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Abstract—The draft Auckland Unitary Plan outlines the future 

land used for new housing and businesses with Auckland population 
growth over the next thirty years. According to Auckland Unitary 
Plan, over the next 30 years, the population of Auckland is projected 
to increase by one million, and up to 70% of total new dwellings 
occur within the existing urban area. Intensification will not only 
increase the number of median or higher density houses such as 
terrace house, apartment building, etc. within the existing urban area 
but also change mean housing design data that can impact building 
thermal performance under the local climate. Based on mean energy 
consumption and building design data, and their relationships of a 
number of Auckland sample houses, this study is to estimate the 
future mean housing energy consumption associated with the change 
of mean housing design data and evaluate housing energy efficiency 
with the Auckland Unitary Plan. 
 

Keywords—Auckland Unitary Plan, Building thermal design, 
Housing design, Housing energy efficiency. 

I. INTRODUCTION 

S Auckland continues to grow, intensification will occur 
in the existing urban area and quality higher density 

residential development is needed to meet the future 
population growth. According to the draft Auckland Unitary 
Plan, there are five residential zones: Single House, Mixed 
Housing, Terrace Housing and Apartment Buildings, Large 
Lot, and Rural and Coastal Settlement. In future, the Mixed 
Housing zone can be the most common residential zone in 
Auckland urban area. It enabled two storey housing in a 
variety of sizes and forms including detached dwellings, semi-
detached dwellings, town houses and terraced housing and 
low-rise apartments. The unitary plan not only increases urban 
housing density but also changes conventional housing types 
and their thermal performance under the local climate. Those 
changes can also impact housing energy consumption. There 
are a number of previous studies on the impact of different 
building design factors on energy efficiency. These design 
factors are mainly related to building orientation, geometry 
and envelope.  

Some studies focus on building orientation, which is one of 
most important design factors for building energy efficiency, 
impacting on solar radiation received [1], [2] and shading [3]. 
Other studies focus on the impact of building shape [4]–[7] 
with different orientations [5]–[8]; or on energy consumptions 
under different climates [9]. All heat exchanges between 
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indoor space and outdoor space are through the building 
envelope, which has the greatest impact on building energy 
consumption [10], [11].Those studies based on mathematical 
models and computer simulations can be used to compare 
different building designs for energy efficiency. For energy 
efficient house design, computer simulations are becoming 
available as design tools [12]–[14], and some studies combine 
computer simulations with field study data for energy efficient 
house design or improved housing thermal performance [15]–
[18]. The study suggests that better design of new buildings 
could result in a 40-70% reduction in their energy 
consumption relative to 2000 levels [19]. This study is to use 
actual monthly energy consumption data and design data of a 
number of different Auckland houses and their relationships as 
bench marks to estimate variation of mean Auckland housing 
energy consumption in the future associated with Auckland 
Unitary Plan. 

II. METHOD 
Previous study collected the actual energy consumption 

data and design data of 200 different sample houses with 
insulation in their wall and roof [20] in the Auckland urban 
area. The 200 sample houses include 90 one-storey houses, 
104 two-storey houses and 6 three-storey houses. The range of 
floor areas is 31 – 446m2 with a mean floor area of 182m2. 
The range of occupancy per dwelling is 1 – 7 persons with a 
mean number of occupants per dwelling of 3.4 persons. The 
range of floor areas per occupant is 20 – 180m2 with a mean 
floor area per occupant of 65m2. There are 69 houses with 
metal roofs (15 houses with brick walls and 54 houses with 
weatherboard and other walls), 116 houses with concrete tile 
roofs (78 houses with brick veneer walls and 38 houses with 
weatherboard and other walls) and 15 houses with cedar 
shingle roofs or other roofing materials. There are 158 houses 
with internal garages and 42 houses without. According to the 
local climate, an Auckland house normally does not use 
energy for space cooling during the comfort and dry summer 
and only use some energy for temporary space heating during 
the mild and wet winter. An Auckland house uses more energy 
during the winter than other seasons. Extra winter energy of a 
house mainly comprises space heating energy and extra 
energy for hot water and all appliances during the winter, 
which is closely related to building thermal design and thermal 
performance under the local climate. Mean extra winter 
energy is a large portion (28.4%) of mean winter energy of 
Auckland sample houses. Mean total winter energy 
consumption is also a large portion (32.3%) of mean total 
annual energy consumption of the sample houses [21], [22]. 
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