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SUMMARY 

The design of an urban house located on the Gold Coast, Queensland, Australia has been completed 
as an exemplar of ESD. The home is an essay in design synthesis: designed to integrate existing 
principles with state of the art environmental technologies and a comprehensive methodology for 
evaluating the performance of these technologies. The aim of this paper is to present selected results 
of the data gained from this evaluation to give feedback on the performance of the solar technologies 
used in the building. The paper argues that the project can form a model for future research into 
sustainability. 
 

 
Figure 1: The Prosser House, the outcome from the Healthy Home project 

INTRODUCTION 
 
A prototype environmental house for urban areas has been constructed in the sub-tropical, coastal 
climate of the Gold Coast, Queensland. The house, designed by Hyde and Rajapaksha was based on 
‘Green design principles,’ (Vales 1996) a framework for environmental design derived from the work of 
Lawson (Lawson 1996) as well as the work of Watson, S and Hyde, R.A. 2000.) This framework 
defined sustainable design in terms of reducing environmental impacts of buildings hence a number of 
design strategies and technologies were used to address this framework.  
 
The underlying design philosophy followed the Jungian notion of holism, - the collective sum of the 
whole can greatly exceed the effect of the individual parts. Hence, the environmental benefits from 
designing such a house would have a significant reduction in environmental impact from the 
cumulative effect of its parts. This can be thought of as a silver threat that is woven through the 
building to effect ESD. For example, the strategies for ventilation were linked to fabric strategies to 
reduce solar heat load, which in turn was linked to the structural form to maximize openness of the 
building, to promote a thermal siphoning, natural ventilation and avoid the need for air conditioning 
with is negative impact. Rainwater collection and recycling represent a further layer in the 
environmental strategies.  
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It is hypothesized that by linking environmental strategies, greater efficiency in building design and a 
reduction of environmental impacts can be achieved. Yet, the inter linking of strategies in this way to 
date has largely been ignored. For example, recent attempts to integrate sustainable principles into 
the Building Code of Australia are based on only a partial model of building design. This model is 
focussed selectively on the envelope and air conditioning strategies for Greenhouse gas emissions, 
this leads the model open to criticism of imbalance, reductionism and lack of sensitivity (AGO 1999a, 
b). The use of a more comprehensive model could have far reaching effects in terms of the collective 
dominant social paradigm towards sustainability in buildings rather than the selective approach to 
sustainable practice to date (Lavery 1999). 

 
Client concepts 

The idea underlying the ‘healthy’ house concept was the notion that one of the fundamental aim of 
sustainable buildings grew out of the respect of users. There has been increasing concern for the 
health and well being of users in the wake of the rising rates of building related illnesses. This 
prompted a wider investigation into the building health data sheets provided by manufacturers and the 
selection of benign materials, components and systems. Evaluation of this through air quality analysis 
was carried. Building health relates also to a wider set of issues concerning life style and environment. 
This is embedded in Queensland regionalist architectural tradition; the connection between inside and 
out, the use of external spaces such as verandah promote a way of using buildings that is unique to 
the location. 

 

Figure 2: Ground floor and first floor plan, north is to the top of the page 

Industry partnerships 

Further more a further key concept was for prototyping a sustainable house for urban conditions. Little 
work has been carried out in this area and the building therefor challenge the design and legislative 
norms in this area. In particular legislative constraints prohibit the use of recycling water and therefore 
the research methodology addressed these issues to demonstrate feasibility of this approach. This 
work was enhanced by the synthesis of systems and ideas from over 30 manufactures 
 
Design principles 

The house was design from design principles found from a number of sources. Brenda and Robert 
Vale, in their book on ‘Green Architecture’ set forth six principles to design this type of building as 
follows.   
 
• Conserving energy 
• Conserving materials and resources 
• Working with climate 
• Respect for site 
• Respecting for users 
• Holism, relating the building to the wider urban environment. 



 
The paper discusses the first three principles 
 
Design phase assessment 

Yet to be of impact in this wider arena the building features required performance evaluation and 
development into a model for wider use by the design disciplines, thus just as one swallow does not 
make a summer similarly one building will not transform the design and construction industry to 
sustainability. Moreover it can be argued that through evaluation a model of such a sustainable 
building approach could act as a catalyst to such a shift. 

 
Furthermore, analysis of similar directions in housing revealed a lack of evaluation of such buildings to 
deliver sustainability, these buildings were largely ‘show casing’ sustainability for marketing and image 
purposes. With out substantiating the claims for sustainability it is argued here that this reduces these 
buildings to mere political statements that support a design direction similar to a manifesto. Such 
buildings, like many political statements can be ignore and even marginalized, and through this 
devalue the significance of sustainable design. It is therefore crucial that such buildings are brought 
within the umbrella of a research program and more importantly a model of sustainable housing.  

 
It therefore seemed appropriate to soundly evaluate the prototype to substantiate claims through an 
unequivocal research methodology. To this end the house has been fitted with a range of in-use 
monitoring equipment to allow a longitudinal study its performance. Also, a number of spot 
measurement protocols have been developed to examine selectively aspects of the building that are 
not amenable to continuous on-site measurement. Data from this project is also being used to a post-
construction environmental assessment system to assess the design in terms of its environmental 
performance. The basic model used for this part of the research program is to assess the building 
against the design intentions. To this end a reporting structure has been used which uses the design 
principles as a framework. With in each broad area the process, strategies and elements are identified 
and the evaluation of performance provided. 
 
CONSERVING ENERGY 

Process 
 
Conserving energy in buildings is a complex task involving both the issues concerning the building 
design and construction and its use by the occupants over time. It is not proposed to discuss here the 
reasons for energy conservation such as the reduction of greenhouses gas emissions or the reduction 
of in the use on non renewable energy. Rather to examine the priorities that come from this need to 
conserve energy. 
 
Having established priorities then it is a matter to select strategies and implementing these in a way 
that the systems are efficient and effective. Hence energy efficiency becomes a ‘more for less’ 
argument, how can a given level of service be provided for the lowest expenditure of energy? Thus 
efficiency is seen as reducing the demand for energy in the building. 
 
A further issue is the difference between the energy used in the operation of the building- operational 
energy and that energy used to manufacture, maintain and demolish it- the embodied energy. Whilst 
over the life of the building the operational energy is seen as the largest, the embodied energy is still a 
significant amount and cannot be ignore (Lawson B, 1997 ). Inherent conundrums develop with this 
thinking, some materials low embodied energy and ongoing maintenance, others have high embodied 
energy and low maintenance cost. Making trade-offs is necessary dependant on the project type, 
location and client expectations. Recycled and or reuse materials and components are useful to 
include in the building since their production energy has been consumed in their first life and only 
additional energy to recycle is used is counted in this exercise. 
 
A convenient way of understanding this is to examine the typical energy budget for a household in 
Queensland. From this it can be seen that a only a small proportion of this is concerned with space 
cooling and heating, whilst a larger part comes from non building related components such as 
transport. Indeed such components as the energy used for production of hot water account for 30-40 
per cent of the house hold energy budget. Whilst there is a temptation to deal with the ‘big ticket items’ 
first and then address the others. This argument seemed spurious since it follows the leaky bucket 



analogy: even though the large holes are plugged, the water flows faster and eventually leaks out 
though the remaining holes.  
 
Hence the energy concept gave a priority to minimizing the embodied energy, maximizing the use of 
renewable energy and increase energy efficiency through reducing the demand on energy consuming 
systems. Szokolay identifies two approaches to energy efficiency through building design. A defensive 
approach excludes unwanted heat flux and then adds back services though active systems or an 
interactive approach which is responsive to the environment and uses active systems as a back up. 
The process in the design of this building followed the latter where the building can be used in a 
variety of modes. 
 

1) Passive- natural sources of heating and cooling 
2) Active- mechanical sources of heating and cooling 
3) Mixed- a combination of both passive and active 
4) Production- use of natural energy sources for energy generation 

 
Strategies 
 
The strategies to conserve embodied energy are as follows:  
 

• Selection of lowest embodied energy materials, including recycled materials.  
• Preventive maintenance though detailing which also reduces corrective maintenance 
• Reduce energy used in construction of the building though increased buildability 
• Minimization of site works 
• Building form which is interactive with the environment  
• Maximizes the operation of the building in passive mode 
• Use of mixed mode in extreme weather conditions 
• Production mode for electrical and hot water generation 
• Energy efficient elements 

 
With regard to operational energy the passive climatic design of the building means the energy 
demand for space cooling and heating is reduce to a minimum level and no air conditioning is needed. 
Ceiling fans are used to provide a backup cooling system.  
 
The design strategies used for reducing the use of electrical energy over time is as follows: 

• Effectiveness of day lighting 
• Efficiency of electrical appliances 
• Solar energy for electric power generation 
• Solar energy for passive space heating, and water heating 

 
Elements 
 
The main elements of the design to implement the strategies for reducing embodied energy are as 
follows. 
 

• Timber portal frame for the primary structure 
• Timber stud framing for secondary structure joinery and finishes 
• Extensive use of recycled timbers for the floor joists and posts 
• Recycled timber of the tongue and grooved floor 
• Minimal cut and fill, no cut to leave the site 
• Reduction in the number and extent of foundations 
• Concrete with recycled aggregate and recycled cementatious material to reduce cement 

content 
• Window and glass door detailing to reduce the need for laminated glass 
• Timber window frames and louvers 
• Fibre cement exterior cladding  

 
The following elements are used to conserve operational energy and reduce CO2 emissions 
 



• Grid tired photovoltaic system to generate green power  
• Solar hot water system 
• Passive solar heating 
• Efficient fluorescent light fittings with low mercury lamps 
• Day lighting to reduce the need for electric lighting during the day 
• Ceiling fans to provide back up cooling 
• Radiant heater 

 

Evaluation of energy conservation 

A materials accounting spread sheet has been developed. This has been compiled using a procedure 
found in quantity surveying and embodied energy figures computed from the material volumes.  

 

Figure 3: The operational energy assessment compared to an average Queensland Home bases on 
kWhrs per person per day. 

The data collected demonstrate that the home uses about two thirds less energy than the average 
home. The building also contribute 4 kW hrs per day from the cogeneration photovoltaic system which 
is fed to the electrical grid. The current buy back rates give a cash back to the owner equivalent to one 
quarter of the dollar cost of the electricity used.  The overall effects of the use of the PV system is to 
produce 60 per cent of the power consumed by the house. The solar hot water system is four times as 
efficient as an all electric hot water heater.  
 
WORKING WITH CLIMATE 

Process 

The home is located on the Gold Coast, situated 200m from the beach. It has a sub tropical climate 
which, is influenced by a coast maritime microclimate. In winter this moderates temperatures upwards 
as compared to inland areas. In summer the urban context reduces access to sea breezes and the 
density of the built environment increase surface temperatures. As a consequence the site is a heat 
sink but some relief is proved by an adjacent lane provides access to breeze.  
 
Strategies 
 
A number of strategies are used to improve the climate response. 
 
• Summer Strategies  

• Ventilation to cool internal spaces 
• Solar defense through the design of the building skin 

• Winter Strategies 
• Solar gain to heat internal spaces 
• Fast response from the light weigh building structure to heat quickly 

 

0 
1 
2 3 
4 5 6 
7 8 

Healthy Home Average Queensland House



Elements 

The basic organization of the form and fabric of the building is designed to interact with the 
environment to maximize the passive design features. Key features of the design areas follows. 
 
• Shading to windows, doors and external spaces to provide solar exclusion in summer 
• Bathroom and service spaces to the west as a buffer from westerly sun and heat gain 
• Light external colours to reduce heat gain 
• Highly insulation with the use concertina expandable reflective foil insulation and a combination 

blanket and foil insulation 
• Pavilion plan form with open section to provide cross ventilation for summer cooling 

Figure 4: Climate response in summer, the shaded area shows comfort zone. 
 
• An atrium space is used to promote the stack cooling of internal spaces in summer calm 

conditions and provide light to internal spaces. 
• Maximize window  openings for cross ventilation 
• Pop-up roof for stack ventilation 
• Light weight north eastern orientated building skin to provide rapid heat gain in winter 
• Prefabricated skeletal framing system, minimizes internal bracing walls, gives internal planning 

flexibility and maximizes openings for ventilation. 
 
Evaluation 
Detailed evaluation has been carried out (Hyde and Watson, 2001). From this selective indicators of 
thermal performance can be found. The main indicator of thermal performance for the purpose of this 
assessment is the internal air temperature during the summer (Figure 3). 
 
The house is analyzed here in terms of its performance during the extreme seasons of winter and 
summer. The temperature measurements from a height of 1800 above the downstairs floor level are 
used in all comparisons between external and internal temperatures. The average maximum air 
temperature for summer conditions was reduced internally by 2.0 degrees C.  This reduction places 
the average maximum within the acceptable summer comfort zone. External air temperatures in the 
shade measured over the 92 days of summer revealed that only 15 days had a maximum within the 
comfort zone. Internally air temperatures on the other hand show an improvement, 53 days were 
measures to have a maximum within the comfort zone. 
 
More over on extreme days with external temperatures of 40 degrees or more were measured the 
internal temperatures were reduced to by 7-8 degrees. In addition the house is designed to increase 
internal airflow to improve physiological cooling. This natural cooling effect on hot days reduces the 
effective temperature by up to 2-3 degrees. Thermal performance measurements therefore 
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demonstrate the passive ventilation strategies are effective for urban areas. The elements and 
planning of the fabric of the building contribute to the reducing of external heat gains. 
 
CONSERVING MATERIALS AND RESOURCES  
 
Process 
 
The main design direction with regard to conserving materials was to examine the potential to reduce 
water consumption. In Queensland the highly seasonal availability of water, that is there is a distinct 
dry season and wet season with 80 percent of the rainfall in the summer period with continuous 
periods with out rainfall in winter.  The potential to reduce water demand from the house was 
examined using a water balance calculation. This assess the potential available rainfall, the likely use 
and the size of tank system.  
 
Strategies 
 
The water use reduction strategies included: 
 

• Treatment and storage of rainwater for household use 
• Treatment and storage of grey water for future garden use 
• Selection of plant species suited to the area.  

 
Elements 
 
Rainwater is collected from the roof and stored in tanks.  The main tank is a 22,000 litre tank buried 
below the house.  Water quality is protected by a twenty micron filter and first flush devices, which 
divert the first 120 litres (8mm) of each downpour into the local storm water system. The rainwater 
supply is supplemented by town supply.  The local council required that there should be no connection 
between the town supply and the rainwater tank, and this was achieved by allowing for an air break 
between the tap from the town supply, and the rainwater tank. Grey water (water from basins, laundry 
and the showers) is collected and treated on site, in a 6,000 litre tank.  The tank settles and sand 
filters the grey water, before releasing it for reuse.  The water would normally be used for the garden, 
but as this is a sandy site, the local council have required stringent testing, before they will permit the 
grey water to be reused on site.  
 
Locally found native plants were selected, which would be suited to the local environment, and require 
minimal watering.  The garden was designed according to permaculture principles, in order that the 
garden will eventually be self-sustaining. 
 
Two devices were installed to help monitor and minimize garden water use.  The first is a tensiometer, 
which measures the dryness of the soil, and indicates when watering is required.  The second is a Full 
Stop Device, developed by CSIRO. This sends a signal to the householder when water has reached 
the level of the roots of the plants.   
 
Evaluation 
 
Both rainwater and grey water were monitored for quality and quantity used over the test year,  and 
the systems have been refined in response to the testing.  Testing established that the filtration 
system was purifying the water to acceptable levels in all measures bar the total coliform count.  A UV 
treatment system will be installed to ensure that the rainwater meets the National Health and Medical 
Research Council Standard. 
 
Over the test year it was found that the grey water could not meet the Department for Natural 
Resources’ Guidelines for reuse on site, and an additional UV disinfection unit was installed in the 
system.  After UV treatment the grey water has a measured total coliform count of less than 10,  so it 
is now well within guidelines for use in above ground irrigation and for toilet flushing. 

Because the grey water has not been available for reuse over the test year, the total water imported 
has been higher than anticipated.  This was exacerbated by the drought in the area over the test 
period, which reduced the amount of rainwater available to the house.  Rainfall was gauged at the site 



for the test year, and was measured at 1030mm, only 70% of the average annual rainfall.  This level of 
rainfall is in the lowest quartile of average annual rainfall in the area. The Department of Natural 
Resources estimate that when grey water is utilized, 60% of the current household water needs could 
be met by rainwater and reused grey water.  While the payback period for these systems is long (if 
ever) for the householder, independent systems like this reduce the burden on local infrastructure and 
reduce the requirement for new reservoirs in growing residential areas. 
 

Water End Use
Total annual water use: 241,000 litre

Average daily water use: 661 litres/da
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Figure 6: Water end use over a year. 

A MODEL FOR FUTURE RESEARCH 

The results from this research demonstrate a number of important arguments about the environmental 
design of buildings and suggest a path for future research. The building is not rocket science, it is built 
from available and proven technology. The significant difference from the average house in 
Queensland house is that it is the designed around a series of environmental strategies. Each is a 
small part of a larger whole and the benefits that accrue give significant benefits as the results show. 
The house and the research project that supports the work is appealing as a model therefore for 
future research.   This is based on incremental change of parts of the over all system to achieve 
environmental benefits. This mixture of design and evaluation is the hallmark of product development, 
which is lacking in any areas in the design of the built environment. 
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