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Abstract: Indoor temperatures are key mediators of housing related health outcomes. In Australia, 
policy makers have implied improved thermal comfort and better health through more stringent 
residential energy efficiency, yet empirical evidence is scarce. This study used temperature 
measurements in the living rooms of 108 detached houses in Melbourne, Victoria, to calculate indoor 
temperatures indices, assess them against health based guidelines and to explore the association of 
indoor temperatures with household characteristics and the homes’ energy efficiency AccuRate star 
ratings. The mean home energy rating was 4.7 ± 0.82 AccuRate stars. The mean winter room 
temperature was a satisfactory 18⁰C, yet occasional over- and underheating may have adversely 
impacted health. Continuous occupation and heater use as well as higher energy costs were significant 
predictors of warmer living rooms. Star ratings were a poor predictor of indoor temperatures. Possible 
reasons are discussed. The findings were limited by the small, non-representative sample and the 
reliance on self-reported fuel expenditure. The findings highlighted that a residential energy efficiency 
rating tool may need to be complemented by built quality controls and consider the efficiency of the 
heating system in order to be predictive of satisfactory indoor temperatures. More research into the 
heating practices of householders is needed.  
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1. Introduction 

Epidemiological evidence suggests that indoor temperatures are important mediators of health in 
winter (Howden-Chapman et al., 2012). Determinants of indoor temperatures include outdoor 
temperatures, the thermal performance of the building fabric, the efficiency of the space conditioning 
systems (Oreszczyn et al., 2006) and householder practices. Main factors for heating practices are the 
affordability of fuel and householder preferences (Critchley et al., 2007). Economically disadvantaged 
householders living in energy inefficient homes may be at risk of ill health if they compromise on 
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adequate heating (Boardman, 1991; DCCEE, 2013). According to engineering–based models, improved 
energy efficiency of dwellings should result in more comfortable indoor temperatures and reduced 
heating costs (Oreszczyn et al., 2006). 

In Australia, policy makers have implied improved thermal comfort and health benefits from more 
stringent residential energy efficiency regulations (Victorian Government Department of Sustainability 
and Environment, 2006; ABCB, 2010), yet there is scarce empirical information on the link between 
home energy efficiency ratings and indoor temperatures (Williamson et al., 2009). Ratings are expressed 
as stars that reflect the dwelling’s heating and cooling demand per square metre of conditioned floor 
area with reference to the climatic zone of the new home’s location. The more stars the home is 
awarded, the more energy efficient it is deemed to be. Compliance may be demonstrated by adhering to 
deemed-to-satisfy rules or by using one of the Nationwide House Energy Rating Scheme (NatHERS) 
certified modelling tool such as AccuRate in Victoria.  At present the regulations only address the 
thermal quality of the building envelope without consideration of the efficiency or control of the space 
conditioning systems, fuel costs or fuel choices. In Victoria, energy performance certificates are not 
mandatory for residential buildings. 

The Australian Commonwealth Scientific and Industrial Research Organisation (CSIRO) conducted an 
empirical study into the benefits of residential energy efficiency in Australia. The aim of the Residential 
Building Energy Efficiency (RBEE) study was to explore the effects of the introduction of the mandatory 
5-Star energy efficiency rating for new homes in 2006 (Ambrose et al., 2013). This study engaged over 
100 homes that were built after 2003 in Melbourne, the capital of the state of Victoria. Participation was 
voluntary. As part of the study, living room temperatures were monitored for twelve months. This RBEE 
data set provided the basis for the present analysis.  

While thermal comfort and perceptions of warmth are subjective assessments, guidelines aiming at 
protecting occupant health commonly refer to acute exposures and threshold values.  The World Health 
Organisation recommends a general comfort range for dwellings of 18⁰C to 24⁰C (WHO, 1987). Other 
sources also recommend temperatures between 18⁰C and 25⁰C ror health purposes (Santamouris and 
Kolokotsa, 2014; Kolokotsa and Santamouris, 2015). The NatHERS energy rating software applies living 
room temperature settings for Melbourne between 20⁰C and 26.5⁰C (NatHERS, 2013a; b). 

This quantitative analysis of the RBEE data pursued two aims. Firstly, the study was to provide a 
better understanding of the indoor temperature levels of dwellings in Melbourne in winter.  Secondly, 
the study was to explore the relationship of indoor temperatures, household characteristics and the 
homes’ energy efficiency ratings. The research objectives were to calculate various living room 
temperature indices in these homes in winter, to assess them against health-based guidelines and to 
statistically test hypothesised determinants.  

2. Description of the data 

The RBEE data set contained the dwellings’ energy efficiency ratings, their conditioned floor area, the 
monitored indoor temperatures, outdoor temperatures obtained from the Australian Bureau of 
Meteorology and surveyed household characteristics for 108 detached homes located in the mild 
temperate climate zone of Melbourne, where residential energy consumption for space conditioning is 
dominated by heating demand (ABS, 2013b). The data used in this analysis was restricted to the three 
winter months June to August 2012.  
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2.1. Dwelling and household characteristics 

The dwellings’ mean energy efficiency AccuRate rating was 4.7 ± 0.82 stars, their mean conditioned floor 
area was 117.4 ± 54.98m². Four out of ten homes were occupied throughout the day. Less than a third 
of householders felt uncomfortable winter. In general, householders used gas and forced air to heat 
their homes, with less than a fifth of homes being heated continuously. About two thirds of the 
respondents reported to pay less than $1500 for electricity and/or less than $1000 for gas. As the RBEE 
raw data set did not contain information on household income, recourse was taken to the Australian 
Bureau of Statistics’ Index of Economic Resources (IER) (ABS, 2013a). Postal code-based indices of socio-
economic ranking within the state of Victoria suggested that these volunteer households had an above 
average income. Table  provides an overview of the dwelling and household characteristics. 

Table 1: Household characteristics of all households (N=108) for analysis of winter conditions.  

Household 
characteristic 

n %  Household characteristic n % 

Household size (No of persons)  Weekly household attendance 

 1 4 3.9   Nobody at home in the mornings 10 9.3 

 2 24 23.5   Nobody at home in the afternoon 3 2.8 

 3 17 16.7   Nobody at home all day 22 20.4 

 4 37 36.3   Nobody at home during school hours 26 24.1 

 5 plus 20 19.6   Someone is home all day 47 43.5 

Electricity Costs    Gas Costs   

 <$500 14 13.7   <$300 5 4.9 

 $500 - $1500 52 51.0   $300 - $1000 62 60.8 

 $1500 - $2500 23 22.5   $1000 - $1600 29 28.4 

 $2500 - $3500 10 9.8   >$1600 6 5.9 

 >$3500 3 2.9      

Heater use - frequency  Winter comfort vote   

 Continuously 20 18.5   Cold 10 9.3 

 Few hours a day 60 55.6   Cool 22 20.4 

 Most days 26 24.1   Comfortable 68 63.0 

 Once a week 2 1.9   Warm 8 7.4 

 

Index of Economic Resources (IER) - deciles within Victoria  

 1st decile 5 4.6   6th decile 33 30.6 

 2nd decile 4 3.7   7th decile 27 25 

 3rd decile 1 0.9   8th decile 8 7.4 

 4th decile 7 6.5   9th decile 9 8.3 

 5th decile 5 4.6   10th decile 9 8.3 
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2.2. Outdoor and living room temperatures 

Outdoor temperatures at the homes’ nearest weather stations were measured at thirty minute intervals 
by the Australian Bureau of Meteorology. The winter 2012 was characterised as a typical winter. The 
average meteorological mean temperatures of all three winter months June (9.6⁰C), July (9.7⁰C), and 
August (10.0⁰C) was 9.8⁰C, close to the historic average of  9.83⁰C (Bureau of Meteorology, 2014).  

Indoor temperatures were recorded by Thermochron iButton Devices DS1921G with an accuracy of 
±1.0⁰C and a resolution of 0.5⁰C (Maxim Integrated, 2014). Two data loggers taking alternate half-hourly 
readings were placed at about head height and away from heating or cooling sources (Ambrose et al., 
2013). While readings of sensors on internal walls differ from mid-room air temperatures to which 
occupants are exposed (Page et al., 2011), following the methods of other studies, e.g. (Kane et al., 
2015), they are taken here as proxies for indoor temperatures.  

3. Results 

3.1. Levels of winter living room temperatures  

Descriptive statistics of the dwellings’ logged temperatures provided indoor temperature indices that 
could be compared with indoor temperature guidelines. Analysis of the data of all homes (N=108) in the 
statistical software IBM SPSSv22 revealed a mean temperature of 18.0 ± 1.8⁰C. The minimum 
temperature recorded was 6.0⁰C, the maximum temperature 36.0⁰C. On average the temperatures 
recorded in the individual homes ranged by 13.9 ± 3.2⁰C. Mean daily indoor temperatures were 
dependent on ambient conditions with a slight rise when mean daily outdoor temperatures dropped 
below 6⁰C (Figure ). This may have been due to a change in householder practices on very cold days or 
due to the small number of cases from which these temperatures were calculated which may have 
affected the robustness of the outcomes.  

Under- and overheating was a common occurrence (Table 2). Exposure to low temperatures may 
have adverse health effects. During the evening hours, when householders could reasonably be 
expected to have been home, nine percent of living rooms did not reach a mean temperature of 18⁰C. In 
eight out of ten homes temperatures below or equal to 16⁰C were recorded for an average of 33 
minutes, potentially putting vulnerable householders at increased risk of respiratory diseases (Collins, 
1986). Overheating may cause heat strain and be interpreted as an unnecessary fuel expenditure. Over 
half of the homes presented temperatures above the WHO guideline threshold of 24⁰C during the 
evening. Almost a fifth of homes reached temperatures above the upper summer comfort limit of the 
NatHERS rating tool of 26.5⁰C for an average of 11 minutes. As the data loggers had explicitly been 
placed away from heating or cooling devices or solar radiation (Ambrose et al., 2013), measurement 
error was deemed unlikely.  
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Figure 1: Daily mean indoor temperatures at daily mean outdoor temperatures. Error bars show the 
standard deviations of the mean of the daily mean living room temperatures of the houses with 

available data at the reference outdoor temperature. 

Table 2: Summary of unsatisfactorily low or high temperatures recorded in all homes (N=108) during the 
evening (6:00pm to 9:59pm) over the winter period. 

 Homes that recorded mean temperatures  below Homes that recorded mean 
temperatures above 

   16⁰C 18⁰C 24⁰C  

Number (%)    3(3%) 10 (9%) 2 (2%)  

 Homes that recorded minimum temperatures below or 
equal to 

Homes that recorded maximum 
temperatures above 

 9⁰C 12⁰C 16⁰C 18⁰C 24⁰C 26.5⁰C 

Number (%) 4 (4%) 21 (19%) 89 (82%) 105 (97%) 59 (55%) 20 (19%) 

3.2. Determinants of winter living room temperatures 

3.2.1. Household characteristics and impact on average winter indoor temperatures 

Independent sample t-tests were performed to explore significant differences between the mean 
living room temperature and binarised household characteristic. The results (Table 3) suggested that the 
energy expenditure, home occupation and length of heating period significantly predicted the average 
indoor winter temperature in these homes. Households that reported to spend more than $1500 on 
electricity or more than $1000 on gas presented average temperature in their living rooms above 18⁰C. 
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In addition, where someone was at home all day or where the heater was used continuously, the 
average winter living room temperatures were statistically significantly higher than in other households.   

Table 3: Results of independent samples -t-test results of average living room temperature during the 
winter months and household characteristics. 

Group statistics      t-Test for equality of 
means 

  Effect 
size 

    N %ᵃ Mean 
(⁰C) 

SD 
(⁰C) 

  t df p-value   Mean 
differe
nce 
(⁰C) 

d 

Weekly householder attendance Binary 1        

  Nobody at home  
during some hours 

61 56% 17.6 1.7  -2.62 106 .01 * -0.87 0.51 

 Someone is home 
all day 

47 44% 18.5 1.7        

Household size less/ 4 or more        

 Household size <3.9  45 44% 17.8 1.8  -0.86 100 0.39  -0.30  

 Household size =>4 57 56% 18.1 1.8        

Electricity Costs Binary 1        

  < $1500 72 67% 17.5 1.7  -3.94 106 < .001 ** -1.33 0.83 

 >-$1500 36 33% 18.9 1.5        

Gas Costs Binary 1        

 < $1000 ᵇ 72 67% 17.7 1.7  -2.31 105 .02 * -0.82 0.56 

 > $1000 35 33% 18.5 1.8        

Heater use  Binary 1        

 Continuously 20 19% 19.3 1.5  3.91 106 < .001 ** 1.60 1.00 

 Intermittently ᵇ 88 81% 17.7 1.7        

Winter comfort vote Binary 1        

 Cold or Cool 32 30% 17.5 1.7  -1.92 106 .06  -0.70  

 Comfortable or 
warm 

76 70% 18.2 1.8        

IER lower/ upper 5 deciles within VIC      

 in lower 5 deciles 22 20% 17.7 2.1  -0.75 106 .46  -0.31  

  in upper 5 deciles 86 80% 18.0 1.7        

 
* 

Statistically significant at p<0.05    

*
* 

Highly statistically significant at p<0.01    

ᵃ  'Valid percents' based on the number of responses    

ᵇ  While score for the group of homes exhibited evidence of non-normality, the central limit theorem ensured 
that 
 t-test could be applied as the sample size of this group was bigger than 30.  
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3.3. AccuRate star ratings and impact on levels of indoor temperatures 

The association of the homes’ star ratings with selected indoor temperatures indices was explored by 
fitting linear regression models in SPSSv22.  The results revealed that the star ratings were poor 
predictors of indoor temperatures (Table 4). While the change in average temperatures occurred in the 
expected directions, with higher star rated homes being warmer, the p-values did not reach the 
significance threshold of 0.05. A statistically significant negative association was only found for the 
standard deviation of the average winter living room temperature although the star ratings could only 
explain less than 4% of the association. Heating in more efficient homes may have been better 
controlled with thermostats rather than with manual controls that do not refer to temperature 
thresholds. Linear regression models for the relationship between the exposure to unsatisfactory indoor 
temperatures and star ratings did not show statistical significance at the 95% level of significance.  

4. Discussion 

Despite implied benefits of improved residential thermal performance on thermal comfort and health, 
to date there has been little empirical knowledge on indoor temperatures of Australian homes and their 
determinants.  This observational study has provided insight into the warmth of 108 detached homes 
built between 2003 and 2012 in Melbourne, Victoria, during a typical winter and has identified several 
determinants.  

The mean temperatures in the living rooms of these probably more advantaged households seemed 
to have satisfied the WHO guideline of 18⁰C. Compared to homes in similar climates, the sample 
Melbournian homes were about as warm during winter as dwellings in the UK (17.8⁰C) (Kane et al., 
2015) and slightly warmer than homes on the North Island of New Zealand (16.5⁰C) (Isaacs et al., 2010) 
and those of deprived households in Greece (15.9⁰C) (Santamouris et al., 2014). However, periods of 
under-and overheating, which may have compromised health, were common and may have been due to 
shortcomings in heating control, as found in Ireland  (Rugkåsa et al., 2004) and New Zealand (Isaacs et 
al., 2006) or preference, as observed in England (Critchley et al., 2007).  

The results concurred with international evidence that home attendance and continuity of heater 
use are predictive of higher indoor temperatures (Kelly et al., 2013). The lack of a significant association 
between indoor temperatures and area-based household socio-economic status has also been observed 
in a retrofit intervention study of low-income homes in the UK (Oreszczyn et al., 2006). 

Statistical tests showed star ratings were a poor predictor of indoor temperatures. This result was 
surprising considering that improved ratings of dwellings of low-income households in the UK 
(Oreszczyn et al., 2006)  and increased insulation in a representative sample in New Zealand (Isaacs et 
al., 2010) have led to warmer homes. A possible explanation is that these Melbournian householders, 
who appear to have been better off financially, were able to afford heating even their less efficient 
homes to comfortable temperatures. Higher star rated homes used, however, less energy than lower 
star rated homes to achieve these comparable levels of warmth (Ambrose et al., 2013). The lack of a 
clear relationship between star ratings and indoor temperatures may also have been due to the sample 
having been too small or because poor workmanship in the insulation and air tightness in the higher 
rated RBEE homes compromised their thermal performance (Ambrose et al., 2013). While it would be 
advantageous to test the influence of the dwellings’ heat loss on indoor temperature, as this is a better 
indicator or the buildings’ thermal performance than the normalised values on which AccuRate star 
ratings are based, this was not possible due to lack of data.  
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This study was limited by the sample size, the non-representative housing and population sample, 
and the reliance of self-reported fuel expenditure. In addition, the study only used simple statistical 
methods. As the probabilities were not re-calculated using a multiple comparison procedure, the results 
should be interpreted as hypotheses that should be tested in future, more focussed, research.  

This study leaves a gap in knowledge on poorer performing homes that are dominating the Victorian 
housing stock (Victorian Government Department of Sustainability and Environment, 2006) and low 
income households who may compromise on adequate heating (DCCEE, 2013). Deliberations on the 
general relationship between energy efficiency ratings and indoor temperatures in the state of Victoria 
require data from a larger, representative sample of homes. In addition, more research is needed to 
identify how householder heating practices mediate between the thermal quality, efficiency and control 
of heating systems and indoor warmth. 

Table 4: Results of linear regression model predicting the effect of the star rating on selected indoor 
temperature indices. 

    ANOVA Unstandardised 
coefficients 

Variable R R² df F p  β (⁰C) Constant 
(⁰C) 

Average indoor temperatures during the whole winter period (1 June - 31 August) 

 Min .047 0.002 107 0.232 .630  0.13 11.08 

 Average .080 0.006 107 0.689 .410  0.17 17.18 

 Max .090 0.009 107 0.945 .330  -0.29 26.93 

 Range (Max-Min) .107 0.011 107 1.227 .270  -0.42 15.84 

 LR average 8:00am-7:59pm .077 0.006 107 0.637 .430  0.18 17.5 

 LR average 8:00pm-7:59am .075 0.006 107 0.606 .440  0.16 16.86 

 LR average 6:00pm-9:59pm .058 .003 107 0.356 .550  -0.13 20.64 

 LR average @ 3:00am .123 0.015 107 1.624 .210  0.27 15 

 LR average @ 6:00am .091 0.008 107 0.885 .350  0.24 14.79 

 LR average @ 8:0pm .075 0.006 107 0.606 .440  -0.17 20.99 

Standard deviations of indoor temperature variable 

 Average SD .211 0.045 107 4.945 .030 * -0.18 3.3 

LR Living room   

SD Standard Deviation   

 * Statistically significant at p<0.05  

5. Conclusion 

This study could not provide statistically significant evidence that higher star rated homes predicted 
more satisfactory indoor temperatures. While it would not be appropriate to base policy 
recommendations on this small, unrepresentative study, this work suggests possible strategies for social 
change and the design of residential energy efficiency rating tools. The finding that self-reported fuel 
expenditure was a better predictor of mean indoor temperatures than energy efficiency star ratings is 
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relevant in the debate around fuel hardship and mandatory disclosure. These results suggest that winter 
fuel cost assistance may be more effective in achieving satisfactory warmth than improving homes 
through thermal retrofits. In addition, these findings suggest that residential energy efficiency rating 
schemes such as NatHERS, which are compliance tools carried out at the design stage, could usefully be 
complemented by mandatory disclosure of in use energy consumption data which would provide 
occupants with a guide to as-built and in use performance. With regards to residential energy efficiency 
assessments, the failure to find significant associations between star ratings and indoor temperatures 
seems to support the ‘whole of building’ approach proposed in the Draft National Building Energy 
Standard – Setting, Assessment and Rating Framework (DCCEE, 2012). The current NatHERS rating 
scheme is focused on the designed performance of the dwellings’ thermal envelope, yet concerns about 
non-compliance have been raised (Pitt & Sherry and Swinburne University of Technology, 2014). The 
results of this study suggest that a residential energy efficiency rating tool may need to include 
consideration of the efficiency of the heating system and ensure the thermal quality of the building 
fabric thermal in order to predict improved winter warmth in higher rated homes. 
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