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Abstract: Malaysia will pursue the smart grid transformation plan led by Tenaga Nasional Berhad to 
establish a reliable, secure and sustainable electricity delivery system. Increasing demand for energy and 
issues linked to the traditional grid makes the smart grid transition more attractive and efficient. As 
residential sector energy demand is a fifth of national energy consumption in Malaysia, the features of 
surrounding construction and the performance of present and future houses will have a significant 
impact on electricity grid support requirement. Hence, analysis of the existing housing stock and its 
occupants’ energy consumption profile are fundamental to inform the development of the Malaysian 
smart grid, especially by defining characteristics and energy generation potentials of its domestic 
consumers. This paper analyses the current state of the Malaysian terrace houses, the most common 
residential type in the country, using results of the first nationwide energy consumption survey on 
samples across peninsular Malaysia. The study discovered scope for substantial improvements of both 
current and future housing stock, to achieve higher indoor comfort levels with considerable energy 
demand reductions for cooling. It clearly identifies and shows that this particular housing type can well 
exploit advantages engendered by the smart grid through an informed design approach.  
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1. Introduction 

Electricity has become an indispensable element of modern society, with most nations depending on it 
as a mechanism of development. While it has been valued as a necessity in Malaysian households 
(Bekhet and Othman, 2011), local electricity generation has always relied on non-renewable sources. 
This dependence is neither sustainable nor feasible for the economy and the environment. Following 
the economic expansion and improvement of living standards in recent decades, energy demand 



312 A.H.N. Abdul-Razak, Paola Leardini and N.K.C. Nair 

intensification threatens current supply capacity, with an indirect detrimental impact on the 
environment. The smart grid has been identified as a possible way out by the Malaysian government, 
which recently has initiated a transformation plan led by Tenaga Nasional Berhad (TNB), the major 
national energy supplier. Several studies have claimed multiple benefits of the smart grid as an efficient, 
reliable and secure electricity distribution system (Nair and Zhang, 2009). The smart grid allows for the 
integration of renewable energy sources (Byrd et al., 2013), energy efficiency increase through grid 
operation & energy demand management (Qureshi et al., 2011) and other related energy conservation 
strategies realised at the consumer end (Paget et al., 2011; Rakob, 2010). 

Implementation of the smart grid requires the adaptation of the housing stock to fit alternative 
energy generation, distribution and storage. Are Malaysian residential buildings suitable for this change? 
To answer this question, a study was initiated at the University of Auckland in 2012 with the aim of 
developing fit-for-purpose house types. This paper presents the results of the first research phase. It 
focuses on terrace housing — the most common Malaysian building type — occupancy profiles and 
typical energy usage.  

2. Future Malaysian Smart Grid 

As the Malaysian national grid is part of the Association of Southeast Asian Nations (ASEAN) electricity 
network, upgrading the current infrastructure is imperative to keep pace with regional development. 
Technological advances in the energy supply grid make possible the integration of renewables, 
decentralized generation and energy efficiency. The smart grid concept will transform the power 
industry, introducing intelligent bi-directional communication, ubiquitous metering with real-time 
evaluation, and management of energy generation and consumption. The smart grid makes the power 
supply infrastructure robust, reliable and secure, and serves as a backbone for smart appliances that 
promote energy saving through energy efficiency practice. It allows new services to emerge, especially 
those that could enable consumers to manage and control their energy consumption: smart meters 
allow real-time access to the energy market, current usage and costs. The United States, Germany, Italy, 
New Zealand, Australia and Japan have already adopted the system; many other countries will follow.  

Malaysia’s Smart Grid Initiative Plan was started in 2011. It has three phases: setting up a smart grid 
information centre, providing a test bed for future smart grid applications, and identifying issues 
pertaining to renewable energies integration, electric vehicle charging solutions and the establishment 
of an intelligent micro grid. TNB Research is conducting the smart grid study phase. This project’s aim is 
to collect sufficient data to evaluate cost effectiveness, formulate time-of-use tariff schemes, study 
consumers’ behaviour and plan for nationwide implementation. A thousand smart meters will be 
installed, at an estimated cost of MYR 9 billion, in two locations: Bandar Melaka International Trade 
Centre in Melaka (800 units) and Putrajaya (200 units). Subsequently, 200,000 smart meters are 
expected to be installed in Kuala Lumpur and Selangor across all sectors. TNB had earlier replaced four 
million electro-magnetic meters with digital meters. The smart grid transformation program however, 
will require a nationwide smart meter replacement, at an estimated cost of MYR 1000 each, thus 
requiring TNB to invest MYR4 billion as an initial investment (Noordin and Mokhtar, 2014).  
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2.1. Malaysian residential energy demand 

The Malaysian residential sector consumed 14,365 GWh in 2006, 19% of the electricity used in the 
Malay Peninsula (Saidur et al., 2006). Based on the latest information from Energy Commission (2014), 
last year residential energy was 2,853 ktoe, 6.1% of national energy consumption. This figure is even 
more relevant when considering the forecast 3.1% annual growth of energy usage (APERC, 2006) and 
makes the implementation of effective energy conservation strategies in the housing construction 
sector an urgent matter. 

Kubota et al. (2011) broke down energy use in a typical terrace house, one of the most common 
types in the country, into five categories: cooking (45%), cooling (29%), others (11%), lighting (8%) and 
laundry/cleaning (7%). This included both electricity (major usage) and fossil fuel energy (cooking 
usage). Considering the significant cooling load (17% air conditioning, 10% ceiling fan, and 2% others), 
there is large scope for the development and implementation of strategies to improve the overall 
building thermal performance, and of innovative technologies for higher efficiency and clean energy 
generation. The activation of houses as positive energy generation nodes in the smart grid may have a 
significant impact on the Malaysian electricity sector, so future terrace houses must be designed and 
constructed accordingly to take full advantage of the grid’s potential. Technologies that communicate 
with the smart grid through smart meters will enable consumers to participate in energy saving efforts, 
while energy generation and distribution made possible by the smart grid can become a solution to peak 
load issues.  

2.2 Malaysian terrace house type  

Malaysian housing in urban areas is made up of uniform and large scale developments encompassing 
various residential types, of which terrace houses represent the most substantial cohort: 1.8 million 
units, equal to 41% of the total housing stock (NAPIC, 2013). Since the early 1990s, it has become the 
most common residential type, driven by the growing number of middle class buyers (Rahim and 
Hashim, 2012), and developers’ liking of the type for its quick construction methods (Khan, 2012). The 
origins of the Malaysian terrace house are in foreign roots, mainly Chinese, Dutch and British. Its 
predecessors are the Melakan townhouse and the Chinese shop house. Both types exemplify the diverse 
assimilation of cross cultural building traditions, including construction methods, building materials and 
ornament. The Melakan type was the earliest townhouse in Malaysia, present since the end of the 17

th
 

century (Fee, 1998). Longitudinally, it is separated into sections: a recessed porch with adjacent side 
archways leading to a reception hall, private spaces connected by covered passages and interior 
courtyards to allow air and light into the long and narrow volume of the house. Typically double 
storeyed, its internal layout comprises sitting rooms, bedrooms, an ancestral room, a dining room, a 
kitchen and bathrooms (both at the back). The Chinese shop house was introduced to Malaya by 
Chinese immigrants in the 19

th
 century. This type includes a commercial unit integrated with private 

quarters. Typically six to seven metres wide and 30 to 60 metres deep, it is double storeyed with an 
internal layout of a business area on the street front, an air well/courtyard, living areas on the upper 
storey, with kitchen and bathrooms at the back. Both Melakan townhouses and Chinese shop houses 
were climatically responsive and thermally comfortable. However, modern terrace houses are the result 
of market-driven adaptations that pose serious issues of thermal discomfort and excessive energy use, 
with alien construction methods and materials as the main reasons. 
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3. Nationwide terrace house survey 

Malaysian terrace house design for the smart grid, research that has been carried out at the 
University of Auckland since 2012, revealed a gap in knowledge about performance of the current stock, 
the demographic profile of occupants and their energy consumption. For this reason, a postal 
questionnaire survey of randomly selected participants across the Malay Peninsula, was organised. 
Participants were urban terrace house occupants from the twelve states in West Malaysia, including the 
Federal Territory. The study area was limited to West Malaysia because it is TNB’s electricity supply 
jurisdiction, and the respondents were randomly selected from a list of terrace house occupants, 
obtained from the Department of Valuation (Assessment) and Property Management under each 
selected Municipality Council. Random selection was considered the best method to represent the 
whole terrace house population, for its capability of eliminating conscious and unconscious bias from 
the researcher, while offering to each individual equal probability of being selected from the population. 
Given time and resource constraints, a self-administered questionnaire survey method was chosen and, 
considering the whole terrace house stock, the sampling size was ascertained through the Krejcie and 
Morgan table equal to 384 sampling units, representing the population with a confidence level of 95% 
(Krejcie and Morgan, 1970). As the typical postal survey response rate in Malaysia is between 20% and 
30% (Osman et al., 2006), thirteen hundred questionnaire survey forms (QSF) were distributed. The QSF 
contains four sections; Part 1: general information, Part 2: energy use information, Part 3: house 
typology and Part 4: thermal comfort. Considering the time limitation, this study adopted a two-prong 
response method that allowed the respondents to complete the survey either by hand or online. 

3.1. Survey outcomes 

The survey process took approximately ten weeks to complete with 342 useable forms received, 
constituting 26.5% of the total QSFs distributed and thus matching the expected response size. General 
information about the respondents is presented in Error! Reference source not found. below, which 
shows data about household size, income and employed family members, comparing survey results with 
data from literature and statistical records. The average household size from the survey is higher than 
the national figure, yet lower than an earlier study by Kubota et al. (2011). In addition, respondents also 
earn relatively high salaries, with higher average household income compared to the national value, and 
at least two employed household members.  

Table 1. Comparison of household features according to surveyed data and literature sources. 
Item Surveyed data 

(mean; n=342) 
Mean data from Malaysian census or other sources 

Household size 4.57 4.4  
4.2  
 
5.4  

Economic Planning Unit (2012) 
Department of Statistics Malaysia 
(2013) 
Kubota et al. (2011) 

Household income MYR 6,859.62 MYR 5,000 (overall)  
MYR 5,742 (urban) 
MYR 3,080 (rural) 

Department of Statistics Malaysia 
(2013) 

Employed household size 2.178 NA 
 

NA 
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High household income implies better purchasing ability and aspiration to better living standards. This is 
supported by various studies — (Toe, 2013; Kubota et al., 2011; Isa et al., 2010) – that recorded an 
increasing number of air conditioning (AC) systems in terrace houses, previously considered luxury 
items. A cascade effect drives the energy demand increase (Endut and Jajri, 2010). 

Figure 1 below describes three variables of energy use in a typical terrace house. Occupancy rate and 
AC use pattern obtained from the survey were analysed against earlier daily load data published by 
Ponniran et al. (2007). The graph shows a similar pattern for the three, with spikes in the early morning 
and evening. The discrepancy between energy load (which drops after 9 pm), and occupancy and AC 
usage (constant overnight) can be attributed to the sample taken by Ponniran, where fans were 
preferred over AC. Furthermore, with two AC units per household recorded through the survey, the 
power consumption pattern of the selected sample is expected not only to deviate but be higher. These 
observations are also typical of patterns in New Zealand homes (Qureshi et al., 2011), which provides 
opportunities for designing demand-side management by electricity utility. If this behaviour can be 
captured, benefits can be realized not only by consumers who will gain price benefits if real-time pricing 
of electricity is available, but also ensures energy efficiency, helping reduce grid losses by flattening 
usage peaks. Thus, with regards to the smart grid, the survey’s results highlight intervals when energy 
needs can be potentially covered by on-site renewable sources and others when additional energy shall 
be required and could be sourced from local storage or supplied by the grid. Such occurrences, though, 
can be mitigated via decentralised energy generation and distribution, but require innovative design 
strategies to reduce energy consumption and maximise energy outputs. Even though solar energy can 
be an alternative source to cushion daily energy spikes, the usage pattern identified through the survey 
suggests that storage capability is required to cater for morning and evening peaks. As this has been 
argued to be costly, especially for individual use, the collective nature of terrace house developments 
might provide an economically feasible answer though decentralised energy storage facilities. These 
would allow for daytime collection of solar energy from PV panels installed on the roof of each 
residential unit, to be employed during peak time, in form of electricity (electrochemical storage) or 
directly as chilled load (chilled water / ice energy storage). Stored energy could be used during grid peak 
loads to avoid high charges due to Time of Use (ToU) mechanism. Further cost-benefit studies are 
required in this field comparing on-site storage options with feed-in mechanisms. 

 

Figure 1. Average power consumption (kW) (Ponniran et al., 2007), daily occupancy rate and daily AC 
usage pattern. 
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Comparing occupancy rate and AC usage pattern data with typical daily Malaysian dry and wet bulb 
temperatures (Tang et al., 2013) allows verification of the temperature range requiring mechanical 
ventilation. The graph depicts a negative relationship between the main grouped variables of 
temperature and respondents. During the time when surrounding temperature increases, occupancy 
rate and AC usage decreases as dwellers leave the house for work or school. Although at least 35% of 
the occupants remain at home, AC units are used in the early morning (continued from the night 
before), in the mid-day and again just before sunset, when the outdoor temperature rises above 30°C 
(to reach its peak around 2pm), and the family is home during lunchtime. 

Various studies on thermal comfort ranges for the tropical climate, indicated that a temperature 
between 25°C and 30°C is deemed comfortable, and published data consistently agreed on 28°C (with 
air velocities between 0.15 and 0.5 m/s) as the reference value for thermal neutrality. Based on the 
graphical depiction below (Figure 2), there is a distinct difference between the outside temperature and 
AC usage pattern. Typical terrace house construction, of brick walls and a concrete frame, performs like 
latent heat storage, releasing heat inside the building after its surrounding temperature drops and 
leading to thermal discomfort. Besides, in a country of high humidity, water vapour carries latent heat, 
causing thermal discomfort and requiring extra load to reduce temperature. The typical terrace house 
indoor temperature of 28.6°C measured by Mohd Zaki et al. (2011) lies above the agreed thermal 
comfort level, confirming the need for both design and technological improvements to achieve better 
thermal performance.  

 

Figure 2. Average daily temperature (Tang et al., 2013), daily occupancy rate and AC usage pattern. 

 

Despite the numerous type variants, the majority of Malaysian terrace houses are either single or 
double storey buildings - respectively 57% and 43% of the surveyed sample. Typically, they are built in 
specific sizes, with their width ranging from 16’ (5.48m) to 30’ (7.32m) and length ranging from 50’ 
(19.8m) to 85’ (24.4m). Respondents were asked to select from a list of width and length options that 
best represent their home’s dimensions. Based on the responses received, average terrace house 
dimensions are 24’ (6.85m) wide and 70’ (20.79m) long. Their perimeter walls and internal partitions are 
typically made of bricks and strengthened by the concrete structure. Roofs are pitched and built using 
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clay or concrete tiles. The envelope is completed with either casement or louvered aluminium windows 
fitted with single glazing.  

Using earlier findings by Toe (2013), this study investigated the internal layout of the variants for 
both single storey and double storey types. The aim was to identify the most prominent layout to be 
adopted in the succeeding research stage. Figure 3 below shows the most common floor plan layout of 
both single (Type 6 = 21.5%) and double storey (Type 2, ground floor = 19.1% and Type 2, first floor = 
43.83%).  

The typical internal layout of a single storey unit comprises a living area and a master bedroom with 
tandem bathroom at the front, dining area and a room in the middle, a kitchen and another room at the 
back. A shared toilet is located either in the middle or the back of the house. The double storey type has 
a living area at the front, dining area in the middle, and another room, the kitchen and a shared toilet at 
the back. The internal arrangement of the first floor includes a master bedroom with a tandem 
bathroom on the front, a family room in the middle, and two bedrooms at the back with a shared toilet.  

  

 

 

 

 

 

 

 

 

 

Figure 3. Typical internal layouts for single and double storey terrace house based on the survey. 

Table 2. Responses about courtyard/air well presence in the TH design section, segregated by the year 
of construction  

2011 -Now 2000 - 2010 1990 - 1999 1981 - 1989 1971 - 1980 <1970 Not known 

2.92% 9.36% 11.11% 15.20% 2.63% 1.46% 3.80% 

 

A significant design feature of the earlier type is the internal courtyard or air well, which, 
unfortunately, has become less common in modern terrace houses (Toe, 2013; Sadafi et al., 2012). 
Indeed, results of the survey (Table 2) confirm that the majority of courtyards and air wells are found in 
units built between the early 80s and the end of the 90s. Overall, only 46.5% of the respondents 
reported the presence of internal courtyards and air wells, with 86.16% of these still maintaining their 
original function.  

The study also considered the impact of orientation on indoor thermal comfort, already investigated 
in a study by Al-Obaidi and Woods (2006). Given that Malaysia is located slightly north of the equator, 
exposed walls should be perpendicular to the North-South axis as to minimize solar heat gain. 
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Fortunately this is easily achievable as terrace houses only have front and rear façade exposed. Roof 
exposure and orientation are instead significant for PV integration in order to achieve optimum energy 
output. Unfortunately though, according to the survey’s results (Figure 4), only about 30% of existing 
terrace houses are aligned to the North-South axis, thus increasing the risk of overheating due to 
excessive solar gains as well as the cooling load.  

 

Figure 4. TH entrance façade orientation. 

Another significant aspect investigated in the survey concerns occupants’ ventilation preferences and 
habits (Figure 5). Questions were structured to investigate (a) window usage and natural ventilation, (b) 
preference for fan or air conditioning use and (c) factors affecting air conditioning usage. Response 
analysis found that almost half of the sample population considers natural ventilation a sufficient diurnal 
cooling strategy. However, occupancy rate data (Figure  and Figure 2) shows that less than half of the 
occupants are at home during the day. Nonetheless, daytime natural ventilation is perceived as more 
important than nocturnal ventilation. This is explained by a similar study (Kubota et al., 2009) that, while 
stating the significance of night purge as a passive means to achieve indoor thermal comfort, identifies 
security concerns and insect disturbance among the reasons for not opening windows during the night. 
The scrutiny of responses about fan and AC use revealed the importance of fans in both diurnal and 
nocturnal cooling to support natural ventilation.  The scrutiny of responses about fan and AC use 
revealed the importance of fans in both diurnal and nocturnal cooling to support natural ventilation.  
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Figure 5. Seven point scale responses about natural and mechanical ventilation habits. 

Mixed responses were received on the use of AC coupled with fan to achieve thermal comfort at day 
and night. Survey outcomes acknowledge night-time as more important than daytime AC usage. This 
supports the AC usage pattern discussed earlier (Figure 2) as most occupants are affected by latent heat 
release. Despite more than 40% stating they are willing to pay more to achieve comfort, this study 
disclosed that limiting AC usage outweighs it. Nonetheless, this finding supports the notion of higher 
purchasing ability and aspiration to better living standards. 

4.  Conclusion 

This paper presented the findings of a nationwide survey limited to terrace house occupants in 
the Malay Peninsula, investigating possible adaptations of this common type to the future Malaysian 
smart grid deployment. Results of the study confirm the great potential of terrace houses in terms of 
energy savings and on-site generation, providing valuable indications for design improvements of both 
existing and future housing stock. Higher household income, compared to previous census data, reveals 
the ability of terrace house occupants to achieve better living standards, while cautious when spending 
on AC usage. Such behavioural patterns can be further enhanced through the installation of smart 
meters, to better inform occupants about their energy usage. Nevertheless, thermal discomfort issues 
linked to design deficiencies of the existing stock have become barriers to the occupants’ energy 
conservation efforts. While there is ample scope for the improvement of the envelope’s performance, 
fewer upgrade opportunities are provided by the existing stock in terms of PV installation, as less than 
30% of the units offer suitable orientation, even though their built form is optimal for PV placement. 
Considering the above, further research is required to enhance the design of future generations of 
terrace houses, reducing energy cooling demand and developing individual units as energy generation 
nodes integrated in the upcoming Malaysian smart grid.  
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