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 The materials are the basic elements in any type of construction activity. The 
construction sector consumes a handsome amount of construction materials while 

completing any construction project and ultimately not only depleting the natural 
resources but also increasing the content contribution of CO2 from construction sector. 

In order to save the environment for our future generations, it is necessary that such 

alternate materials, which are environment friendly and also cost effective, shall be 
adopted in the construction sector. Recycled materials are one of the choices that can be 

adopted in this regard. Therefore, in order to access the magnitude, it is necessary to 

study the effect of embodied CO2 emissions from the materials, which are used in 
conventional housing construction Malaysia. This study focuses on the comparative 

analysis of embodied CO2 emission from the conventional construction materials and 

proposed recycled materials used in construction of a typical low cost house commonly 
adopted in Malaysia. The virtual model of selected single storey low cost was 

developed using Building Information Modeling (BIM) concept. The results 

highlighted that with incorporation of proposed recycled materials, a reduction of 
almost 24 % of embodied CO2 emission can be achieved. The overall contribution of 

single storey house was observed to be reduced from 30 kg- CO2 /sq. ft to 22.65 kg- 

CO2 / sq. ft 
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INTRODUCTION 

 

 The materials are the basic elements in any type of construction activity and in the absence of these 

material, none of such activities are possible. These materials have to go through certain processes during their 

life cycle to be used for specific purposes. Besides the valuable contribution of housing sector in betterment of 

human life, the building materials used also make a significant contribution in embodied CO2 emissions through 

their life cycle. Each of this construction material has to go through the extraction, manufacturing and 

transportation /dispatch process for their final consumption. During these processes of their life cycle, these 

construction materials consume a fair amount of energy in terms of electricity or fuels and make a significant 

contribute in CO2 emissions through their embodied CO2 emissions i.e. CO2 emissions produced from 

extraction to their final consumption. 

 Therefore, it is necessary to study the effect of embodied CO2 emissions from the materials used in 

conventional housing construction in Malaysia and any other alternate possible solutions to minimize/ avoid 

their adverse effects on environment. This is a comparative study with the main focus on the embodied CO2 

emission from materials in virgin and recycled forms used in construction of a typical low cost house. The main 

aim of the study is to evaluate the contribution from each of common building materials in embodied CO2 

emissions and assess level of reduction that can be achieved by adoption of some of recycled materials readily 

available in the construction market. As a case study, a single storey house has been selected. The building 

information modelling (BIM) technology helps building in a virtual environment prior to physical 

construction.[1] The virtual model of selected single storey low cost house was developed using BIM concept. 

The results achieved form the study have been analysed accordingly. The study revealed that a considerable 

amount of emission can be avoided by utilization of recycled construction materials. 
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Literature Review: 

 Different researchers have utilized different recycled / alternate materials for their research work related to 

the construction materials. A brief summary of some previous research works is given in Table 1 below:  

 
Table 1: Previous work on recycled/reuse materials. 

Researchers Year Findings/Results 

Mickovski et al. [2] 2013 
Model green roofs under simulated rainfall and found that the substrate mix containing 

recycled construction waste materials was adequate in supporting plant growth, was resistant 

to erosion and slippage and capable of providing good drainage. 

Maier et al. [3] 2012 
The use of recycled materials was beneficial with regards to strength and durability up to 50% 

when compared with a normal concrete made from virgin materials. 

Yu, Tan et al. [4] 2011 

Potential reduction of  11.0% of the embodied energy (carbon) for the use of recycled-content 

building materials and 51.3% for the recycling of construction and demolition waste, 

respectively subject to project management levels and technologies in the market 

Gustavsson, Pigoud et al. 
[5] 

2006 
The lifecycle emission difference between the two concrete and wood framed buildings 

ranged from 30 to 130 kg C per m2 of floor area. 

Thormark [6] 2002 The recycling potential was between 35% and 40% of the embodied energy. 

 

Housing Model Details:  

 A single story four bed detached house typically constructed in Malaysian tropical region has been selected 

as a case study. The selected house has been remodelled in a virtual environment using Building Information 

modelling (BIM), as shown in Fig 1. The area of house is 1950 sft. Reinforced cement concrete (RCC) frame 

structure has been adopted in the construction of the house. The roof is made of mild steel (MS) truss system 

with Spanish tiles on the top. 

 
 

Fig. 1: BIM model of single storey house model. 

 

Objectives of Study: 

 In order to minimize the environment effects of a specific construction project, it is necessary that actual 

impact along with possible remedial measures shall be evaluated. The objective of this study is to evaluate the 

environmental impact by analysing the embodied CO2 emissions from conventions and recycled construction 

materials and to observe up to which extent these emissions can be reduced or avoided.  This will also help to 

find out the contribution from each of the material in overall emissions and means for their possible reduction in 

Malaysian construction industry. 

 

Research Methodology: 

 A graphical representation of research methodology is given in Fig 2 below. 

 

 
 

Fig. 2: Graphical representation of Research Methodology. 
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Quantification and Comparative Analysis: 

 After the modeling of house in BIM, the quantities of major construction materials have been extracted.  

Firstly, the embodied CO2 emissions for these materials in virgin form have been quantified. Some of the 

materials used in the construction of houses are recycle able e.g. steel rebar, mild steel and aluminum. The 

virgin form of these materials has been replaced with the recycled form and the embodied CO2 emissions were 

recalculated. Results have been generated and comparative analysis carried out to establish the effect on 

embodied CO2 emission. Embodied CO2 emissions have been achieved by adoption of conversion factors of 

ICE inventory 2008 published by university of Bath, UK [7].  

 

Results and Analysis:  

 The quantities of materials achieved from the housing model are given in Table 2 whereas Table 3 provides 

the details of embodied CO2 emissions generated by these quantities in virgin and recycled form. 

 
Table 2: Quantity of materials from single storey model house.  

S.No Description of Material Unit Quantity 

1 Aluminum kgs 288.00 

2 Bricks cft 2,158.32 

3 Concrete cft 1,449.14 

4 Ceramic Tiles Sft 1,889.25 

5 False Ceiling Sft 1,810.00 

6 Glass Sft 316.00 

7 Mild Steel Kgs 4,656.00 

8 Paint Sft 2,518.00 

9 Plaster cft 209.83 

10 PVC Doors Panels Sft 28.00 

11 Roof Tiles Sft 2,328.00 

12 Steel Rebar Kgs 1,648.10 

13 Wood Sft 359.50 

 
Table 3: Comparative data for embodied CO2 emissions from virgin and recycled materials. 

S.No Description of Material 
CO2 Emission (kg- CO2) 

%age Reduction 
Virgin Materials Recycled Materials Saving 

1 Aluminum 911.33 210.40 700.93 76.91 

2 Bricks 18,522.65 18,522.65 - - 

3 Concrete 11,211.07 11,211.07 - - 

4 Ceramic Tiles 2,201.73 2,201.73 - - 

5 False Ceiling 741.99 741.99 - - 

6 Glass 707.13 707.13 - - 

7 Mild Steel 12,793.43 3,106.27 9,687.16 75.72 

8 Paint 262.32 262.32 - - 

9 Plaster 2,257.14 2,257.14 - - 

10 PVC Doors Panels 47.88 47.88 - - 

11 Roof Tiles 3,890.43 3,890.43 - - 

12 Steel Rebar 4,421.17 696.46 3,724.71 84.25 

13 Wood 312.59 312.59 - - 

 
Total 58,280.84 44,168.04 14,112.80 24.22 

 

 The %age contribution of each of the materials in embodied emissions (virgin as well as recycled forms) 

has been elaborated in Fig. and Fig. 4 below. From Fig. 3, the bricks (32%), concrete (19%), mild steel (22%), 

Steel rebar (8%) and roof tiles (7%) are the top five materials in virgin form. However, when the recycled 

materials are adopted, the contribution mild steel reduces from 22% to 7 % and steel rebar from 8% to 1% 

respectively. 

 
  

Fig. 3: % age Contribution in embodied CO2.  
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Fig. 4: % age Contribution in embodied CO2. 

 

 
 

Fig. 5: Cumulative embodied CO2 (Virgin form). 

 

 
 

Fig. 6: Cumulative embodied CO2 (Recycled form) 

                

 The results show that the house model has a contribution of 58.28 tons and 44.17 tons of embodied CO2 

emissions from the virgin and recycled forms of the materials respectively, as shown in Fig. 5 and Fig. 6. By the 

use of recycled materials in the conventional housing model, a reduction of 14.11 tons has been achieved in this 

case study. The graphical form of savings has been shown in Fig.7. 

 

 
 

Fig. 7: Reduction in embodied CO2 using Recycled Materials. 

 

Conclusions: 

 This study has helped to highlight the potential of recycled materials used in typical housing sector of 

Malaysia and has revealed that a considerable amount of embodied CO2 emissions can be avoided by use of 

certain recycled materials. The results highlighted that a reduction up to 24% in embodied CO2 emissions is 

possible with the use of recycled materials. This reduction not only avoids the adverse effect on the environment 

but will also reduce energy consumption for the processing of materials, promote sustainability and save 

handsome financials for the future. 
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