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Abstract: Overcrowding in houses is a known problem but in some developed countries like New 
Zealand a new phenomenon, here called “large housing” has appeared. From 1974 to 2011 the average 
new New Zealand house almost doubled in size while occupancy reduced in the same period. First 
studies indicate large houses include several bathrooms, double/triple garaging, extra bedrooms/living 
areas, specialized rooms, more fixed and moveable furniture and more appliances, and that people only 
spend 11% of daily time in these spaces, suggesting the resources associated with them are underused. 
This study aims to discover the energy embodied in these extra spaces and their fittings for couples 
living in different sized houses. The energy people use of living in different sized houses is also estimated 
over a life-cycle. The results indicate that house size is highly correlated with more embodied energy 
and people living in large houses use several times the life cycle energy of those in small houses. In 
addition, a great part of this energy is used in spaces correlated with 11% of a daily life. It seems housing 
decisions highly affect energy consumption. Indeed, for sustainable housing, human behaviour is as if 
not more, important than technical features. 
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1. Introduction 

An initial study of New Zealand houses shows that new houses have almost doubled in size from 1974 
(108.7 m

2
) to 2011 (191.6 m

2
) (Statistics New Zealand, 2014a). At the same time average household size 

has decreased from 3.7 in 1951 to 2.6 in 2011 meaning fewer people are living in larger houses 
(Statistics New Zealand, 2008). Fuller and Crawford (2011) reported the same living pattern in Australia. 
Because of the lack of studies on large houses there is little knowledge about their features, although a 
preliminary unpublished study as part of this research showed these houses have extra bedrooms, extra 
living rooms, en-suite bathrooms, double and triple garaging and more rooms with specialized functions.  

Large houses use more embodied energy through more use of building materials and those 
associated with bathroom and kitchen fittings (Vale and Vale, 2009). Over the life cycle of a house, 
operational energy is also required for heating, cooling, and lighting and larger houses use more 
operating energy (Mithraratne et al., 2007). Apart from this, the energy associated with maintenance, 
which will be greater for larger houses, will also be added to the life-cycle energy consumption. In 
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addition, large houses need more furniture and appliances to fill rooms. Though the embodied energy of 
these is not very big, having a relatively short life means furniture and appliances will be replaced 
several times within the life cycle of house (Treloar, 1999). Consequently, the energy associated with 
these will make up a significant part of the life cycle energy of the house (Mithraratne et al., 2007). 

Although most people living in large houses believe these give them more flexibility, results of an 
unpublished part of this study shows extra rooms are rarely used in large houses. If large houses are 
associated with increased energy consumption over their life cycle this will have environmental impacts, 
such as creating higher levels of CO2 emissions (Crawford, 2011). Accepting the fact that large houses 
are more flexible for occupants, this study aimed to develop a method to show the impact of selecting 
different sized houses and how sustainable each size of house could be for different sized households. 

2. Methodology 

As a part of a PhD study on the effects of large housing on occupant behaviour and resource use in New 
Zealand an online survey was undertaken from February to April 2015. The questionnaire used the web-
based service Qualtrics (Qualtrics, 2015). To limit the scope of the study the questionnaire targeted 
three household types: single person households, couples and couples with 1 or 2 children as statistics 
show that large housing mostly accommodates small families (Statistics New Zealand, 2011). Assuming 
furniture in rental houses does not necessarily belong to the tenants, the survey was also limited to 
owner-occupied houses.  

The questionnaire first asked for general information about family members. It went on to ask about 
the type and number of spaces in their home, furniture and its location and the time spent in each room 
of the house, outdoors, and out of home by each occupant over one day. This method is popular in 
time-use microenvironment studies (Wu et al., 2011) although it has not been used in architectural 
studies before. The survey was anonymous and a snowball sampling technique was used for 
recruitment. Overall, 445 households took part in the survey. While 212 (47.6%) households finished the 
whole survey, 285 (64.0%) households only finished the house and furniture parts. Considering the 
number of people in each household, the survey provided a data set for time-use of 538 individuals and 
212 houses/households. This paper will discuss energy effects of houses (including bathroom, toilet and 
kitchen fittings but excluding furniture) only occupied by couples, while time-use and furniture studies 
will be presented in separate papers. In total 96 couples successfully entered data regarding their house 
and furniture. Garages are also excluded from this study and will be analyzed and presented in future 
publications.  

Initial embodied energy and life cycle energy per square metre has been taken from the available 
literature for New Zealand for a typical timber frame house with timber or other lightweight cladding. 
All houses are assumed to be of this particular type to provide comparable results according to the 
house size.  

3. Analysis 

3.1. Large housing 

Large and small are relative terms which need be defined according to user characteristics. For instance, 
a large or small shirt for an adult male means the size is compared to a normal male adult body. This 
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approach can be used for house size. Large housing in this study is defined as living in houses with extra 
rooms relative to the number of normal occupants. 

Each household needs a living room, dining room, kitchen (either separate or combined), and bathroom 
with toilet. In addition, all family members also need a bedroom although this could be shared for 
couples. All crowding indices working with number of bedrooms also allow shared bedrooms for 
children of the same and opposite genders up to a specific age, which varies between different crowding 
indices (Goodyear et al., 2011). This study considers one bedroom for each family member and assumes 
couples share a bedroom. 

The number of rooms follows Statistics New Zealand (2014b) definitions. It includes all habitable 
spaces (with floor area more than 4 m

2
) enclosed by walls, floor and ceiling/roof excluding all service 

areas (bathroom, laundry etc.). The kitchen, living room and dining room are counted separately even 
where these are combined. A six room house is thus the standard three bedroom model, even where a 
‘bedroom’ might be in use as a study or playroom. Based on this definition, Table 1 summarizes the 
number and type of rooms necessary for each household type. Regardless of type of room, having any 
room other than these will be considered extras in this study. So a couple with 5 rooms is considered to 
have 1 extra room. 

Table 2 Number and type of rooms needed for each household type 
Household type Type of rooms needed Number of rooms needed 

Single person 1 Kitchen + 1 Living room + 1 Dining room + 1 Bedroom 4 
Couple 1 Kitchen + 1 Living room + 1 Dining room + 1 Bedroom 4 
Couple with 1 child   1 Kitchen + 1 Living room + 1 Dining room + 2 Bedrooms 5 
Couple with 2 children   1 Kitchen + 1 Living room + 1 Dining room + 3 Bedrooms 6 

 

Large housing is a complicated term as couples living in 5 room and 10 room houses are both in large 
housing although the first household has 1 and second 6 extra rooms. As a result this study looks at the 
energy embodied in these large houses with extra rooms above the basic requirements in Table 1, to 
give a comparison for different sized houses occupied by couples. Analysis of the survey data shows of 
96 couples, 4 (4.2%) were living in houses with 0 extra rooms, 10 (10.4%) in houses with 1, 25 (26.0%) in 
houses with 2, 22 (22.9%) in houses with 3, 13 (13.5%) in houses with 4, 12 (12.5%) in houses with 5, 
and 10 (10.4%) in houses with 6 and 6+ extra rooms. 

3.2. Floor plan area study 

The on-line survey asked participants for the floor area of their house and garage(s) and to send an 
electronic or hard copy of their house floor plan using a prepaid envelope. Many participants provided 
data for the floor area although very few sent floor plans. For those who did, a comparison was made 
between given floor area and measured floor area through an AutoCAD 2015 analysis. This showed 
significant differences for some cases. Additionally, with so few plans it was difficult to find average 
areas of rooms and NZ databanks could not be used as the survey was anonymous and postal addresses 
were not supplied. A search failed to find a similar study of New Zealand houses, and those of other 
countries could not be used because New Zealand houses differ in size and their features. However, the 
survey had information about number and type of rooms.  Consequently, a floor plan study of New 
Zealand houses was undertaken. As a first step 30 published plans of New Zealand houses with differing 
numbers of rooms were selected and analyzed in AutoCAD 2015 to find room and whole house areas. 
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Overall floor area was measured inside the external walls and to take account of internal partitions half 
the area of each shared wall and the whole area of non-shared walls were allotted to the relevant room. 
Data for all houses were gathered in an Excel spread sheet and an average floor area was produced for 
each room type. The study showed that by using 30 cases a stable average for each room was achieved. 

However, the average floor area for each room type did not reflect what happened in different sized 
houses. For instance, the average floor area for main bedrooms was too small for large houses and too 
big for small houses. This led to a different strategy. It was decided to select 30 houses each of 4, 5, 6, 7, 
8, 9, 10, 11 and 12+ room houses and do the same analysis for each house size separately. The average 
room sized for four room houses is only used to represent four room houses in the survey and so on. In 
addition, circulation spaces also varied considerably according to the overall floor area. Calculating 
circulation space area as a percentage of the overall floor area gave a more precise estimation of the 
area for circulation. It should be noted that as this part of the research is still under way, the results here 
are based on analysis of 103 houses (an average 11 houses of each size).  

3.3. Embodied Energy 

Alcorn investigated the embodied energy of New Zealand building materials and published and updated 
relevant data in 1996, 1998 and 2003. He updated data and developed an input-output method (Baird 
and Chan, 1983) into a process analysis method (Alcorn, 1996) and finally hybrid analysis (Alcorn, 2003). 
The results culminated in his PhD thesis (Alcorn, 2010) in which he tried to develop a method for 
measuring the sustainability of samples of New Zealand houses from the 1970s, 2000s, 2010s, and 
2020s, using the embodied energy of construction and operating energy for each house of type.  The 
lower levels of overall energy and associated CO2 emissions were considered to be more sustainable 
(Alcorn, 2010). It should be noted that Alcorn’s work did not include plumbing and electrical works 
(Alcorn, 2010). 

Based on Alcorn’s embodied energy of materials data two more studies have looked at the 
embodied energy of New Zealand houses. Mithraratne et al. (2007) calculated the embodied energy of a 
typical 94 m

2
 New Zealand house for three different types of construction: light construction, heavy 

construction and super-insulated construction, using the data set provided by Alcorn and Wood (1998). 
Unlike Alcorn (2010) this study includes plumbing and electrical works based on a similar study in 
Australia by Fay (1999). Mithraratne et al. (2007) also considered the embodied energy of furniture and 
expanded their calculations for two different sized houses (146 m

2
 and 194 m

2
) and compared the 

results. Their comparison showed the embodied energy of the building materials per square metre 
decreased for larger houses because there were fewer interior walls. Mithraratne et al. (2007) also 
considered the useful life of building components and operating energy and compared the life-cycle 
energy consumption of each house for 0, 25, 50, 75 and 100 years. The second study by Vale and Vale 
(2009) compared the embodied energy of materials in typical 100 m

2
 and 200 m

2
 New Zealand houses 

with walls of timber frame with brick veneer, straw bale, and straw stabilized adobe block. Vale and Vale 
(2009) also considered maintenance and operating energies to give life cycle energy for a period of 50 
years. Like Mithraratne et al. (2007), Vale and Vale (2009) considered the embodied energy of plumbing, 
electrical works, and kitchen fittings and large appliances in detailed calculations of these spaces. Table 
2 summarizes total initial embodied energy of houses by area as first constructed, excluding furniture, 
fittings and appliances according to Mithraratne et al. (2007), Vale and Vale (2009) and Alcorn (2010).  

This study aims to compare the embodied energy of different sized houses, so the data from 
Mithraratne et al. (2007) was used as this covers a range of small (94 m

2
), medium (146 m

2
) and large 
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(192 m
2
) houses. To control the effects of different technologies and materials, in this first analysis all 

houses were assumed to be timber frame with timber or other lightweight cladding, as these are the 
most popular house types in New Zealand.  As houses in this study are not necessarily the same size as 
those investigated by Mithraratne et al. (2007), a graph was constructed of house size/embodied energy 
per square metre (Figure 1). The numbers in boxes show the initial embodied energy per square metre 
for the three Mitraratne et al. (2007) case study houses. These values were joined and the lines created 
extrapolated so an approximate embodied energy could be read off for any size of house. Mithraratne 
et al. (2007, p. 171) also calculated the life cycle energy of the three case study houses for 25, 50, 75 and 
100 years. Life cycle energy for each stage includes initial embodied energy and maintenance and 
operating energies over the period but excludes fittings and furniture. The annual space conditioning 
energy consumption is 2,123 kWh for the 94 m

2
, 3,016 kWh for the 146 m

2
, and 3862 kWh for the 146 

m
2
 light construction houses based on an all-day heating pattern (Mithraratne et al., 2007, p. 157, 168, 

171). Though an all-day heating pattern seems unrealistic for NZ houses (in New Zealand people usually 
do not heat the house overnight), this pattern was used for comparison of light and heavy weight 
constructions, to avoid the energy required to heat up the mass diurnally. The same heating values were 
used in this preliminary study. The maintenance schedules for the building fabric, plumbing and electrics 
were also taken from Mithraratne et al. (2007). Structural elements are replaced every 100 years, wall 
cladding  30-60 years, roof covering 40 years, electrical works 50 years, joinery 60 years, plumbing 16-50 
years, flooring finishes 17-50 years, repainting finishes 8-10 years, and kitchen upgrade in every 30 
years. Following the same method for the initial embodied energy, life cycle energy per square metre 
was created for different stages of building life cycle (Figure 1). The second, third, fourth, and fifth lines 
respectively represent trend lines after 25, 50, 75 and 100 years. It should be noted that figures in boxes 
are those of the Mithraratne et al. (2007) data set while other figures are extrapolations based on these.  

Table 1 Total embodied energy and embodied energy per square metre for New Zealand houses 

House type 
Floor area 

(m
2
) 

Total EE 
(GJ) 

EE per m
2
 

(GJ/m
2
) 

Reference 

Light construction  94 179.3 1.91 Mithraratne et al. (2007, p. 164) 
Heavy construction 94 262.5 2.79 Mithraratne et al. (2007, p. 164) 
Super-insulated construction 94 230.1 2.45 Mithraratne et al. (2007, p. 171) 
Timber frame, brick veneer 100 264.0 2.64 Vale and Vale (2009, p. 146) 
Straw bale 100 185.0 1.85 Vale and Vale (2009, p. 146) 
Straw stabilized adobe block 100 234.0 2.34 Vale and Vale (2009, p. 146) 
Light construction  146 236.3 1.62 Mithraratne et al. (2007, p. 171) 
Super-insulated construction 146 315.7 2.16 Mithraratne et al. (2007, p. 171) 
Light construction  192 305.0 1.59 Mithraratne et al. (2007, p. 171) 
Super-insulated construction 192 395.0 2.06 Mithraratne et al. (2007, p. 171) 
Timber frame, brick veneer 200 461.0 2.31 Vale and Vale (2009, p. 146) 
Straw bale 200 349.0 1.75 Vale and Vale (2009, p. 146) 
Straw stabilized adobe block 200 418.0 2.09 Vale and Vale (2009, p. 146) 
Light weight 1970s-slab 200 331.7 1.66 Alcorn (2010, p. 267) 
Light weight 2000s-slab 200 352.3 1.76 Alcorn (2010, p. 267) 
Light weight 2000s-suspended 200 354.7 1.77 Alcorn (2010, p. 261, 267) 
Light weight 2010s-slab 200 412.9 2.06 Alcorn (2010, p. 267) 
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Figure 1 Estimated initial embodied energy and life cycle energy per square metre based on Mithraratne 
et al. (2007) 

3.4. Embodied energy of bathroom and kitchen fittings 

As mentioned above, bathroom and kitchen fittings are excluded in the calculations of the initial 
embodied energy and life cycle energy of the New Zealand houses studies. Vale and Vale (2009) give a 
detailed table of the initial embodied energy of bathroom fittings. In this study houses have separate 
bathrooms, separate toilets, and combined bathroom/toilets, so the initial embodied energy of each has 
been calculated separately using the data from Vale and Vale (2009) by excluding or including 
appropriate fittings and associated plumbing and taps and valves in each scenario (Table 3). Using the 
useful life of each element from Mithraratne et al. (2007, p. 132) life cycle energies were calculated for 
25, 50, 75 and 100 years and are presented in Table 3. This shows the life cycle energy of a separate 
bathroom fittings after 50 years is nearly four times initial embodied energy because of the relatively 
short replacement cycle of fixtures and fittings (15-20 years). 

Vale and Vale (2009) also calculated the initial embodied energy of kitchen components. Their table 
includes major appliances like a cooker, refrigerator and dishwasher and finishes for walls and floor. As 
figures by Mithraratne et al. (2007) include finishing materials and this study does not cover appliances, 
these were excluded to give the results presented in Table 3 (initial embodied energy). Using the useful 
life of each component from Mithraratne et al. (2007, p. 132) total life cycle energies per square metre 
were also calculated for 25, 50, 75 and 100 years and these are presented in Table 3.   
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Table 2 Initial embodied energy and life cycle energy of combined bathroom/toilet, separate bathroom, 
separate toilet and kitchen fittings and components (based on dataset by Vale and Vale (2009, p. 150, 

188) and Mithraratne et al. (2007, p. 132)) 
 Combined bathroom/toilet Separate bathroom Separate toilet Kitchen 

Initial embodied energy (MJ) X3753.0 x3356.0 x712.0 1429.0 
Total life cycle after 25 years (MJ) X8712.2 x7817.7 2171.5 2965.0 
Total life cycle after 50 years (MJ) 13671.3 12279.3 3414.1 4501.0 
Total life cycle after 75 years (MJ) 18630.5 16741.0 4656.6 6037.0 
Total life cycle after 100 years (MJ) 23589.7 21202.7 5899.0 7573.0 

3.5. Large housing and energy consumption 

This part compares the initial embodied energy of houses occupied by couples, including bathroom and 
kitchen fittings. For each participant the total floor area was estimated based on the number of rooms 
and the method outlined in 3.2. The nearest initial embodied energy per m

2
 was extracted from Figure 1 

and multiplied by the total calculated floor area of each house. Initial embodied energies of bathroom 
and kitchen fittings were extracted from Table 3 and multiplied by the number of bathrooms and 
kitchens reported and the results added to the initial embodied energy of the building materials. Figure 
2 presents the results of this comparison for couples living in houses with 0-6+ extra rooms.  

 

 

Figure 2 Initial embodied energy of building materials including bathroom/kitchen fittings for houses 
with 0-6+ extra rooms occupied by couples (furniture and appliances excluded) 

The same method was used to calculate total energy use at 25, 50, 75 and 100 years. Life cycle 
energy per m

2 
in Figure 1, includes initial embodied energy and maintenance and operating energies 

over the period. Appropriate values from Figure 1 were multiplied by the calculated floor area of each 
house to find total energy consumption (excluding bathroom and kitchen fittings) for that particular 
stage of life. Life cycle energies of bathroom and kitchen fittings for the relevant life stage were 
extracted from Table 3, multiplied by the number of bathrooms and kitchens for each house, and the 
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results added. The final total life cycle energy for each stage for houses with 0-6+ extra rooms occupied 
by couples is presented in Figure 3. 

 

 

Figure 3 Comparison of total life cycle energy for houses with 1-6+ extra rooms occupied by couples 
(furniture and appliances excluded) 

4. Discussion 

As could be predicted, this study shows that larger houses need more energy for construction, 
maintenance and operation over their life cycle. According to Figure 2, the initial embodied energy to 
build a house with three extra rooms for a couple is almost double (86.6% more) that of a house with no 
extra rooms. A house with 3 extra rooms is a very popular type in recent developments in New Zealand, 
typically with a combined living room/dining room/kitchen, 3 bedrooms and a study (subtotal 7 rooms) 
while a house of a similar type with no extra rooms for a couple would only have a combined living 
room/dining room/kitchen and a bedroom. The initial embodied energy is even more for a couple in a 
house with 6 or 6+ extra rooms as in this case the initial embodied energy of the house and fittings is 
more than 2.5 times that of houses with no extra rooms (150.3% more). A house with 6 extra rooms for 
a couple could include a combined living room/dining room/kitchen, a formal living/dining room, 4 
bedrooms and a study, again a popular house type in New Zealand. These results mean that the initial 
embodied energy required to build a house with 3 and 6 extra rooms for couples is equal to that needed 
to build 1.9 and 2.5 houses with no extra rooms for couples. A study by Fuller et al. (2009) in Melbourne 
also found the embodied energy of a typical 2009 house (233.5 m

2
) is more than 215% that of a 1950 

house (95 m
2
). Another study by Fuller and Crawford (2011) compared energy consumption per capita in 

7 houses representing a house per decade from 1950s-2000s and a 2008 house, with an increase in size 
in each decade. The results showed an increase in embodied energy per capita with increase in house 
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size. However, in both studies houses used different materials and technologies and it is not clear what 
part of the increase in the total embodied energy was really rooted in house size differences.    

The discussion above only reflects the initial embodied energy of different sized houses, which is not 
the whole story. Over the life cycle of a house, annual operating and regular maintenance energies need 
to be included. Figure 3 shows the total life cycle energy of a house increases over its life cycle with the 
increase rate higher for larger houses than small ones. Figure 3 shows the ratio of total life cycle energy 
in year 100 to initial embodied energy (Year 0) is respectively 8.65, 8.77, 8.94, 9.27, 9.31, 9.39 and 9.45 
for houses with 0, 1, 2, 3, 4, 5, and 6-6+ extra rooms. This shows the resources consumption of larger 
houses increases more than small houses over the life cycle. Assuming a couple lives 75 years in the 
same house, at the end of this period the energy consumption of a couple in a house with 3 extra rooms 
is more than double (105.7% more) that of a couple in a house with no extra rooms. For a couple living 
in a house with 6 or 6+ extra rooms for 75 years the life cycle energy is more than 2.8 times that of a 
house with no extra rooms (181.2% more). These mean that using the energy equivalent of a house with 
3 and 6 extra rooms over 75 years, it would be possible to make and operate 2.1 and 2.8 houses of the 
same materials and technology with no extra rooms for couples. 

Large housing needs more furniture and appliances to fill the extra rooms in the house. Though the 
initial embodied energy of furniture and appliances is not large, the fact these items need to be replaced 
several times over the life cycle of a house will make their associated life cycle energy more significant 
(Treloar, 1999). Though data to investigate this has been collected through this survey, its analysis will 
be presented in a separate paper. In addition, large houses normally have more space for parking cars 
and so have larger garages. The floor area of garages was not included in this study and so relevant 
embodied energy is omitted from the analysis. This investigation will also be presented in a separate 
paper. From this it seems this analysis of the energy impact of living in large houses will be an 
underestimate. 

People who choose to live in large houses usually argue these are more flexible. Accepting this, the 
question arises as to how much these extra rooms are used. Results of an unpublished part of this 
survey regarding time spent in different rooms of the house shows that depending on the house layout 
people spend 76.4%-85.8% of their time at home indoors in the living room, dining room, kitchen and 
sleeping bedroom. Considering the brief time spent in bathroom, this is 79%-88% of the average time 
spent at home indoors. This clearly shows that extra rooms, if they exist, are used in total for 12%-21% 
(16.5% on average) of time at home indoors, or 2.5 hours/day. In addition, the results of the same study 
show that people living in 4 and 4+ room houses spend less time at home indoors, which could relate to 
being too busy at work to earn money to pay for the large house.  

Results of previous studies by Alcorn (2010), Vale and Vale (2009) and Mithraratne et al. (2007) show 
that the building technology and materials used in New Zealand houses all have high effects on both 
initial and life cycle energies of a house. Accepting this, the results of this study suggest that human 
behaviour regarding house size selection has a high impact on both the initial and life cycle energy of a 
house. Living in suitable sized houses could significantly reduce energy and resource consumption. So 
establishing public trends for living in suitable sized houses and even revising housing regulations to help 
this will be useful (Crawford, 2011). Considering the fact that large housing mostly happens in developed 
countries with access to high levels of natural resources because of their economies raises the question 
of the extent to which people should be able to use natural resources, a great part of which belongs to 
future generations (Dresner, 2008). As Crawford (2011) says there is no penalty/incentive for building 
larger/ smaller houses so maybe it is time for developed countries to consider regulations like those of 
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the UK with its social housing extra ‘bedroom tax’ (National Housing Federation, 2013) to limit large 
housing. 
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