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a b s t r a c t 

Life cycle assessment (LCA) is considered to be the most systematic methodology that is widely used 

in the area of energy analysis. However, embodied energy (EE) and carbon (EC) analysis requires signifi- 

cant time and effort to ensure the reliability of the LCA results. Therefore, a more comprehensive model 

of conducting the energy analysis is required to provide more realistic EE and EC analysis in turn. Hy- 

brid LCA has been identified as the best model in improving the completeness of EE and EC inventory 

data. However, such a benefit was not empirically verified extensively, especially in the Malaysian con- 

struction industry. This paper demonstrates an extended application of hybrid LCA to Malaysian building 

design systems, and further investigates the completeness of the model. Finally, the potential for EE and 

EC reduction through the allocation of low EE and EC intensities of alternative materials, products or 

components has been evaluated. The results revealed that the hybrid LCA improved the completeness of 

the EE and EC inventory data compared with other models. By using low EE and EC intensity materials, 

products or components, a total EE and EC reduction of 43% and 41%, respectively was achieved. The re- 

sults showed that the proposed methodology can assist designers practically during the early stage of the 

design process in the Malaysian construction industry. 

© 2018 Elsevier B.V. All rights reserved. 

1. Introduction 

The United Nations Environment Programme currently reports 

that building construction in developed and developing countries 

consumed more than one third of total energy use and greenhouse 

gas (GHG) emissions [1] . Thus, this sector has significant oppor- 

tunities to reduce the GHG emissions that cause global warming. 

Malaysia is among the fastest developing countries in the Asian re- 

gion. Rapid urbanisation and capital development is the main tar- 

get for the Malaysian government in order to achieve developed 

country status in 2020. Therefore, the requirements for the energy 

sectors (e.g. natural gas, coal, petroleum products, and electricity 

supply) are compulsory not only for Malaysia, but for additional 

developing countries. In Malaysia, energy consumption is increas- 

ing rapidly because of economic growth and development between 

20 0 0 and 2010. The energy consumed by commercial and residen- 

tial buildings accounted for about 13% and 48% of the total energy 

and electricity consumption [2] . Energy-intensive industries such 

as cement, ceramic, iron and steel were predicted to be major con- 

sumers for the future [3] . 
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For building energy and emissions in Malaysia, previous studies 

mainly focused on operational energy. Due to the comprehensive 

analysis of operational energy, EE and EC analysis became a signif- 

icant component of the energy rating systems for operational en- 

ergy use [4] . LCA has been adopted in EE and EC analysis, as there 

is an important opportunity to reduce environmental impacts at 

various stages in the life cycle of a building. The current recom- 

mendation for the standard methodology for EE and EC analysis 

of a building construction such as TC350 (which is developed in 

Europe and the UK) includes the whole life impact of the products, 

including building using the LCA approach [5] . While this method 

has frequently been applied to the post-construction of buildings, 

its application at the feasibility phase is less clear due to the com- 

plexity of LCA and the unreliability of data sources. However, the 

greatest opportunities to control carbon emissions are found in the 

decisions made during the early design phase, which is similar 

to the value curve framework to look to the upstream stages for 

greater EE and EC reduction opportunities [6,7] . The option for EE 

and EC reduction across construction phases is graphically depicted 

in Fig. 1 . Although the options for choosing different solutions are 

many, and the data for the products required in a life cycle inven- 

tory (LCI) analysis are scarce, some decisions require an engineer 
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Fig. 1. The greatest potential for EE and EC reduction during the earliest phases of the building life cycle (adopted from [7] ). 

to decide, based on unreliable results and a lack of detailed analy- 

sis. 

The hybrid LCA model has been developed as a comprehen- 

sive LCA methodology to provide a more complete and reliable LCI 

in EE and EC analysis. However, these advantages were not ex- 

tensively verified, particularly in the Malaysian building industry. 

Therefore, this paper aims to demonstrate and extend the applica- 

tion of hybrid LCA to Malaysian building construction at the early 

design stage. The objectives of this study are to quantify the EE 

and EC intensities of the key building elements that significantly 

contribute to EE and EC content; to analyse low EE and EC inten- 

sities of alternative materials and products using the hybrid LCA; 

to extend the application of the hybrid LCA model to the different 

building design systems in Malaysia, and to evaluate the potential 

for EE and EC reduction. To achieve these objectives, a number of 

different case studies comprising of various building design sys- 

tems in Malaysia were selected. These systems have been classified 

into conventional and IBS. 

2. Building design systems in the Malaysian construction 

industry 

There are two types of building design system in Malaysia: con- 

ventional, and IBS, as shown in Fig. 2 . The conventional building 

system is categorised into two major components. The first com- 

ponent is referred to as the structural system, which consists of 

a column-beam-slab frame. This frame is constructed throughout 

four phases: fabrication of formwork and scaffolding, erection of 

reinforcement bar, placement of concrete, and dismantling of form- 

work and scaffolding [8] . The second component is known as a 

wall system which consists of non-load bearing brick acting as 

infill materials. Meanwhile, cast-in-situ formworks, prefabricated, 

and composite systems were classified as IBS. This system includes 

the manufacturing processes of building components in which they 

are conceived, designed, fabricated, transported, and finally erected 

on-site [9] . The cast-in-situ system uses a lightweight prefabricated 

formwork produced from steel, fibreglass or aluminium, to replace 

the conventional timber formwork. The prefabricated system, on 

the other hand, involves casting a structural element on-site or off- 

site before erecting it at the actual location, whereas the composite 

construction method involves casting some elements off-site in the 

factory, while others are cast on-site. 

3. Methodology 

3.1. Overview of case studies 

In order to extend the application of hybrid LCA, 10 different 

building design systems in Malaysia were selected as case stud- 

ies. Detailed descriptions of each case study have been given in 

Table 1 . These case studies comprise of conventional, fabricated 

and composite systems (i.e. a combination of the three other build- 

ing design systems such as cast in-situ wall with prefabricated 

slab). These case studies include two office buildings utilising the 

conventional system, and eight residential buildings constructed 

using IBS. Different types of building design systems were selected 

so that a wider application of hybrid LCA can be conducted to 

identify the potential for EE and EC reduction. 

The selection of the case studies was based on the most com- 

mon applications of building design systems in Malaysia. Based 

on the previous research studies [10,11] , the conventional build- 

ing system was used in all types of building construction, because 

of the flexibility of the system to suit all types of construction 

works. Meanwhile, the cast-in-situ table and tunnel form was only 

utilised in apartments and condominiums, as the steel mould used 

in this system is expensive and can only be used in large numbers 

of buildings (i.e. repeated construction) to take advantage of the 

economics of scale. Thus, this type of system was excluded from 
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