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ABSTRACT: Australia’s national building regulations, the Building Code of Australia (BCA 2004), have 
recently included provisions for energy efficiency in housing. These provisions stipulate limitations on 
the areas of glazing depending on the geographic location of a building and the orientation of the 
glazing. However when considering climatically sensitive design, rather than only efficient use of energy 
for artificial heating and cooling, the BCA provisions related to glazing appear to be unsatisfactory for 

small buildings. 
Using the modelling tool NatHERS (Nationwide House Energy Rating Software) to establish indoor 
temperatures in a typical two bedroom medium density dwelling in a temperate climate (Climate Zone 
5), it was shown that, particularly in housing for seniors, the desirable area of glazing for climatically 
sensitive design and for liveability should be substantially less than the maximum permitted by the BCA 
for Climate Zone 5. Results of a doctoral thesis by the author suggest that, in housing for seniors, 
significant reductions in domestic energy use for cooling and heating occurs when total area of glazing 
is approximately 20% of floor area and when passive heating can occur through both direct and indirect 

solar gain.  
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INTRODUCTION 
 
The stipulated objective of introducing energy efficiency 
requirements in the BCA “is to reduce greenhouse gas 

emissions by efficiently using energy” (BCA 2004 Vol 
2:87). The regulations suggest that this objective is to be 
met by constructing buildings and the services used for 
heating, air-conditioning and mechanical ventilation, in a 
way that will facilitate the efficient use of energy for 
artificial heating and cooling. The BCA includes details of 
acceptable construction practice that is considered to 
meet the requirements for energy efficiency.  

This paper argues that in typical, small, medium density 
housing in a temperate climate such as Perth, Western 
Australia it is more advantageous to reduce the need for 
artificial heating and cooling through climatically sensitive 
design as described by Olgyay (1963) than to emphasize 
the need for efficient use of energy in housing. It is 
suggested that climatically sensitive design can almost 
eliminate the need for space heating and cooling. Further 

the BCA provisions for ‘acceptable construction practice’ 
for energy efficiency in Climate Zone 5 in relation to area 
of glazing are not climatically sensitive and do not meet 
liveability requirements for typical, medium density 
housing for seniors where the floor area is less than 80 
square metres. 
 

1. BACKGROUND 
 
In intertwining climatically sensitive design with the 

liveability issues in small medium density housing for 
seniors it is necessary to identify liveability criteria that 
may impact on decision making related to climatically 
sensitive design and to establish an indoor temperature 
range that can be considered comfortable in 
non-air-conditioned housing. 
 

1.1. Identifying liveability criteria  
There are some limitations to climatically sensitive design 

when applied to housing for seniors due to the physical 
changes in older people (Haigh 1993). The rate of 
change varies but, if the most frail are to be 
accommodated, the home environment (including the 
thermal environment) must remain appropriate for the 
user. The concept of universal design captures this idea 
of appropriateness for the user as it refers to the 
incorporation of standard design elements to meet the 

competencies of all people regardless of age, condition or 
ability (Null & Cherry 1996; Coleman 1994).  
Demirbilek and Demirkan (1998), in their development of 
a prescriptive model for designing for the elderly, 
describe three design criteria of the concept of universal 
design that are especially pertinent to climatically 
sensitive design in housing for seniors. The three criteria 
are accessibility, adaptability and affordability. Although 
there is no specific mention by Demirbilek and Demirkan 

of thermal conditions, energy efficiency or the cost of 
mechanical heating and cooling, a link can be established 
between the universal design criteria, climatically 
sensitive design and thermal conditions.  
Accessibility can be extended beyond the notion of 
physical barriers to include having access to thermal 
comfort and having access to daylight without being 
subjected to glare. This latter issue is particularly relevant 

in designing for passive solar heating. Direct solar 
radiation can be a problem as some older people are 
highly sensitive to glare from direct sunlight (Rubin et al. 
1997) and others are more prone to falling when floor 
surfaces have a high contrast in light levels, such as a 
patch of sunlight surrounded by shade (Ivers, Cumming & 
Mitchell 1998). These frailties result in these occupants 
keeping curtains drawn to avoid direct sunlight and thus 

significantly reducing the benefits of direct solar gain for 
passive heating. 
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Adaptability and affordability are especially important 
when residents plan to live in a particular dwelling for 
many years, and may need to make adjustments to suit 
different stages of physical and mental well-being as well 

as fluctuations in financial affluence. When related to 
climatically sensitive design, the notions of adaptability 
and affordability include the notion that housing should be 
designed so that solar collection is available in winter, 
glazing is able to be shaded in summer and natural 
ventilation is available without compromising occupant 
privacy or security. Not only should housing be able to 
adapt to climate but also the mechanisms for adaptation, 

such as the opening and closing of curtains, blinds, 
shutters or windows should be affordable and usable 
even if levels of personal frailty increase.  
Another aspect of affordability relates to medium density 
housing, a form of housing that is typical in housing for 
seniors. People in Australia are accustomed to suburban 
living so if passive heating from direct solar radiation is 
required this may be negated by concerns with privacy. 

As indicated in the study for the design of the Sydney 
2000 Olympic ‘green’ village in Newington, where the size 
of each residential block of land was smaller than the 
average, there was a possibility of northerly windows 
close to public thoroughfares being permanently shaded 
by residents who were trying to retain the same high 
standards of privacy experienced in typical Australian 
suburban housing (Prasad & Veale 1998). The same 

approach towards privacy was found to apply in medium 
density housing for the aged (Karol 2003). 
 
1.2. Determining minimum and maximum acceptable 
temperatures 
The adaptive approach to thermal comfort described by 
de Dear & Schiller Brager (1998) suggests that building 
occupants adapt their thermal expectations and 
preferences on the basis of outdoor meteorological 

conditions, social norms and their ability to control their 
personal behaviour (such as changing clothes or 
reducing or increasing physical exertion) to respond to 
thermal conditions. This adaptive approach is an 
appropriate means to establish a comfortable indoor 
temperature range for non-air-conditioned buildings in a 
temperate climate (Karol 2003). Thus a suitable 
temperature range for Perth can be computed. 

Calculations are first performed on climatic air and 
humidity data to determine mean monthly dry-bulb 
temperature and relative humidity. The dry-bulb 
temperature and relative humidity are then plotted on a 
psychrometric chart and mean monthly outdoor effective 
temperature (ET*) established. An optimum temperature 
(Tn) is computed using the equation (Equation 1) 
proposed by de Dear & Schiller Brager (1998). 

 
Tn = 18.9 + 0.255 x ET*    (1) 
 
An acceptable temperature range can be determined 
using Tn plus or minus 2.5K (Auliciems & Szokolay 1997). 
Using this adaptive approach an acceptable maximum 
temperature in still air in summer of 27.4°C and a 
minimum daytime temperature in winter of 19.8°C was 

computed for Perth. This temperature range is similar to 
that referred to by Baverstock and Paolino (1986) for 
Perth (28°C to 18°C) and Givoni (1992) (27°C to 18°C) as 
acceptable in non-air-conditioned housing. An increase in 
maximum daytime summer temperature of up to 3K 
appears to be acceptable if a fan is provided to create air 
movement (Wooley 1999). 
 

2. METHOD OF EMPIRICAL TESTING  
 
Computer simulations of indoor temperatures in a typical 
medium density two bedroom, semi-detached dwelling 
were carried out. The author identified a typical dwelling 

in her study of public housing for the aged in Perth (Karol 
2003). The typical dwelling was not designed to be 
energy efficient, it represented the most common size of 
dwelling (approximately 65 m

2
) and the materials of 

construction are commonly used in residential 
construction in Perth – a concrete slab on ground 
covered with vinyl tiles, uninsulated cavity brick walls, 
single glazing in aluminium frames, plasterboard ceiling 
with R2.0 insulation and terra-cotta roofing tiles on a 

timber framed roof.  
The following four simulations of the typical dwelling were 
carried out to determine the transient thermal response of 
the building.  
• A typical two bedroom dwelling as constructed 

(Simulation 1) 
• The same dwelling as in Simulation 1 but complying 

with BCA energy efficiency requirements and with 

maximum permitted glazing area (Simulation 2) 
• The same dwelling as in Simulation 2 but rotated 90° so 

that the majority of glazing was facing north or south 
(Simulation 3) 

• The dwelling designed to be climatically sensitive and 
meeting liveability criteria (Simulation 4) 

 
2.1. The tool 

The tool used to assess the empirical thermal 
performance of the dwellings was the Nationwide House 
Energy Rating Scheme (NatHERS Version 2.31). 
NatHERS was developed for Australian climatic 
conditions and is an appropriate tool to use as the engine 
software used in NatHERS is used in most Australian 
computer thermal modelling systems for residential 
buildings such as AccuRATE, FirstRate, QuickRate, 

BERS, QRate and ACTHERS. The program was used to 
calculate hourly temperatures in each dwelling, when no 
mechanical heating or cooling was provided. NatHERS 
analyses heat flows to and from designated thermal 
zones in a building. In small dwellings the average actual 
temperature differences between living areas and 
bedrooms is 0.2K (Karol 1996) thus in practice creating 
only one thermal living zone. However as at least two 
zones are required to be designated in order to utilise 

NatHERS as a simulation tool, the bathroom area was 
designated as one zone and the remainder of the 
dwelling formed the other zone. The defined zones are 
shown in Figure 1 for the plan of the typical dwelling. 

 
Figure 1: Example of designation of two thermal zones 

for simulation purposes 
 
NatHERS incorporates nationally agreed criteria of 
occupational patterns based on studies conducted with 
project homes (Lee & McKinnon 1996). As these 
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occupation patterns do not reflect heat gains in small 
dwellings occupied by one or two older people (Karol 
2003), the internal sensible and latent heat gains were 
reduced at 8am and 7pm to the same level as indicated in 

NatHERS for the general morning (8 to 9am) and general 
evening (7 to 10pm) periods. These two peak heat gains 
were reduced by amending the SCRATCH file generated 
with each simulation.  
The construction materials incorporated in the NatHERS 
library generally reflect the materials and construction 
systems actually used in the construction of typical 
dwellings. However, in developing proposals for a 

climatically sensitive solution, an approximate modelling 
of one wall system that is not included in the NatHERS 
library was carried out. This was a Trombe-Michel wall 
shown in Figure 2.  
 

 
Figure 2: Section through an un-vented Trombe-Michel 

wall 

 
In order to simulate the Trombe-Michel wall in NatHERS, 
Delsante (2002) suggested an approximate method of 
modelling. The air gap between the glass and the wall 
could be treated as an ‘unconditioned zone’ with no air 
infiltration and with a concrete floor having an area equal 
to the area of the Trombe-Michel wall. This 
‘unconditioned zone’ would have a northerly-facing 
glazed wall of the required area and have no curtains. 

This ‘unconditioned zone’ could be modelled as a zone 
above the living zone and thus the floor of the 
unconditioned zone would form part of the ceiling of the 
living zone. Thermal radiation would be transferred 
through the ceiling rather than through a masonry wall. 
As a result of the unconditioned zone being above the 
living zone, a nominal stair well was required for 
simulation purposes. This stair well was given a nominal 

area of 0.1m
2
. 

 
2.2. Weather data file 
The weather data file for Perth incorporated in NatHERS 
includes a day in January (7

th
 January) and a day in July 

(27
th

 July), which have temperature patterns similar to the 
design days referred to by Szokolay (1982). Indoor hourly 
temperatures on these two design days were used for the 

purpose of comparing simulated temperatures in the 
dwelling. 
 

3. RESULTS 
 
3.1. Typical dwelling and BCA compliant dwellings 
(Simulations 1, 2 and 3) 
The plan of the typical dwelling used in Simulations 1, 2 
and 3 is shown in Figure 3. In Simulation 3 the building 
was rotated 90° anticlockwise. The only adjustment 

required to the typical dwelling to comply with the BCA 
was to increase ceiling insulation to R2.5 to achieve a 
total insulation level for the roof and ceiling of at least 
R2.7. However the glazing area in Simulations 2 and 3 

was increased to the maximum permitted in the BCA 
‘acceptable construction practice’ with an eaves 
overhang of 450 millimetres. In Simulation 3 the area of 
northerly glazing area was not as large as permitted by 

the BCA as the area was limited by the available length of 
northerly wall. A further 5.6m2 of northerly glazing was 
permissible. The pertinent construction elements in the 
dwelling as constructed and as modified are indicated in 
Table 1. 

 
Figure 3: Plan of typical dwelling used in Simulations 1, 2 

and 3 
 

Table 1: Summary of construction elements used in 

Simulations 1, 2 and 3 
 Dwelling as 

constructed 
BCA compliant 

(E-W axis) 
BCA compliant 

(N-S axis) 

Floor area – FA 
(m

2
) 

64 64 64 

Total glazing area 

(exclud. roof lights) 
– TG (m

2
) 

11.2 21 23.3 

East or west 

glazing area 
–EWG (m

2
) 

10.3 18.7 2.3 

North glazing area 

– NG (m
2
) 

0 0 13.4 

Concrete volume – 

CV (m
3
) 

6.3 6.3 6.3 

Brick volume – BV 
(m

3
) 

8.8 7.8 7.6 

TG/FA 0.18 0.33 0.36 

NG/FA 0 0 0.21 

Total R value for 
wall 

0.7 0.7 0.7 

Total R value for 

roof/ceiling/ 
insulation 

2.4 2.7 2.7 

 

3.2. Climatically sensitive and user friendly design 
(Simulation 4) 
The plan of the typical dwelling modified to be climatically 
sensitive and appropriate (Simulation 4) is shown in 
Figure 4.  

 
Figure 4 Climatically sensitive and appropriate design 

(Simulation 4) 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

183 

The modifications made were: 
• Reorientation to provide unshaded northerly glazing in 

winter  
• Solar pergola on the north side to protect solar 

collectors from summer sun but allow maximum direct 
solar penetration in winter 

• Incorporation of indirect solar heating with a Trombe- 
Michel wall on north side 

• Wall insulation incorporated in east and south walls 
The pertinent construction elements in the dwelling are 
shown in Table 2. 
 

Table 2: Summary of construction elements 
  User friendly and 

climatically 

sensitive dwelling 

Floor area – FA (m
2
) 64 

Total glazing area (excl. roof lights) – TG 

(m
2
) 

12.9 

East or west glazing area –EWG (m
2
) 0 

North glazing area – NG (m
2
) 6.7 

Concrete volume – CV (m
3
) (increase due 

to Trombe-Michel wall simulation) 
7.2 

Brick volume – BV (m
3
) 8.8 

TG/FA 0.20 

NG/FA 0.11 

Trombe –Michel wall area (m
2
) 8.4 

Total R value for wall 1.5 

Total R value for roof/ceiling 2.0 

 
The summer and winter temperatures on the design days 
for the dwelling as constructed (Simulation 1), as 

adjusted to comply with the BCA requirements for 
‘acceptable construction practice’ with glazing oriented 
east-west (Simulation 2) and with glazing oriented 
north-south (Simulation 3), and as designed to be 
climatically sensitive (Simulation 4) are shown in Figures 
5 and 6. 
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Figure 5 Simulated temperatures on design day in 
summer 
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Figure 6 Simulated temperatures on design day in winter 

4. DISCUSSION  
 
A comparison between the four simulations of winter 
indoor temperatures (Figure 6) shows that Simulations 2 
and 3 provide marginally higher indoor temperatures 

during the day than Simulation 1 although the minimum 
acceptable temperature of 19.8°C is generally not 
reached by any of the configurations except for a short 
period (3-5pm) in Simulation 3. The winter daytime 
temperature rise in Simulations 2 and 3 is related to 
increased direct solar radiation through glazing. The low 
winter temperature shown in these simulations is of 
particular concern in housing for the aged. According to 
Keatinge et al. (1997) in regions where winter outdoor 

temperatures are relatively mild, as they are in Perth, 
there is a higher risk of mortality from cold stress for older 
people than in regions where it is acknowledged that 
outdoor winter temperatures are low. This phenomena is 
related to the common lack of central heating in buildings 
in regions having mild winters. The indoor temperature in 
Simulation 4 remains above 19.8°C as a result of 
climatically sensitive and user friendly design.  

Simulations 2 and 3 show a significant increase in indoor 
summer temperatures leading to temperatures well 
above the acceptable range (Figure 5). This is primarily 
due to high levels of direct solar radiation through 
unshaded glazing, particularly on the east and west 
elevations, but also due to increased heat transfer 
through the building envelope due to larger glazing areas. 
The existing design and the climatically sensitive design 

provide similar indoor temperatures in summer as all 
glazing is substantially shaded in summer and the areas 
of glazing are similar.  
The indoor temperatures produced by Simulation 4 
indicate that climatically sensitive and user friendly 
design can generally provide acceptable indoor 
temperatures. A comparison between the designs used in 
Simulations 2, 3 and 4 shows that the issues of 

orientation, area of glazing and indirect passive solar 
heating are fundamental. In Simulations 3 and 4 northerly 
orientation for solar collectors, though not required by the 
BCA, immediately provide the opportunity for significant 
passive solar heating. In Simulation 3 it is apparent that 
the heat gain from northerly glazing is not retained 
indoors due to heat loss through large areas of glazing. In 
Simulation 4 passive heating depends on a combination 
of direct solar gain and indirect solar gain through a 

Trombe-Michel wall. In addition when the area of glazing 
is limited to approximately 20% of floor area some 
liveability issues can be addressed by:  
• reducing the potential loss of privacy through large 

glazing areas; 
• reducing solar glare; 
• limiting heat losses and heat gains through excessive 

glazing protected only by poorly insulated curtains or 

blinds; 
• reducing the cost of investment in and maintenance of 

curtains or blinds;  
• reducing physical or mental demand on the occupants 

to adjust window coverings; 
• reducing the exposure of furnishings to ultraviolet light 

through large glazed areas; and 
• increasing flexibility of furniture layouts in rooms. 

In Simulation 4 the introduction of minimal eaves and a 
solar pergola on the northerly side of a dwelling enables: 
• virtually the entire area of solar collectors to be exposed 

to direct solar radiation in mid-winter; and 
• the solar collectors to be shaded in summer without 

depending on the action of the occupant. 
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It could be argued that indirect solar collectors and a solar 
pergola significantly increase the capital costs of 
construction and thus conflict with the affordability 
component of universal design discussed earlier. It has 

been shown (Karol 2003) that the savings related to the 
elimination of space heating compensate for the net 
additional capital expenditure of incorporating energy 
efficient design features within 19 years, well within the 
50 year economic life of public housing for seniors. Thus 
the expenditure is justified as being affordable. 
In the climatically sensitive and user friendly design, 
glazing on the north and south sides provides access to 

cross ventilation in summer and adequate day lighting 
throughout the year. The maximum distance from a 
window is approximately four metres. At this distance 
occupants would be exposed to summer cooling breezes 
(Aynsley 1996). The maximum distance from a source of 
natural light is approximately three metres (due to 
strategic placing of skylights), thus providing daylight to 
all areas. None of the glazing introduces direct solar 

radiation indoors in summer so there is no environmental 
demand on occupants to draw curtains, thus blocking out 
access to daylight. If east or west glazing was to be 
provided occupants would be required to make daily 
adjustments of shading devices in summer if natural 
lighting was to be utilised for even part of the day.  
By limiting the total glazing area to approximately 20% of 
floor area, heat gains and heat losses through the glass, 

even when no blinds or curtains are provided, are not 
excessive as shown in Simulation 4. This glazing area is 
more than double the regulatory minimum area of glazing 
required for natural lighting (BCA 2004) and is typical of 
the area of glazing provided in public housing for the 
aged. In addition, the size of any one glazing panel can 
be limited to a maximum size of 2.1 metres high by 2.1 
meters wide, thus controlling the investment and 
maintenance costs of window coverings for privacy. The 

limited size of openings also reduces the difficulty of 
opening and closing curtains. 
Although the energy efficiency requirements in the 
building regulations generally require that external walls 
in temperate climatic zones such as Perth have a 
minimum total insulation level of R1.4, walls that have a 
surface density of at least 220kg/m

2
 are exempt from this 

insulation requirement. This exemption is based on the 

ability of walls with high thermal mass to slow down heat 
transfer through conduction in mild climates (CSIRO 
2000). This means that established forms of construction 
such as cavity brick walls are not required by regulation to 
incorporate insulation. However, computer simulations 
show that mean temperatures in a 64 square metres 
medium density dwelling can be reduced by 0.2 K in 
summer and increased by 0.8 K in winter if R1.0 

insulation is incorporated in cavity brick walls (Karol 
2003).  
Finally, Simulation 4 shows that acceptable temperatures 
in still air in summer cannot be achieved in small, medium 
density dwellings, even if natural ventilation is utlized 
throughout the night. Having identified that security 
concerns inhibit the use of natural ventilation particularly 
at night in housing for the aged anyway, it is apparent that 

a fan is required to maintain personal comfort on those 
occasions in summer when indoor temperatures exceed 
27.4°C. In periods of high relative humidity (though 
infrequent in Perth) some personal discomfort will be 
experienced.  
The results of Simulation 4 can be expressed as design 
parameters for glazing and passive solar heating. These 
parameters have been developed as performance 
provisions, as well as prescriptive design solutions for 

small buildings in a temperate climate as indicated in 
Table 3.  

 
Table 3: Design parameters for glazing and passive solar 

heating in a temperate climate 
 Funct io na l Ob j ect i ve Presc r ip t i ve D es ig n So l ut io n ( for  

lat i tud e approx.  32!S) 

1 General requirements for siting  
Each dwelling shall be sited so 
that a sufficient area of solar 
collectors can be exposed to 
direct solar gain in winter 

Each dwelling shall incorporate an external 
north facing wall  

2 General requirements for solar 
collection in a building  
Each dwelling shall be provided 
in winter with adequate areas of 
unshaded solar collectors for 
direct and indirect solar gain to 
maintain acceptable indoor 
temperatures in winter 

Each dwelling shall provide in winter unshaded: 
• indirect solar collectors on the northerly 

aspect having an area of approx. 13% of floor 
area 

• glazing areas on the northerly aspect of 
approx. 11% of floor area 

 

3 General requirements for 
protection of solar collectors and 
glazing  
Each dwelling shall have all solar 
collectors and other glazing fully 
shaded between 7.30am and 
4.30pm (solar time) during the 
three months when mean daily 
hours of sunshine are highest 

Northerly solar collectors shall be protected 
from direct solar gain in summer by a fixed 
shading system such as that shown in Figure A. 
If fixed shading devices cannot adequately 
shade glazing from direct solar radiation, 
shading devices shall be operable with a device 
that creates low environmental demand on 
occupants. 

 
Figure A 

4 General requirements for 
limitation of glazing area  
The total area of glazing in each 
dwelling shall be limited to the 
area required to provided 
adequate natural light to all 
rooms during daylight hours  

Total area of glazing shall not exceed approx. 
20% of the floor area. Glazing shall generally be 
oriented north & south. 

 

CONCLUSION  
 
The findings from these simulations suggest that the 
maximum glazing areas in the BCA ‘acceptable 
construction practice’ for energy efficiency are not 
appropriate in small, medium density housing in Perth’s 
climate. In particular the area of glazing does not 
incorporate notions of appropriateness for the more frail 
potential occupants. Findings from the simulations also 

indicate that climatically sensitive and user friendly 
design can be effective in providing acceptable indoor 
temperatures with minimal requirements for mechanical 
space heating and cooling. An effective design strategy 
for climatically sensitive and user friendly design in small, 
medium density housing, including housing for the aged, 
can provide flexibility that will not inhibit innovative design 
solutions and be considered affordable over the medium 

term. 
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