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ABSTRACT

Climate change is leading to an increased frequency and severity of heat waves. Spells
of several consecutive days of unusually high temperatures have led to increased
mortality rates for the more vulnerable in the community. The problem is compounded
by the escalating energy costs and increasing peak electrical demand as people
become more reliant on air conditioning. Domestic air conditioning is the primary
determinant of peak power demand which has been a major driver of higher electricity
costs.

This report presents the findings of multidisciplinary research which develops a national
framework to evaluate the potential impacts of heat waves. It presents a technical,
social and economic approach to adapt Australian residential buildings to ameliorate
the impact of heat waves in the community and reduce the risk of its adverse
outcomes.

Through the development of a methodology for estimating the impact of global warming
on key weather parameters in 2030 and 2050, it is possible to re-evaluate the size and
anticipated energy consumption of air conditioners in future years for various climate
zones in Australia. Over the coming decades it is likely that mainland Australia will
require more cooling than heating. While in some parts the total electricity usage for
heating and cooling may remain unchanged, there is an overall significant increase in
peak electricity demand, likely to further drive electricity prices.

Through monitoring groups of households in South Australia, New South Wales and
Queensland, the impact of heat waves on both thermal comfort sensation and energy
consumption for air conditioning has been evaluated. The results show that households
are likely to be able to tolerate slightly increased temperature levels indoors during
periods of high outside temperatures.

The research identified that household electricity costs are likely to rise above what is
currently projected due to the impact of climate change. Through a number of
regulatory changes to both household design and air conditioners, this impact can be
minimised. A number of proposed retrofit and design measures are provided, which
can readily reduce electricity usage for cooling at minimal cost to the household.

Using a number of social research instruments, it is evident that households are willing
to change behaviour rather than to spend money. Those on lower income and elderly
individuals are the least able to afford the use of air conditioning and should be a
priority for interventions and assistance. Increasing community awareness of cost-
effective strategies to manage comfort and health during heat waves is a high priority
recommended action.

Overall, the research showed that a combined approach including behaviour change,
dwelling modification and improved air conditioner selection can readily adapt
Australian households to the impact of heat waves, reducing the risk of heat related
deaths and household energy costs.
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EXECUTIVE SUMMARY

Climate change is leading to an increased frequency and severity of heat waves. Spells
of several consecutive days of unusually high temperatures have led to increased
mortality rates for the more vulnerable in the community as well as increased levels of
thermal discomfort. The problem is compounded by the escalating energy costs and
increasing peak electrical demand, as people become more reliant on air conditioning.
Domestic air conditioning during heat waves is the primary determinant of peak power
demand which has been a major driver of higher electricity costs.

This report presents the findings of multidisciplinary research which develops a
framework to evaluate the potential impacts of heat waves in Australia. It presents a
technical, social and economic approach to adapt Australian residential buildings to
ameliorate the impact of heat waves in the community and reduce the risk of its
adverse outcomes in various climatic regions of Australia.

Through the development of a methodology for estimating the impact of global warming
on key weather parameters in 2030 and 2050, the selection and anticipated energy
consumption of air conditioners in future years was estimated by modelling future
weather data within a building and air conditioning thermal model. By 2030 it is likely
that all mainland cities will use more electricity for cooling than for heating. Adelaide,
Melbourne, Perth and Darwin are likely to experience a small increase in heating and
cooling costs, while dramatic increases are predicted in Sydney and Brisbane. Hobart
can expect an overall reduction in heating and cooling costs.

Through the monitoring of groups of households in South Australia, New South Wales
and Queensland, the impact of climate change and heat waves on both thermal
comfort sensation and energy consumption for air conditioning has been evaluated. Air
conditioning monitoring confirmed the importance of air conditioning in the total peak
electricity demand. It is estimated that 38% of total peak demand is due to residential
air conditioning. With climate change it is anticipated that peak demand in Adelaide,
Melbourne, Darwin and Perth will have small increases in peak demand attributable to
climate change; however Sydney and Brisbane can experience dramatic increases,
well beyond current peak power demand growth. It is likely that this will further
increase electricity costs above current projected increases.

Focussing on a 4 day hot spell in different Australian locations, 5 case study dwellings
covering houses and apartments of various sizes were analysed to investigate the
impact of implementing retrofitting measures and design modifications on the comfort
and air conditioning needs. Both options demonstrated an increase of the number of
hours of comfort without air conditioning and substantial reductions of air conditioning
capacity and use in South Australia, Queensland and New South Wales locations.

For a current typical house in Adelaide, an increase of 18% of cooling system capacity
and a 32% increase in electricity usage for cooling are anticipated in 2030. The use of
suitable insulating materials and suitable roofing systems have been singled out as key
feature for improving heat wave resistance and reducing air conditioning requirements.
Other factors requiring consideration in the selection of air conditioning equipment are
correctly sizing the system and preventing leakage of conditioned air in ducting.

The research identified a number of strategies capable of mitigating these expected
impacts. Monitoring data have demonstrated that households are capable of tolerating
higher indoor temperatures during hot weather.

A number of design and retrofit options were investigated for new and existing homes.
These options range from adding no cost to the householder to a reasonable cost;
however encompass existing designs and practices. One such peak demand reduction
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measure is changing the roof surface to achieve a high total solar reflectance. This
represents a negligible additional cost for new houses or existing houses when
upgrading the roof. The concept of a écool retreati is also being proposed for new or
retrofit house designs in which a dedicated zone specifically designed to cope with hot
weather periods be incorporated into house designs. This zone can be applied at
either negligible cost or involve a basement which represents a major additional cost.
Overall, the philosophy presented is that future designs should focus on the peak
cooling demand periods in addition to attempting to reduce the overall annual energy
consumption for providing thermal comfort.

Current building and air conditioner regulations primarily focus on energy usage rather
than peak cooling demand. A focus on peak cooling demand can have a dramatic and
sustained impact on peak electricity demand and ultimately electricity prices. Rather
than a prescriptive measure to adapting house designs to climate change, regulatory
changes to the NatHERS energy rating tool are suggested. Furthermore, enhanced
regulations of air conditioners are proposed. The cost impact of these changes need to
be investigated, however, any increase in costs are likely to be offset by expected
electricity price reductions.

Using a number of social research instruments, including interviews with key
informants, households participating in the monitoring program and an on line survey of
500 individuals from Brisbane, Adelaide and Sydney, it was evident that there is a
willingness of households to change behaviour rather than to spend money. This
includes the correct use of external shades and curtains or moving to a cooler room
during heat waves. Around half of the respondents were also willing to spend up to
$2,000. However, 30% of respondents were not in a position to spend any money.

The research has demonstrated that a combination of responses are necessary to
adapt to heat wav