
Sustainability Tools and Frameworks for  
High Performance Housing  
 
 



 

 
Report Template 1 

 

Authors Josh Byrne, Christine Eon and Peter Newman 

Title Sustainability Tools and Frameworks for High Performance Housing 

ISBN  

Format Report 

Keywords High performance housing; Sustainability rating; low carbon housing.  

Editor  

Publisher  

Series  

ISSN  

Preferred citation   

 

 



 2 

Acknowledgements 
Content within this Report is adapted from research publications developed by the authors as part of RP3009: High 
Performance Housing – Monitoring, Evaluating and Communicating the Journey. 

The authors of this Report would like to acknowledge their funding from the CRC for Low Carbon Living Ltd supported by 
the Cooperative Research Centres program, an Australian Government initiative. 

Any opinions expressed in this document are those of the authors. They do not purport to reflect the opinions or views of the 
CRCLCL or its partners, agents or employees.

The CRCLCL gives no warranty or assurance, and makes no representation as to the accuracy or reliability of any 
information or advice contained in this document, or that it is suitable for any intended use.  The CRCLCL, its partners, 
agents and employees, disclaim any and all liability for any errors or omissions or in respect of anything or the 
consequences of anything done or omitted to be done in reliance upon the whole or any part of this document.

©2016 Cooperative Research for Low Carbon Living



 3 

Contents 
Acknowledgements ............................................................................................................................................................. 2 
Contents .............................................................................................................................................................................. 3 
Executive Summary ............................................................................................................................................................ 4 
1. Introduction .............................................................................................................................................................. 5 
2. Assessment Tools and Frameworks ........................................................................................................................ 6 

NatHERS ....................................................................................................................................................................... 6 
BASIX ............................................................................................................................................................................ 6 
eToolLCD ...................................................................................................................................................................... 7 
ARCActive Certified ....................................................................................................................................................... 8 

3. Case Study: Josh House ....................................................................................................................................... 10 
Background ................................................................................................................................................................. 10 
Design Features .......................................................................................................................................................... 10 
Thermal Comfort .......................................................................................................................................................... 10 
Energy Efficiency ......................................................................................................................................................... 10 
Indoor Air Quality ......................................................................................................................................................... 11 
Universal Access ......................................................................................................................................................... 11 
Water Efficiency ........................................................................................................................................................... 11 
Landscaping ................................................................................................................................................................ 11 
Assessment Results .................................................................................................................................................... 11 

References ........................................................................................................................................................................ 14 
Appendix ........................................................................................................................................................................... 16 

1. Josh’s House NatHERS Certificate

2. Josh House ArcActive Certified Report

3. Josh’s House eToolLCD Report



 
 4 

 

Executive Summary 
Residential housing is a major contributor of greenhouse 
gas (GHG) emissions with most emissions being 
generated during the operation of buildings.  

The housing sector is considered by many as presenting 
the most cost effective opportunities to reduce GHG 
emissions and the use of assessment tools and 
frameworks can assist in the guidance of design, 
implimentation and operation to improve buidling 
efficiency and performance to achieve this goal.  

Currently there are two tools used in Australia for the 
mandatory assessment of energy efficiency in residential 
buildings at the design stage. The Nationwide House 
Energy Rating Scheme (NatHERS) is the most well-

known, being mandatory in five out of six Australian 
States. The Building Sustainability Index (BASIX) 
replaces NatHERS in New South Wales (NSW) and the 
Australian Capital Territory (ACT). 

Energy efficiency is clearly a key component in reducing 
household GHG emissions, however Life Cycle 
Assessments (LCA) that account for the carbon footprint 
across the life of the building should also be considered. 
Other characteristics such as accessibility, adaptability, 
and livability are all important in the context of improving 
the sustainability of residential buildings.  

This Report provides an overview of NatHERS and 
Basix, as well introduces two emerging sustainability 
tools (eTool LCA and ARCActive1). A high performance 
housing Case Study is provided to demonstrate how 
these tools and framworks can be applied.  

 

 

Figure 1: Appropriate building orientation, northern glazing and the use of high thermal mass (heavy) internal construction materials are 
important elements of this high performance, energy efficienct home (Photo credit: Joel Barbitta).  

 
1 At the time of publishing this report, ARCActive was in the process of rebranding as Living Key (www.livingkey.com.au).  

 

 

 

 

http://www.livingkey.com.au/
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1. Introduction 
Buildings are responsible for 32% of the global energy 
use and generate the equivalent to 19% of energy 
related greenhouse gas (GHG) emissions (Lucon et al., 
2014). Most emissions generated by buildings are 
indirect, that is they are produced during the operation of 
the building mainly through electricity usage. The 
International Panel for Climate Change (IPCC) estimates 
that if business as usual continues, the energy use in 
buildings will likely double or triple by 2050 (Lucon et al., 
2014). Even though commercial buildings will see their 
energy consumption rise over the next thirty-five years, 
the main rise in final energy use will occur in the 
residential sector, which  currently consumes nearly 
three times as much as the commercial sector (24.3 
PWh and 8.42PWh respectively) (Lucon et al., 2014).  

The scale of this may seem daunting, however the 
residential sector is considered by many as presenting 
the most cost effective opportunities to reduce 
greenhouse gas emissions (Levine et al., 2007; Ren et 
al., 2011). Technologies used to achieve low carbon and 
‘zero emission homes’ (ZEHs) are proven and 
accessible. Studies have also demonstrated that ZEHs 
are affordable and can therefore be adopted as a 
minimum standard (Uihlein and Eder, 2010; Ürge-
Vorsatz et al., 2012; Harvey, 2013; Moore, 2014). 
Indeed, policies towards zero emission housing have 
already been implemented in several jurisdictions, 
including the European Union, the state of California 
(USA) and the United Kingdom (Department for 
Communities and Local Government, 2006; European 
Comission, 2010; California Energy Commission, 2013). 
Other OECD countries such as Canada, Japan and 
Australia are also making efforts towards lowering 
residential emissions through minimum energy efficiency 
requirements in their building codes (IEA, 2008). Post-
occupancy monitoring studies have confirmed that 
houses designed to be low emission perform better than 
conventional houses (Hamada et al., 2003; Berry et al., 
2014). However, it has also been demonstrated that 
these houses do not reach their full potential, often 
presenting discrepancies between their design and 
operational energy consumption (Gill et al., 2010; 
Ambrose et al., 2013; Majcen et al., 2013; Ridley et al., 
2014). Barriers impeding the optimal performance of low 
carbon houses are present at all levels, from design and 
evaluation (Lowe and Oreszczyn, 2008; Moore et al., 
2014), to construction and verification (IEA, 2008) and 
house day-to-day operation (Gill et al., 2010; Bond, 
2011). 

Energy efficiency is clearly a key component in reducing 
household carbon emissions, but we need to go further. 
Life Cycle Assessments (LCA) that account for the 
carbon footprint across the life of the building, including 
materials should also be considered. Water usage also 
needs to be addressed, as well as other characteristics 
such as affordability, accessibility, adaptability and 
biodiversity which  are all important in the context of 
lowering the impact of residential buildings (Maliene and 
Malys, 2009; VillarinhoRosa and Haddad, 2013). 

This Report provides an overview of several rating tools 
and frameworks that can be used to evaluate the energy 

efficiency, carbon footprint and broader sustainability 
values of residential dwellings, from design, to operation.  

The discussion focuses on the Australian setting. To 
begin with, mandatory housing energy assessment tools 
and their regulatory context are outlined, followed by the 
discussion of two emerging ‘beyond compliance’ tools 
that address Life Cycle Assessment, as well as broader 
sustainability outcomes. A case study showing how each 
of these has been applied to guide the design and 
assessment of a high peformance house in Fremantle, 
Western Australia is then provided.  

 

Figure 2: Landscaping is an important consideration in a 
sustainable home. Here low water use native plantings are used 
for stormwater management, increase local biodivesity and 
provide shade to the eastern side of the house (Photo credit: 
Morgan Gillham).  
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2. Assessment Tools and Frameworks 
There are two tools used in Australia for the mandatory 
assessment of energy efficiency in residential buildings 
at the design stage. The Nationwide House Energy 
Rating Scheme (NatHERS) is the most well-known, 
being mandatory in five out of six Australian States. The 
Building Sustainability Index (BASIX) replaces NatHERS 
in New South Wales (NSW) and the Australian Capital 
Territory (ACT). There are also a number of voluntary, or 
‘beyond compliance’ tools available that can be used at 
the design stage to assist with best practice 
sustainability outcomes,  including the Green Buildings 
Council of Australia ‘Green Star’ and the Urban 
Development Institute of Australia ‘EnviroDevelopment’ 
certification programs, both of which are used for large-
scale residential developments. eToolLCD and 
ARCActive Certified are emerging tools that can be used 
for both single and multi-residential properties. This 
content of this Report focuses on assessments used for 
single residential dwellings.  

NatHERS 
NatHERS was initiated in 1993 and formally introduced 
into the National Construction Code (NCC) (previously 
known as the Building Code of Australia (BCA) in 
January 2003 as a means of establishing a minimum 
energy efficiency requirement to maintain thermal 
comfort in dwellings. It’s is based on a simulated thermal 
performance of the building design and incorporates 
factors such as climate zone, building area, orientation, 
insulation, building materials, thermal mass and glazing 
type (Department of Climate Change and Energy 
Efficiency, 2012). 

Rating scores are given on a scale of 0-10, with the 
higher the star rating, the less the energy required to 
make a house thermally comfortable. Theoretically a 10-
Star rated house should require very little or no artificial 
heating or cooling to be comfortable year round 
(Commonwealth of Australia, 2010) (see Table 1). When 
first introduced, new residential buildings and major 
alterations were required to meet a 4 Star rating. This 
has progressively increased to 5 and currently 6-Stars 
(The Department of Industry and Science, 2014).   

Table 1: NatHERS Star Band Criteria (Energy Loads in 
MJ/m2.annum) for selected ratings in Australian Capital Cities 
(Adapted from Department of Climate Change and Energy 
Efficiency, 2012).  

Location 
Energy Rating (stars)  

4 5 6 10 

Darwin 480 446 349 119 

Brisbane 71 55 43 10 

Perth 118 89 70 4 

Sydney 68 50 39 6 

Melbourne 198 149 114 2 
 

NatHERS accepts three different pieces of software for 
calculation of the thermal energy load in residential 
buildings including Accurate Sustainability, BERS 
(Building Energy Raing Scheme) Professional and 
FirstRate 5. Although these software products have 
been developed by different organisations and present 
different user interfaces, they all use the same 
calculation engine, developed by the Commonwealth 
Scientific and Industrial Research Organization (CSIRO) 
(Department of Industry and Science, n.d.). The software 
is commercially available and can be used by anyone, 
however only accredited assessors who have 
undertaken recognised training through Association of 
Building Sustainability Assessors (ABSA) are able to 
provide a certified rating required to meet compliance 
under the NCC. A list of current accredited assessors 
can be found at www.absa.net.au.   

One of the major limitations of NatHERS is that it does 
not provide an indication of the overall energy efficiency 
of a home, nor other measures of sustainability. Even 
though heating and cooling are typically responsible for 
the biggest residential energy demand (around 40%) 
(DEWHA, 2008), other major energy uses such as water 
heating, appliances and lighting are not considered. 
Likewise, other important resource efficiency factors that 
have significant environmental and carbon footprint 
implications such as the use of renewable energy, water 
efficiency, embodied energy and occupancy scenarios 
are not taken into consideration. 

NatHERS has also been criticized for the lack of 
consistent results between assessors. In a recent 
benchmarking study, the CSIRO re-rated a number of 
houses and compared them to their original rating, 
revealing that nearly 50% of the houses had been rated 
higher than they were supposed to (Ambrose et al., 
2013). Other limitations include poor construction 
practices leading to under performance of buildings 
when compared to the design rating, the lack of as-built 
verification and the increase of non-accredited 
assessors in the market place (Pitt&Sherry and 
Swinburne University of Technology, 2014).  

Although NatHERS is the only framework recognized by 
the NCC in most Australian states, numerous other 
house assessment tools have been developed around 
Australia with the aim of complementing NatHERS and 
delivering a more comprehensive house sustainability 
evaluation. 

BASIX 
The Building Sustainability Index (BASIX) was 
developed by the Government of NSW in 2004 under the 
Environmental Planning and Assessment Act 1979. All 
new residential dwellings and major renovations costing 
more than $50 000 in NSW must comply with the BASIX 
targets. These targets consist of minimum performance 
levels for thermal comfort, water and energy. The targets 
are as follows (NSW Department of Planning & 
Environment, n.d.-a): 

http://www.absa.net.au/
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1. 40% reduction in potable water consumption based 
on the annual NSW average potable water consumption 
per capita (90,340 litres per capita per year); 

2. 40% reduction in greenhouse gas emissions based 
on the annual NSW average residential energy 
consumption per capita (3292 kg of CO2-e per capita 
per year); 

3. Thermal comfort targets are described in the BASIX 
Thermal Comfort Protocol (NSW Department of Planning 
& Environment, 2013), which establishes maximum 
heating and cooling loads for different construction types 
in each region of NSW (see Table 2). 

The targets for water, energy and thermal consumption 
are calibrated for different regions, in accordance to 
regional environmental characteristics such as climate, 
precipitation, evaporation and soil type. 

The BASIX assessment is web-based and free, which 
means that it can be used by anyone who registers on 
the BASIX website.  Users are guided step-by-step 
through the assessment process and are required to 
input data about the development, which enables the 
software algorithm to anticipate water, energy and 
thermal performance of the building (NSW Department 
of Planning & Environment, n.d.-b). The user starts by 
inputting project details, which include the location of the 
project, the type of development and building areas. The 
next step is focused on water and consists of providing 
data about water supply, garden area, plant types and 
internal fixtures. The energy assessment requires 
information about types of heating and cooling devices, 
water heating method, ventilation systems, lighting 
systems and renewable energy.  

 

Table 2: Maximum load for single dwellings in selected regions of NSW (Adapted from NSW Department of Planning & Environment, 
2013). 

Region 

Heating (MJ/m2.annum) Cooling (MJ/m2.annum) 

Slab on ground Suspended 

floor, enclosed 

subfloor 

Suspended 

floor, open 

subfloor/ 

mudbrick 

walls 

Slab on 

ground 

Suspended floor, 

enclosed 

subfloor 

Suspended 

floor, open 

subfloor/ 

mudbrick walls 

Sydney CBD 40 43 46 32 35 38 

East Sydney 51 58 63 45 49 53 

West Sydney 74 82 80 70 77 83 

Canberra 240 255 265 30 35 39 

 

Three methods can be used for the thermal performance 
assessment section depending on the project complexity 
(NSW Department of Planning & Environment, n.d.-c). A 
‘Do-It-Yourself’ method is a simplified assessment for 
single dwelling houses which use standard construction 
material. This method requires the user to input 
information about construction type, insulation, glazing 
and orientation. A ‘Rapid’ method enables single story 
detached dwellings to meet the target by complying with 
prescribed requirements. For the thermal assessment of 
complex designs, thermal loads need to be simulated by 
accredited assessors through one of the NatHERS 
accredited software. Both ABSA and the Building 
Designers Association of Victoria (BDAV) provide a 
database of accredited assessors that can be used for 

this purpose. A BASIX certificate can be obtained for a 
fee if all targets are met. 

Post-occupancy monitoring studies have shown that 
BASIX-certified houses are successfully achieving their 
40% water reduction target  (Sydney Water, 2012; 
Hydrosphere Consulting, 2013). However, there is not 
enough data to support the performance of the other 
targets and indicate whether they are being met 
(Kahagalie and Mansfield, 2010; Tan, 2010). 

 

eToolLCD 
eToolLCD is an open-use web-based software tool 
applied to conduct life cycle assessment (LCA) of new 
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buildings (commercial or residential) and all associated 
infrastructure. The software calculates the embodied 
energy of buildings and predicts the energy and water 
that will be consumed over the building lifespan as well 
as operational costs. eToolLCD can also measure 
environmental impacts such as greenhouse gas 
emissions, land use, ozone depletion and human toxicity 
(eTool, 2014a). 

The following is taken into consideration by eToolLCD 
when calculating the embodied energy of a building 
(Haynes, 2010): 

1. Initial embodied energy of materials, which is based 
on existing LCA databases;  

2. The energy utilised for the transport of materials to 
the construction site; 

3. Energy required for earthworks, onsite assembly 
and installations; 

4. Recurring embodied energy due to maintenance 
and fit outs. 

eToolLCD requires users to provide information about 
the type of materials used as well as quantities required 
(e.g. volume or weight). Embodied energy is then 
modelled based on existing LCA databases (Haynes, 
2010). Transportation method, distance travelled, 
machinery and hours of equipment used can also be 
inputted by the user (Beattie et al., 2012). Materials that 
require maintenance or replacement during the lifetime 
of the building, such as wall painting and carpets, are 
taken into consideration and modelled by the software. 
Both embodied energy and transportation of these 
recurring materials are calculated in the model (Haynes, 
2010). Existing templates are available for typical 
construction materials and methods and can be used by 
the user if required. 

Operational energy is calculated based on the 
occupancy, appliances (e.g. refrigeration, lighting, water 
heating, thermal control), type of energy supply (e.g. 
grid, renewable energy system), mains water supply and 
sewerage treatment (Beattie et al., 2012). 

eToolLCD allows for the generation of several different 
scenarios in order to compare design modifications and 
associated environmental impacts and costs. Once the 
LCA is complete and the most adequate design is 
selected, a report is created and a rating is given 
according to the building performance. Platinum is the 
highest available rating. In order to obtain a Platinum 
medal, a building must achieve more than 90% savings 
in greenhouse gas emissions (CO2-e) (measured 
against the standard building) in addition to receiving a 
gold medal for both operational and embodied carbon. 
Platinum is followed by Gold, Silver and Bronze, which 
require savings of 60-90%, 30-60% and 30% 
respectively (eTool, 2015b). Even though the software 
can be used for free, certifications can only be obtained 
after verification by the eTool team and payment of a 
subscription. 

Since its development in Western Australia in 2010, 
eToolLCD has developed over 200 building LCAs and 
has reached countries such as the United Kingdom, 

Germany and Brazil (eTool, 2015a). eToolLCD is 
currently being used for the conduction of EN15978  
LCA compliant studies and is also adopted as a 
component of other building assessments, including 
Green Star and EnviroDevelopment (eTool, 2014b).  

While eToolLCD has been very successful modelling 
greenhouse gas emissions of buildings around the 
world, the many variables and assumptions made by the 
software make it difficult to predict the performance of a 
building accurately, even though examples of post-
occupancy monitoring studies show that buildings 
modelled by eToolLCD are achieving expected 
outcomes (Bruce, 2013; Byrne, 2014). 

ARCActive Certified 
ARCActive Certified (to be rebranded as Living Key: 
www.livingkey.com.au) is an emerging tool developed by 
ARCActive. It consists of a multi-criteria assessment 
designed to evaluate the overall sustainability of a 
property. This tool takes into consideration not only the 
building envelope and its usage, but also the adaptability 
of the dwelling, its location to key services, its 
connectivity and the quality of life that it provides to its 
inhabitants. The following categories are analysed by 
ARCActive: Energy, Water, Liveability, Resources, 
Nature, Community and Transport. Unlike the tools 
presented beforehand, ARCActive is unable to predict 
greenhouse gas emissions or forecast water and energy 
consumption in a building. Instead, it attributes points for 
sustainable initiatives, design and community 
integration, making it an ‘easy to understand’ rating 
system. When evaluating the ‘Energy’ category, points 
are given for houses with a high NatHERS rating. It also 
takes into consideration solar passive design, renewable 
energy generation, water heating, method for climate 
conditioning and fit outs. The ‘Water’ category assesses 
water sourcing and reuse (e.g. rainwater, greywater, 
groundwater), in-house fixtures, plant type and irrigation 
methods. The ‘Liveability’ category addresses quality of 
life, assessing features such as universal access, low 
allergen features and gardens (e.g. on-site food 
production, compost and appropriate shading). The 
objective of the ‘Resource’ category is to evaluate 
building adaptability, longevity and embodied energy. 
Points are allocated to the usage of recycled materials. 
The ‘Nature’ category supports and promotes native 
vegetation as well as biodiversity, both in the property 
and in the vicinity. The objective of the ‘Community’ 
category is to assess services available at a reasonable 
distance to the property in order to foster walkability and 
community interaction. Finally the ‘Transport’ category 
checks the quality and proximity to public transport, 
which is important for greenhouse gas reduction and can 
help to reduce the cost of living. . 

The house assessment is conducted by an accredited 
assessor who completes the evaluation for each of the 
mentioned categories, rated in a scale from zero to ten. 
The summary average of all assessments is named 
‘ECOnomics’ and provides the rating of the overall 
property sustainability. A report provides suggestions to 
improve the dwelling sustainability. 

http://www.livingkey.com.au/
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Although ARCActive is a new rating system, it has 
assessed some of the leading high performance homes 
around Australia, including NatHERS 10-Star Josh’s 
House (Beyer, 2012), NatHERS 8-Star CSIRO 
Australian Zero Emission House (Beyer, 2014a) and 
NatHERS 8-Star CSR House (Beyer, 2014b), 

complementing the mandatory NatHERS thermal energy 
efficiency evaluation. 

The table below (Table 3) provides a summary of the 
rating tools discussed in this report 

 

 

Table 3: Summary of selected residential rating tools utilised in Australia.  

Rating tools Criteria assessed Applicability Coverage 

NatHERS  Thermal energy load  Residential dwellings 
 National 

 Mandatory 

BASIX 

 Water 

 Thermal comfort 

 Greenhouse gas emissions from energy 

consumption 

 Single house and Multi-Unit 

• Alterations and Additions 

above $50 000 

 New South Wales 

 ACT 

 Mandatory 

eToolLCD 

Life Cycle Analysis: 

 Embodied carbon 

 Operational carbon 

 Overall greenhouse gas emissions 

 Cost 

 Water usage 

 Energy usage 

 Toxicity 

 Ozone depletion 

 Land usage 

 Eutrophication 

 Acidification 

 Residential 

 Commercial 

 Development 

 Infrastructure 

 

 Voluntary 

ARCActive 

Certified 

 Energy 

 Water 

 Liveability 

 Resources 

 Nature 

 Community 

 Transport 

 Single or multi-residential 

properties 

 

 

 Voluntary 
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3. Case Study: Josh House  

Background 
Josh’s House is an innovative housing project in the 
suburb of Hilton, Western Australia, which aims to 
demonstrate that high performance energy efficient 
homes can be built at comparable cost and timeframes 
to regular houses. 

The project consists of two dwellings which were 
designed to provide thermal comfort year round, without 
the need for air conditioning or additional heating. They 
are self-sufficient in electricity and they harvest and 
recycle water. In addition to private garden areas, a 
productive garden supplies both houses with fresh food. 

What distinguishes this project from many others is that 
the building designs have achieved a 10 Star energy 
efficiency rating (refer Attachment 1), whilst intentionally 
using conventional building materials and construction 
methods so they can easily be replicated by the industry 
and the wider community. The project also demonstrates 
a more sensitive approach to residential subdivision that 
has considered maximising effective garden area around 
the homes to allow for natural shading, children’s play 
spaces and local food production. 

This following setion describes the design and 
sustainability features of the two homes and explains 
how they achieved not only a high energy efficiency 
rating certification, but also excellence in sustainability, 
while remaining economically affordable and appealing 
to the general public. A summary of the the eToolLCD 
and ArcActive Certified assessments is also provided.  

Design Features  
The floor plans of the two dwellings are typical of many 
family homes. There is however key points differentiating 
Josh’s House from other family homes, such as carefully 
considered building orientation, strategic use of thermal 
mass and improved insulation. Consideration has also 
been given to product choice and natural ventilation for 
good indoor air quality, as well as universal access 
design. The houses are largley self-reliant in electricity, 
they harvest rainwater and reuse greywater for garden 
irrigation. These sustainability features are explained in 
further detail below. 

Thermal Comfort 
The houses are based on well-established solar passive 
design principles to ensure maximum thermal comfort 
year round, with no air-conditioning or artificial heating 
required.  

The property where the homes were built was chosen 
due to its ideal orientation for climate sensible design. 
Measuring around 60m by 20m on an east-west axis, the 
block was subdivided in a typical ‘battle axe’ 
arrangement to provide two building sites which 
maximise the potential for northern solar access. The 
orientation of the houses, window location and internal 

layout has been done on the basis of maximisng the 
solar passive performance. The key solar passive design 
principles employed include: 

- East-west orientation with maximum glazing to the 
north for winter solar gain (shaded in summer) and 
minimal glazing to the east and west to minimise 
summer heat entry. 

- High thermal mass materials used on the inside of 
the buildings to absorb winter solar gain and stabilise 
internal temperature during summer. 

- High insulation value to roof and walls to minimise 
uncontrolled heat loss/gain, and pelmets curtains on the 
windows to reduce heat loss in winter. 

The external walls are a combination of reverse brick 
veneer, double brick and lightweight timber framing. 
Reverse brick veneer and double brick walling was been 
used in order to increase internal thermal mass where it 
was needed. Where this was not required, timber framed 
walling was used due to its lower embodied energy 
value and therefore, lower carbon footprint. All external 
walls are insulated with a combination of bulk insulation 
and closed cell foil insulation. Internal walls are plastered 
single leaf brickwork with some double brick walls used 
to add additional thermal mass to the main living areas, 
as well as sound insulation to selected rooms. 

Low-e glazing was chosen throughout to regulate heat 
flow. Only one double glazed window was required in 
each house to achieve a 10 Star rating and this was in 
the kitchen where the use of curtains to reduce winter 
heat loss was not practical. In other living areas double 
line drapes with pelmets were used to act as window 
insulation. 

The roof is conventional timber construction with light 
coloured reflective roof sheeting with insulated foil 
underneath. The ceiling is lined with bulk insulation to 
achieve an R4.0 insulation value. The northern living 
areas feature a decorative concrete slab finish to store 
the heat from the winter sunlight and to help stabilize 
internal temperature during summer. 

Energy Efficiency 
Energy efficient fixtures and appliances, combined with 
onsite power generation also contribute to the high 
energy performance of the houses. 
 
Lighting is provided by a combination of LED lights in the 
bedrooms and living areas, and compact fluorescent 
globes in occasional use areas. Reversible ceiling fans 
are also installed in the bedrooms and living areas to 
provide downward cooling and upward circulation of 
warm air in winter. 
 
Each house has a 3kW grid connected photovoltaic 
system installed which were sized to generate more 
power than required to run the homes, as well as gas 
boosted solar hot water systems. Solar tubes help to 
‘daylight’ internal areas such as walk-in robes to reduce 
the need for artificial lighting during the day. 
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Indoor Air Quality 
In order to ensure a good indoor air quality, materials 
with low Volatile Organic Compounds (VOCs) were used 
for cabinetry, paint and floor finishes. Protection from 
termite attack is in place through physical termite 
barriers as opposed to chemical treatment systems. 
There are no skirting boards and the window pelmets 
are ‘hidden’ to reduce dust collecting surfaces. 

Universal Access 
The houses are on one level, have a minimum doorway 
width of 870mm for wheel chair clearance, as well as 
flush thresholds to all external doors, hobbless showers 
and general circulation space in the rooms. 

Water Efficiency  
High efficiency shower heads and tap ware have been 
selected, and the low volume dual flush toilets have 
integrated hand basins which use tap water to fill the 
cistern.  
 
Both houses have direct diversion greywater systems to 
provide irrigation to selected areas in the garden, as well 
as rainwater tanks for internal usage, with mains water 
back up for dry periods. The productive garden is 
watered from a shared bore and state of the art centrally 
controlled irrigation system, incorporating both soil 
moisture monitoring and weather monitoring to maximise 
water efficiency. 

Landscaping  
The landscaping also help address a number of pressing 
urban sustainability issues including improved household 
energy efficiency through appropriate shading, habitat 
provision with local native plantings, as well as local food 
production with an extensive shared vegetable garden, 
home orchard, poultry and composting and worm farm 
system.  
 
The hard landscaping works incorporate locally sourced 
and salvaged materials. Permeable surfaces have been 
used throughout to allow for localised storm water 
infiltration. 
 
Both houses have been designed to have north facing 
gardens adjacent to the open planned living areas. 
Large 28 course high sliding glass doors with flush 
thresholds open on to an extensive decked area, shaded 
by grape vine clad pergolas and strategically placed 
shade sails, providing a seamless transition between 
inside and outdoor living. 
 
The required street frontage setback for the front house 
is dedicated to native plantings in a contemporary style 
that includes a fire pit, and stone wall seating for small 
gatherings. There is ‘dampland’ habitat feature planted 
with local ‘winter-wet depression’ suited species, fed by 
rainfall runoff from the carport. 
 

A common garden between the two houses functions as 
a shared space, simply by not having a boundary fence. 
Features in this area include a large productive garden 
(vegetables, herbs and fruits), a propagation area and 
access to a hen house for collecting eggs. The elements 
in this space have been set out so that if a boundary 
fence is installed at a later date, then each property will 
still have access to their own respective vegetable beds, 
garden shed and composting facilities. 
 
A 25m fruit tree system runs along the northern face of 
the southern boundary fence line, and was planted with 
a combination stone fruit, apple and pear varieties. 
Larger fruit trees including citrus, fig and guava have 
been incorporated into mixed edible landscapes around 
the houses. Spaces have also been set aside for 
creative children’s play, outdoor cooking and 
entertaining, as well as private courtyards by the master 
bedrooms. 

Assessment Results 
Josh’s House has achieved ‘Exceptional’ rating under 
the ARCActive categories ‘Energy’, ‘Water’ and 
‘Liveability’ (refer Atachment 2). The ARCActive 
assessment describes the project as “an outstanding 
example and excellent model for sustainable living in the 
suburban context (Beyer, 2012)”. 
 
eTool (2012) estimated that the two Josh’s House 
dwellings will use less than 10% of the total energy used 
in typical Australian new homes (Figure 3), saving an 
average $2000 per year in energy costs, at current 
prices. The Global Warming Potential Impact of the 
homes was estimated at 420 kgCO2e per year per 
occupant, which represents a 90% decrease in 
greenhouse gas emissions compared to the typical 
business as usual design. In regards to water, it was 
estimated that Josh’s House will use around 40% of the 
scheme water of a typical Perth home, whilst still 
supporting a diverse and productive garden (Figure 4). 
The eToolLCA report for Josh’s House is provided as 
Attachment 3.  
 
When comparing the total cost of Josh’s House to a 
typical ‘new Perth home’ in terms of construction, energy 
and maintenance over time, it was found that Josh’s new 
home is much more affordable than the average 
Australian house. The construction cost is slightly higher 
upfront, however, the payback period is only seven 
years, due to reduced operating and maintenance cost. 
From year 7 onwards, the benefits get much larger over 
time. It is predicted that by year 25, Josh’s House 
cumulative cost will have been on average 20% lower 
than the traditional home costs (Figure 5). 
 
The NatHERS and life-cycle assessment undertaken for 
Josh’s House shows that the buildings can be classified 
as both high performance thermally, as well as ZEH. But 
more than that, Josh’s House is an exemplar of a holistic 
approach to this type of residential dwelling, that 
considers a multi-criteria approach to sustainable design 
rather than simply thermal performance and energy 
efficiency in isolation. 
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Insert Figure 1.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Modelled energy use for Josh’s House using eToolLCA.  

 

 
Figure 4: Modelled water use for Josh’s House using eToolLCA.  
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Figure 5: Modelled life cycle cost comparison for Josh’s House using eToolLCA.  
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Appendix  

1. Josh’s House NatHERS Certificate 

2. Josh House ArcActive Certified Report  

3. Josh’s House eToolLCD Report  
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PROPERTY REPORT 

Grigg Place Project 

Project Name:  Grigg Place Project 

Address:   Grigg Place, Hilton WA 6163 

Client:    Josh Byrne 

Assessment Date: 1 December 2012 

 

 
 

    

 

   

 

 

Assessment Summary: 

DISCLAIMER: This report is valid for 12 months from the date of issue. 
Whilst this report has been formulated from sources we deem to be reliable and is tendered in good faith, no 
warranty, expressed or implied is made by ARCACTIVE as to the accuracy or completeness and it does not accept 
any responsibility for matters arising there from. 
The ECOnomics summary is a general indicator of cost benefit implications of the property and possible 

financial benefit for the occupier. The ECOnomics rating results from averaging ALL category ratings in the 

attached ARCACTIVE report. It does not constitute a formal valuation or a formal financial measure for a subject 

property but a general guide only. 



 
  

 

PROPERTY REPORT 

Grigg Place Project 

This property is an outstanding example and excellent model for sustainable living in the suburban context.  

It has achieved a very high rating under the ABODE Rating - Energy, Water, Liveability and Materials.  

The dwellings 10 star thermal performance rating and optimal climate responsive ‘passive solar’ design, as 

well as renewable energy systems ensures it achieve very high performance levels for Energy.  

Similarly for Water: large volume rainwater harvesting with extensive uses in the home and for garden 

irrigation and greywater reuse, smart irrigation systems, native and water sensitive plants and best 

practice design in productive gardens ensure it also excels.  

In the Materials category it has met the fundamentals of long-life flexible design and incorporates durable 

low maintenance and good use of recycled/reused materials.  

For Liveability and Healthy Living it has excelled across all key criteria which include passive solar design, 

universal access, low allergen and abundant vegetation ensuring the occupants are living in and 

contributing to a healthy environment. 

The CONNECT Rating (Nature, Community and Transport) has achieved a reasonable outcome.  

For Nature, the combination of careful selection and placement of local native and water sensitive plants 

on the lot and some reasonable native vegetation in street verges and open space support achieving a 

better than average result. 

It achieved a Commendable rating under Community due to its close proximity to shops, services and 

schools, and that this suburb has an active and engaged community focus.   

For Transport it also achieved a Commendable rating: the property is within the accepted walkable 

catchment of 400 meters to two bus routes, however the location lacks the high-frequency public 

transport routes required to achieve a higher rating. 

 

David Beyer 

 
Technical Director 

ARCACTIVE 

 

 

 
 
 
  



 
  

 

PROPERTY REPORT 

Grigg Place Project 

Category Rating Score ABODE (85%) - Notable Attributes 

 

94% 

10 Star Energy Efficiency Rating – requiring no mechanical heating or cooling systems 
Excellence in Climate Responsive ‘Solar Passive’ Design 
Renewable energy systems - 3kw PV, and Solar/gas HWS  
High efficiency fixtures and appliances 
Real time data monitoring 

 

96% 

20,000 litre Rainwater tank – supplying all internal fixtures and appliances (with mains water 
back-up 
Integrated greywater system irrigating selected gardens areas 
Waterwise native and productive gardens High efficiency fixtures and appliances 

 

98% 

Climate responsive design – providing natural light, ventilation 

Universal Access providing safe and accessible access 

High Indoor Environment Quality though natural ventilation and low allergen materials 

Native and productive gardens and shade trees 

 

56% 
Compact dwelling on infill block in an inner/suburban location 
Durable, low maintenance materials 
Recycled materials – timber reuse for decking, pergola and garden structures 

CONNECT (72%) - Notable Attributes 

 

67% 
Extensive native plant species within lot and front verge 
Street trees in local nieghbourhood 
Local proximity to local parks with significant trees 

 

74% 

Close proximity to all key community facilities - local shops, day care, pre, primary and high schools, 
medical facilities and parks. 
Hilton is also an active community with a community garden, community centers and local cafes, shops 
and small businesses.  

 

75% 
Good proximity – within the accepted 400m walkable catchment - to two local bus routes 
Good connection to pedestrian and cycle paths 

ECOnomics - Summary Result 

 

80% 

Best practice in climate responsive and environmental sustainable design achieves a Very Good status 

with the Adobe categories. The Exceptional rating for Energy and Water ensure this property is very 

economical to run.  

The Connect rating reflect the suburban local. It is a suburb with a good community focus and amenity, 

has quality nature throughout, but is average in accessibilty to public transport.  

 
ARCACTIVE Star Ratings and Percentage Scores: 

1 Star = 0-10%; 2 Stars = 11-20%; 3 Stars = 21-30%; 4 Stars = 31-40%; 5 Stars = 41-50%;  

6 Stars = 51-60%; 7 Stars = 61-70%; 8 Stars = 71-80%; 9 Stars = 81-90%; 10 Stars = 91-100%; 

 

 



 
  

 

PROPERTY REPORT 

Grigg Place Project 

ABOUT ARCACTIVE 

ARCACTIVE is a suite of rating tools, services and resources for industry and consumers to assess and certify the 

liveability and sustainability of properties. Its core objective is to address the market need for an easy to understand 

‘rating assessment’ of the key liveability and sustainability features and attributes of new or existing properties. 

ARCACTIVE Assessment Categories 

 

This is the full ARCACTIVE rating and certification to demonstrate the full liveability 
and sustainability attributes of the property 

 

ARCACTIVE rating and certification of categories relevant to building performance 
only. (Must be completed with a current HERS report) 

 

ARCACTIVE rating and certification of categories relevant to community, nature, 
transport connections and location only 

 

ARCACTIVE Categories and Descriptions 

       

Design features 

and fixtures of 

the property 

that optimise 

good design 

and conserve 

and produce 

energy 

Design 

features of the 

garden, and 

fixtures and 

appliances  

that conserve 

and re-use 

water 

Well located 

and long life 

buildings  

with low 

energy 

content and 

are from 

sustainable 

sources 

Design 

features, 

materials and 

finishes, and 

location,  

which 

enhance 

human and 

environmental 

health 

Type, amount 

and diversity of 

vegetation on 

the lot, on 

street verges 

and in open 

space, and 

proximity to 

bushland 

Proximity of 

the property to 

public 

transport, 

walking and 

cycling paths, 

and bicycle 

storage 

Proximity of the 

property to local 

amenities and 

services  such as 

shops, schools, 

day care, 

community 

centres and 

parks 

 

Summary average of ALL assessment categories to indicate 
the ECOnomic  benefits and potential of the property 

 

http://www.arcactive.com.au/  

http://www.arcactive.com.au/


 
 
eTool Life Cycle Assessment 
Josh Byrne Residence 
Grigg Place, Hilton, Western Australia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
eTool PTY LTD 
40-44 Pier St Perth 
Western Australia 
+61 8 6364 3805 
info@etool.net.au 
 
 
 
 
 
 
 
 
 
 



 

Josh Byrne Residence 
Grigg Place, Hilton, Western Australia 
 

 
 
 
 
 
 
 
 
 
 
 

 
A Life Cycle Assessment has been carried out on the proposed design, 
calculating the carbon emissions due to materials’ manufacture, materials’ 
transport, building construction, maintenance and operations.  The boundary 
of the assessment includes the foundations, floors, walls, roof, internal finish, 
external finish, services and basic fittings.  The results measured against a 
benchmark are summarized below: 
 

 

The Ratings Explained:  

 

Bronze Medal:  0 – 30% Carbon equivalent greenhouse gas emissions (CO2e) saving against the applicable benchmark 

 

Silver Medal:  30 – 60% CO2e saving 
 

Gold Medal:  60 – 90% CO2e saving 
 

Platinum Medal:  More than 90% CO2e saving.  Gold must be achieved in all categories for an overall Platinum rating. 
!

Building Embodied Carbon:   
757 kgCO2e per year per occupant.  Saving of 23% 

 

Building Operational Carbon 
-342 kgCO2e per year per occupant.  Saving of 111% 

 

Total Building 
420 kgCO2e per year per occupant.  Saving of 90% 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Assessed by Henrique Mendonca 

 
 
 
 
 
 
 

Certified by Richard Haynes 
4th December 2012 
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