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ABSTRACT: It has been suggested that if a designer wishes to minimise energy-based services to 
maintain acceptable indoor thermal conditions, four tasks need to be carried out to establish design 
parameters. These four tasks are to examine the existing outdoor conditions, to establish acceptable 
indoor thermal conditions, to design in order to manage the outdoor conditions as far as practicable 
and to provide energy based services only for the residual needs.  

This paper considers how a user-centred theory of design can integrate these four tasks into the 
design process in order to enable a transition towards more energy efficient housing. The application of 
this integrated user-centred theory in the design of a new suburban house in Perth, Western Australia 
is used as a case study. 
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INTRODUCTION 

Australia has approximately 7 million dwellings with the vast majority being freestanding (ABS 2009). The number of 
dwellings is increasing nationally at an average rate of 2% per annum and the majority are designed by project 
builders with little attention to either the long term suitability of the house to serve a variety of occupants or the long 
term energy demands. The typical attitude to minimising energy use in new houses is compliance with the basic 
requirements of the Building Code of Australia (2010). For existing housing, to minimise energy use building owners 
are required to take retrospective action with ‘spare’ funds. This may mean installing insulation, installing insulated 
curtains or purchasing higher energy efficient white goods.  This paper looks at how an understanding of basic 
architectural science related to thermal performance can form part of a user-centred theory of the built environment to 
produce more supportive housing that minimises energy based services for heating and cooling. 

A house designed by two architects (the author and her husband) for themselves in Subiaco, Perth, Western 
Australia to enhance the users’ experiences in general and satisfy the thermal needs without the use of traditional air-
conditioning provides a vehicle for applying some aspects of the user-centred theory.   

1. BACKGROUND 

As housing exists to support the occupant’s well-being and assist their activities, understanding the building users’ 
needs is critical at the concept design stage. Vischer (2008) suggests that there are three aspects that need to be 
addressed if building users’ needs are to be satisfactorily addressed. These are - defining the users, establishing the 
users’ sensory experiences and exploring the interaction between the user and the built environment. These aspects 
contribute to what she calls a user-centred theory of the built environment. This paper focuses on one aspect of the 
users’ sensory experiences, the thermal comfort of the occupants, and relates that to meeting the users’ needs whilst 
minimising energy consumption. The user-centred theory of the built environment and the four tasks required to 
establish design parameters for energy minimisation are introduced below. 

 1.1. A user-centred theory of the built environment 
Measuring human behaviour in the context of planning, design, building and occupying buildings is primarily done 
within the context of social science research. However such research ranges, at one extreme, from an environmental 
deterministic position where it is postulated that the physical environment causes particular user behaviours to the 
other extreme of the spectrum where it is postulated that the social context determines human behaviour and the 
impact of the built environment is minimal. Design professionals tend to favour the environmental deterministic 
position through ‘satisfaction’ surveys, although this provides limited understanding of the behaviour/built 
environment relationship.   

The social constructivist perspective, inspired by the sociologist G.H.Mead, highlights social and biological influences 
rather than physical environments as determining human behaviour (Mead 1962). However studies of use of the built 
environment over at least 50 years have established that the built environment does have an identifiable effect on 
users (Hillier 2008). 
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Vischer (2008) outlines a user-centred theory intended to change conventional ways of planning and occupying 
buildings. It sits between the two extremes mentioned above and is built around the building user’s experience and 
the user-building relationship. In this paper the building users’ experience is limited to thermal comfort and the user-
building relationship is discussed in terms of possible adjustments that a user can make to the building to meet 
thermal comfort needs.  

1.2. Minimising energy based services 
In his book Introduction to architectural science Szokolay (2004) suggests there are four tasks that are intrinsic to 
minimising energy-based services to maintain acceptable indoor thermal conditions. These four tasks can form part 
of a user-centred theory of the built environment as they all contribute to support the well-being of building users. 
These four tasks are - to examine the existing outdoor thermal conditions, to establish acceptable indoor thermal 
conditions, to design in order to manage the outdoor conditions as far as practicable and to provide energy based 
services only for the residual needs are explained below. 

1.2.1 Examine existing outdoor conditions 
Although it is recognized that typical climatic data used in simulations represents average conditions over a long 
period of time and can vary from the microclimate of a specific location, it is essential for a designer to understand the 
nature of the available climatic data, particularly climatic averages.  Air temperatures as stated by Szokolay (2004), 
are the dominant environmental factor as temperatures determine heat dissipation through convection. However 
other environmental factors should also be assessed. The minimum outdoor variables that should be considered to 
successfully design in a temperate climate are, on a monthly basis, mean maximum and minimum dry bulb 
temperatures, relative humidity at 9am and 3pm, wind patterns, rainfall patterns and the amount of sunshine.   

1.2.2 Acceptable indoor thermal conditions 
There is no single temperature and/or level of humidity that people will agree as being thermally comfortable. Air-
conditioning standards for thermal comfort (ASHRAE 1992) refer to a thermal condition where at least 90% of the 
population in an air-conditioned building will consider the conditions as being neutral and thus not requiring the 
temperature to be cooler or warmer. This way of thinking results in a very narrow temperature band for thermal 
comfort. 

For users of buildings that are not air-conditioned it is suggested that a more flexible approach to thermal comfort is 
acceptable although there is considerable debate as to exactly how much factors such as outdoor temperature, 
cultural expectations, financial considerations and energy implications may influence peoples’ flexibility. Based on 
their findings from field surveys of human thermal comfort, Humphreys and Nicol (2000) provide one way of 
establishing an optimum comfort temperature in non-air-conditioned buildings. They suggest that optimum comfort 
temperature (Tc) depends on seasonal mean outdoor temperature (To) using equation 1 below. This optimum comfort 
temperature can be increased or reduced by up to 3.5K whilst still providing thermal comfort provided provided 
certain conditions are met. These conditions are that people are engaged only in light activity, mean outdoor 
temperatures are in the range from 10°C to 33°C and there is only slight air movement in the space in cold weather 
but significant air movement (up to 2 m/s) in hot weather: 

Tc = 13.5 + 0.54 To    Equation 1 

1.2.3 Design to manage outdoor conditions 

Olgyay (1963) states there are some fundamental principles for successful climatic design in temperate climates. 
These principles require that a building should be oriented for solar gain in winter but avoidance of solar gain in 
summer, indoor thermal mass be provided for heat storage, the building envelope should be well insulated to control 
the amount of heat transfer and cross ventilation should be available to cool a building in summer when outdoor 
temperatures are lower than indoor temperatures.  

In addition building occupants should have the opportunity to adjust elements in the building envelope to enhance 
indoor thermal conditions. The occupants are then more likely to accept wider indoor temperature ranges before 
using supplementary heating or cooling. Thus the onus is on designers in temperate climates to provide for easy 
manipulation of the building envelope to achieve passive solar heating and passive cooling as required by the 
occupants.   

1.2.4 Energy based services for residual needs 
For heating and cooling in Perth, Western Australia the most commonly provided piece of equipment is a reverse 
cycle air-conditioner. Although this may be used frugally the peak times of usage in a domestic situation usually 
coincides with peak load on the power grid. Consequently some way of minimising demand at these peak times is 
most desirable. Heating that requires only a fan for circulating warm air from a solar air heater and cooling that has a 
low energy demand such as ceiling fans or evaporative cooling may be possible alternatives.  

In addition there are a number of domestic systems available to generate electricity and thus reduce peak load on the 
power grid. These include photovoltaic cells and small scale wind turbines.  
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2. APPLICATION OF USER-CENTRED THEORY AND ENERGY MINIMISATON 

This paper reflects on how the user-centred theory of the built environment can go hand in hand with design for 
energy minimisation. The brief developed for a new house by the owners (both architects) was to explore how a 
number of aspects of house design including history of the site, universal design, climatic design and construction 
materials and processes could be intertwined as significant components of the design brief. The project is almost 
completed. This paper looks at one part of this brief related to how the experience of the future building users and the 
user-building relationship could enhance the users’ sensory experience of thermal comfort and provide a means of 
minimising energy-based services for heating and cooling.    

2.1 A case study  
The site for the project is located in an inner suburb of Perth. It is a corner allotment of 278 m2 with the long axis 
running north–south. Plans of the three levels of the house are shown in Figure 1 and a longitudinal section appears 
in Figure 2. The total floor area is 220 m2.  

Figure 1: House plans  

Basement Ground floor level First floor level 

 

 

1 General purpose 

 

 

2 Entry; 3 Living; 4 Bed/Study/Living; 

5 Laundry; 6 Bath; 7 Air duct;  

8 Light duct;  9 Flywire enclosure 

 

 

10 Library/Living/Bed; 11 Gallery;  

12 Bed/Study; 13 Bath; 14 Void 

 

The occupants have a number of means of enhancing their thermal experience in the house. For example, they can 
thermally isolate various parts of the house. The basement can be isolated from the other two floors and the ground 
floor living area can be isolated from the rest of the house. In addition, depending on the preferences of particular 
occupants for slightly warmer or slightly cooler temperatures, the occupants can choose to frequent the first floor 
living area and bedroom or the ground floor living area and bedroom. They also can open and close outlet grills on 
the vertical air duct. The vertical air duct is connected to a solar air heater on the roof as can be seen in Figure 3 in 
the north-west view. The air duct extends to the basement. The direction of air movement in the duct, and thus air 
temperature, can be controlled by the use of one of two three-speed fans. One is on the roof adjacent to the solar air 
heater whilst the other is in the soffit of the basement below the air duct. Further, the occupants can control external 
shading devices that can fully cover the north and west glazing. For summer night cooling, the occupants have at 
least two operable windows in each room that can be utilized, without compromising security, for cross ventilation as 
well as having the option of using ceiling fans.  
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Figure 2 Longitudinal section 

 

The design consciously tries to maximise the benefits of the local climatic conditions through careful orientation, 
appropriate shading, substantial use of insulation in the walls and roof, careful positioning of indoor thermal mass and 
extensive possibilities for cross ventilation.  Although the house is connected to the grid, supplementary electricity is 
generated on site via a 1.5 kWp photovoltaic array as can be seen on the rear umbrella roof in Figure 2 and in the 
north-west view in Figure 3.  

Figure 3: North – West street view (partial completion) 

 

 
 
2.1.1 Key climatic features  
Table 1 summarizes the key features of the Perth climate that impact on thermal comfort. Perth’s climate is 
characterised by hot dry summers with fairly regular afternoon sea breezes and mild, sunny winter days with cold 
nights. Most rainfall occurs in winter. During both summer and winter there is a significant amount of sunshine as can 
be seen in Table 1 below. It is also of note that outdoor temperatures regularly fall outside a thermal comfort range in 
both summer and winter with recommended design temperatures in summer being 36°C and in winter being 9°C 
(Szokolay 1982).  
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Table 1: Climatic conditions Perth, Western Australia 

 J F M A M J J A S O N D 

Mean daily max. DBT (°C) 29.7 30.0 28.0 24.6 20.9 18.3 17.4 18.0 19.5 21.4 24.6 27.4 

Mean daily min. DBT (°C) 17.9 18.1 16.8 14.3 11.7 10.1 9.0 9.2 10.3 11.78 14.0 16.3 

Mean 9am RH (%) 50 53 57 65 74 80 81 77 70 62 55 52 

Mean 3pm RH (%) 41 40 42 48 53 60 59 56 53 50 46 44 

Mean 3pm wind speed (km/h) 20.2 18.7 17.2 14.8 13.4 14.4 14.9 15.7 17.5 19.5 20.7 21.1 

Mean daily sunshine (hrs) 10.7 10.2 9.0 7.3 6.0 5.0 5.4 6.4 7.4 8.8 9.9 10.7 

 

2.1.2 Acceptable indoor thermal conditions 
Using Equation 1 above the optimum comfort temperature (Tc) in Perth in January is 26.4°C and in July is 20.6°C. As 
there is significant opportunity to control air movement and control clothing it is considered acceptable that the 
temperature would range from Tc by plus or minus 2K (Auliciems & Szokolay 1997). Thus computations show that in 
January a maximum temperature of 28.4°C (7.6K below the summer design temperature) and in July a minimum 
temperature of 18.6°C (9.6K above winter design temperature) would satisfy the thermal needs of the building users.  

2.1.3 Design to manage outdoor conditions 
The Building Code of Australia (2010) refers to four aspects of energy efficiency in design of housing. These fall 
under the headings of building fabric, external glazing, building sealing and air movement. The fundamental 
principles of climatic design were applied to each of these aspects of building design. In addition the significant role of 
indoor thermal mass in stabilizing indoor thermal conditions was taken into account. A summary of the way each of 
the principles of climatic design was addressed is shown in Table 2.  

Table 2: Addressing the principles of climatic design 

Building fabric External glazing Building 
sealing 

Air 
movement 

Thermal mass 

External walls are generally 
constructed of 100 mm thick 
steel faced expanded 
polystyrene panels with internal 
steel stud insulated walls lined 
with plasterboard. The total R 
value of these walls is 3.5 
m2K/W. The walls on the north 
and south ends are insulated 
brick veneer with a total R value 
of 1.5 m2K/W. 

Roof is constructed of 150 mm 
thick steel faced expanded 
polystyrene panels with a 
gyprock suspended ceiling with 
additional insulation in the 
ceiling cavity. Two-thirds of the 
roof is fully shaded from solar 
radiation by umbrella structures. 
The total R value of the roof is 
4.5 m2K/W. 

Commercial aluminium 
frames are used 
throughout. The glass is 
generally 6.38 mm 
comfort plus glass with a 
SHGC of 0.53. The first 
floor northerly glazing is 
10.38 mm comfort plus 
glass with a SHGC of 
0.24. 

All glazing is fully shaded 
in summer with moveable 
external shading devices 
except for 1.8 m2 on the 
east side. In winter all 
glazing can be exposed 
to the sun. 

Windows 
and doors 
are tight 
fitting and 
internal 
lining 
systems 
minimise air 
leakage.  

Every room 
has the 
possibility of 
cross 
ventilation.  

Ceiling fans 
have also 
been 
installed 

A rammed limestone 
wall 4 metres long, 
7.5 metres high and 
300 mm thick is 
constructed in the 
centre of the house 
adjacent to the stair 
case.  

The ground floor is of 
polished concrete 
and first floor 
concrete slab forms 
the ceiling of the 
ground floor.  

A basement has 
exposed concrete 
floor, ceiling and 
concrete block walls.    
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DISCUSSION AND REFLECTION 

Having considered all the basic requirements for climatic design the question was would the building users have a 
positive view of their experience related to the thermal comfort in the house? One way of trying to answer this 
question at design stage was to simulate the house using AccuRate from Hearne Scientific Software. This software 
meets the verification method requirements for computing energy efficiency referred to in the BCA (2010). The 
simulation showed that the house would achieve an 8 star rating out of a maximum of 10 stars. This is higher than 
the rating currently required by the BCA which is a 5 star rating in Western Australia.  

Another way of trying to answer the thermal comfort question was to carry out some basic heat transfer calculations 
through the building envelope. These calculations were based on average outdoor temperatures in Perth in January 
and July. Those computations showed that in winter, if the indoor temperature was assumed to be 20.6°C there 
would be an approximate total heat loss of 1kW through the building envelope. Approximately 70% of this heat loss 
was the result of infiltration which was based on an assumed infiltration rate of 0.5 air changes per hour. The summer 
findings show that with an average indoor temperature of 26.4°C there is thermal equilibrium over the course of a 
summer’s day even with an assumed infiltration rate of 0.5 air changes per hour. When night ventilation in summer is 
added at the rate of 10 air changes per hour between midnight and 6am, when the average outdoor temperature is 
19.6°C, 13kW of heat can be removed. This would cool the indoor thermal mass and avoid indoor overheating.   

However neither the simulation nor the computed results can be interpreted to mean that the indoor temperatures will 
remain in the thermal comfort zone in extreme conditions. The results do indicate though that there is a possibility 
that the building will perform as intended over the long term.  

A number of design decisions were made to safeguard the quality of the thermal experience of the building users. For 
additional winter warmth a solar air heater was installed on the umbrella roof on the north end of the house as can be 
seen in Figures 2 and 3. This requires only the inbuilt fan to circulate the warm air to the basement and ground floor. 
For summer cooling, air from the basement could be used to cool the ground and first floor via the same duct (shown 
as #7 in Figure 1) used for winter heating.  In this case the fan at the bottom of the duct could draw moist cool air 
from a south-facing strip window in the basement that was surrounded by moisture-loving plants. Warm air would be 
exhausted at ceiling level at the first floor.  

The importance of the user-building relationship was addressed in a number of ways. Flexible spaces on the ground 
and first floor on the north and south ends of the building would allow occupants to decide which rooms were used 
sleeping, living or working in the different seasons. For example the room shown as #4 in Figure 1 on the ground 
floor level could be a bedroom or a TV room or a study. Flexible internal and external shading devices would enable 
occupants to readily vary the day lighting levels and solar penetration in different spaces. In addition there are easily 
adjustable operable windows in each room to enable adjustment of the amount of ventilation in different seasons.   

This project has provided an opportunity for the architects involved to utilise basic architectural science theory to 
inform one part of the architectural practice of design. However it is not yet clear whether the house will satisfy the 
building users’ thermal expectations nor whether the user-building relationship will be as envisaged. A post-
occupancy evaluation is planned. A program has been put in place to monitor the long term thermal conditions. Only 
those results will confirm whether one part of the user-centred theory of the built environment has been satisfactorily 
met. Also only time will tell if the building design provides sufficient opportunity for the current and future occupants to 
adjust building elements and flexibility to occupy the building in a way that suits their changing needs.  
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