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Abstract: The study of building thermal performance is necessary to understand the energy needs and take 

necessary measures for the reduction of greenhouse gas emission. A large percentage of energy is currently 

being consumed by the residential households globally. With current house wall construction systems and 

materials, it is difficult to achieve higher energy efficiency for ongoing heating and cooling. Therefore, the 

primary objectives of this study are to evaluate ongoing energy requirements for a conventional and an 

alternative house wall construction system for the use in two climatic conditions. The new house wall 

construction systems utilising new materials and modular systems will shorten the construction time and save 

cost. The energy performance study was undertaken using commercially available simulation software. The 

simulated results indicate that the new house wall systems have better thermal performance and significant 

energy savings. The findings also show that the percentage of energy savings for the arid climate is much higher 

than that of the moderate climate. 
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1. Introduction 

The rapid growth of the population worldwide necessitates the construction of residential 

dwellings for human inhabitants in almost every corner of the world especially in the 

continents of Asia and Africa. The urbanization process makes many cities’ population to 

increase multi-folds. This city-population expansion dramatically increases the demand for 

new buildings and houses along with huge energy needs. In developed countries, especially in 

Australia, the demand for residential houses and buildings has rapidly increased due to the 

increase in population numbers recently. A similar energy needs have also been reported for 

developing nations (e.g., Middle East, Far East, North East, South East, and South Asia).  A 

significant percentage of the total energy consumption and greenhouse gas emission is 

coming from building construction and dwelling. Globally, buildings account for about 20–

30% of primary energy use and emission. Among the residential sector ongoing energy 

consumption, approximately 40% energy is used for heating and cooling only. However, this 

consumption will increase further as the floor space of the modern residential houses is 

progressively expanding. The huge energy consumption in residential housing sectors  have 

led many researchers to focus on energy conservation by improving ways of house 

construction using various materials and methods for varied climatic zones, Alam and Theos 

[3], Alam et al. [1-3], Kordjamshidi and King [11], Zmeureanu et al. [12], Chen et al. [12] and 

Zhu et al. [14]. Figure 1a indicates a sector wise energy consumption of a typical residential 

house in Australia. In addition to huge energy consumption for heating and cooling, a 

significant percentage of energy is utilised for household hot water system (~30%). The trend 

for household total energy consumption in Australia is shown in Figure 1b. It is firmly 

believed that the CO2 emission will also follow the similar trend. 

 

Although several studies by Alam et al. [1-2], Chen et al. [12] and Zhu et al. [14] have been 

seen undertaken on sustainable house construction system using various smart materials a 

huge knowledge gap does exist in our understanding of house ongoing energy performance. 

This is mainly due to varied climate conditions as heating and cooling energy loads largely 
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depends on ambient conditions especially temperature, humidity and solar radiation. 

Therefore, the primary objective of this paper is to simulate house energy performance of 

typical and smart construction for two climatic zones: moderate and arid climate. 
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Fig. 1. A continuous increasing trend for the Australian housing sector energy consumption  

 

In order to reduce energy consumption, the governments of many nations including Australia 

has initiated various policies, regulations and guidelines can be summarised as follows: 

 Implementation of higher building and construction standard and methods. 

 Introduction of energy rating systems to estimate home ongoing energy consuming 

needs and finding alternative ways to reduce the energy consumption. 

 Utilisation of various computational tools including widely accepted and reliable 

energy simulation software to estimate the ongoing heating and cooling need for 

specific geographical location. 

 Exploitation of energy smart construction materials. 

 Provide incentives through tax credit and or subsidies for alternative energy use, 

especially solar and wind energy. 

 

In any new construction systems, methods and materials, it is utmost important to take into 

account some factors such as a) durability- the material must have high long life resistance to 

various climate change, hot and cool weather, moisture and drought; b) weight- the material 

weight should not be heavy and take in to consideration the ease of installation to be safe for 

occupation; c) cost- an important factor is being reasonable cost, not too expensive; d) safety- 

materials should be fire resistant and not flammable. Use of materials that have less hazardous 

chemicals and can provide better reaction in case of fire will minimise the risk. 

 

2. House Description and Simulation Methodology 

The simulated house is a standard 3 bedroom house with an approximate floor area of 161.33 

m² and the total physical volume is around 460 m3. The house consists of a living area, dining 

area, kitchen, three bedrooms, two bathrooms, an alfresco and a laundry. The roof slope is 

around 20 degrees, a widely used roof inclination angle for most houses built in Australia. 

The roof is made of timber structure with concrete tiles. The foundation (footing) is standard 

H class concrete slabs. The plan view of the simulated house is shown in Figure 2. The 

windows are standard size with single glass and aluminum frame. A detailed description of 

the wall systems of the conventional and alternative is given in the next sub-sections. The 
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conventional and the alternative wall systems will be simulated in two climatic zones. They 

are Melbourne and Alice Springs. The Melbourne weather is considered to be moderate 

climate while the weather for Alice Springs is considered arid climate. The climate in Alice 

Springs close to many Middle Eastern cities. For example, the climatic conditions in Riyadh 

(Saudi Arabia) are very close to that of Alice Springs. It is expected that the simulated results 

will be a close replica to most cities located in arid regions. 
 

 

 
Fig.2. House drawing plan 
 

There are many commercial house energy simulation software has been developed over the 

decade. However, this software cannot be used for all climatic zones due to the unavailability 

of data for local climate, construction materials, and house design. In Australia, the most 

commonly used and accredited by all States and Territories is the AccuRate software. It was 

developed by the Commonwealth Scientific and Industrial Research Organisation (CSIRO). It 

is widely used for the simulation of the ongoing house energy performance. It has in-built 

data for 69 climatic zones across Australia. It also incorporates the effects of natural 

ventilation in the house energy rating. The software contains all the functions and features of 

heat transfer equations that are required for all 3 modes of heat transfer (conduction, 

convection and radiation). It provides the house energy need for ongoing heating and cooling 

at a scale rating of 1 to 10; higher the star rating better for energy saving. More about this 

software can be found in [10]. 

 

2.1. The envelope of conventional residential houses materials 

The conventional Australian residential house envelope is generally consisted of foundation 

(concrete slab or timber stamp), roof ceiling and wall systems (brick veneer, timber frame, 

plasterboard). Further details of the house wall system are described in the next subsection. 

The roof system consists of flat plasterboard ceiling and inclined roof structures with tiles 

and/or corrugated iron sheets. A pictorial view of a conventional residential house is shown in 

Figure 3. 
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Fig.3. A typical residential house design and materials used 

 

2.2. Conventional formatting wall construction system 

The conventional wall construction system for Australian residential houses has started in 

1955s. The conventional external wall system generally consists of 110 mm brick veneer, 50 

mm air gap, thin sisalation foil, approximately 90 mm timber stud structure filled with 

insulation batts, and 10 mm plaster board from inside. The internal wall is generally made of 

approximately 90 mm timber stud structure and 10 mm plasterboard from both sides. The roof 

structure is made of timber with terracotta/concrete tiles and/or corrugated iron sheet [2]. 

Figure 4a shows the exterior of a traditional brick veneer wall construction system of a typical 

residential house. Figure 4b illustrates an example of the brick veneer house under 

construction in outer Melbourne city. 
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Insulation Foil

Plaster Board

Timber Frame (Weatherboard)
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Air Gap

Foundation

Timber Structure
Conventional roof with tiles

Sislation Foil

a) Schematic of Conventional House Wall b) Conventional house Wall Systems with Roof under Construction near Melbourne, Australia  
Fig.4. A Residential construction system in Australia 

 

2.3. New wall construction system  

The traditional wall construction system has major disadvantages in that it needs more energy 

for ongoing heating and cooling to maintain a comfortable living inside the houses during 

different phases of exterior temperature change in varied climatic zones. Therefore, we have 

selected new wall construction systems, made of 10 mm external cladding (render), 150mm 

reinforced concrete, 40mm air gap, 50mm polystyrene and 10mm plasterboard from inside. 

The roof structure is kept as conventional without any change as shown in Figure 4. The 

effects of varied thickness and density of these materials are currently being undertaken and 

the findings will be published later. It is expected that the thermal performance of proposed 

construction material would be better than the conventional wall structure. The proposed wall 

system is a close replica for many residential house construction systems in the arid climate 

including most Middle Eastern cities. Figure 5a and 5b show schematic new wall arrangement 

system and a typical reinforced concrete house commonly found in the Middle Eastern cities. 
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Conventional Roof

Re-inforced Concrete 

Air Gap

Polystrene

Plaster Board
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a) Schematic of a new wall system (not to scale) b) A typical Reinforced Concrete House Wall system
 

Fig. 5. New house wall and concrete wall construction systems 

 

Table 1 gives a brief wall materials description for conventional and a new house wall system.  

 
Table 1. Comparison between new reinforced concrete wall and conventional house in regards to 

construction, environmental impact and energy efficient 

 Construction Conventional Wall House New Wall House 

External Wall 
Single layer brick, air gap, insulation 

foil, timber frame and plaster board 

Reinforced concrete, air gap and polystyrene foam and 

plaster board 

Internal Wall Plaster board and stud frame Free standing compressed straw board 

Foundation 
Reinforcement concrete (deep base 

with steel iron road) 
Reinforcement concrete (deep base with steel iron road) 

Roof/ Ceiling 

Timber truss, terracotta/concrete tiles,  

corrugated sheets, insulation batts, and 

plaster board 

Timber truss, terracotta/concrete tiles, corrugated sheets, 

insulation batts and plaster board or reinforced concrete, 

insulation foam, and plaster board 

Environmental 

Impact 

Higher greenhouse gas emission and 

carbon foot print 

Less greenhouse gas emission and carbon foot print 

Higher energy efficiency due to less energy consumption 

 
 

 

3. Results 

Thermal performances of two house wall systems for two locations have been estimated using 

energy simulation software ‘AccuRate’. The roof structure, window configurations, 

foundations doors, internal walls –all were kept constant. The only variable was the external 

wall systems as mentioned earlier. The two locations were Melbourne and Alice Springs. The 

climate pattern in Alice Springs is very similar to that experienced by most Middle Eastern 

regions. Wall materials and their thicknesses were the input parameters for both the houses 

which were fed into the AccuRate software. In addition, the type of windows, doors, floors, 

ceiling, roof, local latitude, shading schemes and direction of openings (windows, doors) of 

the house with respect to the flow direction of air were entered into the AccuRate program.  A 

screen shoot and the data entry input are shown in Figure 6. As mentioned earlier, based on 

varied climatic conditions, metrological data, and solar radiation, the entire Australia has been 

subdivided into 69 climatic zones with a certain amount of energy required for heating and 

cooling. This energy requirement rated against a scale rating from 0 to 10. These scale ratings 

are called star energy rating. Figure 7 indicates star energy rating for required heating and 

cooling energy for a series of regions (cities) all over Australia. The star energy rating 

includes energy requirement for ongoing heating and cooling only. The energy requirement 

for other purposes such as water heating and appliances is not included in the star energy 

rating as they depend on house occupant’s behaviour. 
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Fig. 6. AccuRate software and house data input screen 
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Fig. 7. Standard energy loads against star rating for various cities across Australia 

 

3.1. Thermal performance of conventional and new house wall systems in Melbourne 

All new residential houses that are being built from mid-2008 need to comply with at least 6 

stars energy rating in Melbourne and most part of South Eastern Australia. The 6 stars energy 

rating means the house should not be required more than 114 MJ/m
2
 per year for Melbourne. 

Using the AccuRate software, the conventional house wall configuration requires 124.7 

MJ/m
2
 per year for ongoing heating and cooling. It means the energy performance be rated 

only at 5.7 stars. On the other hand, the total energy required for heating and cooling for the 

house with new wall systems is around 91.5 MJ/m
2
 per year which equals to 6.7 star energy 

rating. The overall reduction of for ongoing heating and cooling is around 26.6% compared to 

the conventional house wall system. The breakdown for the heating cooling energy obtained 

by the simulation for the conventional and new house wall systems for Melbourne area is 

shown in Figure 8. 

a) Star Energy Rating for Conventional House Wall System

b) Star Energy Rating for New House Wall System  
Fig.8. Thermal performance for conventional and new wall systems of a residential house in 

Melbourne, Australia 
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3.2. Thermal performance of conventional and new house wall systems in Alice Springs 

Using the AccuRate simulation tools, the conventional house wall configuration requires 

142.0 MJ/m
2
 per year for ongoing heating and cooling which makes the house star energy 

rating around 5.2.  However, the total energy required for the heating and cooling of the new 

wall systems is 55.7 MJ/m
2
 per year which is significantly lower compared to the 

conventional house wall system. The low energy consumption makes the house to be 8 stars 

energy rating. The new wall system reduces the energy consumption significantly (60.6%). 

Figure 9 illustrates the energy requirements for the ongoing heating and cooling for both 

house wall configurations. 

b) Star Energy Rating for New House Wall System

a) Star Energy Rating for Conventional House Wall System

 
Fig.9. Thermal performance for conventional and new wall systems of a residential house in Alice 

Springs, Australia 

 

4. Discussion and Conclusions 

Conventional houses in Australia are not energy efficient. With current building materials and 

construction methods, it is extremely difficult to achieve energy savings for ongoing heating 

and cooling. Additionally, the current construction method needs longer construction time and 

skilled construction manpower. As a result, the house construction cost is going up. Most 

conventional residential houses lack sufficient thermal mass, insulation and sustainability of 

design. This results in inefficient use of heating and cooling systems in the house under varied 

ambient conditions. 

 

A small modification in the wall structure and material can have drastic effects on house 

ongoing energy performance throughout the year regardless of day and night ambient 

temperature variation. As shown in Section 3, the proposed house wall construction system 

has significant energy savings from 25% to 60% depending on various climatic zones. This 

energy savings will reduce significant greenhouse gas emission and enhance the energy 

security.  A thorough total life cycle assessment of the new construction system is also 

required for the full utilisation of the system. Further study is required for the cost analysis of 

the proposed wall system for the economic viability and wider acceptance as an alternative 

construction systems, methods and materials. 

 

The proposed wall system has better thermal performance and insulation characteristics 

compared to the current house wall systems. The new house wall system will allow the 

exterior wall to have the higher thermal mass. The higher thermal mass helps keeping the 

inside of the house cooler during the day in summer due to its large heat carrying capacity. 

Similarly in winter the material with higher thermal mass will help keep the inside of the 

house warm during the night. 
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