electricity 

(MJ/m3) 

Diesel 

(MJ/m3) 

Energy Consumption 

(MJ/m3) 

1 24.07 26.83 50.90 

2 21.27 28.99 50.26 

3 31.30 28.43 59.73 

4 27.50  20.17 47.67 

Mean 26.04 26.11 52.14 

 

Total Energy Consumption of Manufacturing Recycled Aggregates 

Table 4.4 illustrates the combined energy consumption from demolition contractors and rubble 

processors. Data shown below are the summations of the energy consumption values from 

demolition contractors in Table 4.2 and rubble processors in Table 4.3 (DC + RP) and the mean 

energy consumption. The mean energy consumed in manufacturing (demolishing a building 

structure and processing the construction rubble into recycled aggregates) is 304.83 MJ/m3.  The 

lowest energy that can be consumed to manufacture 1m3 is 171.19 MJ which is 56% less than the 

mean while the highest energy consumed to manufacture 1m3 is 430.29 MJ which is   41% higher 

than the mean. 

 

 

 

 



 86  
 

Table 4.4: Combined energy consumption values of manufacturing 1m3 of recycled aggregates  

from demolition contractors and rubble processors.  

 Energy Consumption   

(MJ/m3) 

Energy Consumption from Demolition Contractors 

Mean DC01   DC02 DC03 DC04  DC05  
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 RP01 359.70 302.19 233.86 174.42 421.46 298.33 

RP02 359.06 301.55 233.22 173.78 420.82 297.69 

RP03 368.53 311.02 242.69 183.25 430.29 307.16 

RP04 356.47 404.14 230.63 171.19 418.23 316.13 

Mean 360.94 329.73 235.10 175.66 422.70 304.83 

Abbreviations: DC - Demolition Contractors, RP – Rubble Processors 

 

4.4.1.3. Comparison of Recycled Aggregates Production and Natural Aggregates Production 
 

Figure 4.9 shows a comparison of the energy consumed during the manufacturing of 

natural and recycled aggregates. The figure illustrates a significantly higher energy consumption 

for the manufacturing of recycled aggregates (304.83 MJ/m3) compared to natural aggregates 

(67.08 MJ/m3) (p < 0.0001). This indicates that the process of recycling aggregates requires more 

energy compared to producing natural aggregates. 
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Figure 4.9: The mean values for energy consumption recycled aggregates and natural 
manufacturers.  

 

4.4.2. Energy Emissions  
 

This section of the report discusses energy emissions associated with the manufacturing of 

aggregates. Examining energy emissions, an important aspect of sustainability, the study focuses 

on three key sectors to comprehend their environmental impact in the production of concrete 

aggregates as construction materials. The research examines energy emissions in the production 

of concrete aggregates as construction materials. Difficulties emerged as many companies lacked 

records on energy emissions, which led to the calculation of the greenhouse gas (GHG) emissions.  

 
The emission data was calculated using the following formula from the 2006 IPCC 

Guidelines for National Greenhouse Gas Inventories: 

Emissions GHG, Fuel = Fuel Consumption Fuel • Emission Factor GHG, Fuel        … Equation [1] 
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Where:  

Emissions GHG, fuel = emissions of a given GHG by type of fuel (kg • GHG)  

Fuel Consumption fuel = amount of fuel combusted (TJ)  

Emission Factor GHG, fuel = default emission factor of a given GHG by type of fuel (kg gas/TJ).  

The following emission factors were used from the 2006 IPCC Guidelines for National 

Greenhouse Gas Inventories:  

Diesel = 74 100 kg of greenhouse gas per TJ  

Electricity = 112 000 kg of greenhouse gas per TJ 

4.4.2.1. Greenhouse Gas Emissions Released during the Manufacturing of Natural 

Aggregates 

 
Figure 4.10 illustrates the amount of carbon dioxide gas that gets emitted into the 

atmosphere when manufacturing natural aggregates. The mean carbon dioxide emission among 

the five quarries that participate is 6.28 kg•CO2. The lowest carbon dioxide that gets emitted among 

all the five quarries is 5.37 kg•CO2, 14% lower than the mean emissions while the highest emission 

is 7.59kg•CO2, 21% higher than the mean.  
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Figure 4.10: Greenhouse gases emitted during the manufacturing of natural aggregates from the 

use of electricity and diesel. 

The mean emission value of 6.28 kg•CO2 may serve as a benchmark for evaluating the 

environmental sustainability of conventional aggregate extraction. By acknowledging and 

addressing the greenhouse gas emissions associated with quarry operations, the construction sector 

can work towards minimising its environmental impact and fostering a more environmentally 

responsible approach to material resourcing.  

4.4.2.2. Greenhouse Gas Emissions Released during the Manufacturing of Recycled 

Aggregates 

 
Carbon dioxide Emissions released during the Demolition of Structures 
 

In Johannesburg, Gauteng, demolition contractors display a mean emission of 27.71 

kg•CO2 as seen from Figure 4.11 below. Both the minimum and maximum emission values are 

50% less and 50 % greater than the mean carbon dioxide emitted during demolition, respectively.  
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Figure 4.11: Greenhouse gases emitted during the demolition of building structures. 

 
Demolition processes emit the greatest carbon dioxide gas, therefore, it is important to look 

into minimising the CO2 emissions at this stage of recycle aggregates manufacturing. Strategies to 

reduce emissions may include the adoption of greener technologies (Yang et al., 2023). Integrating 

these practices may enhance the environmental performance of demolition activities, positioning 

them as effective contributors to a circular economy (Sparrevik et al., 2021). 

 
Carbon dioxide Emissions released during the Processing of Rubble 
 

The mean carbon dioxide emission during the processing of rubble is 4.85 kg•CO2, with 

the minimum emissions of 4.53 kg•CO2 (7% less than the mean) and the maximum emissions of 

5.61 kg•CO2 (16% greater than the mean).  
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Figure 4.12: Greenhouse gases emitted during recycled aggregates manufacturing from the use 

of electricity and diesel.  

Total Carbon dioxide Gas Emitted during the of Manufacturing Recycled Aggregates 
 
 
The mean carbon dioxide emitted during manufacturing (demolishing a building structure and 

processing the construction rubble into recycled aggregates) is 33.11 kg•CO2. Data shown below 

are the summations of the greenhouse gas emission values from demolition contractors and rubble 

processors (DC + RP) and the mean carbon dioxide emissions. The lowest carbon dioxide that is 

emitted when manufacturing 1m3 is 18.51 kg•CO2 which is 44% less than the mean while the 

highest carbon dioxide that is emitted when manufacturing 1m3 is 47.11 kg•CO2 which is  42% 

higher than the mean.
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Table 4.5: Combined carbon dioxide emission values of manufacturing 1m3 of recycled aggregates 

from demolition contractors and rubble processors. 

 Carbon dioxide 

Emissions  (kg • CO2) 

Carbon dioxide Emissions from Demolition Contractors 

Mean DC01   DC02 DC03 DC04  DC05  

C
ar

bo
n 
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e 
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rs
 RP01 39.27 32.82 25.17 18.51 46.18 32.39 

RP02 39.12 32.67 25.02 18.36 46.03 32.24 

RP03 40.20 33.75 26.10 19.44 47.11 33.32 

RP04 39.16 43.74 25.06 18.40 46.07 34.49 

Mean 39.44 35.75 25.34 18.68 46.35 33.11 

 Abbreviations: DC - Demolition Contractors, RP – Rubble Processors. 

 
4.4.2.3. Comparison of Carbon dioxide Emitted during the Recycled Aggregates Production 

and Natural Aggregates Production 

 
The study reveals significant differences in greenhouse gas emissions between recycled 

and natural aggregates production (p-value < 0.0001). As seen from Figure 4.14, recycled 

aggregates production emits greater quantities of carbon dioxide (33.11 kg•CO2) than natural 

aggregates production (6.28 kg•CO2).  The greatest source of emissions are a result of demolition 

and the energy used to demolish the building structures.  
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Figure 4.13: Greenhouse gases emitted by rubble processors and quarries from manufacturing 

recycled aggregates and natural aggregates, respectively.   

 
4.5. Financial Costs 
 

The study explored the economic aspect of aggregates, focusing on financial costs in the 

production processes. It compares the costs of extracting natural aggregates from quarries. 

4.5.1. Financial Costs of Manufacturing Natural Aggregates in Quarries 
 

The study examined the financial costs of natural aggregates manufacturing in quarry 

operations, revealing a range of costs among companies, with 693.70 ZAR/m3 being the minimum 

total cost of manufacturing a cubic metre of aggregates and a maximum of 874.68 ZAR/m3. The 

range is a result of factors like geological conditions, material type, extraction technologies, and 

transportation logistics. The mean cost of 765.86 ZAR/m3 as seen from Table 4.6, serves as a 

benchmark, while factors like equipment efficiency and market demands optimise financial 

performance. 
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The results indicate that the highest cost component for quarry operations is equipment 

costs, accounting for approximately 53% of total costs. This is likely due to the significant 

investment required for heavy machinery and vehicles necessary for extraction and processing. 

This is followed by labour costs, making up around 16% of total costs, highlighting the importance 

of human resources in quarry operations. Maintenance costs are approximately 13% and 

significant, emphasizing the need for regular upkeep and repair of equipment to ensure efficient 

operations. Energy costs, at around 5%, reflect the high energy demands of quarry operations, 

particularly for powering equipment and machinery. Notably, water costs are the lowest, at 

approximately 1%, likely due to the recycling technique employed by quarries. These findings 

suggest that quarry operators should prioritize efficient equipment use, effective labour 

management, and regular maintenance to minimize costs and maximize profitability. 

Table 4.6: Financial costs for manufacturing natural aggregates in quarries.    

 
 
 
 

Costs 
 

 

QM01 
 

(ZAR/m3) 

QM02 
 

(ZAR/m3 ) 

QM03 
 

(ZAR/m3 ) 

QM04 
 
(ZAR/m3 ) 

QM05 
 

(ZAR/m3 ) 
 

Mean  Cost per 
cost category     

(ZAR/m3 ) 

Equipment & Working Capital 390.06 373.40 422.94 460.36 389.58 407.23 

Maintenance 94.98 90.92 102.98 119.70 102.90 102.30 

Labour 112.38 107.58 121.86 142.70 124.96 121.90 

Energy 40.46 38.72 43.86 46.04 44.10 42.64 

Water 3.70 3.54 4.00 4.60 4.42 4.05 

Other 83.08 79.54 90.10 101.28 84.54 87.71 

Total per company 724.66 693.70 785.74 874.68 750.50 765.86 
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4.5.2. Financial Costs of Manufacturing Recycled Aggregates  
 
Financial Cost Associated with the Demolition of the Structure 
 
 

The study explored financial costs associated with demolition activities, influenced by 

factors like the complexity of a building structure and material composition. The cost of 

demolishing 1m3 of a building structure is 573.35 ZAR on average, with the minimum value of 

415.81 ZAR and a maximum of 649.98 ZAR.  

The study's results indicate that the highest cost component for demolition operations is 

equipment and working capital, accounting for approximately 66% of total costs. This is likely 

due to the significant investment required for specialized demolition equipment, such as 

excavators, and bulldozers. Energy costs follow closely, making up around 24% of total costs, 

reflecting the high energy demands of operating heavy machinery and equipment. Labour costs, 

at approximately 9%, are also significant, highlighting the importance of skilled personnel in 

operating and maneuvering demolition equipment. Maintenance costs, at approximately 1%, are 

lower compared to equipment and energy costs, but still essential for ensuring the reliability and 

efficiency of demolition equipment. Notably, there are no water costs associated with demolition 

operations, as water is not a significant input in the demolition process. Other costs, such as 

overheads and miscellaneous expenses, were not recorded, likely due to the focus on equipment-

intensive operations and minimal administrative requirements. These findings suggest that 

demolition contractors should prioritise efficient equipment use, energy management, and skilled 

labour to minimise costs and maximise profitability. 
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Table 4.7: Financial costs for demolishing building structures.  

  
Costs DM01 

 
 

(ZAR/m3 ) 

DM02 
 
 

(ZAR/m3 ) 

DM03 
 
 

(ZAR/m3 ) 

DM04 
 
 

(ZAR/m3 ) 

DM05 
 
 

(ZAR/m3 ) 

Mean cost per 
cost category 

 
(ZAR/m3 ) 

Equipment & Working Capital 428.57 481.48 280.00 420.00 274.81 376.97 

Maintenance 5.43 2.41 6.00 8.00 1.37 4.64 

Labour 42.86 37.04 48.00 100.00 37.04 52.99 

Energy 173.12 141.06 69.25 207.74 102.59 138.75 

Total Costs per company 649.98 661.99 403.25 735.74 415.81 573.35 

 

 
Financial Cost Associated with Processing Rubble 
 

The rubble processors' results have provided insights into the economic aspects of the 

recycling sector, particularly in the production of recycled aggregates. The average financial 

investment required by a typical company to produce recycled aggregates is 639.35 ZAR/m3, as 

shown in Table 4.8.  

The present study's results indicate that the highest cost component for rubble processing 

operations is equipment and working capital, accounting for approximately 56% of total costs. 

This is likely due to the significant investment required for processing machinery, conveyors, and 

other specialised equipment necessary for transforming rubble into reusable aggregates. Labour 

costs follow, making up around 16% of total costs, highlighting the importance of skilled personnel 

in operating and maintaining the processing facilities. Maintenance costs, at approximately 12%, 

are also significant, emphasizing the need for regular upkeep and repair of equipment to ensure 
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efficient processing operations. Other costs, including overheads, account for around 11% of total 

costs. Energy costs, at approximately 6%, are relatively lower, reflecting the more efficient energy 

use in processing operations compared to quarrying. Water costs are the lowest, at approximately 

1%, likely due to the minimal water requirements in rubble processing. These findings suggest that 

rubble processors need to prioritise efficient equipment use, effective labour management, and 

regular maintenance to minimise costs and maximise profitability. 

 
Table 4.8: Financial costs for repurposing the construction rubble into recycled aggregates. 

 
Costs 

 

RP01         

 

(ZAR/m3 ) 

RP02        

 

(ZAR/m3 )   

RP03        

 

(ZAR/m3 ) 

RP04          

 

(ZAR/m3 ) 

Mean per cost 

category     

 (ZAR/m3 ) 
 
Equipment & Working Capital 

 
341.14 

 
331.49 

 
406.67 

 
261.59 

 
359.77 

Maintenance 73.08 70.99 87.09 68.24 77.05 

Labour 98.44 95.66 117.35 70.64 103.82 

Energy 33.43 32.49 39.85 95.18 35.26 

Water 4.33 4.21 5.17 32.32 4.57 

Other 68.72 66.78 81.92 66.44 72.47 

Total per company 
 

619.14 601.62 738.05 598.60 639.35 
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Total Financial Cost Associated with Manufacturing Recycled Aggregates 
 

The mean financial cost of manufacturing 1m3 (demolishing a building structure and 

processing the construction rubble into recycled aggregates) is 1212.71 ZAR. Data shown above 

are the summations of the financial costs from demolition contractors in Table 4.8 and rubble 

processors in Table 4.9 (DC + RP) and the mean financial costs. The lowest it costs to  manufacture 

1m3 of recycled aggregates is 1001.85 ZAR which is 17% less than the mean while the highest it 

cost is 1473.79 ZAR which is   42% higher than the mean.  

 
Table 4.9: Combined financial costs of manufacturing 1m3 of recycled aggregates from demolition 

contractors and rubble processors.   

 Financial Cost 

(ZAR/m3) 

Financial Cost from Demolition Contractors 

Mean DC01   DC02 DC03 DC04  DC05  
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RP01 1269.12 1281.13 1022.39 1354.88 1034.95 1192.49 

RP02 1251.60 1263.61 1004.87 1337.36 1017.43 1174.97 

RP03 1388.03 1400.04 1141.3 1473.79 1153.86 1311.40 

RP04 1248.58 1260.59 1001.85 1334.34 1014.41 1171.95 

Mean 1289.33 1301.34 1042.60 1375.09 1055.16 1212.71 

Abbreviations: DC - Demolition Contractors, RP – Rubble Processor
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4.5.3. Comparison of Recycled Aggregates Production and Natural Aggregates Production 

Costs  

The mean financial cost of producing recycled aggregates is 1212.71 ZAR/m3, while the 

mean cost of manufacturing natural aggregates is 765.86 ZAR/m3, which is 36.8% lesser, with a 

statistically significant P-value less than 0.0001 (p <0.001). The higher financial costs of 

demolishing building structures has resulted in the higher costs for manufacturing recycled 

aggregates. However, the recycling process, which involves repurposing the already demolished 

materials (rubble), was found to be more cost efficient.   

 

 

Figure 4.14: Total Costs of Producing Recycled Aggregates and Natural Aggregates from Rubble 
Processors and Quarry Sites, respectively. 
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4.6. Computation of the Feasible Transportation Distance 
 
4.6.1. Calculation of the Feasible Transport Distance 
 

The study aimed to determine the feasible transport distance for repurposing rubble into 

recycled aggregates by comparing the environmental benefits and economic viability of aggregates 

supply.  

To calculate the feasible transport distance, the following formula was used; 

 

            𝐷 = 1
𝑃

 (∑ꭓᵢ(NA) 
𝑛₁

 - ∑ ꭓᵢ(RA)

𝑛₂
 )               … Equation [2] 

 

 

Where; 

D = transportation distance 

P = price of fuel consumed to travel 1km (when the price of fuel is highest, lowest, and average 

between the months of January 2023 and December 2023 inclusive) 

n1 = sample size of natural aggregates 

n2 = sample size of recycled aggregates 

∑ꭓᵢ(NA)  = summation of financial costs for producing natural aggregates 

∑ꭓᵢ(RA)  = summation of financial costs for producing recycled aggregates 
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Three fuel price scenarios were used, the first scenario is when the fuel price was highest between 

January 2023 and December 2023, the second scenario was the lowest fuel price in 2023 while the 

last scenario was the average fuel price of all the 12 months of 2023.  

 
 
When price of fuel (diesel), was the highest 

Fuel price = 25.22 ZAR per 1L of diesel, and 0.46L of fuel travels 1 kilometre (1 km)  

P = 11.60 ZAR per kilometre,  

D =       
(765.86−1212.71)𝑍𝐴𝑅

11.60 𝑍𝐴𝑅/𝑘𝑚   

= -38.52 km  
 

 
When the price of fuel (diesel), was the lowest 

Fuel price = 19.31 ZAR per 1L of diesel, and 0.46L of fuel travels 1km.  

P = 8.88 ZAR per kilometre,  

D =       
(765.86−1212.71)𝑍𝐴𝑅

8.88 𝑍𝐴𝑅/𝑘𝑚   

= -50.32 km 

 
When price of fuel (Diesel), was the average 

Fuel price = 21.64 ZAR per 1L of diesel, and 0.46L of fuel travel 1 kilometre  

P = 9.95 ZAR per kilometre,  
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D =       
(765.86−639.35)𝑍𝐴𝑅

9.95 𝑍𝐴𝑅/𝑘𝑚   

= -44.91 km 

 

The results indicate that all the calculated values for feasible transport distances are 

negative. This outcome suggests that there is no feasible transport distance for repurposing 

construction rubble into recycled aggregates in Johannesburg, Gauteng. This outcome is location 

specific and may be different for other regions in Gauteng or South Africa as a whole.  

4.6.2. Calculation of the Feasible Transport Distance excluding the Demolition Costs 
 

The costs for recycled aggregates (1212.71 ZAR/m3) used to compute the transport 

distance in the above section, 4.6.1 was inclusive of the costs of first demolishing building 

structures and then processing the construction rubble into recycled aggregates. This section 

computes the transport distance using the recycled aggregates cost (639.35 ZAR/m3) that is 

exclusive of demolition costs, assuming that the construction rubble is readily available. 

The same formula as well as same scenarios for fuel prices that was used in section 4.6.1 

were used to calculate the distance: 

        𝐷 = 1
𝑃

 (∑ꭓᵢ(NA) 
𝑛₁

 - ∑ ꭓᵢ(RA)

𝑛₂
 )           …Equation [2] 

 

 

When price of fuel (diesel), is highest 

Fuel price = 25.22 ZAR per 1L of diesel, and 0.46L of fuel travels 1 kilometre (1 km)  
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P = 11.60 ZAR per kilometre,  

D =       
(765.86−639.35)𝑍𝐴𝑅

11.60 𝑍𝐴𝑅/𝑘𝑚   

= 10.90 km  
 

 
When the price of fuel (diesel), is lowest 

Fuel price = 19.31 ZAR per 1L of diesel, and 0.46L of fuel travels 1km.  

P = 8.88 ZAR per kilometre,  

D =       
(765.86−639.35)𝑍𝐴𝑅

8.88 𝑍𝐴𝑅/𝑘𝑚   

= 14.25 km 

When price of fuel (Diesel), is average 

Fuel price = 21.64 ZAR per 1L of diesel, and 0.46L of fuel travel 1 kilometre  

P = 9.95 ZAR per kilometre,  

D =       
(765.86−639.35)𝑍𝐴𝑅

9.95 𝑍𝐴𝑅/𝑘𝑚   

= 12.71 km 

The hypothesis of the study stated that the most effective aggregate production method 

involved supplying rubble, which is processed into recycled aggregates for use within a 20 

kilometre radius of construction sites and concrete plants. All the three different scenarios in this 

section result in positive transport distances, illustrating feasible distances, all within a 20 km 

radius. 
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4.7. Summary and Discussion 
 
4.7.1. Summary of Main Findings 
 

The present study compared the financial costs, energy consumption, and carbon dioxide 

emissions of manufacturing recycled aggregates in comparison to natural aggregates. Firstly, the 

financial costs of manufacturing recycled aggregates are 58.35% higher than the costs of 

manufacturing natural aggregates. Secondly, the energy consumption during the manufacturing 

process of natural aggregates is less than the energy consumption of recycled aggregates. This 

indicates that recycled aggregates require 354% more energy to manufacture. Thirdly, the carbon 

dioxide emissions during the manufacturing process of recycled aggregates are 427% higher than 

those of natural aggregates.  

Lastly, there was no feasible transport distance, this motivates for the need for more 

recycling sites in Johannesburg. Furthermore, that on-site recycling at the demolition site is the 

most efficient and effective approach. This may suggest that recycling aggregates closer to the 

source can minimize transportation costs and potentially associated environmental impacts. This 

approach is not new and has already been adopted, as the company with the lowest energy 

consumption, which was attributed to by recycling on-site. Since for that one company, rubble was 

crushed at the demolition site, there was no transportation distance, which resulted in less energy 

consumption. This is in line with the Hameed and Chini (2010) concept, where it was discovered 

that the best cost-effective and energy-efficient approach is to crush concrete waste at the 

demolition site, where the subsequent recycled aggregate is reused in new construction project. 

As the construction industry continues to grow, it is essential to adopt sustainable practices 

that reduce environmental impacts. The use of recycled aggregates may offers a promising 

solution. 
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4.7.2. Discussion 
 
4.7.2.1. Manufacturing Processes of Natural Aggregates and Recycled Aggregate 
 
 

Traditionally, natural aggregates were and are still being used to manufacture concrete. 

Currently, recycled aggregates are being incorporated into concrete manufacturing to mitigate 

some of the environmental challenges associated with natural aggregates. Manufacturing processes 

of natural aggregates and recycled aggregates have some similarities and differences. The findings 

of this study show that the most common processes of manufacturing natural aggregates are 

extraction of the parent rock, where the rock is drilled and blasted, followed by crushing and 

screening. This is corroborated in the study by Gbeve (2013).   

In contrast, recycled aggregates are made from materials that have been previously used in 

construction projects, such as construction and demolition waste. For this study, the focus was on 

the demolition waste, construction rubble. Similar to natural aggregates, processing rubble 

encompasses crushing the clean rubble and screening it to produce various sizes. These processes 

support those discussed in much earlier studies and more recent research by O’Mahony and 

O’Mahony (1990), Duan et al. (2020) Arora and Arora (2015) and Silva et al. (2016).  

In summary, some similarities picked in the study were seen in the manufacturing 

processes of natural aggregates and recycled aggregates which are the crushing and screening 

processes while the main differences are in the extraction and demolition activities, respectively. 

Another similarity that was observed is the type of fuel types used to power machinery of the 

natural and recycled aggregates manufacturing, which similar to the study conducted by Ghanbari 

et al. (2017) are diesel and electricity. Understanding these processes is crucial as they can aid 

stakeholders to make informed decisions on adopting sustainable practices in the aggregate 

industry.  
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4.7.2.2. Environmental Costs of Manufacturing Natural and Recycled Aggregates 
 
The environmental costs of producing both natural and recycled aggregates are crucial 

factors to consider when selecting materials for a sustainable construction industry. Natural 

aggregates are commonly used in construction projects, however, they can come with high 

extraction and transportation costs. On the other hand, recycled aggregates - produced from 

demolition waste in this study - may offer a more sustainable alternative, offering several benefits, 

as discussed in the following. 

Previous studies (Tam, 2008; Hossain et al., 2020; Ohemeng and Ekolu, 2020) have found 

environmental costs of manufacturing natural aggregates to be greater than the manufacturing 

costs of recycled aggregates. Although recycled aggregates are often considered a more 

environmentally friendly option, the present study shows that the embodied energy of recycled 

aggregates exceeds that of natural aggregates. This is largely due to the high demolition costs 

associated with recycled aggregates, with demolition contractors contributing the most to the 

overall environmental costs. In this study, environmental costs include the embodied energy of 

both the natural aggregates and recycled aggregates. The results indicate that the energy 

consumption and carbon dioxide emitted during the production processes are higher for recycled 

aggregates than natural aggregates.    

While this study shows that the processes involved in recycled aggregates result in higher 

embodied energy, the environmental costs of quarry extraction are significant and, to some extent, 

immeasurable. The environmental impact of natural aggregates includes the depletion of natural 

resources, emissions from transportation, habitat destruction, and potential environmental 

degradation, as highlighted in previous studies (Coelho and de Brito, 2011; Moeletsi, 2018; Kafu-

Quvane and Mlaba, 2024). These factors were not quantified in this study, making natural 
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aggregates appear to be a more cost-effective option. However, when selecting materials, the long-

term consequences of resource depletion and the environmental impacts of extraction and 

transportation must also be taken into account.   

Quarrying changes landscapes negatively, causing permanent changes in topography and 

water table (Kindiga, 2017; Moeletsi, 2018; Samba et al., 2022). It can cause severe impacts on 

biodiversity and wildlife, disrupting habitat quality. While it offers job opportunities and economic 

growth, it also has adverse impacts on biodiversity and wildlife (Kafu-Quvane and Mlaba, 2024). 

The economic growth comes at a significant cost, affecting future generations and the environment 

which often cannot be rehabilitated. Furthermore, quarrying sites generate dust and indirect 

emissions during blasting operations, causing air pollution and affecting the ecosystem (Mathe, 

2022; Kafu-Quvane and Mlaba, 2024). Dust affects animals and plants, leading to lung problems 

(Mathe et al., 2022).  

Recycled aggregates, on the other hand, come with their own challenges, including higher 

embodied energy, dust generation, and potential contamination risks. The high costs of demolition 

significantly contribute to the overall manufacturing costs of recycled aggregates. While both 

demolition and quarrying generate dust, demolition is a relatively short-term activity, typically 

lasting about a year, whereas quarries can operate for up to 50 years. The longer operational 

lifespan of quarries results in a more prolonged and substantial dust impact.   

However, despite the costs of recycled aggregates observed, they also offer benefits such 

as reduced waste sent to landfills and conservation of natural resources. Begum et al. (2006) 

indicate that waste minimization offers environmental benefits such as extending landfill site 

lifespan and reducing primary resource demands. Other benefits include reduced liability for 
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environmental problems and a lower chance of soil and groundwater contamination (Begum et al., 

2006).  

In addition, unlike quarrying, which involves energy-intensive processes of material 

extraction, transportation, and processing (Alqadi et al., 2023), recycling leverages existing 

materials (Olawumi et al., 2023). This addresses concerns related to resource depletion (Ferrandez 

et al., 2023). It has been shown that the construction sector, a major contributor to carbon emissions 

(Sizirici et al., 2021), can benefit from promoting the widespread use of recycled aggregates. This 

could involve urging governments and companies to prioritise recycled materials, implementing 

strict environmental standards, and fostering stakeholder collaborations to establish more 

recycling site and streamline the integration of recycled aggregates into construction projects. 

 
 

4.7.2.3. Financial Costs of Manufacturing Natural and Recycled Aggregates 
 
In addition to environmental impacts, financial costs play an important role in the 

production of aggregates. The costs incurred by companies vary significantly due to differences in 

equipment, operating costs, building complexity, material composition, and waste management 

strategies.  

Previous studies (Tam, 2008; Ohemeng and Ekolu, 2020) conducted a cost-benefit analysis 

for the use of natural aggregates and the use of recycled aggregates. They revealed that recycling 

construction waste is more cost efficient. Tam et al. (2018) has demonstrated the use of recycled 

aggregates in concrete to provide a promising solution to the problem of construction and 

demolishing waste.  

However, the studies by Tam (2008) and Ohemeng and Ekolu (2020) do not account for 

demolition costs, as their cost-benefit analyses begin with the transportation of construction waste 
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to the recycling plant. This may also suggest that the type of construction and demolition waste 

used in their studies did not include demolition waste.   

Therefore, in the present study, the costs incurred during the demolition processes have 

been added to the total costs of manufacturing recycled aggregates, making the demolition of 

building structures the first stage. Furthermore, it was observed that the financial cost of 

manufacturing recycled aggregates are greater than the financial costs of manufacturing natural 

aggregates. The increase in costs for the recycled aggregates may be explained by the additional 

costs of demolition activities which were not covered in the previous studies (Tam, 2008; 

Ohemeng and Ekolu, 2020).  

In addition to the previous studies mentioned above, Begum et al. (2006), in their case 

study highlighted the cost savings and efficiency that result from on-site waste minimisation, 

which further corroborates that the benefits of recycled aggregates by some studies outweighs the 

benefits of natural aggregates. In their case study (Begum et al., 2006), the total benefits exceed 

the total costs, resulting in the positive net benefit of reusing and recycling waste on-site.  

Moreover, the present study's findings highlight the need for an understanding of the 

holistic costs and benefits associated with natural and recycled aggregates. Cost efficiency is 

crucial for a sustainable and economically viable recycling sector, contributing to the circular 

economy and reducing environmental impact (Barros et al., 2021; Knäble et al., 2022). To enhance 

the viability of recycled aggregates, strategies must be explored to reduce their costs and 

environmental impacts. Optimising demolition techniques, and working towards minimising 

demolition costs would promote the use of recycled aggregates.  Proper deconstruction design and 

planning for material recovery prior to demolition processes are two of the possible strategies that 

may contribute in the demolition cost minimisation (Schultmann and Sunke, 2007; Pitso, 2020). 
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Furthermore, to transition towards a circular economy, the construction industry may have 

to prioritize material conservation and value throughout their lifecycle. This transition is not only 

dependent on environmental considerations but also on the potential for long-term cost savings, 

contributing to the resilience and competitiveness of construction projects. This requires 

innovative thinking, collaboration, and policy support. Collaboration of the industry stakeholders 

are key to achieving waste reduction, conservation of resources, and building a sustainable future.  

Policymakers and industry stakeholders should collaborate to create incentives that 

encourage the use of recycled aggregates, such as investing in research and development, 

providing subsidies for recycled construction products, and offering tax credits to companies that 

utilize these materials. By understanding the full costs associated with each material type, 

including their entire lifecycle from extraction to end-of-life disposal or recycling, a more 

sustainable future for the construction industry can be achieved. 

 
4.7.2.4. Feasible Transport Distance for Repurposing Construction Rubble into Recycled Aggregates 

 

One of the primary objectives of this study was to calculate the feasible transport distance 

for repurposing demolition rubble into recycled aggregates. According to this study, the 

transportation of aggregates in Gauteng primarily relies on road transport, with the environmental 

impact varying based on distance. Therefore, the discussion focuses specifically on road transport 

impacts. The findings of the present study reveal a significant difference (-50.32 km to 14.25 km) 

in the feasible transport distances when demolition costs are added to the rubble processing costs 

versus when they are not considered. This difference highlights the impact of demolition costs on 

the feasibility of adopting recycling aggregates. The previous study by Zhang et al. (2019a) 
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corroborates the difference and uncertainty of the recycled aggregates transport distances that are 

observed in the present study.  

It was observed that high embodied energy of demolition processes contributes 

substantially to the overall costs of demolition. Demolition requires significant energy inputs for 

machinery, labour, and waste management, which translates to a considerable carbon footprint. 

Moreover, the financial costs of demolition, such as equipment purchase or rental as well as labour 

expenses, add to the economic costs. These costs are typically high due to the complex and labour-

intensive nature of demolition processes as observed from the results.  

When demolition costs are factored into the overall costs of repurposing rubble into 

recycled aggregates, the resulting transport distances are negative. The negative transport distance 

suggests that there is no feasible distance to repurpose the rubble, in Johannesburg. The energy 

and financial costs of demolition outweigh the environmental and economic benefits of recycling.  

On the other hand, excluding demolition costs reveals a positive transport distance, 

indicating that the environmental benefits of recycling aggregates outweigh the costs of 

manufacturing virgin aggregates. This suggests that if the demolition processes in Johannesburg 

could be made more efficient or cost-effective, recycling aggregates could become a more viable 

option. In this scenario, the energy savings and reduced greenhouse gas emissions from recycling 

outweigh those of natural aggregates and the costs of transportation, making it a more viable 

choice.  
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The positive distance results suggest that processing rubble into recycled aggregates is 

economically viable if demolition costs are not included. However, since demolition is an integral 

part of the recycling process, excluding these costs from calculations does not provide a 

comprehensive picture of the overall feasibility. Furthermore, computation of the feasible distance 

with the exclusion of demolition costs indicates that if the rubble is already available and does not 

require demolition, repurposing it becomes more cost-effective than using natural materials up to 

a distance of 14.25 km. Beyond this point, the costs of transportation and processing exceed the 

costs of extracting and processing natural aggregates. While in the present study, no feasible 

distance was observed, the findings from a previous study (Marinkovic et al., 2010) revealed 

recycled aggregates transportation distance of 20 km.   

Furthermore, the present study findings have significant implications for the construction 

industry in Johannesburg. They suggest that recycling rubble is only cost-effective when the 

demolition costs are minimal, and the transportation distance is relatively short.  

The results of this study underscore the importance of understanding the costs and benefits 

associated with repurposing rubble compared to using natural materials. By factoring in 

transportation and demolition costs, construction contractors and policymakers can make informed 

decisions about the most environmentally sustainable and cost-effective options for their projects. 

Furthermore, the findings suggest opportunities for innovation and optimization within the 

recycling process. By reducing demolition costs and enhancing transportation efficiency, the cost-

effectiveness of repurposing rubble could be extended over longer distances, making it a more 

viable option for the construction industry. Additionally, understanding the optimal distance for 
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recycling enables stakeholders to make informed decisions regarding the placement of recycling 

facilities and the logistics of transporting construction waste. 

It was noted that fuel costs influence the distance at which recycling becomes more cost-

effective (Zhang et al., 2019b). This is evident in the results, as varying fuel price scenarios led to 

different optimal distances. This indicates that both transportation costs and economic factors 

significantly affect the viability of recycling construction waste and its overall environmental 

impact. 
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CHAPTER FIVE – CONCLUSIONS & RECOMMENDATIONS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



115 
 

5.1. Navigating Towards Sustainable Aggregate Production in Johannesburg 
 

By assessing the feasibility of using construction rubble within nearby distances, this study 

analysed the environmental and financial costs, as well as the transport limitations associated with 

aggregate production in Johannesburg, Gauteng, South Africa. This evaluation facilitated a 

comparison of the production and supply models for natural and recycled aggregates. The research 

focused on the manufacturing processes of aggregates, which included the extraction of natural 

aggregates, demolition of building structures, processing, energy consumption, emissions, 

economic costs, and the financial distribution of rubble processing units. 

The hypothesis, stated the effectiveness of a distributed recycling model within 20km, is 

not validated. However, efforts were made to investigate why this was not the case. By excluding 

demolition costs from the total costs of manufacturing recycled aggregates, the study revealed that 

high demolition costs make the recycling aggregates manufacturing economically and 

environmentally costly, resulting in an unfeasible distance. 

5.2. Objective Review 
 

The objectives in chapter one guided the research, motivating a review of extraction and 

processing methods for natural aggregates as well as the manufacturing processes of recycled 

aggregates. From drilling and blasting of natural aggregates to the demolition, sorting, and 

recycling processes for recycled aggregates, through which construction materials are sourced and 

manufactured were studied. 

5.2.1. Environmental and Financial Costs 
 

The objectives were centred on evaluating the environmental and financial costs of the two 

aggregate production and supply models. Natural aggregates portrayed lesser manufacturing costs, 

both financially and environmentally, compared to recycled aggregates. However, the use of 
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recycled aggregates helps in reducing the pressure on natural resources and decreases the amount 

of waste sent to landfills. Thus, more research is required to investigate on ways in which recycled 

aggregates manufacturing can be more energy efficient and cost efficient.  Ultimately achieving a 

greater economic and environmental sustainability in the manufacturing and supply of recycled 

aggregates in Johannesburg.  

Furthermore, while the embodied energy is greater for recycled aggregates compared to 

natural aggregates, the former are still the best alternative materials to use in concrete production 

as quarrying activities have other unquantified long-term environmental costs. 

 
5.2.2. Economic Distribution of Recycling Sites 
 

In conclusion, the study's findings indicate that the economic distribution of recycling 

aggregates in the Johannesburg is not feasible, disproving the initial hypothesis of 20 km. This has 

significant implications for the construction industry, highlighting the need for on-site recycling 

and localised aggregate sources to make recycling economically viable.  

5.3. Towards a Sustainable Future  
 

The present study explored the production and supply of aggregate in Johannesburg, 

Gauteng. By integrating these insights into industry practices, stakeholders can contribute to a 

greener, more economically efficient, and environmentally responsible construction industry in 

Johannesburg. The study is a step towards promoting economic prosperity and environmental 

responsibility in the procurement of construction material in South Africa.
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5.4. Implications and Recommendations 
 

The current study emphasises the significance of recycling units as not just waste 

processors but also economic entities in promoting sustainable construction practices, emphasising 

their role in transitioning to a circular construction environment. Furthermore, the findings covered 

suggestions for the construction industry, policymakers, and environmental advocates. 

Recommendations include further research on demolition and deconstruction practices, how to 

plan for salvaging wasting and reduce the embodied energy and financial costs. Other 

recommendations include motivating the establishment of recycling infrastructure, fostering 

collaborative efforts between stakeholders, and formulating policies that promote sustainable 

material sourcing practices. 

5.5. Limitations  
 

 The study focuses on the city of Johannesburg, located in the province of Gauteng, South 

Africa. 

 The fuel prices fluctuate from time to time, only three fuel prices were considered, the 

lowest, highest, and average fuel prices were used in the analysis, as we do not have a fixed 

fuel price. 

 
5.6. Recommendation for Future Studies 
 
Future research should focus on the following:  

 Refining and enhancing sustainable practices in recycled aggregate production especially 

in demolition processes to further reduce energy emissions and consumption.  
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 Investigating innovative technologies and methods to minimise the environmental impact 

of the production process, such as exploring renewable energy sources for demolition 

equipment, crushers and screeners, can be an area of exploration.  

 Examination of the use of demolition waste in Johannesburg, addressing potential barriers 

such as regulatory constraints, a lack of awareness, or perceived quality issues.  

 Identifying strategies to overcome demolition challenges and promoting the incorporation 

of demolition waste into the construction material stream will be crucial for promoting a 

circular economy.  

 To facilitate the adoption of recycled aggregates by contractors, investigation on ways to 

simplify the procurement process is essential. Exploring initiatives like introducing 

incentives for contractors to choose recycled aggregates can simplify decision-making and 

boost confidence in the material's performance. These measures will contribute to creating 

a more user-friendly environment, promoting the widespread adoption of sustainable 

construction practices.  

 Understanding the factors contributing to the high amount of demolition processes in 

Johannesburg compared to other regions is essential. Future studies can explore the 

challenges and opportunities associated with expanding recycle aggregates processing 

facilities in Johannesburg as well as Gauteng province as  a whole. By addressing these 

key areas, future research can play a role in advancing the knowledge and implementation 

of sustainable practices in construction material sourcing and waste management. 
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ANNEXTURE A  

 
 

SAMPLE QUESTIONNAIRE & INTERVIEW SCHEDULE 

 

DEMOLITION COMPANIES 

Survey for the Qualitative Data 

 

1. Job position of the participant 

Managerial and Admin  

Engineer, Technician, and craftsmen  

Other  

 

2. What are the demolition projects the company has worked on? 

Building Structures  

Bridges   

Roads  

Dams and reservoirs   

Other   

If other, please specify: 
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3. If building structures, what were the buildings used for? 

Residential  

Commercial  

Industrial  

 

4. What approach do you consider when demolishing a structure? 

Manual Demolition  

Mechanical Demolition  

Chemical (Explosives and non-explosives)  

Other 

 

Please Specify_________________________________ 

 

 

5. How would you classify your demolition method(s)? 

Labour Intensive  

Capital Intensive  

Both  

 

6. What tools and machinery do you use for demolition? 

Explosives  

Excavators  

Bulldozers  
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Cranes  

Hammers  

Other  

If other, please specify: 

 

 

 

7. What type of energy is used to operate the above machinery? 

Petrol  

Electricity  

Diesel  

Human  

Other 

 

Please specify_________________________________ 

 

 

8. Is there a particular size/ mass that a material must be demolished to? 

No  

Yes  

If yes, please specify: 

 

 

 

 



138 
 

9. What happens to the waste (Rubble; concrete, bricks & stone) after demolition? 

Taken to landfills  

Taken to recycling sites  

Recycling companies collect the rubble from demolition 

sites 

 

Recycled on site  

 

 

 

10. Does your company or recycling companies have a limit for transporting the rubble? (In 

terms of distance?) 

Yes  

No  

  

11. Any challenges experienced in the demolition process? 

No  

Yes  

If yes, please specify: 
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Interview schedule for the Quantitative data 

1. What is the unit of production that your company uses for recording energy and how 

much energy is required (per unit of production) for the tools and equipment to 

operate? 

 

 

 

 

2. Do you measure the amount of carbon dioxide and carbon dioxide equivalents that 

are emitted into the atmosphere? If yes, how much is emitted?  

 

 

 

 

3. What kind of vehicles does your company use for transporting rubble? And what is 

the maximum weight for each vehicle per trip? 

 

 

 

 

4. How much costs do you estimate to spend on transporting rubble per kilometre? And 

how is it broken down? (Labour costs for loading and driving included?) 
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5. How much does your company charge for services per unit of production? 

 

 

 

 

6. What are most expensive charges for services (demolition services) offered? 

 

 

 

 

7. What are the most volatile costs encountered when demolishing? 
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8. How much are the cost (per category) for tools and machinery used? 

    Categories 

 

Tools/Machinery 

Equipment working 

Capital 

Maintenance Labour Energy Water Other 

Explosives        

Excavation        

Bulldozers        

Cranes        

Hammers        

Other        
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RECYCLING SITES 

 

Survey for the Qualitative Data 

 

1. Job position of the participant 

Managerial and Admin  

Engineer, Technician, and Craftsmen  

Other  

 

2. What materials does your company recycle? 

Construction & Demolition waste 

Please specify the type of C&D waste you recycle: 

 

 

 

Other 

Please specify ________________________________ 

____________________________________________ 

____________________________________________ 

 

All  

 

3. How do you get waste (rubble)? 

Delivered by Demolition Companies  

Collection from Demolition Companies  
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4. How do you manufacture recycled aggregates? 

Weighing, unloading, and storage (1)  

Segregation (2)  

Size reduction (3)  

Primary crushing (4)  

Vibrating Screens (5)  

Secondary crushing (6)  

Dry process (7)  

Washing (8)  

Size-based screening and storage (9)  

Any other process? (10) 

Please specify_______________________________ 

__________________________________________ 

 

 

5. What kind of energy does your tools and machinery require for manufacturing recycled 

aggregates? 

Petrol  

Electricity  

Diesel  

Human  

Other  
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6.  Any challenges experienced in the demolition process? 

No  

Yes  

If yes, please specify: 
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Interview schedule for the Quantitative data 

 

1. What is the delivery charge (if delivered) /costs spent on the collection of rubble from 

demolition sites (if collected)? 

 

 

 

 

2. What is the unit of production that your company uses for recording energy  and how 

much energy is required (per unit of production) for the tools and equipment to operate? 

 

 

 

 

3. Do you measure the quantity of carbon dioxide and carbon-dioxide equivalents emitted in 

the atmosphere? If yes how much is the quantity emitted? 

 

 

 

 

4. What are the sizes of aggregates produced and what is the aggregates production per 

week?  
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5. How much are the cost (per category) for each process? 

    Categories 

 

Processes 

Equipment Working 

Capital 

Maintenance Labour Energy Water Other 

Weighing, unloading 
and storage 

       

Segregation        

Size reduction        

Primary crushing        

Vibrating Screens        

Secondary crushing        

Dry process        

Washing        

Size-based screening 
and storage 

       

Other        

TOTAL COSTS        
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QUARRY SITES 

Survey for the Qualitative Data 

1. Job position of the participant 

Managerial and Admin  

Engineer, Technician, and craftsmen  

Other  

 

2. What raw materials does your company extract? 

Sand (Fine)  

Stone (Gravel)  

Both  

 

3. For how many years have they been mined from this location? 

Less than 5 years  

Less than 10 years  

Less than 15 years  

Less than 20 years  

More than 20 years  

 

4. For how many more years will the material still be available for use if mined at the same 

rate and quantity? 

Less than 5 years  

Less than 10 years  
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Less than 15 years  

Less than 20 years  

More than 20 years  

 

5. Do you foresee an increase or a decrease in the rate of extraction? 

Increase  

Decrease  

 

6. How are aggregates transported? 

Collected  

Delivered  

 

7. What are the processes that your company follows to produce natural aggregates? 

Drilling hole (1)  

Blasting (2)  

Size Reduction (3)  

Loading and unloading (4)  

Primary crusher (5)  

Secondary crusher (6)  

Tertiary crusher (7)  

Other (8) 

Please specify________________________________ 
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____________________________________________ 

 

 

8. What kind of energy do your tools, machinery, and plants require to process natural 

aggregates? 

Petrol  

Electricity  

Diesel  

Human  

Other  
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Interview schedule for the Quantitative data 

 

1. What is the delivery charge (if delivered) for transporting natural aggregates to 

construction sites? 

 

 

 

 

2. What is the unit of production that your company uses for recording energy and how 

much energy is required (per unit of production) for the human, plants, tools, and 

equipment to operate? 

 

 

 

 

3. Do you measure the quantity of carbon dioxide and carbon-dioxide equivalents emitted in 

the atmosphere? If yes, how much of these gases get emitted? 
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4. What are the sizes of aggregates produced and what is the aggregates production per 

week?  

 

 

 

 

5. How much are the cost (per category) for each process? 

    Categories 

 

Processes 

Equipment working 

Capital 

Maintenance Labour Energy Water Other 

Drilling hole        

Blasting        

Size Reduction        

Loading & 
unloading 

       

Primary Crusher        

Secondary Crusher        

Tertiary Crusher        

Other        

TOTAL COSTS        
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ANNEXTURE B  

 
 

CONSENT FORM  

 

Comparative Material Analysis of the Feasible Transport Distance for 
Repurposing Construction Rubble in Gauteng, South Africa 

 

I,  _____________________________________________________, agree that Tsireletso Thulo, an MSc 
(Eng) student from the University of the Witwatersrand will conduct her interview with me to 
gather data that will be used for a research project.  

 

I agree to the following: 

  YES 
 

    NO 

 The research study was explained to me, and I understand the purpose of the study. 
 
 

  

 I understand the purpose of the interview and I volunteer to take part in the study.  
 
 

  

 The researcher has been granted permission to record the interview and use the 
information provided. 

 

  

 I agree that direct quotations from this interview may be used in the research report. 
 
 

  

 I agree that the researcher may use the information I provide in this interview, but my 
name will not be used. 

 

  

 

I understand that:  

 I have the right to discontinue the interview at any point and choose to not answer all the questions. 
 I will not get incentives for this interview. 
 I am free to contact the supervisor for this study. 
 The information that I will provide will be secured. 

SCHOOL OF CIVIL AND ENVIRONMENTAL ENGINEERING
Private Bag 3, Wits 2050, South Africa | Tel: +27 11 717 7104 | Fax: +27 11 717 7045
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(signature of participant) 
 
 

 
 
(signature of the researcher) 

 
(date) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(date) 
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ANNEXTURE C 
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ANNEXTURE D 
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