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ABSTRACT 
It is becoming increasingly important to use waste as a tool to protect the environment, industrial and 
raw materials. Recycling is the much-needed alternative to the lack of storage space and dwindling 
natural resources. Several countries have successfully recycled building waste and developed building 
materials that play the same function as traditional high-cost building materials, at a time when Egypt 
suffers from a large percentage of non-exploited building and demolition waste and causes many 
environmental and health problems, and despite the urgent need to use a great deal of natural 
resources to supply building materials for construction projects. Recycling this waste and taking 
advantage of foreign experience would help to reduce the use of natural resources used in the 
production of new building materials and protect the rights of future generations. The study focuses 
on recycling building and demolition waste for architecture and building purposes, concentrating on 
the cost reduction analysis. 

Keywords: Construction and Demolition (C&D) waste, recycling materials principle, benefit-Cost 
Analysis (BCA), site Waste Management (SWM). 

Introduction 
In view of the state's attempts to solve the overpopulation problem by improving existing 

residential areas and creating new urban communities in the wide desert, This has resulted in the 
consumption of many natural resources to produce building materials that help in the construction 
process and the production of large amounts of construction and demolition waste and huge costs, 
whether waste disposal or the production of new building materials. 

Foreign countries have preceded us by doing a lot of research to recycle and reuse building 
waste in a number of areas, Including structures and architectural projects. Some foreign countries 
have already started to prepare many economic studies to make the most of recycling waste while 
reducing the cost of recycling. Decision-makers had to take advantage of past experiences in this field 
and try to apply it in Egypt. 

The resulting pollution rises with the rise in urban activity and creates many health problems, 
environmental and urban. The development of urban projects involves the use of natural resources in 
the production of new building materials and the disposal of waste from the construction and 
demolition process, This leads to an increase in the overall cost of urban projects that required an 
analysis of the issue Establish policies to reduce potential environmental pollution, protect natural 
resources and reduce the overall cost of urban projects. 

The study aims to identify construction and demolition waste, its planned amounts and methods 
for minimizing, reusing and recycling in architectural applications, landscapes and structures, as well 
as research aims at reducing the cost of architectural projects in the event that building and demolition 
waste benefits. 
 
1- Waste from construction and demolition (C&DW)  

"World Waste Management Outlook" applies to building industry and other sectors producing 
7-10 billion tons of solid waste annually. Eighty-five percent of the world's waste is disposed of in 
landfills and very small waste reuse with recycling (UNEP; ISWA, 2015). Construction & demolition 
waste (C&DW) produces a large volume of industrial waste. (Jin et al., 2017; Ferronato et al., 2019). 
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Research began in Egypt in classifying waste types by source into several categories: urban solid 
waste, industrial waste, agricultural waste, medical waste, waterway waste, and waste construction 
and demolition, Fig. (1). 

 

 
Fig.1: Types of solid waste in Egypt in 2010 (CAPMAS 2010) 

 
The construction industry uses about 2/5 of the world’s energy and materials, 1/6 of freshwater 

reserves and 1/4 of universal wood (Horvath, 2004) Though contributing 13–30% to the total 
worldwide waste generated (Thongkamsuk et al., 2017). 

The exact number of C&DW in total SW stream can be so high and vary between countries, 25-
30 percent in 2016, for example, in Europe. (Waste, 2019); In Hong Kong, in 2014, 23% (EPD 
Statistics Unit, 2015); Eighty percent in the United Arab Emirates in 2010 (Rogers, 2011); and 59% in 
2011 in Singapore (Giannis et al., 2017); in Egypt, in 2019, 50% (El-Haggar et al., 2019). C&D waste 
division into demolition, renovation and building waste across EU countries, Fig. (2) .There are many 
construction and building waste sources in Egypt, including new building waste, demolition waste, 
factories of building materials, and quarry waste. 

 

 

Fig.2: C&D waste in the EU Member States (Symonds group Ltd. 1999) 
 

C&D waste has been referred to as a combination of inert materials (soft as soil or hard as 
rocks) and non-inert materials (metal and plastic waste) (Poon, 2007).The activities are faced with 
different challenges due to the variety of CDW generated per operation, Fig. (3). mainly due to the 
diversity of materials, construction sites, managed quantities and material characteristics, the 
construction sector faces major challenges. 
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Fig. 3: CDW diversity per operation (Deloitte et al., 2017) 

 
Construction and demolition waste levels differ from country to country depending on the 

construction method and the materials used. According to the classification of the U.S. Environment 
Agency, the proportion of concrete is 40-50 percent, breaking blocks 20 percent, wood 30 percent, 
isolation and asphalt 10 percent, metals 5 percent, bricks 5 percent, chart (1&2) Display different 
percentages of waste across countries. 
 

  
Chart 1: Demolition and building waste management in Greece (Styliani and Kevin, 2017) & Italy 

(Iacoboaea et al., 2019) 
 

  
Chart 2: Demolition and building waste classification in Spain (Desirée et al., 2014) & Jordan 

(Jawad and Omar et al., 2016) 
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The passive impacts of C&D debris on the ecosystem began by dumping them into woods, 
lakes, ravines and empty land that caused erosion; they were also attracting pests and causing flames, 
Fig. (4). Construction waste disposal is very difficult because it includes hazardous materials like 
asbestos, heavy metals, persistent organic compounds and volatile organic compounds (VOCs). These 
waste products are damaging to human health, the environment and countries economic sustainability. 

 

 
 

Fig. 4: Construction and demolition waste environmental and urban pollution (Researcher, 2019) 
 

Urbanization requires increased housing and transportation demand, so that the C&DW 
quantity continues to rise (Manowong, 2012). C & DW's conventional way of handling landfills is 
disposal. Deposit disposal is related to transport costs and landfill tipping charges (Tam, 2008) For 
low-mid-income countries, between $30 and $75; for high-income countries, between $85 and $250 
(Hoornweg  and Bhada-Tata,2012) 

C & D waste management has become one of the most important environmental issues in the 
construction industry due to the increase in C & D waste. The C & D waste management project aims 
at reducing waste and proper disposal to minimize adverse impacts on the environment, Fig. (5) 
Shows life-cycle material. 

 

 
Fig. 5: Life-cycle material. Source (Addis, 2006) 
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2- Construction and demolition waste generation 
During the construction phase, waste materials were generated and go on throughout usage, 

renovation and demolition, Fig. (6). C&D waste generation differs in each phase of construction, use, 
demolition and reconstruction depending on the type and function of the building.10% of the 
materials used during the construction phase were easy to recycle and reuse (clean waste). Demolition 
and renovation operations produce 10 times more waste (complex waste) than in construction. 
(Higgins, 1995). 

During the manufacture of construction materials, the quantity and type of waste materials 
differ, including waste due to cutting or reforming in manufacturing and loss due to non-standard or 
faulty goods. Factors such as design deficiencies, error identification data, detail deficiencies, 
manufacturing preference deficiencies and lack of communication between designers, lack of 
information during the design phase (management, preliminary works, pre-design, application/ feature 
design) can all result in waste during construction, use and demolition phases. 

During the construction phase, waste is caused by unused materials, incorrect materials; excess 
stencils or nails, packages of building components; excess concrete materials due to fractures or 
deformations due to improper storage or preservation of building materials and components that arrive 
at the construction site; Required disassembly due to manufacturing errors; incorrect cutting; 
inadequate equipment; poor weather conditions; material relocation; and error measurements 
(McGrath, 2001). During the construction stage, the amount of waste generated depends on the 
construction method, the project and the variety of building materials and components. 

Most building materials are altered and the old materials are waste due to alterations for reasons 
of degradation, modification of needs or fashion. This stage is the construction lifecycle's longest 
stage. 30%-50% of all building waste is the result of renovations (Construction and Demolition Waste 
Practices, 1999). 

The entire building becomes waste during the demolition stage, thereby increasing the amount 
of waste material produced. Specific buildings ' structural problems may include collapse due to 
earthquakes, illegal structuring, and processes of urban development, etc. 

 

 
Fig. 6: Waste streams at different construction stages in the United Kingdom in 2014 (Abdelhamid, 

(2014) 
 
3- Methods of demolition and building waste management 

There are several advantages to the reuse and recycling of demolition and building waste: 
Conservation of natural resources, provision of energy needed to manufacture building materials, 
reduction of waste transportation costs to public landfills and associated fuel consumption, disposal of 
building materials and preparation of the site for reuse, preventing visual and environmental 
emissions as a result of waste mismanagement, generating new job opportunities and reducing the 
cost of producing new construction materials. The definition of waste management is based on the 
level of hierarchy (El-Haggar, (2007), Fig. (7). 
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Fig. 7: Hierarchy for waste management. Source: (El-Haggar, 2007) 

 
3.1. Waste Reduction 

To minimize waste by detailed frame design and material use plans before construction ( 
Osmani M et al, 2008 ) many methods that can be used at this stage are:- Regulation / standardization 
of hazardous material management programs 
- Identify and quantify C&DW and treatment needs, Fig. (8) (Osmani, 2011; Keys et al., 2000; 
Ekanayake et al., 2004; Won et al., 2016; Cheng et al., 2015) 
- Increase material logistics. 
- Specification of actions for each type of waste, Fig. (9). 
- Establishing on-site campaigns for waste sorting, Fig. (10). 
- Establish minimum requirements for waste sorting and management 
- Definition of obligations 
- Monitoring the production of waste 
-Use of prefabricated materials and components (Jaillon, et al.,2009; Lawton et al., 2002; Lachimpadi 
et al., 2012) . 
- Use modern building techniques 
- Use of strategies for C&DW. 
 

 
Fig. 8: Materials management strategies (Jhankar, 2015) 
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Fig. 9:(a) Proper storage and handling of building materials, (b) Improper storage and handling of 

waste producing materials (Solid Waste and Public Cleansing Management Corporation, 
2015) 

 

  
Fig. 10: Proper treatment of building waste materials on site (Solid Waste and Public Cleansing 

Management Corporation, 2015) 
 

The most significant benefits of the reduction are: it immediately decreases potential waste 
management activities may result in substantial cost savings, and it can be introduced independently 
of third parties. But the challenge: primarily at the design stage, it needs to be implemented. 
 
3.2. Waste re-use 

Material reuse is available on-site during construction, Table (1), or after completion of 
building. 
- Rent and dispose of assistants (Cochran 2009). 
- Reduce the use of cuttings on site (Tam and Tam 2006a). 
- Maximizing the production of recycled aggregates of high quality 
-Use the same materials for the same using, Fig. (11). 
-Reuse of drywall in the manufacture of fertilizers and compost and/or fresh drywall (Marvin, 2000). 
-Implementation of creative management and handling methods. 
-Establishing strategies for waste separation and collection. 
 
Table 1: Examples of re-use of waste material in construction  
Waste material Example 
Top soil Material can be used for landscaping 
Formwork Formwork from concrete work can be used repeatedly before disposal 
Aggregate and 
concrete 

Aggregate and concrete waste from hacking activities can be re-used for 
embankment on soft soil around construction sites 

Source: Solid Waste and Public Cleansing Management Corporation, 2015 
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Fig. 11: Manufacture of new glass units from the recovered window. (Kernan, 2002) 

 
The most important benefit of the reusing is: it eliminates some of the need to purchase new 

products. The obstacles, however, are: Individual material properties are important for possible 
implementation, additional resources or involvement of third parties (equipment and/or expertise) 
may be required, Fig. (12 & 13), lower potential cost savings compared to reduction and recycling. 

 

 
Fig.12: Preparation and design of the waste recycling site(Recycling today. 
            https: //www.recyclingtoday.com/article/ferrous-steel-recycling-prices-usa-turkey-vietnam/). 
 

 
 

Fig. 13: Sieves, crushers (80 tons an hour) and removal of iron using magnet devices used for the 
reuse of building materials on the construction site. (SteelConstruction.info 
https://www.steelconstruction.info/Recycling_and_reuse) 

 
3.3. Waste Recycling 

By recycling, waste materials that cannot be directly reused could be turned into new products. 
Recycling involves the collection, reprocessing and reproduction and reuse of waste materials as 
recycled products, Fig. (14) 

To reduce the quantity and quality of the recovered material, separate the organics from the 
recyclables on site. Asphalt, wood and metal are the three most common construction materials 
analyzed from the recycling point of view. Asphalt is completely recyclable materials that has 
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excellent reuse / recycle properties. Recycled asphalt is a cost-effective solution in the road industry 
(Tam and Tam 2006a). 

Timber is usually found to be mixed with other building materials. Separation is therefore an 
intense and time-consuming job. In total, there are four wood waste recovery options: Reuse (Taylor, 
et al., 2005), direct recycling, indirect recycling and energy recovery. 

The main metals are aluminum, copper, lead and zinc (Tam and tam 2006b). These metals can 
be sold to third parties and reused and recycled. In the United Kingdom, for example, the recycling 
rate for aluminum is 70%, 100% for copper, 85% for lead, while zinc can be reused for roofing, 
flashing and brass production (Lang, 2014). Magnetic separation techniques should be implemented 
in order to increase the on-site sorting rate of metals. This approach is based on the waste composition 
observed. 

 
 
 
 
 
 
 
 
 
Transport of C&D waste to 
the facility 

 
 
 
 
 
 
 
 
Dry waste sorting in the 
machine 

 
 
 
 
 
 
 
 
Recycling plant for wet 
waste 

 
 
 
 
 
 
 
Sorting of dry waste sieves 

 
 
 
 
 
 
 
Produced concrete blocks 

 
 
 
 
 
 
 
Produced pavers 

Fig.14: The process that can be carried out on sites where major demolition or construction waste is 
created to minimize recycling costs due to debris transport. (Solid Waste and Public 
Cleansing Management Corporation, 2015) 

 
The most important benefits of recycle are: highest potential cost savings, revenue can be 

produced by selling products, a waste-free construction site can be developed and space savings can 
be achieved. But the challenges are: lack of knowledge about recycling or opportunities to recycle, 
recyclable contamination due to lack of separation or separation space, lack of recycled materials 
markets  , technological barriers to the conversion of waste materials for useful purposes, recycling 
costs make products more expensive, recycling alternatives are cheaper, mistrust of recycled 
materials, lack of communication and infrastructure in the industry, lack of industry-wide knowledge, 
low-value / low-volume products being ground-filled rather than stored for recycling because 
stockpiling is inexpensive. 
Deconstruction design is one of many useful strategies to help reduce the environmental load. 
Deconstruction is a process to dismantle recycling and reuse building components. Among the 
advantages derived from the method of deconstruction are: 
 
● encourages the reuse of building materials-reuse costs less than disposal;  
● reduces the negative impact of natural resource extraction on the environment, Table (2);  
● Reduces transport costs and energy used in the conversion of raw materials to be used in new 
buildings and buildings; 
● Deconstruction reduces disposal costs, Fig.  (15). 
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Table 2: Impact of recycling on the environment.  
Material Energy savings Air pollution savings 
Aluminum 95% 95% 
Cardboard 24% — 
Glass 5-30% 20% 
Paper 40% 73% 
Plastics 70% — 
Steel 60% — 
Source: Zero Waste SA (2004). 

 

  
Fig. 15: Before use for other purposes, roof truss was carefully dismantled (Source: Solid Waste and 

Public Cleansing Management Corporation, 2015) 
 
3.4. Other recovery 

This stage can be characterized as excluding waste materials from recycling through certain 
processes (anaerobic digestion or energy recovery incineration) that produce energy (fuel, heat and 
power) or backfilling. 

 
3.5. Disposal 

With products that cannot be reused and recycled, landfill disposal is the last resort based on 
the hierarchy of waste. 

 
4. Utilization of Construction and Demolition Waste  
o Structural Members: Aggregate recycled, brick, reinforcement can be used in structural 

components such as slabs, foundations, etc. 
o Construction Components: Reused and recycled C&D material such as frames, gypsum boards, 

fiber ceilings, and shingles can be used in the building of components such as roof, wall, doors, 
and openings. 

o Landscaping and road planning: stones, bricks, tiles and other materials can be used in 
landscaping, paving and road lying. 

 
Wagih et al. (2013) examines the prospect of replacing natural coarse aggregate (NA) in 

structural concrete with recycled concrete aggregate (RCA), Fig. (16).The aggregates used in the 
analysis were: natural sand, dolomite and crushed concrete from various sources. The results showed 
that the concrete rubble could be converted into useful recycled aggregates and used in concrete 
production with properties appropriate for most structural concrete applications in Egypt. There was a 
significant reduction in the properties of recycled aggregate concrete (RAC) made of 100% RCA 
compared to natural aggregate concrete (NAC), whereas the properties of the RAC consisting of a 
combination of 75% NA and 25% RCA did not show any significant change in concrete properties. 
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Fig. 16: Reduction of RCA replacement compressive strength (Wagih et al., 2013). 
 

For the two different compositions, Agarwal and Amit, (2017) aim to develop 225 mm / 115 
mm / 75 mm C&D waste brick. Cement and fly ash together with C&D waste were used as a binder to 
replace existing coarse and fine aggregates, chart (3).The brick with a compressive strength of 9,91N / 
mm2 is theoretically equivalent to conventionally manufactured traditional burnt clay bricks for non-
load bearing applications. When applying fly ash (F-type) to the composition of bricks, water 
absorption is slightly reduced compared to non-fly ash (C-type) bricks. In comparison, the normal 
weight of the C-type brick also increases significantly by 300 grams with the substitution of fly ash 
with Ordinary Portland Cement. The use of these waste bricks with less than 10% water absorption 
often prevents issues such as humidity, plaster flaking and more. The use of the prescribed C-type 
brick consumes approximately 3 kg of C&D waste, i.e. almost 3 tons of C&D waste are consumed 
and diverted from the mainstream for every 1000 bricks produced. It saves us 4m3 of fertile soil and 
also culminates the contamination that is otherwise caused by the kilns making clay bricks. 

 

  

Left-chart 3: Water absorption comparison of bricks, right-hand chart 4: Compression strength 
comparison of bricks (Agarwal and Amit, 2017) 

 
Santos et al. (2008) focus on the recycling of CDW for the manufacture of pavement and 

concrete aggregates.  This study deals with a new application of recycled building and demolition 
waste (RCDW) as backfill for improved soil structures.  The results showed that RCDW has low 
coefficients of variation of its alkaline extract properties and values that allow it to be applied with 
geogrids of excellent mechanical behavior that justify its use for the proposed application.  The 
findings of RCDW pullout tests showed that the recycled content was better than the standard sand, 
Table (3). 
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Table 3: Results overview of the pullout test program 

Vertical pressure (kN/m2) 
Material Pullout load ( 

kN/m2) 
Adherence factor 

25 
Sand 17.60 0.94 
Soil 43.90 2.29 

RCDW 31.46 1.30 

50 
Sand 30.36 0.81 
Soil 57.68 1.50 

RCDW 40.97 0.85 

100 
Sand 37.23 0.50 
Soil 56.50 0.74 

RCDW 49.92 0.52 

Source:  Santos et al., (2008) 
 
5. Several recycled building materials 

Feasibility of technology is the basis of recycling of building materials. Fortunately, current 
technologies can support the majority of recycling materials. Through proper treatment, some parts 
can be reused, while some have to be remanufactured. The restoration process is sometimes 
complicated due to contamination. 

 
5.1. The process of recycling concrete, Fig. (17). 
 

 
Fig.17: The process of recycling concrete. (Fan, 2005) 
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5.2. Recycling of wood, Fig.(18). 

 
Fig.18: Recycling of wood. (Fan, 2005) 

 
5.3.  Recycling of gypsum, Fig.(19). 

 
Fig.19: Recycling of gypsum. (Fan, 2005) 
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5.4. Recycling of bricks,Fig.(20). 

 

Fig. 20: Recycling of bricks. (Fan, 2005) 
 
6. Some practical researches for using Construction and Demolition Waste in building 
6.1. Masonry brick manufacturing 

The recycling of recycled C&DW in the manufacture of masonry bricks in China is 
demonstrated. The products resulting from the reuse strategy approach have limited applications (such 
as partition walls that are non-loadable). (Jin et al., 2017), Fig. (21). 

 

 
Fig.21: Masonry brick manufacturing workflow from processed C&DW in China (Jin et al., 2017). 
 
6.2. Alkali-activated construction materials 

The objective of the study was to test the feasibility of using red clay brick waste (RCBW), 
concrete waste (CW) and glass waste (GW) to produce alkali-activated cements (AACs) for the 
manufacture of blocks, pavers, roof tiles and tiles.(Rafael et al., 2017), Fig.(22). 
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Fig. 22: Alkali-activated construction materials made from recycled waste construction and 

demolition (Rafael et al., 2017). 
 
6.3. CDW geopolymer assessment aggregates 

The paper presents the assessment of Construction and Demolition Waste (CDW) metakaolin-
slag-potassium-silicate geopolymer mixtures containing concrete and fired clay aggregates. The goal 
was to explore their potential as a building material and their suitability for industrial exploitation 
(Matteo et al., 2018), Fig. (23). 

 

 

Fig.23: CDW geopolymer assessment aggregates as building material (Matteo  et al., 2018) 
 
6.4. Manufacturing process of ceramic waste 

For use in floors, ceramic waste from demolition can be reused in this study. An infill piece 
with a capacity of up to 457 kgf was made, which exceeds the values needed for prefabricated 
concrete slabs in accordance with current regulations. The new piece helps to maintain the original 
vertical supporting structure built on masonry walls, while these new slabs make the horizontal 
structure lighter (Rubio de Hita et al., 2016), Fig. (24) 
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Fig. 24: Manufacturing process of ceramic waste (Rubio de Hita et al., 2016) 

 
7. Use of Debris building and demolition in the landscape 

One of the most efficient ways is to use the building waste and try recycling possibilities for the 
city's environment, such as terrain shaping, paving paths, plant covering. Building waste and recycled 
material can be shown to be a planting component (Luo et al., 2018) 
 
7.1. The green recycling and planting systemic framework 

As shown in Fig. (25), a recycling system built from construction waste (14) is a layer of 
vegetables, (13) a layer of soil, and (12) a layer of drainage. This comprises two sub-layers in the 
drainage layer called the coarse sand layer and the grit layer (the grit layer's coarse sand layer cover). 
The soil layer provides the fertilizer required for planting, while the drainage layer, as its name 
suggests, will help remove excess water and maintain the permeability of the soil within. The 
construction waste recycling system shown in Fig. (25) shows a good layer structure and offers a soil 
condition for planting. 

 
Fig. 25: A recycling system built by waste (Luo et al., 2018) 

 
7.2. Details of the green recycling and planting process 

In the later structural component of the recycling system, the soil layer raw material and the 
subsequent drainage, including the coarse sand layer and the grit layer, are all derived from the waste 
and recycled material, Table (4 & 5). 
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Table 4: Details of the green recycling and planting process 
Item  Structural 

layer 
Thickness/ 

(particle-size) 
Material Method Remark 

14 Vegetable layer 
 Herbs and low  

shrubs 
choosing different 
plants with species  

 

131 1st soil layer 

(thickness)10cm Regeneration 
Soil for planting 
by  
construction 
waste 

Mixed materials of 
construction waste and 
other materials 

Detail can  
be found 
in  
Table. 2 

132 2nd soil layer 
(thickness)10-
30cm 

Soil for planting Reclaimed surface soil  

121 
Coarse sand 
layer 

(thickness)20-
30cm (particle-
size)≤ 2mm 

coarse sand  
reproduced by 
construction 
waste 

Mixture of building  
waste separation  
/(grain size)≤2mm 

 

122 Grit layer 

(thickness)20-
30cm (particle-
size)≥ 10cm 

Gravel 
reproduced by 
construction 
waste 

Gravel of building 
waste separation / 
(grain size)≥ 10cm 

 

11 
Construction 
waste layer 

(thickness)  
according to  
elevation design 

Construction 
waste 

Due to the large 
differences of grain size 
on construction waste, 
the construction scheme 
base on the site 
conditions  
ramming 

 

10 

Original 
ramming 
foundation 
layer 
Layer to 
stabilize the 
construction 
waste 

    

Source: (Luo et al., 2018) 
 
Table 5: Use of Construction and Demolition Debris in landscape (Luo et al., 2018) 
Opportunity Description 

Demolition Building 
materials (bricks, slate, 
tiles, concrete blocks) 

- Using materials as a drainage foundation, fill new land shapes and 
mound features 
- Reuse brick for paving, walls, features i.e. landscape structures. 
- Reuse of slate for decorative mulches, roofing of landscaping 
structures.  
- Reuse roofing tiles for cladding / roofing of landscape structures.  
- Sub-base concrete and landscape filling. 

Working with the 
current site 

-At the beginning of the project, conduct a soil audit and pre-demolition 
audit to identify types and quantities of potential materials for in-situ 
retention, reuse and recycling. 
- When possible, use the current topography to reduce the need for 
excavation. 

Better demolition – 
method of site clearing 

- Dispose of good quality and high-value materials from existing hard 
landscaping for on-site reuse or for reuse. 

Materials from clearing - Use asphalt and tarmac to fill the landscape.  
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of existing hard 
landscaping 

- Reuse existing hard landscape materials for new hard landscape areas 
(concrete paving, flagstones). 

Materials from clearing 
of existing soft 
landscaping 

- Top soil to be reused.  
-Produce soft plant compost 

Existing elements of the 
landscape-furniture, 
lighting, play equipment    

-If necessary, reuse existing elements..  
- Set aside for sale or reuse materials. 

Excavation and 
regeneration of the soil 

-Reuse excavated rocks for irrigation fields, building parks, planting and 
play areas . 
- Retention of top soil and treatment on site using compost or other 
remediation techniques for more contaminated soils, such as soil 
hospitals.  
- Produce top soil using excavated soil mixed with high-quality compost 
for end-use landscaping or sale. 

Earthworks 

- Using geosystems or vegetative reinforcements to enable steep slopes 
without the use of concrete products.  
- Use of geosystems and hydraulically bound materials to use in-situ 
sub-soils of poor quality. 

Aggregates 
- Use recycled or recycled glass as a substitute for natural aggregates, 
including decorative gravel. 

Timber 

-For street furniture, bollards, signs and play items, reuse good quality 
timber.  
- Using lower quality wood for composting, mulching or off-site 
production of energy. 

 
8. Case Studies 

Case studies selected will help to examine how effective it is to recycle waste from building 
and demolition and the ability of various recycled materials to be used in construction in different 
ways. 
 
8.1. The Nalawala Hall, City Council of Fairfield, Fig.(26) 

 

 
Fig. 26: View of the interior of Nalawala Hall 

 

Definition of Project 
 

The Nalawala Building, the Sustainability Hub of the Fairfield City Council, is 
the largest straw bale building in Australia and made with mud. The building 
uses recycled screen, frame and fitting materials. Nalawala Hall is the world's 
first concrete load-bearing foundation slab to be recycled by 95%.( National 
waste study –case study,2011) 

Use of material recycled 
and reused 
 

- A 95% recycled concrete load-bearing base slab that has never been used 
anywhere in the world before. 
- Recycled doors and window frames 
- Five tons of debris for the construction of straw bales 
 -800 Plastic waste milk bottles reused as toilet partitions 
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8.2. London's Olympic Park, Fig.(27) 
 

 
Fig.27: The design of the London Olympic Stadium 

 

Definition of Project 
 

The first challenge that faced the Olympic Park organizers was constructing on 
once heavily contaminated industrial land. Materials available on site were put to 
use in new construction. Not only that, the project showed how to minimize post-
event construction waste generation by using temporary structures. 

Use of material recycled 
and reused 
 

-Timber from trees that were removed 
 -For paving and features, 700 – 1000 tons of York Stone and 300 tons of granite 
sets were used on site. 
-Bricks were reused from the field. 
 -188,000 tons of concrete were recycled out of 1, 1 million tons of coarse 
aggregate used in construction. 
-The site-wide reuse of the 80,000 tons of soil excavated for the construction of 
the Olympic Stadium. 
-On-site surplus gas pipes from the steel industry were used in the Olympic 
Stadium's top ring 
-The wave-shaped roof of the Aquatics Center included a sturdy aluminum, half 
of which was recycled. 

 
8.3. Vadi School, Rajkot- Surya Kakan, Fig.(28) 
 

 
Fig. 28: Outside view of the school of Vadi, Rajkot (Jhankar, 2015) 

 

Definition of Project 
 

Following the Bhuj Earthquake in 2001, a huge amount of debris was produced. 
Surya Kakani, architect based in Gujarat, discussed how debris and other waste 
can be used in reconstruction practices. Vadi School, Rajkot designed by him, 
includes the use of rubble from broken buildings, fly ash waste, nearby sanitary 
factory gypsum and lime. 

Use of material recycled 
and reused 
 

-Use of the walls with earthquake debris 
 -Plastering of walls with gypsum from the waste generated by the 
neighborhood's sanitary industry. 
 -The roof trusses are made of steel pipes taken from the nearby ship breaking 
works. 
 -Use of fly ash waste. 
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8.4. Architecture  studio -  Denmark, Fig.(29) 

  
Fig. 29: Architecture studio - Denmark 

 

Definition of Project 

Lendager Arkitekter designed the building from recycled materials and 
installed it completely. The house is located in the Danish city of 
Nyborg and has an area of 130m2. 
The house's load-bearing structure consists of two prefabricated 
containers with separate exteriors. House design is based on the 
principle of passive solar architecture in terms of home orientation, 
temperature zoning, optimization of natural lighting, shading and natural 
ventilation (Jasmina et al., 2018 ) 

Use of material recycled 
and reused 
 

The roof and façade are made of soda cans made of aluminum. Façade 
panels contain granulated paper that is pressed and heat-treated. The 
kitchen floor is made of bottle corks and the bath tiles are made of 
recycled glass. OSB panels containing pressed wood chips cover the 
walls and floors. It was made of recycled materials. The outcome was a 
modern-style house. 

 
 
8.5. The Lazarus Building-Columbus, Ohio,Fig.(30) 

  
Fig.30: Before the development of Lazarus, RIGHT:After the development of Lazarus 
 

Definition of Project 
 

Renewal of a commercial building of 600,000 square feet in downtown 
Columbus, Ohio.  
The vision of the Lazarus Team resulted in the following key attributes 
of the project: 
• Reduce, reuse and recycle materials during building and renovation 
• Use of recycled materials and products in construction 
• Cost savings and benefits for the environment 
• Revitalization of the local community 

Use of material recycled 
and reused 
 

30% of the building materials used contained recycled materials, 20% of 
which were recycled building materials and demolition materials and 
coal combustion products (e.g. fly ash). Used by the developers: 
- Coal fly ash in concrete (2-7% of the cement total). 
-  100% Components used in recycled glass and tile floors. 
- Nylon recycled in Carpets. 
- 100% Recycled plastic in Restroom partitions. 
- Drywall containing recycled materials of at least 96%. 
- Building side contains 60% recycled metal. 
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8.6. Weltand park, Fig.(31) 

  
Fig. 31: Hong Kong's World and Park project, Recycling plant in Hong Kong 

 

Definition of Project -
Use of material recycled 
and reused 
 

The Government of Hong Kong has set up a waste recycling plant that 
developed different sizes of recycled aggregates to replace traditional 
building materials and set requirements and standards for the use of the 
resulting aggregates. Recycled aggregates were used in the construction 
of 13,000m3 of structural concrete used in the Weltand Park project as a 
partial replacement for natural aggregates. 

 
9. Problems with waste management in the construction industry 

Many challenges in the construction industry are facing waste management strategies. These 
obstacles have been established in a few studies (Saez et al., (2011)), Table (6). 
 
Table 6: Problems with waste management in the construction industry (Saez et al., 2011) 

Political Factors 
- Building industry development and building materials production. 
- Modernization of the construction site management. 

Socio-Cultural 
Factors 
 

- Poor knowledge of recycling / reuse of waste. 
- Low ability to sort / recycle / reuse waste. 
- Low degree of cooperation between managers and on-site workers to minimize 
waste 

Legal Factors 
 

- Lack of strong landfill disposal legislation. 
- Lack of incentives for waste management. 
- Environmental code "Materials for the construction of landfills are unnecessary 
waste that is not implemented". 

Technological 
Factors 
 

- Lack of specialized and affordable material reuse equipment on site. 
- Lack of plants for recycling 
- Lack of training. 

Economic 
Factors 
 

-Cost to dispose in landfill lower than recycling. 
- There is no healthy and open waste recycling market 
- Negative market view of recycled raw products 
- Low landfill tipping fees 

 
9.1. Strategy of the problem 

The study suggests appropriate strategies for managing the problem that can be used within the 
industry. Fig. (32) shows various routes through improper handling and management of waste 
generation. It explains how customers, designers, contractors, supply chain, procurement and 
construction industry contribute to waste production. 

 
1. Efficient teamwork 

Operating in cooperation and maintaining information sharing within their network is a great 
need for construction professionals. The contractor would benefit from a reduction in waste disposal 
costs. A few studies have endorsed this definition as a method for developing the construction 
industry (Egan, 1998; Glagola and Sheedy 2002; Eriksson et al., 2008). 
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2. Designing out Waste – Role of a Designer 
Designers as architects, civil engineers, technicians are required to design building following 

guidance from “design out waste”. Designers should consider standard sizes, densities, positioning 
and height to minimize the waste. Recyclable building materials should be incorporated in design at 
the early phase of design and construction. Architects have a major role to play in providing the right 
specifications when designing out waste. 

 
3. Enforcement and Incentive – Robust Policy Implementation 

Addressing the lack of enforcement and local control should start from Government’s 
intervention in ensuring waste management legislation is put into practice. 
There is a need for the Government to design the landfill tax to promote waste minimization and lack 
of incentives for producing secondary materials (reusable and recyclable materials). 
 
4. Education and Training 

There is a need for education and training to unskilled labor and other construction 
professionals to gain knowledge on waste minimization and the need for cost savings and 
environment impact. 

 
5. Access to Information – Waste Management Strategies 

A lack of data available on waste management strategies must be overcome and extensive 
monitoring requirements must be met to successfully implement the waste minimization initiative. 
Access to information often helps a number of project stakeholders; client, contractors, sub-
contractors and suppliers understand the business case for waste minimization program. 

 

 
Fig. 32: The generation of waste .source: (Keys et al., 2000). 

 
9.2. Strategies to promote the reuse and recycling of waste from C&D  

Some of them are the following: Government regulation requiring manufacturers to return the 
product and packaging and rate the recyclability of the product. Regulation forcing constructors to 
separate and recycle C&D materials. Enforce or cancel the waste management plans. Using 
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opportunities for government procurement to push actions. Provision of temporary land for storage by 
the government. Implement differential landfill charges to prevent land filling. Use of recycled 
materials allowance. Provide support to new recycling and reuse businesses. 
 
10. Economic Aspects 

This segment will assess and discuss the economic benefits of careful management of waste on 
construction sites for a project and the construction industry, Fig.(33). There have been several 
attempts to recognize cost reduction opportunities in a project 

 

 
Fig. 33: Recycling method to calculate net environmental savings 

Source: Climate Change and Water NSW Government, 2010, 
 

Yuan et al. (2011) put together an abstract and conceptual model to represent main variables 
interactions, Fig. (34). the description of the factors in the diagram is as follows: 
1. Environmental awareness is a qualitative variable that influences different parties ' ability to handle 

C&D waste. It is possible to raise awareness by improving regulation.  
2. The collection of waste is the first waste management practice.  
3. If illegal dumping occurs, environmental costs must be borne by the public.  
4. Waste sorting is an activity involving the sorting of waste materials in order to recycle or reuse 

some of them. An ability to handle C&D waste depends on the amount of waste sorting.  
5. The quantity of materials saved by recycling and reuse is the basis for estimating the advantages of 

C&D waste management.  
6. Regulation refers to the C&D waste management policy effects. This plays a key role in 

influencing the management of C&D waste.  
7. Total waste management costs are the costs of handling C&D waste, including the environmental 

costs of illegal dumping.  
8. Total waste management advantages include cost savings for disposal, cost savings for storage, 

income from the selling of waste materials and cost savings for the procurement of materials. 
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Fig. 34: Causal loop model of C&D waste management cost-benefit analysis. (Yuan et al., 2011) 
 

Behzad et al., 2014 explored the implementation of BIM (Building Information Model) to 
provide reliable and accurate information required for cost-benefit analysis of various alternatives to 
waste management, Fig. (35). This model can be used to evaluate various alternatives to waste 
management at the end of life of the building. 

 

 

Fig. 35: EPA's (Building Data Model) waste management hierarchy costs and benefits (Yuan et al., 
2011). 
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Table 7: Data derived from the knowledge model for the construction (Yuan et al., 2011) 
Component 

Category 
Material Name 

Material 
Type 

Waste 
Type 

Volume 
(CF) 

Area 
(SF) 

Weight 
(ton) 

Possible 
Waste Scenario 

Wall 
foundation 

Cast-in- place 
concrete 

Concrete Inert 187 282 12.55 Recycle 

Breading 
footing 

Cast-in - place 
concrete 

Concrete Inert 414 - 27.79 Recycle 

Foundation 
slab 

Cast-in - place 
concrete 

Concrete Inert 393 1179 26.38 Recycle 

Floor 

Hard wood Wood 
Non-
inert 

1078 1025 1.86 Reuse/recycle 

Carpet Carpet 
Non-
inert 

11 1025 0.93 WTE* 

Wood stud Wood 
Non-
inert 

412 1412 2.56 Reuse/recycle 

Exterior 
Walls 

Gypsum board 
 

Gypsum 
Non-
inert 

59 1412 1.33 Recycle 

Wood stud Wood 
Non-
inert 

279 956 1.73 Reuse/recycle 

Interior 
Walls 

Gypsum board Gypsum 
Non-
inert 

80 956 0.9 Recycle 

Wood refter Wood 
Non-
inert 

1206 1780 3.22 Reuse/recycle 

Roof Asphalt shingle Asphalt 
Non-
inert 

36 1780 1.61 Reuse 

Building type: one-story wood-frame residential building.                           Building area: 1190 SF  
Total inert waste: 66.72 ton  
Total non-inert waste: 14.14 ton  
Total waste generation: 80.86  

 
Table (7) displays the building's material and component properties. It contains data, including 

name of resource, type of material, form of waste, length, area, weight and possible scenario of waste. 
In the new way of extracting data from Revit, data on building materials and components can be 
easily accessed either by evaluating materials/ component properties or by deleting material quantities 
from the timetable/quantity section. For example, the contractor can easily extract total weight of 
materials deemed inert in their properties for the purpose of calculating total inert waste disposed of at 
landfill. Likewise, the contractor may obtain a good estimate of recycled materials by taking into 
account the potential waste scenario for each material. 

To achieve the economic feasibility of managing C&D waste, it is important to understand the 
economic model and its significance.  A traditional productivity formula derived from a Benefit-Cost 
Analysis (BCA) is often used to calculate conventional economic feasibility in terms of cost savings 
of construction waste handling (Begum et al., 2006). 

 
10.1. Economic Model 

Benefit-Cost Analysis (BCA) is considered on the construction site to estimate the economic 
viability of C&D waste. The study assesses project costs, the amount of waste generated, the sources, 
the composition of waste and the cost of C&D waste reuse and recycling. Some studies have 
concluded that the economic impact of recycling can be calculated by industrial output, total income, 
added value and the number of jobs generated (Giannis et al., 2017; Glagola and Sheedy 2002). The 
study estimated the net benefit of assessing on the project site the economic viability of C&D waste 
reuse and recycling. Eq. (1) will describe the net benefit using economic theory. 
NB = TB – TC(1). 
NB the net benefits 
TB the total benefits 
TC the total costs 
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The total benefits (TB) are all the advantages of C&D waste being reused and recycled. The 
sum of all direct, indirect and intangible benefits is known to be this. Thus, in Eq. (2), the total 
benefits can be further expressed. 

 
TB = PCS + TSM + CSWCT+ CSLF + IB (2)  
TB the total benefits of reusing and recycling of C&D waste on the site 
PCS the purchasing costs savings by reusing an recycling of C&D waste 
TSM the turnover from selling of scrap C&D waste materials 

CSWCT 
the waste collection and transportation cost savings by reusing and recycling of C&D 
waste 

CSLF the cost savings from landfill fees by reusing and recycling of C&D waste 
IB the intangible benefits 

 
The total cost is all the incremental costs associated with C&D waste being reused and 

recycled. This is the sum of all costs, both direct and indirect and intangible. Eq. (3) can express total 
costs. 

 
TC = CSC + EPC + SC + T +IC (3)  
TC the total costs of reusing and recycling of C&D waste on the site 
CSC the collection and separation costs of C&D waste 
EPC the equipment purchasing costs 
SC the storage costs 
T the transportation cost od disposing waste to landfill 
IC the intangible costs 
 

The economic feasibility of a recycling program often depends on whether the additional costs 
(time, effort and resources / equipment) associated with recycling activities are lower than the costs 
avoided (tipping fees, labor, transportation, maintenance, taxes, and local permanent fees) as shown in 
Eq. 4 (Srour et al., 2012; Calvo et al., 2014). 
NB = TB> TC (4)  

The company can save money by reusing and purchasing recycled building materials instead of 
buying new building materials from the market (Giannis et al., 2017). Purchasing cost savings is very 
significant in quantifying C & D waste cost benefit. Therefore, if a construction company could not 
reuse and recycle waste materials, the procurement of these materials would be necessary. The study 
found estimated cost savings for C & D waste procurement to be the amount of the cost savings from 
the market price of materials and the cost savings for transport expressed in the Eq. (5) 
PCS = CSMP + TCS (5) 
 
PCS the purchasing costs savings by reusing and recycling of C & D waste 
CSMP the cost saving from market price  
TCS the transportation cost saving 

 
The study shows that the reduction of waste is economically viable and also plays a key role in 

improving environmental management. The economic determinant of recycling operations lies in this 
sense, as cost remains a key element in selecting best practices to reduce waste.Results of the study 
indicate that waste management costs are considered highly above their benefits. However, the 
economic viability of C&D waste management on construction sites is provided by the calculation of 
all monetary terms for physical benefits and associated costs for intangible products. All the 
advantages and associated costs are carefully considered when implementing BCA waste 
minimization using the 3Rs concept. 

The study tried to deal with all benefits and costs in terms of monetary value and non-monetary 
value, which is described above as tangible benefits (IB) and intangible costs (IC). Total benefits 
consist of both the direct and indirect benefits relating to purchasing costs savings (PCS) and waste 
collection and transportation cost savings (CSWCT) respectively.  
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Conclusion 
Recycled building material eliminates side effects on the environment to make a sustainable 

construction effective, as well as reducing the environmental pollution content, such as greenhouse 
gas emissions, depletion of resources, soil contamination, health hazards, depletion of ozone, etc. We 
can conclude from the study that recycling and reuse of waste from construction and demolition is a 
better option than disposal and can also be implemented in construction practices. Case studies 
discussed in the study tell us the ways and benefits in Architectural Application and Building 
Practices of using construction and demolition waste. While the use of C&D waste in any form is a 
good practice, it is important to develop a waste management plan to help us understand the nature of 
the waste and how it should be handled for optimum use. When deciding for the disposal of C&D 
waste, economic and environmental considerations should also be taken into account. It is also 
important to know the correct method of recycling with respect to the site with the waste management 
program. 

While separation of the source is a better option than mixed recycling, some site requirements 
do not require separation of the source over mixed recycling. Therefore, before opting for one, it is 
important to understand the pros and cons of both approaches. To address this problem, lessons could 
be learned from global practices where changes were made to the rules to address the problem of 
waste generation. Most governments around the world have reacted with regulation and legislation to 
the need to reduce waste that has created a demand for building materials and products generated 
from the waste stream of construction and demolition. 

The waste practices have many cost-related challenges in terms of improper planning, lack of 
incentives, designing out waste at the early stage of project. A number of approaches to mitigate the 
impact on waste generation have been proposed over the years. The following approaches will be 
addressed in order to address the underlying cost-benefit concerns and in many construction sites to 
facilitate waste minimization. 
 
List of abbreviations  

Alkali-Activated Cements AACs 
Benefit-Cost Analysis BCA 
Building Information Model  BIM  
concrete waste CW 
Construction & Demolition Waste  C&DW  
The collection and separation costs of C&D waste CSC 
The cost saving from market price CSMP 
The cost savings from landfill fees by reusing and recycling of C&D waste CSLF 
The waste collection and transportation cost savings by reusing and recycling of 
C&D waste 

CSWCT 

The equipment purchasing costs EPC 
glass waste GW 
The intangible benefits IB 
The intangible costs IC 
The Net Benefits NB 
natural aggregate concrete NAC 
natural coarse aggregate NA 
Oriented strand board OSB 
The Purchasing Costs Savings by reusing an recycling of C&D waste PCS 
Recycled Building And Demolition Waste  RCDW  
Recycled Concrete Aggregate  RCA  
red clay brick waste RCBW 
Silica fume SF 
Solid Waste SW 
specimen preparation Materials SPM 
Superplasticizer SP 
The storage costs SC 
The Total Benefits of reusing and recycling of C&D waste on the site  TB  
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The Total Costs of reusing and recycling of C&D waste on the site  TC  
The transportation cost od disposing waste to landfill T 
The transportation cost saving TCS 
The turnover from selling of scrap C&D waste materials  TSM  
volatile organic compounds VOCs 
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