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Abstract: Built Environment is accountable for the increase in degradation of environmental quality in 
recent times. A considerable amount of energy is consumed during its construction, operational and 
post use phase. In acknowledging this, research into building energy efficiency is concentrated on 
active energy use which overshadows the embodied energy required for its production. Embodied 
energy content varies enormously between products and materials. Choices of materials and 
construction methods can significantly change the amount of energy embodied in   buildings. This 
study is carried out to gauge the embodied energy efficiency of materials utilized in Malaysian double 
storey terraced houses. This study prepares an estimation of embodied energy of major materials used 
in five double storey terraced houses such as concrete, steel, glass, timber, plywood, ceramics, 
aluminium, bricks and roof tiles. Through the tabulated data, a comparative analysis has been carried 
out to gauge the total embodied energy locked up in these houses. The findings show that average 
total embodied energy of major materials of these houses is 4.46GJ/m2. Materials such as aluminium, 
bricks, concrete, plywood and steel are the main contributors to high embodied energy. The study also 
highlights the significant reasons, which leads to energy efficient alternatives to reduce the 
environmental impact. 
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INTRODUCTION 

Energy and Building 

Exploitation of finite non-renewable energy resource accelerated its depletion and contributes to environmental 
pollution.   This has forced the exploration for energy efficient alternatives and this is true especially for the building 
industry as it is the largest consumer of energy intensive material.   It is far more difficult to adopt sustainability in the 
construction of buildings as many materials, production plant and downstream processes are also involved. 
Manufacturing of many varied building materials such as steel, concrete, bricks, aluminium, glass, cement etc. have 
to be studied in order to determine its energy and ecological cost. The energy required for the production of most of 
the energy intensive building materials in Malaysia are basically from non-renewable energy sources. Energy 
consumption in the commercial and residential sectors Malaysia is at 13.4 % of total. These sectors, however, only 
include the energy consumed in buildings during the period of their active usage. The percentage of energy 
consumed by the building sector in the production of the building materials and services for the industry is not 
included. The manufacturing or the industrial sector consumes a total of 38% of total energy consumed in the country 
(Malaysian Energy Centre 2006).  Furthermore the rapid growth of population, 2.4% per annum and the stress it 
applies to the manufacturing industry are increasing the requirements for these materials especially in the housing 
sector. Petaling Jaya covers a land area of 97.2km2 but accommodates about 1.6% of its total population (Statistics 
Department Malaysia 2006). A total of 160,377 units of houses have been constructed to accommodate its population 
and about 32% of these houses are of terraced units (Petaling Jaya City Council 2005). Hence, a significant study is 
being carried out to study the total embodied energy major materials of terraced houses and to explore the alternative 
building materials with lower embodied energy values which would be able to reduce the cost environmental effect.  

The energy consumption assessment in a building covers three phases (1) preconstruction-initial embodied energy of 
materials, (2) construction phase-operational energy (3) post construction phase-demolition energy. Whereas the 
energy used in operating a building can be readily measured, the embodied energy contained in the structure is 
difficult to assess. In the case of buildings, the energy required to operate a building over its life greatly overshadows 
the energy attributed to the products used in its construction. It is a common claim that energy-efficiency measures 
can reduce the operating energy of an individual building by 60% or more. Comparatively little attention has been 
focused, however, on recognizing or reducing the embodied energy of structures. (Mumma 1997). There are several 
reasons for this, among them the lack of a clear assessment methodology and the data required to implement it, as 
well as a common assumption that the initial energy needed for production of a building is minor compared to its long-
term operational needs. In fact some studies have shown that this is the case, citing figures in the range of 80% 
running energy to 20% embodied energy (RAIA 2004). Reddy and Jagadish (2003) had suggested that study of both 
the types of energy consumption is required for complete Life Cycle Assessment (LCA). 
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Life Cycle Assessment (LCA) 

Building materials used in present construction industry has many unperceived irreversible environmental impacts 
because of the energy used and carbon dioxide emission in its production process. The manufacturing processes of 
these building materials in local industry are fueled by electricity generated from fossil fuel which causes severe 
environmental impact. This impact is unobserved by designers due to lack of building LCA studies conducted in 
Malaysia. There are normally alternative materials which can perform the same function in a building and given that 
their energy-efficiency may differ, energy used during this pre-construction phase can be reduced by using these 
alternative materials. Reducing this energy consumption would certainly reduce the severity in environmental impact. 
Further energy-efficiency can be accomplished through use of renewable energy in the production process, and 
reusing or recycling of existing products. The concern of these environmental impacts does not become apparent 
until we examine the materials from a life cycle approach (LCA).To obtain a comprehensive picture of a product's 
whole-life environmental costs, a number of guidelines and draft standards have been developed in recent years. 
LCA is a process whereby the component and overall environmental flows in a system are quantified and evaluated 
(Scheuer and Keolian 2002).  

LCA examines the total environmental impact of a material or product through every step of its life from obtaining raw 
materials (for example, through mining or logging) all the way through manufacture, transport to a store, using it in the 
home and disposal or recycling. LCA can consider a range of environmental impacts such as resource depletion, 
energy and water use, greenhouse emissions, waste generation and so on. Life cycle assessment, or LCA, is a tool 
for comprehensively measuring and accounting for the resource consumptions and environmental burdens 
associated with a product over its life.  LCA studies generally consist of four phases, as set out in ISO Standard 
14040 (ISO 1997): goal and scope definition, life-cycle inventory, impact assessment and interpretation. These four 
steps of the LCA methodology can be applied specifically for life-cycle energy analysis (LCEA), which uses energy as 
the only measure of environmental impact. 

Embodied Energy in Life Cycle of Buildings 

Energy is needed not only to run a building it also takes energy to create the building products and to build it. The 
embodied energy of a material, product, or assembly includes the energy required to extract and process the raw 
materials, manufacture the product, and transport the material and product from source to end use (Kim and Ringdon 
1998). The embodied energy of a material refers to the total energy required to produce that material, including the 
collection of raw materials. This includes the energy of the fuel used to power the harvesting or mining equipment, the 
processing equipment, and the transportation devices that move raw material to a processing facility. This energy 
typically comes from the burning of fossil fuels, which are a limited, non-renewable resource.  Fay, Treolar and Iyer-
Raniga (2000) have shown in their research that embodied energy used in buildings life cycle energy consumption 
can be a significant portion and there is a need to assess this life cycle energy in order to identify a possible reduction 
in this consumption. Energy required for this phase of the life cycle is normally derived from combustion of fossil fuels 
in developing countries. The combustion of fossil fuels also has severe environmental consequences, from localized 
smog to acid rain. The greater a material’s embodied energy, the greater the amount of energy required to produce it, 
implying more severe ecological consequences (Kim and Ringdon 1998).  

Every building is a complex combination of many processed materials, each of which contributes to the building's 
total embodied energy. The energy required to extract and process the raw material for an individual component, as 
well the energy used to transport the finished product to the job site and install it, all become part of the embodied 
energy cost of the completed structure. Furthermore, energy involved in maintaining an individual building 
component, and finally removing it and recycling it or otherwise disposing of it at the end of its useful life, can all be 
part of the embodied energy equation for a particular building material, depending on how the embodied energy is 
quantified (Mumma 1997). Embodied energy content varies enormously between products and materials. Choices of 
materials and construction methods can significantly change the amount of energy embodied in the structure of a 
building. Embodied energy content of building was always thought as small as compared to the operational energy of 
a building until now where, much effort and attention is being paid in reducing or improving this energy content. 
Recent researches has shown that embodied energy can be the equivalent of many years of operational energy if a 
careful thought is not given in the selection of material during the construction stages. True low energy building 
design will consider this important aspect and take a broader life cycle approach to energy assessment. Merely 
looking at the energy used to operate the building is not really acceptable (Mumma 1997). Building material choices 
are important in sustainable design because of the extensive network of extraction, processing, and transportation 
steps required in processing them. Activities to create building materials pollute the air and water, destroy natural 
habitats, and deplete natural resources (Scheuer and Keoleian 2002).  The environmental consequences from 
building materials can significantly be reduced if these materials are produced from reused or recycled resource. 
Building materials which incorporate industrial and consumer wastes (such as fly-ash concrete, recycled plastic 
lumber, etc.) can reduce both the depletion of natural resources and the pollution generated by disposal and the 
usage of these “environmentally friendly” materials are becoming more widespread in the industry (Scheuer and 
Keoleian 2002).

This energy use is often hidden and can only be fully quantified through a complete LCA. Embodied energy can be 
split into: (1) energy consumed in the production of basic building materials, (2) energy needed for transportation of 
the building materials, and (3) energy required for assembling the various materials to form the building (Reddy and 
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Jagadish 2003). Gross Energy Requirement (GER) is a measure of the true embodied energy of a material, which is 
the measure of all energy inputs including, energy consumption in building materials extraction, transportation plant 
and processing, energy in transportation of building materials, energy input in construction of the buildings and 
building systems.  Process Energy Requirement (PER) is a measure of the energy directly related to the manufacture 
of the material of the materials itself (Lawson 1996 p.13). Process Energy Requirement (PER) aspects of embodied 
energy is used in tabulation of embodied energy values. Due to unavailability of local energy intensities value of 
building materials, data from Australia is referred and used in the tabulations. Ideally, the energy intensity reported 
from Malaysia should be adopted in this study, since the overall energy efficiency in different countries may vary 
significantly. At present, these data have not been available in the public domain in Malaysia due of lack of or no LCA 
studies have been conducted by local manufacturing companies in their production processes. Therefore, the energy 
intensities (PER) of different building materials is taken from the table published in Building Materials Energy and 
Environment authored by Bill Lawson, 1996.  These Australian data is not a representation of Malaysian scenario but 
the intention is to use reliable relative data rather than absolute embodied energy data which are not available. This 
sets the limitation in this study and therefore the recommendation and conclusion is considered with this limitation.   

Research Objective and Study Area 

This present study aims to determine the embodied energy value of current constructed double storey terraced 
houses and to evaluate the environmental impact generated by the materials used to construct these buildings. This 
study will also show that building materials with lower embodied energy can be used instead to reduce the 
environmental impacts. The study is limited to main or major building materials used to construct the typical terraced 
houses locally such as concrete, plywood, reinforcement, bricks, floor finishes, glass, timber, aluminum and concrete 
roof tile. All houses are of double storey terraced units with built-up area of 130-160 meter square and constructed of 
reinforced concrete structure with either cement sand or clay brick wall. None of the house is renovated or 
refurbished.  

The study focuses on five (5) units of double storey terraced houses located in Petaling Jaya. Petaling Jaya, Malaysia 
is located in Klang Valley, Selangor Darul Ehsan at Latitude 30 6’ and longitude 101 39’. This area is approximately 
60meters height above sea level: a very dense city where many have taken up residence. The selected double storey 
terraced houses have similar designs, construction method and building materials specification.  

Building Description 

The chosen houses are of 20’ x 70’ double-storey terraced intermediate units located at Petaling Jaya area designed 
by several local designers. These dwellings are typical sub-urban prototypes consists of four bedrooms and three 
bathrooms, with the gross floor area (GFA) of approximately 130-160 square meter or 1400-1700 square feet. Figure 
(1) and (2) below shows typical floor plans and section of houses studied.  

These houses are constructed from reinforced concrete structure which is made of the three main components that 
are concrete, formwork and reinforcement (steel). Formwork used is generally of sawn plywood and in-situ concrete 
of Grade 20 and 25 is used to cast the structures. The foundation is constructed from pre-cast reinforced concrete 
pile with pile caps. The brick walls are non-load bearing laid with clay bricks for party wall and cement sand bricks for 
internal and external walls. The pitched roofs of these houses are constructed of timber trusses covered with 
concrete roof tiles. The staircase is of reinforced concrete structure, finished with ceramic tiling or timber finishes 
complete with mild steel balustrades and hardwood hand railing. For doors and windows frames is either timber or 
aluminium is used and the door panels are from plywood or hardwood timber. Glazing for windows are made up of 
4mm thick clear float glass. There are few types of floor finishes such as ceramic tiles, broken marble and cement 
rendering. As for wall finishes, weather shield paint is applied to external walls and emulsion paint for internal walls. 
Walls are also tiled with 1500mm high ceramic tiles to kitchen and full height to bathrooms.  
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Ground Floor Plan   First Floor Plan 

(Source: KP See Architect Sdn. Bhd.) 
Figure (1):  Typical Floor Plans of the Chosen Residences 

(Source: KP See Architect Sdn. Bhd.) 
Figure (2): Typical Longitudinal Section of Chosen Residences 

Embodied Energy Analysis Method 

The embodied energy of selected terraced houses were estimated by entering the quantities of each elements i.e. 
substructure, superstructure, brickwork, finishes, etc. into a spreadsheet format. Those quantities are taken in the 
principle dimensions (mostly m3, m2 or kg). Quantities are then converted into mass of each individual material by 
multiplying the density of each individual material. Finally, the embodied energy is obtained by multiplying the mass 
with the energy coefficient (MJ/kg). However, this research focuses is on tabulating the major elements i.e. concrete, 
timber, plywood, reinforcement, brickwork, roofing, aluminium and finishes. Example of how the calculation was 
carried out to acquire the embodied energy value of building materials is shown on Table (1) below. 
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 Table (1): Example Embodied Energy Value Calculation of Residential-1 
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Concrete m3         
34.70 2400   83,271.96  

             
1.70

     
141,562.33  1.03

 Plywood m3           
2.26 700         

1,579.34  
           
10.40

       
16,425.11  0.12

Reinforcement kg 3,591.25  
      
3,591.25  

           
34.00

     
122,102.63  0.89

Clay brick m3           
9.81 2403   23,577.76  

             
2.50

       
58,944.39  0.43

Cement Sand 
brick m3         

18.96 2050   38,875.18  
             
2.7

     
104,962.98  0.77

Ceramic tiles m3           
0.46 2000            

924.92  
            
5.00

         
4,624.60  0.03

Broken Marble  m3           
0.14 2563            

351.51  
             
5.90

         
2,073.91  0.02

Glass m3           
0.08 2500            

194.03  
           
12.70

         
2,464.18  0.02

Hardwood 
Timber m3         

15.95 850   13,554.97  
             
2.00

       
27,109.94  0.20

Aluminium m3           
0.20 2700            

540.00  
         
170.00  

       
91,800.00  0.67

Concrete roof 
tile m2       

119.84  44       
5,272.96  

             
2.10

       
11,073.22  0.08

TOTAL  4.28

Results and Analysis 

Based on the study carried out on five houses as per shown in Figure-(3) below, the average total embodied energy 
of the major material of a typical Malaysian double storey terraced house is 4.46GJ/m2. It also indicates that 
residential-3 has the highest average embodied energy, 5.38GJ/m2. The embodied energy of residential 4 is the 
lowest, 4.12GJ/m2 and followed by residential 5 with the value of 4.18GJ/m2. The lower embodied energy of these 
two residences is due to non usage of aluminium (energy co-efficient -170MJ/kg) for the door and window frames. 
Furthermore both residences had limited the use of plywood (energy co-efficient - 10.4 MJ/kg) in its construction for 
formwork and door panels. In contrast to residential 3, residential 4 and 5 did not use plywood as door panel instead 
used hardwood timber with lower energy co-efficient (2 MJ/kg) and with higher durability, longer life or reduced 
maintenance requirement. Refer to table 2 below. 
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Table 2: Material Breakdown for Residential Units-Embodied Energy per Square Meter Area (GJ/m2)

ITEM ELEMENT
Res 1 Res 2 Res 3 Res 4 Res 5 

Ave.(GJ/m2) 

137 136 154 153.89 145

1 Concrete 1.03 1.16 1.12 0.89 1.23 1.09

2  Plywood 0.12 0.37 1.38 0.32 0.27 0.49

3 Reinforcement 0.89 1.12 0.68 0.97 0.95 0.92

4 Clay brick 0.43 0.38 0.27 1.27 0.48 0.57

5 Cement Sand brick 0.77 1.04 0.74 0 0.40 0.59

6 Ceramic tiles 0.03 0.11 0.08 0.08 0.15 0.09

7 Broken Marble  0.02 0 0 0 0 0.00

8 Glass 0.02 0.05 0.07 0.02 0.02 0.03

9 Hardwood Timber 0.20 0.06 0.12 0.48 0.60 0.29

10 Aluminium 0.67 0 0.83 0 0.00 0.30
11 Concrete roof tile 0.08 0.10 0.08 0.09 0.09 0.09

TOTAL (GJ/m2) 4.26 4.40 5.38 4.12 4.18 4.46

Embodied Energy of Major Building Materials (GJ/m2)

4.26

5.38

4.12

4.18

4.40

0.00 1.00 2.00 3.00 4.00 5.00 6.00

Residental 1 (137m2)

Residental 2 (136m2)

Residental 3 (154m2)

Residental 4 (153.89m2)

Residental 5 (145m2)

Embodied Energy (GJ/m2)

Figure (3): Embodied Energy Value of Five Residences 

As per shown in figure (4), Residential-3 below, the embodied energy value is high (5.38GJ/m2) due to the usage of 
plywood (energy co-efficient -10.4MJ/kg) for formwork and interior door panels. The use of plywood is generous due 
to its cheaper price but its embodied energy co-efficient is 10.4GJ/m2 which is rather high and reuse capability is 
lesser as compared to material such as plastic, alloy aluminium and timber. The embodied energy value for aluminum 
is also high despite the minimal usage of this material for the door and window frame since the energy coefficient of 
this metal is very high (170MJ/kg). Usage of aluminium door and window frame has become very popular in the 
housing industry due to its easier and cheaper maintenance and is a more economical substitute for hardwood 
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timber. Concrete too contributes high embodied energy value -1.12GJ/m2, because it is used to construct the entire 
structural element of the building and it provides the required structural strength.  

Residental 3 (154m2)-Embodied Energy (GJ/m2) 
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Figure (4):  Residential-3 – Embodied Energy of Building Materials/m2

For local construction, the essential element of a building is its structural component i.e. piled foundation, 
substructure, superstructure, upper floor and staircase. The structural components are fabricated from three main 
materials which are concrete, steel (reinforcement) and plywood (formwork).  

Residential 1 (137m2)-Embodied Energy  (GJ/m2)
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Figure (5): Residential-1 – Embodied Energy of Building Materials/m2
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Figure (5) above shows the total embodied energy value of structural elements such as concrete, steel and plywood 
formwork of Residential-1, which contributes approximately 1.03GJ/m2, 0.89GJ/m2 and 0.12GJ/m2.  Aluminium 
contributes a high embodied energy value (0.67GJ/m2) despite the minimal quantity used for window and door 
frames. This is because the energy co-efficient of aluminium is extremely high (170-190MJ/kg) compared to other 
materials such as timber and steel. 

Based on the study carried out on the five local houses as per shown below in figure (6), materials such as 
aluminium, cement sand bricks, concrete, plywood and steel have been identified as contributing to high embodied 
energy value. These are the materials with very high energy co-efficient and the use of these materials in 
construction has great impact to the environment. These materials are used in the construction of the structural 
system such as columns, beams, slab, window frames and walls. To perform the same function, strength and 
durability, often there are a range of different materials with significant energy efficiency can be used to substitute 
these materials.  

Average Building Materials Embodied Energy (GJ/m2)
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Figure (6): Analysis of Average Building Material Usage-Malaysia 

RECOMMENDATIONS AND CONCLUSION 

Based on the study, certain materials used in materials used in the present construction of prototypical sub-urban 
terrace housing in Malaysia can be replaced by materials with lower embodied energy to serve the same purpose as 
well as maintain the investment value. As such materials like pre-cast concrete is a good option compared to cast in-
situ concrete. This is because pre-cast concrete is pre-fabricated and it is labor saving and in turn reduces cost. 
Compared to cast in-situ concrete, the energy coefficient of pre-cast concrete is only 1.9MJ/kg, where as in-situ 
concrete consist of concrete (1.7MJ/kg), formwork (10.4MJ/kg) and steel (34.0MJ/kg). Alternatives such as pre-cast 
concrete method is ideal in terms of time, cost and quality and it should be used more widely to replace the cast in-
situ method. 

Use of plywood formwork in construction is not environmental friendly and it also implies a high proportion in 
embodied energy value (energy coefficient 10.4 MJ/kg). The use of metal formwork is getting more popular in 
construction industry. Metal formworks are made of steel can be used to substitute the plywood formwork that is used 
widely due to its low cost. Although the embodied energy of steel is higher than plywood, steel formwork is more 
durable than plywood and it can be recycled many more times as compared to plywood which can only be recycled 
for maximum of five times, therefore reduces the quantity of materials to be used as formwork. Further more steel 
formwork can be dismantled at very early stage and can be reused at the same time and speed up the drying 
process, hence lessens the amount of quantities used as well. As a result the total embodied energy required for 
formwork by using steel is much lesser. 

The other alternative to replace the use of plywood in the industry is alminium formwork systems. The basic element 
of the formwork is the panel which is an extruded aluminium rail section, welded to an aluminium sheet. The panels 
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are made from a high strength aluminium alloy. These panels are manufactured within factory environment. The 
embodied energy co-efficient of aluminium is high (170-190MJ/kg) but the advantages such as the reusability of the 
material more than 100 times and low wastage offsets its high embodied energy and recycling aluminum requires 
only about 6% of energy that is required to produce it from virgin material (Kim and Ringdon 1998). 

Plasboard is another alternative for plywood formworks which is also currently used in local construction industry but 
not as widely as conventional plywood. The plasboard consists of three layers composite board, highly versatile as 
formwork product. Compared to natural plywood, plasboard is an environmentally friendly product as it is made of 
recycled wood or wood powder and recycled material. Being produced from recycled wood or wood powder this 
product has a lower embodied energy. Furthermore, plasboard is more economical compared to plywood because 
this material can be reused for more than 100 times.  

Other than being used for formwork, plywood is also a very popular material for interior door panel as is a much 
cheaper material than timber.  Timber is an environmentally better alternative to plywood panel as it lasts longer thus 
reduces the embodied energy involved in replacement and maintenance process throughout the buildings life. 

It is also evident that aluminium used for door and window frames in local construction has very high energy 
coefficient (170-190MJ/kg) and the use of this virgin materials should be reduced unless it is manufactured from 
scraps which would takes up only six percent as much energy (Kim and Ringdon 1998). Another alternative for 
aluminium is hardwood timber which has a much lower embodied energy coefficient 2MJ/kg of about 99% lower 
embodied energy compared to aluminium and can be recycled as well. The use of virgin aluminium building have to 
be   avoided, in-lieu of that materials with lower embodied energy such as recycled aluminium, timber and steel can 
be used to perform the same function. 

This study shows that specification of certain identified materials in local housing construction can be improved in 
respect of embodied energy and environmental consequences.  Materials such as pre-cast concrete for structure, 
recycled aluminium or timber for door and window frame, hardwood timber for door panels and formworks from metal, 
plastic or aluminium provides an energy efficient solution for local housing systems. The use of these alternative 
materials would have significant contribution from the construction industry in reducing the environmental impact in 
view of the fact that they are also reusable and recyclable.  As an environmentally conscious designer, it is the 
responsibility of the building professionals to choose materials for construction, high proportion of recycled or 
recyclable materials is the main selection in order to reduce the embodied energy as well as construction cost. 
Undoubtedly, the best way is to utilize locally produced materials and products than imported materials in local 
construction industry to minimize transportation energy as well.  
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