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ABSTRACT: Architecture can be considered as an applied art. In the twenty-first century there is a 
focus on how the application of this art is impacting on the use of energy. One of those impacts comes 
from using significant quantities of energy for mechanical heating and cooling of buildings. This paper 
suggests that climatic design which minimises the need for mechanical heating and cooling is one of 
the instruments that can be used in applying the art of architecture to reduce the use of energy and to 
recreate a somewhat forgotten experience of indoor „thermal delight‟. An award winning house in 
Perth, Western Australia is used to illustrate the argument. Both qualitative and quantitative aspects of 
thermal delight are considered.   

Conference theme: Sustainability issues  
Keywords: up to four key words 

 

1. INTRODUCTION 

In 2011 in Perth, Western Australia there appears to be an acceptance that the cost of energy will continue to rise 
and that this, over time, will have a significant impact on a householders‟ budget. Household electricity costs have 
already risen 46% over the past 2 years (2009-2011). On 1 July 2011 the standard residential rate was $0.2187/kWh. 
Prices are set to increase a further 29% between 2011 -2014 (Synergy energy pricing, 2011). In addition to rising 
energy prices the Office of Energy, WA, is recommending compulsory disclosure, on sale of a property, of energy 
usage for cooling and heating systems as well as information about the thermal efficiency of the building envelope. 
On this pragmatic basis alone there is a case for reducing reliance on mechanical heating and cooling through 
climatic design. 

Olgyay (1963) in observing the growing separation between thermal design of housing and the climatic region where 
it was built, produced a definitive work on establishing a „bioclimatic‟ approach towards design. This bioclimatic 
approach revolved around developing an indoor thermal comfort zone that related to seasonal outdoor conditions. 
Once a designer identified prevailing climatic conditions these conditions could be used to help provide indoor 
thermal comfort. Architectural elements could be manipulated to enable entry, collection, storage and distribution of 
heat as and when required. In particular the building envelope could be treated as a multi-purpose filtration system 
and internal walls, ceilings and floors could provide a heat storage system. 

When two architects (one being the author) were interested in creating for themselves a carefully articulated house 
and a multidimensional experience in occupying a home, part of their design approach included bioclimatic design. In 
this paper that approach is referred to as climatic design. The architects were also interested in what Pallasmaa 
(2005) refers to as “ architecture of accommodation” that facilitates or accommodates individual expressions of home. 
Juhani Pallasmaa, a highly acclaimed Finnish architect and academic, refers in a somewhat derogatory way to 
architects concerns with 'designing dwellings as architectural manifestations of space, structure and order' rather 
than acknowledging that houses are primarily about the process of living and their role is to facilitate that process. 
Ideally this process of living should enable a variety of patterns of life to occur in a responsive and subjectively 
pleasing environment.    

This paper uses this idea of “an architecture of accommodation” to explore the place of climatic design in enhancing 
the activities of domestic living by enabling a variety of patterns of life to occur in a responsive environment whilst 
retaining an architectural expression of space and reducing reliance on mechanical heating and cooling. This paper 
suggests that the domestic lived experience can be enriched through a variety of thermal conditions. Heschong 
(1979), the author of "Thermal delight in architecture", explores thermal qualities of buildings that are important 
dimensions of the architectural experience of space. She suggests that thermal quality is analogous to light quality as 
a design element. Consequently variety in indoor temperatures, albeit within a narrow band, can provide an additional 
dimension in a space. Thus she suggests that as thermal qualities of a building are a significant part of the 
experience of space they should be included in an architect's initial concept. Peter Zumthor (2006) has a similar point 
of view. He refers to the task for architects being the creation of 'atmospheres‟. Temperature is one of nine important 
'atmospheres‟ that can be crafted into architectural space and sensed by the occupants. 

The emphasis on thermal conditions could be considered archaic by many as keeping warm or cool has become so 
integrated into the fabric of buildings that people in the industrialised world rarely remark on the thermal 
appropriateness for the particular climate.  Generally the architect‟s role has become one of allocating inconspicuous 
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space for mechanical services in an attempt to homogenize the indoor thermal environment. Technology of heating 
and cooling aims for a steady state – that is a constant temperature everywhere - with minimal involvement from the 
building occupants. Such a steady state requires a great deal of energy to try to achieve and removes a potential 
source of experiencing the thermal qualities of different spaces.  

This paper uses an award winning architect designed house in Perth, Western Australia to explore how climatic 
design in a temperate climate has provided the opportunity of appreciating thermal delight whilst minimising the need 
for mechanical heating and cooling. 

 2. BACKGROUND 

2.1. Summary of climatic design in a temperate climate 
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 maximum solar gain in winter but have strategies in 
place to avoid solar gain in summer. It should also have adequate indoor thermal mass to enable heat storage and 
the building envelope should be well insulated to control the amount of heat transfer. In addition, cross ventilation 
should be available to all habitable rooms to cool the building in summer when outdoor temperatures are lower than 
indoor temperatures. If occupants are depending on open windows for night cooling, security of the openings needs 
to be considered. 

These fundamental principles require that exterior facade elements be responsive to climate and building occupants 
should have the opportunity to adjust elements in the building envelope to suit their indoor thermal needs. Where 
there is occupant control, occupants are more likely to accept wider indoor temperature ranges before resorting to 
supplementary heating or cooling (Humphreys & Nicol 2000). 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. 

As can be seen in Table 1 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. In addition to mean temperatures shown in Table 1 it is noteworthy that 
seasonal temperatures can be variable with maximum day time temperatures in July and August sometimes reaching 
a high of  26°C or reaching only 19°C maximum in February and March (BOM 2011). Thus any climatic design 
response in Perth requires flexibility, not only between the main seasons of summer and winter but also within 
seasons.  

Outdoor air temperature, a dominant environmental factor, regularly falls outside a thermal comfort range computed 
for non-air conditioned buildings in Perth using Humphreys & Nicol (2000) adaptive approach to thermal comfort. For 
Perth the thermal comfort temperature is a maximum of 28.4°C in January and a minimum temperature of 18.6°C in 
July (Karol 2010).  

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 

 

2.2. Design informs thermal sensations 
Our heat-flow sense tells us directly whether heat is being transferred to us or away from us. However as discussed 
by Cabanac (1971) there is a complex relationship between air temperature, core body temperature and our 
sensation of whether the resultant heat-flow is pleasant or unpleasant. This paper will not focus on this complex 
relationship but rather on how indoor spaces in a particular building are experienced as being warmer or cooler than 
desirable as this heat flow sense creates a general background for all other indoor experiences.  

As a result of extensive use of air-conditioning, our spatial habits have become homogenised, activities are no longer 
thermally localized and there is a disconnect between our visual perception and the experience of warmth or 
coolness. When homes are uniformly heated or cooled the importance of creating thermal zones that can be isolated 
from one another is not a priority. This lack of zoning is evident in typical project homes in Western Australia where 
living areas flow uninterrupted and without differentiation from one end of a house to the other. Due to our current 
technology for mechanically controlling air temperature, building forms or materials used are not associated with the 
thermal experience. Thus when we don‟t see the source of our comfort (for example warmth being released from 
thermal mass on a winter evening as opposed to an open fire or insulation being concealed in walls as opposed to 
internal timber wall panelling used as insulation on masonry walls) it is hard to relate and appreciate the 
thoughtfulness of design for thermal comfort.  
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Heschong (1979) suggests that enjoyment goes hand in hand with awareness and thermal awareness is only raised 
when there is thermal change rather than a steady state. She goes on to hypothesize that thermal delight arises from 
temperature change within a basic comfort zone.  In a climatically designed house in a temperate climate a basic 
comfort zone can generally be maintained and small temperature changes resulting from orientation, convection and 
evaporation can be appreciated.  

This paper will proceed to examine how design decisions that applied the principles of climatic design in a house in 
Perth, Western Australia have enhanced the opportunities for thermal delight. It will also reflect on how these thermal 
processes can establish our thermal relationship with a space and become an underlying characteristic of the space.  

3. A POST- OCCUPANCY EVALUATION 

A post-occupancy evaluation has been used to examine the indoor temperatures and thermal experiences at a 
private residence at 199 Hamersley Road, Subiaco. The brief developed for this new house by the owners/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. 
This post-occupancy evaluation looks at the results of one part of the brief, namely indoor temperatures and the 
indoor thermal experience.   

3.1. Building details  
The site for the project is located in an inner suburb of Perth. It is a corner allotment of 278 m

2
 with the long axis 

running north–south. The total floor area is 220 m
2
. Plans of the three levels of the house are shown in Figure 1.  

 

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 

Figure 1: Basement, ground floor and first floor plans 
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The building design incorporates the principles of climatic design. External walls are generally constructed of 100 mm 
thick steel faced expanded polystyrene panels fixed to internal steel studs. Additional bulk insulation has been placed 
between the studs. The internal lining is plasterboard or PCM smart board on the first floor. The total R value of these 
walls is 3.5 m

2
K/W. The walls on the north and south ends are insulated brick veneer with a total R value of 1.5 

m
2
K/W. The roof is constructed of 150 mm thick steel faced expanded polystyrene panels with a gyprock suspended 

ceiling with additional bulk insulation in the ceiling cavity. Two-thirds of the roof is fully shaded from solar radiation by 
umbrella structures that can be seen in Figure 2. The total R value of the roof is 4.5 m

2
K/W.  

Commercial aluminium window and door frames are used throughout. The glass is generally 6.38 mm „comfort plus‟ 
glass with a solar heat gain coefficient (SHGC) of 0.53. All glazing is fully shaded in summer with moveable shading 
devices. In winter all glazing can be fully exposed to the sun. 

Every room has the possibility of cross ventilation through window openings. Ceiling fans have also been installed. A 
significant area of thermal mass is exposed to indoor air.  One thermal mass element is a consolidated limestone wall 
4 metres long, 7.5 metres high and 300 mm thick constructed in the centre of the house. Additional thermal mass is 
exposed on the ground floor via the polished concrete floor slab and the exposed underside of the first floor concrete 
slab that forms the ceiling of the ground floor. A basement has an exposed concrete floor and ceiling as well as 
exposed concrete block walls.  PCM smart board provides a limited amount of equivalent thermal mass at first floor 
level.   

In addition to incorporating climatic design in the building structure some compensation for the limited amount of 
exposure to the north sun in winter was needed. This was done by introducing a solar air heater fixed onto an 
umbrella roof. In winter a fan draws warm air from the heater down a vertical air duct (shown as #7 in Figure 2 below) 
via adjustable vents into the basement, ground floor or first floor depending on the occupants activities. The fan is 
automated to start when air temperature at the top of the duct is 8K higher than indoor temperature. The same 
vertical duct is used for cooling in summer. A fan draws cool air from the basement to the ground or first floor again 
via the same adjustable vents. This fan is currently manually operated.  

 

.    

Figure 2: Longitudinal section 

 

3.2. Indoor temperatures 
The building has been occupied since December 2010 but was only completed in April 2011. The occupants are still 
learning how best to „drive‟ the house to maximise thermal comfort. The thermal data used in this paper to evaluate 
indoor temperatures is for a hot design day and a cold design day (Szokolay 1982). Data for the basement only is 
available for the hot design day and for all three floors for the cold design day. Tinytag Talk 2 computerised data 
loggers with external sensing probes (http://www.geminidataloggers.com/data-loggers) were used to measure indoor 
temperatures. The location of the data loggers is shown on the plans in Figure 1 as „*‟. External air temperatures 
were obtained online from the Bureau of Meteorology‟s site at Murdoch University (http://wwwmet.murdoch.edu.au).  
Graphs of the temperatures on the two design days are shown in Table 2. 

 

http://www.geminidataloggers.com/data-loggers
http://wwwmet.murdoch.edu.au/
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Table 2:  Monitored indoor temperatures & outdoor temperature 

Cooling period (hot outside -12 January 2011) 

 

Heating period (cold outside - 21 May 2011- partly cloudy) 

 

 
3.3. Thermal experiences 
Experiential aspects of the building were considered in relation to both the architectural articulation of spaces, the 
activities of „driving‟ the house and the experience of inhabitation. This paper looks particularly at the thermal 
experiences in the monitored spaces numbered 1, 3, 4, 10 and 12 in Figure 1. Table 3 summarises the activities 
carried out to maintain thermal comfort in the five spaces. The results are divided into cooling period (hot outside) 
and heating period (cold outside) with daytime approximately reflecting sunrise and sunset in the two different 
periods.   

Table 3: Articulation, ‘driving’ activities and general observations 

Space Articulation „Driving‟ activity/general observation 

Cooling period (hot outside) Heating period (cold outside) 

Daytime (6.00am-
6.59pm)  

Night (7.00pm-
5.59am) 

Daytime (7.30am-
5.59pm) 

Night (6.00pm-
7.29am) 

#1 

Multi-
purpose; 

2.3m high; 
abundant 
thermal 
mass 

 

Windows 
closed; 

earthenware 
pots outside 
window kept 

moist; internal 
door remains 

open; minimise 
artificial light. 

Coolest room. 

Windows open if 
cooler outside 

than inside; duct 
fan draws cool 
air to first floor;  

Windows closed; 
door slightly open; 

solar air-heater 
warms up thermal 

mass; various 
artificial lighting 
arrangements to 

suit activities.  

Very warm on 
sunny day. 

Windows 
closed; door 

open; various 
artificial 
lighting 

arrangements 
to suit 

activities. 
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#3 

Living 
space; 

2.7m high; 
abundant 
thermal 
mass; 

loose fit 
furniture 

 

Glazing fully 
shaded; 

doors/windows 
closed; ceiling 

fan on if 
required; 

internal doors 
open; artificial 

light not 
required. 

Comfortably 
cool. 

Extended living 
space to include 

flywire 
enclosure; 

external blinds 
dropped for 

privacy; doors/ 
windows open if 
cooler outside 
than inside; 

noticeable cross 
ventilation. 

Cools down 
quickly. 

Overhead shade-
cloth removed  

allowing northerly 
sun to heat up  
indoor thermal 

mass; good 
daylight; external 

doors closed except 
when flywire 

enclosure is warmer 
than indoors; 

internal door closed 
when  solar air-

heater vent is open. 

External 
blinds 

dropped for 
privacy; 
various 
artificial 
lighting 

arrangements 
to suit 

activities. 

Comfortably 
warm 

#4 

Bed/study; 
2.7m high; 

limited 
thermal 
mass 

 

Glazing fully 
shaded on west 
side; windows 
closed; internal 

door open; 
artificial light not 

required. 

Comfortably 
cool 

Windows open if 
cooler outside 
than inside; 

noticeable cross 
ventilation. 

Cools down 
quickly. 

Windows closed; 
timber floor & 

suspended timber 
ceiling panels 

create a feeling of 
warmth; door open 
to gain heat from 

north-facing spaces. 

Coolest room. 

Windows 
closed; blinds 

drawn for 
privacy;   

timber floor 
feels warm. 

Cool 

#10 

Living/ 
multi-

purpose; 
2.5m high; 

limited 
thermal 
mass 

 

External louvres 
closed to fully 
shade glazing; 
doors/windows 
closed; cool air 

ducted from 
basement. 

Warmest room. 

External louvres 
open; doors/ 

windows open if 
cooler outside 
than inside; 

noticeable cross 
ventilation; cool 
air ducted from 

basement. 

Cools down 
quickly. 

External louvres 
fully open allowing 

northerly sun to 
heat up central 
thermal mass & 

PCM smart board; 
solar air-heater duct 

radiates heat; 
timber floor feels 

warm. 

Warmest room. 

External 
louvres closed 

for privacy;  
timber floor 
feels warm; 

thermal mass 
still warm. 

Comfortably 
warm 

#12 

Sleeping; 
2.6m high; 
no thermal 

mass 
 

Glazing fully 
shaded on west 
side; windows 
closed; internal 
door/ louvres 

closed. 

Windows open if 
cooler outside 
than inside; 

internal door/ 
louvres opened; 
noticeable cross 

ventilation; 
ceiling fan on if 

required. 

Cools down 
quickly. 

West window 
exposed to sunlight; 

window closed; 
internal door and 

louvres open;  
timber floor feels 

warm. 

Comfortably warm 

Blinds drawn 
across 

windows for 
privacy;   

timber floor 
feels warm. 

Comfortably 
warm 

 

The two occupants of the house recorded their thermal responses on a 7-point Likert-like scale of sensation twice 
each day (7.30am to 5.59pm) and twice each night (6.00pm to 7.29am) during a sunny week in the heating period in 
the five different spaces. Of the 28 records for each occupant there were at least four in each of the five different 
spaces. Interestingly there was no significant difference in the responses of the occupants in spite of their different 
gender and physical build which can impact on thermal preference. A summary of the responses is shown in Table 4 
below.  
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Table 4: Occupants thermal responses on 7-point scale during heating season 

Space 
#1 #3 #4 #10 #12 

Thermal sensation 
Day Night Day Night Day Night Day Night Day Night 

Cold           

Cool           

Slightly cool   3  2 4   1  

Neither too warm nor too cool 1 3 1 8 2 3  6 1 6 

Slightly warm  6  2    5   1 

Warm       1    

Hot            
 

4. DISCUSSION  

The results in Tables 2, 3 and 4 paint a general picture of the thermal conditions and thermal experiences at 199 
Hamersley Road as well as a detailed view of conditions and experiences during the heating period.  It is clear that 
climatic design has provided the opportunity for creating potentially comfortable thermal conditions without an air-
conditioning system. Thus for the current occupants what does thermal comfort mean in terms of absolute 
temperature and sensation? It may mean that, on a 7-point scale of thermal sensations, they never feel cold or hot in 
the house in winter. However they accept that occasionally they may feel slightly cool or warm in some space during 
the heating period or warm during the cooling period. In the heating period, warm translates to approximately 23°C 
and slightly cool is around 18°C. It seems that being neither too warm nor too cool occurs 19°C and 20°C in the 
heating season for the current occupants.   

Although the house was incomplete last summer anecdotally it felt pleasantly cool in the basement and ground floor 
although on some occasions it was warm on the first floor during the day as shading devices were not yet installed. 
Without doubt, on entering on a hot summer day the double volume entry foyer (#2 on plan) provides a transition 
space from outside to inside. Diffuse light enters from a high level shaded east window and a lower level, small 
shaded west window. As one moves into the ground floor living space (#3 on plan) it is hard to believe that there is no 
air-conditioning in the house. The polished concrete floor remains cool to touch, diffuse light enters through the 
shaded north windows and gentle air movement from both the ceiling fan and basement air duct avoid any pockets of 
stale air. After a while the body adapts to the cool conditions in the living area but when you move down to the 
basement there is a renewed sense of coolness. Even at the end of summer the temperature in the basement 
remained around 23°C (refer Table 2). All the surfaces in the basement remain cool to the touch so, on a very hot 
day, that‟s where we find the cat sprawled on the floor against a wall. Daylight from the south facing windows is very 
subdued which contributes to the cave-like qualities of the space.    

Typical summer nights involve opening all the windows as soon as external temperatures fall below internal 
temperatures. Even when privacy blinds are drawn down, air currents are able to flow through the entire house from 
the south and west to the north side. Whether lying in bed or relaxing in an armchair one can feel a breeze as a result 
of cross ventilation. On particularly hot nights ceiling fans provide relief. Easterly openings allow the entry of cool 
desert winds in the early hours of the morning before sunrise thus further helping to extract heat from the thermal 
mass, particularly from the consolidated limestone wall. The basement windows, the windows around the internal 
courtyard and first floor windows are designed with security in mind so they can remain open all night.   

The winter scenario is quite different. On entering the house on a cold winter day the double volume entry foyer again 
provides a transition space from outside to inside. It is warm enough that coats can be immediately removed. The 
temperature here hovers around 18°C (refer Table 2).  The space is bright with moving sun patches highlighting 
different parts of the walls.  

The upstairs living space (#10 on plan) is particularly alluring in winter. The space feels like a cross between a 
gentleman‟s club and a rumpus room. The timber panel floor, bookcase wall and views across tree tops in three 
directions invite occupants to linger in the space. The northerly sun streams in unimpeded, warming the air and the 
limestone wall. In addition the lemon yellow duct carrying warm air from the solar air heater radiates warmth during 
the day. Temperatures in this space can reach 24°C for a few hours on a sunny winter day but they usually hover 
around 20°C as seen in Table 2.  

In winter the temperature in the basement also remains around 20°C although, when the vent from the air heater is 
open, on a sunny day the temperature hovers around 22°C. The sliding door is approximately 80% closed to enable 
the thermal mass to absorb the warm air from the air heater during the day and discharge it after sunset when the 
door is opened. Various artificial lighting arrangements and the consistent thermal conditions encourage a wide 
variety of activities to occur in the basement ranging from reading to hand crafts to just snoozing.  

For the current occupants the seasonal and daily temperature fluctuations are accepted as part of the character of 
the home. What seems to be of greater significance is the challenge of actively managing the building envelope and 
internal zoning to maximise the benefits of the Perth climate to facilitate the feeling of a comfortable home. It is not an 
optional extra but an integral part of living in this house. The reward for „driving‟ the house creates an appreciation of 
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the changing thermal qualities of various spaces. This raises the question as to whether a future occupant would be 
prepared to „drive‟ the house. If not, thought would need to be given to automating the process of opening and 
closing screens, doors and windows.  

Thermal monitoring of this project is continuing. The results will provide further information about the impact of indoor 
thermal mass, insulation and area of glazing on time lag and decrement factor and the effectiveness of natural 
ventilation. Design for effective natural ventilation is still not well understood in the Perth housing market but could be 
a valuable tool in reducing the need for mechanical cooling.   

CONCLUSION 

The house at 199 Hamersley Road has been carefully designed to maximise the benefits of the local climate. By 
doing this the architects/occupiers have been able to create a thermal environment that has minimal dependence on 
mechanical heating and cooling and yet provides comfortable thermal conditions. In addition they are able to 
experience the processes of convection and radiation and appreciate such things as temperature stratification. With 
thoughtful „driving‟  the occupants can appreciate both the articulation of the indoor spaces but also the thrill of 
„migrating‟ from basement to first floor and/or from north to south to experience and enjoy the changing „atmospheres‟ 
in various seasons.  
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