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Melbourne, ranked one of the most livable cities around the world

since 2011, is the capital city in the state of Victoria and the second

most populous city in Australia (2006 Census QuickStats). It has a

population of 3.99 million living in the greater metropolis (Australian

Bureau of Statistics, 2013).

As a result of recent rapid urbanization, the city has undergone an

outward expansion. The recent construction boom in both the

Central Business District and nearby suburbs has led to a signifi-

cant change in land use. This may imply that more buildings will be

constructed in the near future and, consequently, more greenhouse

gas (GHG) emissions from building operations. Change in land use

such as replacement of green space by construction and increas-

ing concrete or paved roads can be anticipated if appropriate urban

planning for climate adaptation is lacking.

Existing studies have recognized the challenges facing current

urbanization posed by the urban heat island (UHI) effect and global

warming. Exacerbated thermal conditions in the urban built environ-

ment and increasing human health issues can be expected without

proper intervention. In this regard, we now face challenges not only

in designing low-energy buildings to reduce GHG emissions for mit-

igating global warming but also to meet thermal comfort require-

ments without sacrificing indoor environment quality (IEQ) to actively

adapt to climate change.

However, modern construction methods introduce more lightweight

buildings. These methods employ offsite, prefabrication strategies to

reduce construction time. Consequently, there is a potential risk of

overheating and deteriorated thermal comfort conditions with light-

weight construction products, which are likely to be exacerbated in

a warming climate. Occupant thermal comfort in lightweight build-

ings therefore is receiving increasing attention among architects and

designers.

one-dimensional numerical model was developed and solved by an

enthalpy1 method with an explicit scheme. The performance of

PCMs for cooling a lightweight building with a brick veneer residen-

tial wall during the hot summer of 2009 in Melbourne was predicted

numerically. The study reveals that application of PCMs in light-

weight buildings could achieve better thermal comfort and energy

savings in summer.

Bio-based PCM, applied instead of conventional wall insulation is

made with a mix of soy-based chemicals that change from liquid to

solid and vice versa at specific melting or solidification temperatures.

The advantage of using PCMs is increased thermal storage capacity.

It is estimated that about 30% of heating and cooling costs would

be reduced.

Case Study 5.2 Figure 1 depicts the geometric configuration of the

thermally enhanced brick veneer wall with PCMs and its original con-

figuration without PCMs before modification. The thermally enhanced

PCM wall is composed of 110-millimeter brickwork, 40-millimeter air

gap, 20-millimeter PCMs, and 10-millimeter plasterboard.
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In this Case Study, phase-change materials (PCMs) are used as a

heat sink to absorb heat from the sun during the day and to reduce

rapid room temperature rise due to added thermal stability. To

examine the effectiveness of a lightweight building using PCMs, a

.

To understand the occupancy comfort level, the peak wall tem-

peratures were considered when evaluating the performance of

the PCM wall. The interior surface temperatures for the west-fac-

ing walls are compared for the PCM brick veneer wall and for the

reference wall without PCM, as shown in Case Study 5.2 Figure

2. It was found that the interior surface temperature of the PCM

wall in the day is lower than the conventional wall due to the

presence of PCM heat storage during the daytime. The max-

imum peak temperature of the conventional brick veneer wall

reached almost 48°C, whereas the maximum of the PCM wall was

around 32°C. It is generally believed that lower surface tem-

peratures result in greater occupant thermal comfort and energy

savings in summer. A significant peak cooling load reduction

therefore would be expected.

The successful testing of PCMs in lightweight building materials in

the weather conditions of Melbourne demonstrated the effectiveness

and validity of both mitigation and adaptation strategies. Combined

with other sustainable energy technologies as an integrated approach

for climate change mitigation and adaptation, PCMs could be useful

for other cities with similar conditions.

Case Study 5.2 Figure 2 Surface temperature profiles of two west-facing  

walls with and without phase-change materials.
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Case Study 5.2 Figure 1 Schematic of lightweight brick veneer wall with integrated phase-change materials (left), and without(right).
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