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ABSTRACT 
In 2004 the New South Wales Department of 
Planning and Infrastructure developed a simulation 
tool known as Building Sustainability Index 
(BASIX) to regulate water consumption and 
greenhouse gas emissions from proposed new 
dwellings.  Since then the effectiveness of BASIX 
has been evaluated by analyzing the design features 
selected by users, and by monitoring the actual water 
and energy consumptions from BASIX-compliant 
houses.  Although BASIX encourages sustainable 
design and on average generates a net benefit to 
households, its modelling is based on average 
behavioural patterns known in 2002/03.  The results 
highlight the need to establish a better correlation 
between present user behaviour and water/energy 
consumptions. 

INTRODUCTION 
The residential sector in New South Wales (NSW) 
contributed to around 10% of the total water 
consumption (ABS, 2006) and around 25% of the 
greenhouse gas emissions (GHG-e) from stationary 
sources in 2004/05 (NSW Greenhouse Office, 2005). 
With the average size of new dwellings in Australia 
increasing by more than 10% every decade since the 
1990’s (ABS, 2005; Martin, 2009), residential water 
consumption and greenhouse gas emissions would 
increase significantly if the sustainability of new 
residential dwellings was not addressed. 
In order to encourage the development of sustainable 
residential dwellings, the NSW Department of 
Planning and Infrastructure has developed a 
simulation tool known as Building Sustainability 
Index (BASIX).  BASIX estimates annual potable 
water consumption and GHG-e from new residential 
dwellings based on design features selected by 
designers or developers from an on-line interface.  
BASIX was introduced to Sydney in 2004 and 
expanded to the whole state in October 2005.  Based 
on the BASIX estimates, the NSW government 
requires all new dwellings (houses and multi-unit 
buildings) to meet their mandatory water 
consumption and GHG-e reduction targets before 
their development can be approved.  Developers or 
homeowners must also commit to the design 
selections for the dwellings to be approved by local 

governments (e.g. councils, shires) for occupation.  
Currently, new dwellings must achieve water 
consumption and GHG-e savings of up to 40% 
compared to an average home in 2002/03. 
Given that existing dwellings constitute a majority of 
the housing stock, from October 2006 BASIX 
expanded to include renovations valued at 
AUD$50,000 or more.  This paper is going to focus 
on new dwellings to demonstrate how BASIX 
simulations have been able to regulate water 
consumption and GHG-e through sustainable design.  
The paper will first explain the features and 
methodology of BASIX in estimating residential 
water consumption and GHG-e.  Analysis of data 
collected from the online interface will provide 
insights into design features commonly adopted to 
achieve the sustainable outcomes required by the 
NSW government.  By monitoring the actual water 
and energy consumptions from BASIX-compliant 
houses, the effectiveness of BASIX will be 
evaluated. 

HOW DOES BASIX WORK? 
Rather than specifying which water and energy 
efficient fixtures and technologies should be 
included, BASIX allows designers or developers to 
choose how they meet the mandatory targets for 
reducing potable water consumption and GHG-e of 
new dwellings.  This flexibility is based on the 
philosophy that sustainable design can be better 
achieved by measurable saving outcomes than by a 
list of prescriptive measures. 
BASIX estimates potable water consumption and 
GHG-e from new dwellings, and hence savings from 
an average home in 2002/03 (or benchmarks) using 
existing data available from literature.  Examples of 
data used in BASIX include measured water and 
energy consumptions from rated appliances under the 
Australian Standards, and the average daily rainfall 
and evaporation rates in various locations supplied by 
the Australian Bureau of Meteorology (BOM). 
The data used in BASIX also provides an average set 
of conditions under which the average potable water 
consumption and GHG-e from a dwelling with 
certain design features can be determined, as 
demonstrated by the following example on dwelling 
occupancy. 
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Figure 1 Components considered by BASIX in modelling energy or GHG-e of new dwellings (components only 
applicable to multi-unit dwellings are in dashed borders). 

 

Water consumption and GHG-e vary with the 
number of occupants and their behaviour in the 
dwelling (Bartels and Fiebig, 2000; McBeth, 2011), 
but data on occupants remains unknown to BASIX 
users since the new dwellings are still under 
construction.  Deemed occupancy data from the 
Australian Census (ABS, 2002) is used to reflect the 
average number of people living in various types of 
dwellings in different locations.  Since the Census 
data is not specific to new dwellings, deemed 
occupancy is able to indicate the average number of 
occupants in a dwelling throughout its lifetime, and 
not just from its first occupants immediately after 
construction.  Deemed occupancy of a dwelling also 
depends on its size (as indicated by the number of 
bedrooms) and location.  Deemed occupancies of 
single houses and multi-unit apartment buildings in 
metropolitan Sydney are shown in Table 1. 
The expected behaviour of occupants in dwellings as 
known in 2002/03 is also considered.  BASIX takes 
into account of the average length of shower with 
different rated showerheads, and the likelihood of 
occupants switching on their heating and/or cooling 
appliances depending on the predicted space heating 
and/or cooling loads. 
Although BASIX calculations allow designers to 
trade off between different efficiency measures and 
sustainable designs, the trade-offs are quantitative 
and measurable.  Other rating tools in Australia such 
as Green Star produce sustainability star ratings of 
buildings by including some qualitative 
characteristics (such as management and innovation) 

weighted with arbitrary factors (GBCA, 2011).  
These star ratings are difficult to be reconciled with 
savings in water consumption and GHG-e. 
 

Table 1 
Deemed occupancy in metropolitan Sydney (based on 

2001 Australian Census data) 
 

AVERAGE OCCUPANCY 
(PEOPLE/DWELLLING) BASED 
ON NUMBER OF BEDROOMS 

DWELLING 
TYPE 

1 2 3 4 
Single houses 1.31 2.04 2.85 3.56 
Townhouses 1.31 1.90 2.64 3.48 
Apartment 
buildings  1.31 2.03 2.59 3.11 

 

BASIX has also taken a holistic approach to consider 
most design features and available technology in 
residential dwellings.  In contrast, most existing 
works still focus on water efficiency, energy 
efficiency and building thermal performance 
separately (DEWHA, 2008; Wang et. al., 2010; 
McBeth, 2011). 
BASIX consists of three separate sections: water, 
thermal comfort and energy, but the three sections 
are closely related to each other.  Figure 1 shows the 
components considered by the BASIX energy section 
and their inter-relationship.  For example, thermal 
loads generated by accredited building thermal 
performance simulation softwares (e.g. AccuRate) 
are used to evaluate the space heating and cooling 
energy requirements.  Hot water demand from 
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fixtures not only affects potable water consumption, 
but also the GHG-e from hot water systems. 
The holistic approach of BASIX allows a dwelling to 
meet its mandatory water and GHG-e reduction 
targets by a number of pathways.  Potable water 
consumption and GHG-e from a dwelling will 
increase significantly if pools and spas are installed.  
While rainwater tanks and photovoltaic system can 
be used to compensate for the increase in water and 
energy demand, they may not be necessary if the size 
of pools and spas are reduced, or a solar hot water 
system is installed to reduce the total GHG-e from 
the dwelling.  

BASIX algorithm 
The complexity of BASIX algorithms varies with the 
type of dwelling.  The algorithm for a single house is 
the most straightforward because BASIX only 
evaluates the annual potable water consumption 
(L/year) and GHG-e (kg CO2/year) from the house.  
For apartment buildings, water consumption and 
GHG-e from central systems and/or common areas 
also need to be included.  Figure 1 shows the 
additional components from central systems and/or 
common areas to be considered for an apartment 
building in the BASIX energy section. 
Regardless of the type of dwelling, BASIX estimates 
potable water consumption based on design details 
such as the size of landscaped area, the presence, size 
and connections of rainwater tanks and the efficiency 
of water fixtures.  To evaluate the irrigation demand 
of landscaped area, daily water balance calculations 
in the soil are performed after taking into account of 
evapo-transpiration and rainfall.  Evapo-transpiration 
is dependent on the type of plants and soil in the 
landscaped area, as well as the rate of evaporation 
that varies with the location of the dwelling.  If a 
rainwater or stormwater tank is used to supply water 
for irrigation, daily changes in water level are 
modelled to determine the amount of potable water 
required to maintain a minimum water level. 
Similarly, energy consumption from each component 
in Figure 1 is based on the performance of design 
features selected by the users.  Performance data is 
available from the Australian Standards and other 
regulatory standards (e.g. Building Code of 
Australia).  On-site power generation such as 
photovolatics can be selected to reduce the net 
electricity consumption from the dwelling. 
Gas and net electricity consumptions from the 
dwelling are converted to GHG-e (kg CO2/year).  
Greenhouse gas intensity factors for converting 
energy from various sources to GHG-e are listed in 
Table 2 (AGO, 2002; NGGIC, 2002).  They are 
determined from the full fuel cycle of their respective 
energy sources.  Greenhouse gas intensity of 
electricity in NSW is significantly high because coal-
fired plants account for 68% of the current output 
capacity of power generation in NSW (Industry 
NSW, 2011). 

 

Table 2 
Greenhouse gas intensity factors in NSW in 2002 

 

ENERGY SOURCE 
GREENHOUSE GAS 

INTENSITY FACTOR 
(KG CO2/MJ) 

Electricity 0.281 
Reticulated gas 0.0719 
Firewood* 0.057 

* Assuming 90% re-growth of firewood 
 

After estimating the potable water consumption and 
GHG-e from new dwellings, BASIX evaluates water 
and energy scores in terms of total benchmarks 
(Equation (1)).   
 

)1(100
benchmark Total

nconsumptio Total -benchmark  Total
energy)or (water  Score

×

=
 

 

The units of total benchmark and consumption are 
L/year for the water score and kg CO2/year for the 
energy score. 
Total benchmarks are obtained by multiplying the 
BASIX benchmarks with the deemed occupancy of 
the dwelling (e.g. Table 1).  The BASIX water 
consumption benchmark is 247.5 L/(person.day) and 
the energy (or GHG-e) benchmark is 3,292 kg 
CO2/(person.year).  The benchmarks were 
determined from water and energy consumption data 
in NSW in 2002/03. 
The BASIX water and energy scores are compared 
with their respective mandatory targets.  Dwellings 
located in harsher climates tend to consume more 
water and energy. High-rise apartment buildings also 
tend to consume more energy on a per capita basis 
(Myors et. al., 2005).  More extensive efficiency 
measures need to be implemented in these dwellings 
if they need to meet the same water and energy 
targets as single houses in milder coastal areas.  To 
address this imbalance between the cost of BASIX 
compliance and savings in water consumption and 
GHG-e, the mandatory targets are set to vary with the 
location and the type of dwelling.  Water targets vary 
from 40 in coastal NSW to 0 in the arid inland areas.  
Energy targets range from 40 for single houses in 
coastal NSW to 5 for high-rise apartment buildings 
located in the hot inland or cool highland areas of 
NSW. 

SUSTAINABLE OUTCOMES FROM 
BASIX 
The introduction of BASIX encourages the 
installation of water saving and energy efficient 
appliances, fixtures and systems in dwellings and 
common areas.  Analysis of the input data to BASIX 
indicates that 84% of the new dwellings utilize water 
sources other than potable water from the mains 

Proceedings of Building Simulation 2011: 
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November. 

- 2861 -



0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

2004/05 2005/06 2006/07 2007/08 2008/09
Year

Dw
el

lin
gs

New dwellings

Rainwater tanks

Other sources

supply.  Alternative water sources include rainwater 
tanks, stormwater tanks, or recycled water supply. 
 

Figure 2 Alternative water source in BASIX 
dwellings 

 

Rainwater tanks are the most popular alternative 
water source and installed in around 70% of the new 
houses and apartment buildings in 2008/09 (Figure 
2).  Before BASIX was introduced, only around 12% 
of the dwellings in NSW sourced water from 
rainwater tanks. 
 

Table 3 
Effects of rainwater tank (4 kL) on BASIX water 

scores in selected locations of NSW 

 BLACKTOWN 
(SYDNEY) 

WAGGA 
WAGGA COBAR 

Rainfall 
(mm/year) 863 347 280 

Evaporation 
(mm/year) 1,470 1,797 2,140 

Water target 40 25 10 
Water score  
- no tank 24 11 2 
- with tank 41 24 12 
Score 
increase 17 13 10 

Note:  The rainwater tank is connected for garden irrigation 
and household use in toilets and laundry. 
 

 

The effectiveness of rainwater tanks in meeting the 
mandatory water target of BASIX explains their 
popularity in new dwellings.  As an illustration, 
consider the average BASIX house, which has 4 
bedrooms, a floor area of 240m2, a garden area of 
300m2 and a rainwater tank with a volume of 4 kL. 
Table 3 shows the effects of the 4 kL rainwater tank 
on the BASIX water score of the new house for 3 
locations in NSW with different rainfall and humidity 
levels.  It can be seen from Table 3 that an average-
sized rainwater tank increases the water scores by 10 
points in Cobar (the driest area), 13 in Wagga Wagga 
and 17 in Blacktown (suburban Sydney). 

However, rainwater tanks are not the only means to 
meet the water target.  It is possible to obtain the 
same water score in each location of Table 3 by using 
recycled greywater for irrigation and by installing 
more water-efficient fixtures. 
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Figure 3 Trends in BASIX hot water systems 
 

Electric hot water systems were found in 67% of 
dwellings before BASIX was introduced, but they 
now feature in only 0.4% of the new dwellings in 
NSW (Figure 3).  Gas systems have become the main 
alternative to electric systems. Because of the higher 
greenhouse gas intensity of electricity in NSW (Table 
2), electric systems generally result in higher GHG-e 
than gas systems. 
To illustrate the effects of hot water systems on 
BASIX energy scores, the same 4-bedroom house for 
Table 3 is considered after energy efficient lighting 
and space heating/cooling appliances are selected.  
 

Table 4 
Effects of hot water systems on BASIX energy score 
of a 4-bedroom house in selected locations of NSW 

  

 

The 4-bedroom house is not able to meet its 
mandated energy target with electric instantaneous 
hot water systems (Table 4).  When a gas system is 
selected, the energy score is improved by more than 
15 points.  In addition to the lower greenhouse gas 
intensity from gas, the energy efficiency of gas 
instantaneous systems contributes to the increase in 
energy score. 
Results in Table 4 are able to demonstrate the holistic 
approach that BASIX uses to encourage sustainable 
dwelling design.  Even after energy efficiency is 
considered in every other aspect of the new dwelling, 
the energy target cannot be met unless the efficiency 

 BLACKTOWN 
(SYDNEY) 

WAGGA 
WAGGA COBAR 

Electric 
instantaneous 28 16 15 

Gas 
instantaneous 
(5-star) 

45 33 31 

Energy target 40 25 25 
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of hot water systems is also considered.  If, however, 
the designer insists on electric hot water systems, the 
flexibility of BASIX simulations allows the higher 
GHG-e to be compensated by on-site power 
generation such as photovoltaics and cogeneration 
systems. 

Estimated savings and benefits to households 
Based on the number of new dwelling approvals 
since the introduction of BASIX (ABS, 2009), 
BASIX-compliant dwellings are predicted to have 
saved around 24.8 billion litres water and emitted 
693,000 fewer tonnes of greenhouse gas by 2009/10 
compared to the same number of pre-BASIX 
dwellings.  The projected total water consumption 
and GHG-e of new BASIX dwellings against average 
pre-BASIX homes up to 2050 are shown in Figure 4 
(a) and (b).  The gap between the plots in each figure 
represents the total reductions in potable water 
consumption and GHG-e until 2050.  A cost-and-
benefit analysis was commissioned by the NSW 
Department of Planning and Infrastructure in 2010 
(Nera, 2010).  According to the analysis, total 
consumption and emission reductions translate to 
savings of AUS $495 million in water bills, and AUS 
$1,800 million in energy bills on average. 
The cost of BASIX compliance and the resultant 
economic benefits of an individual dwelling vary 
significantly with the type and location of the 
dwelling.  A number of case study dwellings were 
evaluated based on the most popular water and 
energy efficiency selections from the BASIX data to 
meet their mandated targets.  The case study 
dwellings include two houses located in Blacktown 
(Sydney) and Wagga Wagga (regional), as well as 
low-rise and high-rise units  in Sydney.  All of them 
are assumed to be built and occupied in 2006.  
Figure 5 shows the annual economic benefits in 
terms of the net present value (NPV) of bill savings 
from 2006 – 2050.  They are compared to the costs 
required to meet the BASIX mandatory targets.  
After other indirect cost and benefit items (such as 
administration costs and environmental benefits) are 
taken into account, each new dwelling in NSW is 
estimated to generate on average a benefit of AUD $ 
1.20 – 1.60 for every dollar spent on BASIX 
compliance. 
Out of the AUD $ 0.20 – 0.60 net benefit, 69% is 
reflected in the savings from energy bills and 22% in 
the savings from water bills.  In other words, more 
than 90% of the net benefit is delivered directly to 
households through lower utility bill payments.  
Benefits to the environment and savings from 
additional network augmentation contribute to the 
remaining 10% of the net benefit. 
 
 

Figure 4 Projected (a) water consumption and (b) 
GHG-e with and without BASIX in new NSW 

dwellings until 2050 
 

Figure 5 Direct benefits (in $NPV) and BASIX 
compliance costs of average new NSW dwellings 

 

EFFECTIVENESS OF BASIX 
Monitoring of actual potable water and GHG-e 
savings from new dwellings and feeding back the 
results to improve BASIX is an important part of the 
regulatory process.  The ability of dwellings to meet 
their BASIX targets after occupation determines how 
much of the projected savings and estimated benefits 
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in Figures 4 and 5 can be realized.  NSW Department 
of Planning and Infrastructure has been working with 
water and electricity companies in Sydney (Sydney 
Water and Energy Australia respectively) to monitor 
actual water and energy savings from BASIX-
compliant houses after occupation. 
Sydney Water monitored the metered water 
consumptions from 834 BASIX-compliant houses in 
2007/08, and a further 1,392 in 2008/09.  The houses 
are located in metropolitan Sydney with a mandatory 
40% reduction target from the BASIX benchmark. 
Instead of the deemed occupancy data assumed by 
BASIX (e.g. Table 1), actual occupancy of the 
monitored dwellings was used to evaluate the 
percentage of actual water savings from the 
benchmark of 247.5 L/(person.day).  Unlike BASIX 
estimates that are determined from average climate 
data, actual water savings vary from year to year.  In 
2007/08, the average water savings of sampled 
dwellings meet the mandatory target of 40% (Figure 
6(a)).  Although average water savings in 2008/09 
(based on actual occupancy) was slightly below 
target at 39.1% (Figure 6(b)), around 59% of 
sampled dwellings still meet their targets. 
Monitoring of energy consumption involves around 
2,500 occupied houses that have their BASIX scores 
evaluated from 2004 to 2007.  Energy Australia 
converted the quarterly electricity bills from 1 July 
2007 to 30 June 2009 to an average annual 
consumption. 
However, Energy Australia as an electricity supplier 
does not have access to the metered gas consumption 
data of the sampled dwellings. Gas consumptions 
predicted by BASIX simulations were added to the 
metered electricity data to evaluate the GHG-e 
savings from the benchmark. 
Figure 7 shows the evaluated GHG-e savings from 
the benchmark.  Savings from dwellings with their 
BASIX scores evaluated in 2006/07 are presented 
separately in the figure.  Due to major changes in the 
BASIX algorithm, in particular the increase in energy 
target from 25 to the current value of 40 in July 2006, 
savings from BASIX-compliant dwellings evaluated 
in 2006/07 are more indicative of the effectiveness of 
the current BASIX algorithm.   
According to Figure 7, less than 40% of the sampled 
dwellings achieved their mandatory target of 40.  
Average GHG-e consumption is 11,762 kg CO2/year, 
only 16% lower than the average benchmark. 

Limitations of BASIX 
Although BASIX calculations and the generation of 
design commitments for new dwellings are 
performed automatically from the on-line interface, 
confirming actual compliance is the responsibility of 
the building certifying authority.  BASIX users may 
have specified design features in their proposed 
dwellings without fully understanding their 
commitments.  The process of checking that design 

selections specified in BASIX are complied in a new 
dwelling can be subject to individual judgement and 
inevitably, human errors in some cases.  On 
occupation, a building owner is at liberty to make 
some changes not subject to further planning 
approval. Anecdotally, reported non-compliance is 
low, but could contribute to some discrepancy 
between the BASIX estimates and the average 
savings from monitored dwellings after occupation.  
Differences of BASIX assumptions from current user 
behaviour patterns may also explain the under-
performance of actual savings from the monitored 
houses.  The BASIX benchmark is based on average 
household consumption data in 2002/03.  Electricity 
consumption from plug-in appliances such as 
computers and home entertainment has increased 
significantly since then (DEWHA, 2008).  To 
account for the increase in electricity consumption 
from plug-in appliances, an additional 116 kg 
CO2/(person.year) was added to the current 
benchmark of 3,292 kg CO2/(person.year).  Based on 
the corrected benchmark and the actual occupancy of 
monitored dwellings, average consumption becomes 
20% below the benchmark. 
One major feature common to the data distribution in 
Figures 6 and 7 is the ‘long tail’ towards high water 
consumption and GHG-e (or large negative 
percentage savings from the benchmark).  BASIX 
calculations are based on an average set of factors 
such as occupancy and user behaviour. It does not 
attempt to model actual water and energy 
consumption of individual dwellings.  Given that 
BASIX is not able to gather sufficient data from 
dwellings that have not even begun construction, it 
estimates the average consumptions from dwellings 
with certain design features. 
Nonetheless, the effects of occupants and their 
behaviour on water and energy consumptions can be 
better understood to update the assumptions in 
BASIX calculations.  NSW Department of Planning 
and Infrastructure has started working with 
universities and utility companies to better evaluate 
user behaviour.  Questionnaires will be sent to 
interested occupants of BASIX-compliant dwellings 
to gather information relevant to utility consumption, 
such as the number of occupants and the number of 
household appliances.  The collected data can be 
correlated with metered water and energy 
consumptions from the billing data of utility 
companies.  Results of the study not only are useful 
in updating the assumptions in BASIX simulations, 
they also help to identify factors correlating to high 
water and energy consumptions. 
However, the availability of metered water and 
energy consumption data is expected to be a major 
challenge to the study. Electricity and gas are often 
supplied by different companies and billing data on 
both energy sources needs to be available.  There
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(b) (a) 

Figure 6 Actual potable water savings from meter readings relative to BASIX benchmark in (a) 2007/08 and (b) 
2008/09 (Sydney Water, 2008 & 2009) 

 

Figure 7 Reductions in GHG-e for households including gas predictions relative to the BASIX benchmark 
(Energy Australia, 2010).  Bars at the left of each clustered column (‘All households’) represent hosues with 

their BASIX scores evaluated in 2004 – 2007.  The mandatory target of 40  is marked with a dotted line 
 

  

are also a number of companies controlling the 
supply network in different parts of Sydney and 
NSW.  Although billing data can be obtained with 
the consent from occupants taking part in the 
survey, collaboration with utility companies is still 
a key objective of this ongoing project. 

CONCLUSION 
BASIX provides a holistic, flexible and non-
prescriptive approach for designers or developers to 
reduce the annual potable water consumption and 
GHG-e from new dwellings.   
The introduction of BASIX in 2004 coincides with 
a marked increase in rainwater tanks (70% 
compared to a pre-BASIX average of 12%), and a 
significant decrease in electric hot water heaters 
(0.4% compared to a pre-BASIX average of 67%) 

in new residential dwellings.  BASIX-compliant 
houses are estimated to generate on average AUD $ 
0.20 – 0.60 of net benefit from each dollar spent.  
More than 90% of the net benefit is delivered to 
households through lower utility bills. 
As water and energy savings depend on occupant 
behaviour as well as the technologies and fixtures 
included in a dwelling, research with utility 
companies and universities is currently underway to 
further identify the effects of individual user 
behaviour on consumption.  A major challenge of 
the study is the availability of metered water and 
energy consumption data on the dwellings from 
utility companies. 
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