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Australian Zero Emission Demonstration House
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1 Introduction
Energy use in buildings is responsible for 26% of Australia’ s greenhouse
gas (GHG) emissions and is the primary cause of peak energy demand
on the electricity network. Nearly half of these emissions are produced
from energy used in residential buildings. Although the residential building
sector is not the largest contributor to GHG emissions in Australia, it
is one of the fastest—growing sources due to population growth, the
trend of smaller family sizes, and the desire for more comfortable
indoor environment. Between 1990 and 2020 the number of households
is forecast to increase by 61 %, from six million to almost 10 million.
Consequently, to achieve Australia’ s 5% and 80% GHG emission
reduction targets in 2020 and 2050 respectively from the 2000 level
requires dramatic GHG emissions reduction from both the new and
existing residential building stocks.
In 2007, CSIRO’ s Energy Transformed Flagship initiated the Australian
Zero Emission House (AusZEH) project to demonstrate and evaluate
how low carbon housing can be achieved in Australia to reduce GHG
emissions from the housing sector and create a more sustainable
future for the nation. As part of the AusZEH project, the first AusZEH
Demonstration House is a 4 bedroom detached 8—star energy rated home
that aims to deliver a residential home with a net zero footprint.
2 Overview of the AusZEH demonstration house
One of the aims of the AusZEH project was to design and build an
affordable zero emission house — a house that produces enough clean,
‘zero emission’ renewable energy to supply all the operating energy
needs of a typical household — which is suited to the Australian local

climate, lifestyle and targeted to the volume housing market. CSIRO,
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working alongside leading industry partners, Delfin-Lend Lease and Henley
Property Group, and supported by the AusZEH consortium, has designed
and built the first AusZEH demonstration house, which is located 30
kilometres north of Melbourne CBD, in the community of Laurimar, Victoria.
The AusZEH demonstration house was first designed by Henley Property
Group, in consultation with CSIRO and Delfin Lend Lease based on an
‘average’ Australian house — four bedroom, two bathroom, double
garage from Henley Property Group’ s existing design portfolio. The
initial design was then further refined by CSIRO’ s AccuRate software,
an energy rating system which uses computer simulations to assess the
heating and cooling energy efficiency of residential building designs. The
choice of building material, the house orientation and the choice of fittings
and appliances were modelled to determine the energy performance and
cost of different design options. The house design reflects the optimal
balance between energy performance and price. From this design, the
predicted total operating energy usage for the household was calculated
using a new AusZEH Design software developed in this project. This
determined the size of the solar panels required, which supply most of the
electricity to meet the demand of the household.
The final design of the AusZEH demonstration house is an eight-
star energy efficiency rated house with off-the-shelf building and
renewable energy generation technologies, and new future—ready energy
management technologies, matched to meet the design requirements for
its location, and the budget of a typical middle income Australian family.
3 Design of the AusZEH demonstration house
To achieve the aim of zero emission, four main actions were taken:
Design an energy efficient home with minimal need for artificial heating
and cooling
Incorporate energy efficient fittings and appliances
Incorporate smart energy management systems to control energy use
Incorporate onsite renewable energy generation to provide remaining
energy requirements.
3.1 Energy efficient home
The AusZEH demonstration house has a total floor area of 240.9m2,
including 38.4m2 for the garage and 3.6m2 for a covered porch.
Conditioned spaces, those spaces that are subject to heating and cooling,
account for around 160m2. The house incorporates four bedrooms, a
large open plan living/dining/kitchen area, home theatre, bathroom, en

suite to the master bedroom and a laundry and is typical of homes that are
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currently being built. Indeed, Australian Bureau of Statistics (ABS) data
shows that for 2007/08 the average floor area for a new home was 239m2,
with new homes in Victoria having a slightly higher average of 241m2.

The basic principles of passive design provide an excellent base to
designing an energy efficient house. Through correct orientation and
internal layout, appropriate use of insulation and thermal mass and well
designed windows and shading, the house is able to achieve high levels
of thermal efficiency.

The 10-star national home energy rating system (NatHERS) currently
used in Australia assesses the thermal efficiency of the building envelope
and calculates the required energy, in mega joules per square metre, to
maintain the house within a prescribed comfort band. The AusZEH home
achieves a NatHERS rating (using the AccuRate software) of 8.2 stars
which equates to a saving of around 70% in heating and cooling energy
requirements in comparison with a 5 star house. The systems employed
to achieve this high energy rating were simple and cost effective and
included the following aspects.

Orientation and Shading

Good orientation works on the basis of designing a home which takes
advantage of its climatic and regional conditions. The AusZEH is located
in a climate that requires more heating than cooling to keep the home at a
comfortable temperature. The AusZEH uses the sun as a natural source of
free heating during the winter (a.k.a: passive heating). The design makes
the most of the suns warmth to heat the home with the living rooms’
windows facing north. The windows transfer winter solar energy when the
sun sits low in the sky and excludes summer sun when it’ s sitting high
above the house. The northern windows are also shaded from the hot
summer sun using an extendable awning and exterior blinds. The exterior
blinds are made from a fabric that reduces the sun’ s heat by up to 90
per cent.

Timber frame double glazed windows to all windows and sliding doors
The balance between the size of the windows and the extent of the
insulated wall is important as up to 40% of the energy used to heat or cool
a home can be lost through the windows. In the AusZEH, timber frame
double glazed windows have been used to reduce the heat loss and thus
artificial heating and cooling energy consumption.

Insulation

Insulation acts as a barrier to heat flow and is essential to keep house
warm in winter and cool in summer. The AusZEH has been built with R6 in
the ceiling and R2.5 in the walls. Reflective foil wall wrap and roof sarking

were also been used to reduce the radiant heat transfer into and from
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the house. The AusZEH adopted insulated waffle pod slab foundation to
further reduce the heat losses via the ground. An insulated waffle pod
is an engineered slab design featuring a grid of internal beams created
around polystyrene pods. This is the same material used in a take away
coffee cup, and just like it keeps your coffee hot; it keeps this house warm
by minimizing heat loss to the ground below.

Minimising air leakage

Uncontrolled air leakage is a major source of energy loss that contributes
unnecessary cost to the heating and cooling of many homes. The cracks
and sources of leakage in a house that allow conditioned internal air to
escape to the external environment need to be controlled. The air leakage
of the AusZEH has been minimised by the inclusion of simple sealing
actions undertaken throughout the build and construction phase of the
house. Essentially, the use of high quality building products and quality
construction methods with an eye for detail, have resulted in significant
improvement in the home’ s air leakage performance.

3.2 Energy efficient fittings and appliances

In the AusZEH demonstration house, the following energy efficient fittings
and appliances have been used.

Lighting

The AusZEH uses LED and 15 W compact florescent lighting (CFL)
downlights which use around 25% of the power of halogen lights.

Hot water system

A twin flat panel solar hot water system is used to provide up to 75% of
the hot water needs for the AusZEH.

Heating and cooling

The AusZEH has been equipped with a ducted inverter heat pump
system. This split system has a heating capacity of 16.3 kW and cooling
capacity up to 15.0 kW. It uses advanced technology that gently
increases or decreases power until it reaches the desired temperature,
maintaining it without great fluctuations. This technology in conjunction
with the ZEH’ s four zoned areas, optimise comfort levels while offering
savings on running costs, as unnecessary consumption is eliminated by
air conditioning only the areas needed.

Oven and stove

Kitchen appliances can consume a lot of power. The appliances at the
AusZEH have high star ratings, which mean that they consume less power.

3.3 Onsite renewable energy generation

The AusZEH has been equipped with a 6 kW PV array of 36 solar panels
mounted on the roof for on-site electricity generation. These solar PV
produce direct current (DC) electricity which is then directed to an inverter

that converts the low voltage DC to higher voltage alternating current (AC)
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power. This AC current then goes back into the grid which is consequently
tracked by the AusZEH Home Energy Management System to calculate
the difference between the electricity used and produced by the AusZEH.
3.4 Smart and future ready energy management

The AusZEH demonstration house has been fitted with a unique Home
Energy Management System (HEMS) which tracks energy and water use
and supply. The HEMS, developed by La Trobe University in partnership
with CSIRO, reduces household GHG emission by empowering the
occupants to become more aware of their energy use and take action to
minimise their household carbon footprint.

All energy and water usage information is displayed in the house on a
touchscreen that can be accessed remotely via the internet or a mobile
phone. Through the touch—screen, occupants can see at—a—glance how
much energy is being used in different areas of the house, or by individual
appliances. Lighting, air—conditioning and other appliances are also able
to be controlled through the touch—screen. Linked to the on-site weather
systems, the HEMS also displays the local weather conditions and
tracks the amount of energy generated by the rooftop solar panels and
compares this against energy consumption. The HEMS can also estimate
and display energy, cost and emission savings from a range of energy—

saving options, such as reducing stand-by power, or through more

=TV

Dr Greg Foliente,

HREERER,

effective usage of heating, cooling and lighting systems in the house.
It can provide customised reports of power consumption for different
timescales, household appliances and zones and transmit this information
in regular updates to the householder’ s mobile phone.

The system can intelligently control the main energy consuming devices in
the home. It is able to automatically switch devices on and off according
to a variety of operating schedules. For example, the HEMS can
automatically switch off stand—-by power in different parts of the house at a
specified time of the day. Importantly, the system has been designed with
the flexibility to allow future technology to be added. For example, it has
the capacity to integrate a plug—in electric vehicle in to the home energy
system. The system is ‘smart grid” compatible and has been linked to
smart meters to measure the energy flow into and out of the house.

4. A house, a home and a laboratory

The AusZEH demonstration house is currently occupied by an Australian
family for a year period and CSIRO will monitor the energy and water
use, and GHG emissions over this time. Through the HEMS, detailed
information will be collected on energy generation, consumption and
storage and will be used to follow the energy flows and actual emission
performance of the occupied house. The performance of the AusZEH
will be evaluated against other homes within the Laurimar development
to provide measurable, comparable information on the success of the
project and help to identify key areas for further development.

5. Further Development

In Australia, most of the states and territories introduced 5 star house
energy efficiency requirements between 2004 and 2010. Currently, around
90% of the existing national houses were built before the introduction of
5 stars. In fact, the sector is dominated by homes constructed before
any energy efficiency or sustainability requirements were required and
consequently, the majority of the homes rate poorly with energy rating
around or below 2 stars.

It is anticipated that over half of today’ s housing stock will still exist in
2050. Consequently, in order to reduce the GHG emissions from the whole
residential sector, it is critical to retrofit the existing housing stocks. As the
second AusZEH demonstration house, CSIRO is currently collaborating
with Victoria state government to demonstrate retrofitting technologies
to achieve net zero emissions for an existing public residential house. A
third AusZEH demonstration house project, retrofitting a community centre
building in Victoria, is also started in 2011. It is anticipated that these
demonstration projects and technologies will be adopted by the building
industry and the general households and contribute to substantial GHG

emissions reduction from the Australia residential sector in the future Ji
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