
 

 

 
Abstract—Part and parcel of building green homes (GHs) with 

favorable thermal comfort (TC) is to design and build with reduced 
carbon footprint (CF) from embodied energy in the building envelope 
and reduced operational CF overall. Together, the environmental 
impact of GHs can be reduced significantly. Nevertheless, there is 
still a need to identify the base CF value for Malaysian GHs and this 
can be done by assessing existing ones which can then be compared 
to conventional and vernacular houses which are built differently 
with different building materials. This paper underlines the research 
design and introduces the case studies. For now, the operational CF 
of the case studies is beyond the scope of this study. Findings from 
this research could identify the best building material and 
construction technique combination to build GHs depending on the 
available skills, financial constraints and the condition of the 
immediate environment. 
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I. INTRODUCTION 

ASED on previous studies by other researchers, there has 
never been a study on the extent of carbon footprint (CF) 

of existing green homes (GH) or any other types of houses in 
Malaysia. The unavailability of the CF data of these houses 
are significant so as to prove that there is a difference between 
conventionally constructed houses as compared to GHs in the 
Malaysian tropical climate in terms of the net energy and 
water consumption during construction and net embodied 
energy in the building materials. It also remains to be seen that 
the existing Malaysian GHs do indeed have lower embodied 
CF as compared to conventionally constructed houses. 
Therefore, this study will consolidate the association between 
reduced CF of Malaysian GHs due to the construction method 
and building materials of the houses. 

II. BACKGROUND OF STUDY 

A. Justification for the Research 

To live sustainably, typical households have to limit their 
daily CF by reducing their resource consumptions [1]. This 
can be done by making adjustments to their daily routines by 
using public transport rather than private vehicles, switching 
off unused electrical appliances, taking shorter showers, using 
recycled water for washing and so on. However, each 
household already has a CF deficit due to used building 
material manufacturing methods, architectural designs of their 
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houses and the construction methods used which must be 
mitigated [1]-[3] to reduce associated greenhouse gas (GHG) 
emissions.  

Newton and Tucker [4] pointed out that a combination of 
energy efficiency (building envelope, built-in appliances and 
plug-in appliances) and access to a low or zero GHG emission 
energy supply (expressed as CO2 equivalent) emitted per 
dwelling is needed to reduce the amount of GHGs emitted 
from the housing sector. They argued that information 
pertaining to energy sources, building materials, building 
designs and the climate are important unlike behavioral issues 
in creating roadmaps to deliver net zero energy, CO2 neutral or 
zero CO2 housing [4]. However, there are still a number of 
studies which focused on the behavioral issues relating to 
energy use and GHG emissions. For instance, [5], [6] 
investigated the energy use patterns of house occupants in 
three Japanese cities with three distinct climates. They found 
that energy use fluctuates between different groups of people 
according to gender, age and employment among others [5], 
[6]. In addition to these studies, [7] studied the energy 
consumption patterns of hotel patrons in New Zealand. 
Earlier, [8] also studied energy use patterns to decide on 
energy conservation and retrofitting potential in Hellenic 
hotels. Besides them, [9] looked at the effects on carbon 
emissions due to household energy use in China when the type 
energy source is changed. In all, these studies focused on the 
amount of energy use and consumption patterns of building 
occupants or the human aspect of buildings.  

Nonetheless, for architects, information that will lead to the 
reduction of carbon emissions due to building material and 
construction technique choices is more valuable and practical. 
This is because behavioral patterns such as energy usage 
patterns cannot be easily mitigated as it is totally dependent 
upon the needs and desires of house occupants. Hence, rather 
than a comprehensive investigation into the whole Life Cycle 
Analysis (LCA) of a house which includes all stages of life of 
the house, a truncated LCA of the design and construction 
stages of a house is favored. This has led to the advent of the 
GH rating schemes that utilize part LCA examinations of 
building materials and construction techniques such as in 
Comprehensive Assessment System for Building 
Environmental Efficiency for Home (Detached House) or 
CASBEE-H (DH) [10]. The approach used in this rating 
scheme prescribed three types of building construction 
techniques including timber-framed, steel-framed and 
reinforced concrete or RC-framed houses and a number of 
building materials for the walls, roofs and floors of assessed 
houses and the relative carbon emission is based on the ‘box 
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house model’ created by IBEC, different Japanese climate 
zones and carbon emission coefficients [10].  

B. Definition of Carbon Footprint 

Carbon footprint (CF) is a popular buzzword that has 
received widespread acceptance and recognition among 
governments, organizations and businesses [11]. Currently 
there is a common understanding that CF can be used to 
indicate the tonnage or weight of carbons emitted due to 
various activities associated with the manufacturing and use of 
products and services [11]-[13]. Despite this, there has not 
been a definitive definition for CF and interested parties have 
defined CF according to their needs [11]. Through the study of 
CF definitions by various researches, [13] defined CF as “...a 
measure of the exclusive total amount of carbon dioxide 
emissions that is directly and indirectly caused by an activity 
over the life stages of a product.” 

They explained further that the estimations of CFs for 
products (goods and services) have to include all direct and 
indirect activities of individuals, populations, government, 
companies, organizations, processes, industry sectors among 
others [13]. Although there are other GHGs that have global 
warming potential (GWP) such as methane, only carbon 
dioxide (CO2) can be included in CF estimations due to data 
availability [13], [14]. Wiedmann and Minx [13] argued that if 
all GHGs are included in the calculations, then CF should 
instead by termed ‘climate footprint.’  

Kitzes and Wackernagel [15] clarified further that CF forms 
part of a full Ecological Footprint (EF) analysis and in a full 
EF calculation is expressed as area in global hectares required 
to absorb these carbon emissions. They argued that when CO₂ 
emissions are expressed in global hectares the biological 
capacity of the planet can be highlighted when considering 
various types of energy use [15]. Nevertheless, they conceded 
that CF can assist people who are unfamiliar with climate 
sciences [15]. Proponents of LCA on the other hand dismissed 
CF as meaningless due to accuracy issues caused by the use of 
the mean CF value expressed as tonnage of CO2 equivalents 
[11], [16]. Moreover, they argued that CF savings for products 
become meaningless as the associated activities including 
vehicular travels by consumers to use the product among 
others are not considered in the estimation of CFs [11], [16]. 
Hence, suggestion by [12] that boundaries to CF estimations 
are clarified to either ‘cradle to gate’ or ‘cradle to grave’ 
footprints depending on the life cycle stages included. Steps 
required to conduct CF estimation include the: 
 Analysis of materials and supply chain processes 
 Building of a supply chain map for the product 
 Definition of assessment boundaries 
 Collection of data 
 Calculation of emissions using appropriate emission 

factors 

C. Research Hypothesis 

“The embodied carbon footprints of existing green homes in 
Malaysia are less than the carbon footprints of conventional 
houses of similar typology and the Malay house.” 

D. Research Aim 

This study aims at evaluating and distinguishing the 
operational and embodied CF of an existing GH, an existing 
conventional bungalow and an existing vernacular Malay 
house then compare the results to identify the best 
combination of building material and construction technique 
to design and build houses with reduced CF. 

E. Research Objectives 

In order to do so, a set of research objectives (with a set of 
research questions) has to be followed and they are: 
1. To establish differences between conventional, green and 

sustainable homes.  
 What differentiate GHs from conventional and 

sustainable homes? 
2. To establish an understanding about the environmental 

pressures associated with the building of landed (houses 
with individual land lots) houses in Malaysia.  

 What is the environmental impact of landed houses on the 
Malaysian environment? 

3. To comprehend the concept of carbon footprint (CF). 
 What is CF and why it is important? 
4. To explore the technique to estimate the operational and 

embodied CF of a house.  
 How can CF be calculated? 
5. To evaluate the operational and embodied CF of an 

existing Malaysian GH, an existing conventional 
bungalow and an existing Malay house.  

 What is the CF of selected house in Malaysia?  
6. To isolate the building material and construction 

technique with the largest CF.  
 What is the CF of main building materials and 

corresponding construction technique?  
7. To compare the total CF of existing Malaysian GH with 

the conventional bungalow and Malay house to validate 
any improvements.  

 Is it superior to the CFs of the conventional bungalow 
and Malay house? and 

 How do different building materials and construction 
techniques influence the amount of CF? 

F. Research Methods and Limitations 

Fig. 1 shows the flow of research activities that will take 
place during this study. The case studies are selected based on 
a comparable building typology (bungalow). Each case study 
will either be a GH, a conventional house or a vernacular 
house. This is to highlight differences in CF between different 
types of construction techniques and building materials. 

Besides the truncated LCA method used in CASBEE-H 
(DH), the CF of a product can be estimated using two other 
methods. The first method is a ‘bottom up’ approach called 
‘process analysis’ (PA) and the second is a ‘top down’ 
approach called the ‘input-output analysis’ (IO) [14]. The PA 
is more accurate for small entities but not effective for large 
entities such as households, companies and organizations in 
complete reverse to the IO [14]. Therefore, Wiedmann and 
Minx [13] proposed that a hybrid PA-IO is used instead with 
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D. CASBEE-DH 

According to the Institute for Building Environment and 
Energy Conservation (IBEC), CASBEE-H (DH) is a voluntary 
GHRM aimed at increasing the stock of superior housing that 
provide good living environment which can be used for a long 
time and designed to save energy and resources to reduce the 
environmental load and improve the quality of living in Japan 
[10]. There are two dimensions to CASBEE-H (DH)’s 
evaluation of the environmental performance of detached 
houses which are the “Building Environmental Quality” (Q) of 
the house and the “Building Environmental Load” (L) on the 
external environment caused by the house [10]. Both Q and L 
have three assessment categories each containing specific 
assessment items or indicators (please refer to Table I for 
details). In the case of L, the evaluation is based on the load 
reduction (LR) that can be achieved. An “H” is affixed to Q, L 
and LR to differentiate CASBEE-H (DH) assessment from 
other CASBEE rating schemes [10]. According to IBEC [10], 
higher scores are given to detached houses with balanced 
qualities in all relevant environmental fields. 

 
TABLE I 

ASSESSMENT CATEGORIES IN CASBEE-H (DH) 
Building Environmental Quality 

(QH) 
Building Environmental Load (LH) 

QH1 = Comfortable, healthy and safe 
indoor environment 

LRH1 = Conserving energy and water

QH2 = Ensuring a long service life 
LRH2 = Using resources sparingly 

and reducing waste 
QH3 = Creating a richer townscape 

and ecosystem 
LRH3 = Consideration of the global, 
local and surrounding environment 

 
Similar to LEED-H, CASBEE-H (DH) can “...evaluate a 

house based on assumed conditions even though the house is 
at a stage in which not all of the assessment conditions have 
been established, such as at the initial design stage” [10]. 
IBEC implies that the end result of such rating condition is 
tentative. 

All six Q and L assessment categories are classified as 
“major item” and each of them are further divided into one to 
three stages from “medium level item” to “minor item” or 
“detailed item” [10]. These assessment items (indicators) are 
ordered and weighted according to a hierarchy. Detailed items 
are valued as percentages (or points as used in CASBEE-H 
(DH)) of minor items which are themselves percentages of 
medium level items adding to the total percentage of each Q 
and L assessment categories. There is a total of 54 assessment 
items in CASBEE-H (DH) from medium level to detailed 
items and each are allocated a maximum of five points which 
is equivalent to Level 5 [10]. Then sum of each assessment 
item levels is then calculated and displayed using bar charts 
and radar charts to show building achievements.  

 

           (1) 
 

whereby, BEE = Building Environmental Efficiency; Q = 
Building Environmental Quality; L = Building Environmental 
Load. 

 

TABLE II 
RANKING BASED ON THE BEE VALUE 

Rank Assessment BEE value Star ranking 

S Excellent BEE = 3.0 or higher 5 

A Very good 
BEE = 1.5 or higher but less 

than 3.0 
4 

B+ Good 
BEE = 1.0 or higher but less 

than 1.5 
3 

B- Fairly poor 
BEE = 0.5 or higher but less 

than 1.0 
2 

C Poor BEE = less than 0.5 1 

 

In order to ensure that the level of human comfort is not 
reduced greatly in order to reduce the environmental load, the 
overall score from a CASBEE-H (DH) assessment is 
calculated from the mathematical proportion of Q over L, 
described as the “Building Environmental Efficiency” (BEE) 
value as in (1) [10]. The BEE value is displayed as a straight 
line passing the reference point in a coordinate axis with a 
slope of QH / LH when plotted on vertical and horizontal axes 
[10] as in Fig. 5. Other detailed medium level scores are also 
included in CASBEE-H (DH) report sheet to show 
achievements for specific assessment categories to guide 
house designers or owners to make necessary improvements 
either by improving a specific Q or by reducing specific 
environmental load (LR). 

In some instances, specific assessment items can be 
discarded from the evaluation process and their allocated 
weights are distributed equally among the remaining 
assessment items albeit detailed items or minor items [10]. 
This is to maintain the overall calculation of BEE, scoring 
points and star chart. 

 
 

 

 
 
 
 
 
 
 
 
 
 

Fig. 5 A BEE plot in a CASBEE-H (DH) report sheet 

E. Preliminary Estimation of CF Using CASBEE-DH  

Through the researcher’s observation and survey of the case 
studies, a sizeable amount of GH features have been identified 
and they could potentially lead to low CF estimations as 
compared to a selected conventional bungalow and a 
vernacular house. Such GH features were lightweight building 
materials, non-usage of a/c, installation of photovoltaic 
systems for electricity generation, installation of solar hot 
water system, installation of rainwater harvesting systems and 
so on [33]. Consequently there were two types of CF reduction 
strategies employed at all of the case studies, firstly, the 
reduction of embodied energy that can be quantified using an 
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LCA and secondly, reduction of usage of non-renewable 
resources which can be calculated by estimating the amount of 
CO2 emitted due to resource use. Embodied energy quantity of 
each house is static unless the building occupants and owners 
alter their shape and design in the future or the house gets 
demolished [34]. 

In a study by Ismail and Prasad, two of the three houses 
were rated against the CASBEE-H(DH) [35] and they found 
that the embodied energy of both DCEE House and SCH was 
13.4kgCO2/year m2. In addition, the operational carbon 
footprint of the DCEE House and SCH were 17.82kgCO2/year 
m2 and 2.35kgCO2/year m2 respectively.  

IV. CONCLUSION 

This paper introduced three case studies to determine the 
base embodied CF value of existing Malaysian GHs which 
will be compared to a conventional bungalow and a vernacular 
house. Each house has been chosen due to the differences in 
terms of used construction methods and building materials. 
This is against a background of prevailing reinforced concrete 
frame construction with block work infill panels in Malaysia. 
The amount of CF difference between these GHs, 
conventional and vernacular construction methods and 
building materials combinations is yet to be determined. 
Nevertheless, findings from this next phase of the study could 
help to educate building designers and builders to employ a 
construction method and building material combination that is 
less damaging to the environment. 
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