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ABSTRACT

Older Australians prefer to age in their family home. Age pensioners mostly live in free-standing houses built
prior to the introduction of national housing minimum energy efficiency requirements in 2003. Living in poor
indoor environmental conditions increases the possibility of physical and mental health problems, especially
for this age group, who are also particularly vulnerable to the effects of global warming. Higher temperatures
and an increase in the intensity of extreme weather events have serious implications: increased energy
consumption and a risk of extreme cold in winter or over-heating in summer. Adapting the existing housing
stock to accommodate these issues is crucial.

This paper addresses the following questions; what is the current state of age pensioners’ homes and how can
they be adapted to counter the impacts of climate change. A mixed-methods approach to secondary data
sources is employed to investigate these questions.
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INTRODUCTION

‘Ageing in place’, a preference among older people to live independently in their own homes for as long as
possible, has emerged as a key strategy to reduce the government’s aged care costs (Demirbilek and Demirkan,
2004; Judd et al., 2010, 2014). However, it means people will age in ageing homes, that neither reflect current
standards in building codes for energy efficiency, but also suffer from physical decline unless well-maintained.
Poor maintenance and the resultant decline further impact on the energy efficiency of the home. This is
significant, as poor energy efficient homes potentially affect the health of older people (Dear and McMichael,
2011; Howden-Chapman ef al., 2012; Anagnostopoulos et al., 2016).

Climate change has accentuated the importance of adequate housing (Berry and Marker, 2015; Rajagopalan,
Andamon and Moore, 2018). Climate change prediction models are unanimous; Australia will experience
moderate to strong heat stress during summer months far more frequently (Lewis, King and Mitchell, 2017;
ClimateCHIP, 2019). Increased temperatures will, in all probability, exacerbate health concerns related to
ageing populations, and failure to address this challenge could mean poorer mental and physical health, and
greater pressure on government budgets (City of Sydney, 2016). Heatwaves have been shown to increase
patient presentations, hospitalisations, and emergency call-outs dramatically (Climate Council, 2016;
Campbell et al., 2018; Patel ef al., 2019a). Studies in several countries, including Australia, Russia, Japan and
France, have highlighted the increase in mortality and morbidity, especially among the older generation, during
heatwaves (Ogg, 2005; Robine et al., 2008; ABC News, 2010; The Lancet, 2018).

Consequently, as Australia’s population ages, the proportion and absolute number of people at risk from
heatwaves will continue to rise, increasing the pressure on emergency and health services (City of Sydney,
2016; Cheng et al., 2018; Patel et al., 2019b). According to the Australian Bureau of Statistics (ABS) (2018),
by 2066, people aged 65 and over will constitute more than 20% of the population. At present, 15.7% of
Australia’s population is aged 65 and over (ABS, 2018).

Accepting the need for longer term thinking of housing adaptation is imperative (Schneider and Till, 2005).
When thinking of energy efficiency adaptation at the present time, it is essential to address the climate change
impacts in the coming decades and how the energy use patterns may change, particularly in terms of heating
and cooling requirements. In the near future, poor energy efficient houses will experience more absolute
changes in energy requirements than highly rated dwellings (Wang, Chen and Ren, 2010). Existing buildings,
therefore, represent the greatest opportunity for efficiency improvements, particularly if focusing on energy
conservation and demand reduction (Xing, Hewitt and Griffiths, 2011).

The impact on the health of older Australians of homes that are not energy efficient is an under-researched
area. It is important to understand the intersections between home energy efficiency, energy consumption and



expenditure and their impacts on the health of older Australians (Cooper et al., 2016). If nothing is done to
rectify the inefficient housing stock, the increasing impacts of climate change and aged people health issues
will contribute to more hospital admissions and a greater mortality rate (City of Sydney, 2018). Developing
adaptable actions for the existing building stock to accommodate these issues can play a critical role as
additions to the total building stock is low; in 2008 Kelly (2008) estimated 87% of the buildings we will have
in 2050, are already built (RAENG 2010).

The paper addresses the following questions:
1) What is the current state of age pensioners’ homes in Australia?

2) How can they be adapted to counter the impacts of climate change?
LITERATURE REVIEW

Minimum residential energy efficiency requirements in Australia

In the Australian context, minimum energy efficiency requirements for new housing were first introduced into
the Building Code of Australia (BCA) in 2003 Housing Provisions (ABCB, 2013). Australia has been a very
slow adopter of energy efficiency requirements, and the current minimum standards still fail to reflect
international benchmarking regulatory practices (Horne et al., 2005; Berry and Marker, 2015). At present
many OECD (Organisation for Economic Cooperation and Development) members are proposing to increase
standards towards a net zero energy or net zero carbon performance level (Kapsalaki and Leal, 2011).
Australia, however, has not changed its minimum building energy efficiency requirements since 2010,
currently requiring new developments and major renovations to meet a minimum 6-star rating of NatHERS
(Nationwide House Energy Rating Scheme) standard. Table 1 illustrates the necessary artificial thermal energy
load (per star rating) for some locations in Australia and the associated electricity costs.

Additionally, 64% of all occupied dwellings in Australia are more than 20 years old, and just under half are
more than 30 years old, which means they were built before any minimum energy efficiency requirements
were introduced (ABS, 2012). Studies have indicated that much of the older stock has a star rating of 2 or less
(Noble and Martinelli, 2009; Sustainability Victoria, 2014; Willand, Maller and Ridley, 2019), which means
those older houses in Sydney, for example, require between 148 and 286 MJ/m”.annum'’ (Table 1).

Table 1 — Artificial Energy Loads and Costs per Star Rating and Location.
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annum annum o annum annum G annum annum RO GTITE annum annum R GTTEE
Adelaide | 16 | 584 | 16222 |$  61.03| 325 | 9028 |$  3396| 9 | 2667 |$ 1003| 3 083 | 031
Brisbane | 10 | 245 | 6806 |$ 1602 139 | 3861 |$ 9.09| 43 | 1194 | 281 10 | 278 | 0.65
Canberra | 24 | 957 | 26583 |$  73.26| 547 | 15194 |$ 4188 | 165 | 4583 |$ 1263| 2 056 |$ 0.15
Melbourne| 21 | 676 | 187.78 |$  4370| 384 | 10667 |$  2482| 114 | 3167 |$ 737| 2 056 | 0.13
Sydney 17 | 286 | 79.44 | 2189 | 148 | 4111 |$ 1133| 39 | 1083 |$ 299| 6 167 |$ 0.46

Source: The authors with information from NaTHERS National Administrator, 2012 and Canstar
Blue, 2019

Energy consumption patterns in the Australian residential sector

Understanding energy use patterns in residential buildings is fundamental for establishing energy efficiency
programs and climate change policies (Allouhi et al., 2015). Household energy use is highly dependent on
building characteristics, climate, appliances and system characteristics, tenure type, and occupant behaviour,
which can be related to social and economic conditions (Ren, Paevere and McNamara, 2012). However, in the
typical Australian home, energy consumption according to end-use source is approximately as follows
(DEWHA, 2008; Allouhi et al., 2015; DIS, 2015):

e Heating and cooling (40% - 42%)

e  Water heating (23% - 24%)

e Other appliances, such as laundry or
entertainment appliances (14% - 16%)

Fridges and freezers (8%)
Lighting (6% - 7%)
Cooking (4% - 5%)
Standby power (3%)
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When thinking of energy efficiency improvements at the present time, it is essential to address the climate
change impacts in the coming decades and how the energy use patterns may change. Climate projections for
Australia point to higher temperatures, rising sea levels and an increase in the frequency and intensity of
extreme events (IPCC, 2012; Saman et al., 2013; Horne, 2018). This will have significant implications for
Australian buildings (BRANZ, 2007) including increased energy consumption for cooling, risk of over-
heating, and increased risk of damage from more intense tropical cyclones, storms and stronger winds.

Residential energy efficiency improvements

As Howden-Chapman et al. (2007, p. 1) concluded, “the efficiency of domestic energy is linked with health
because money spent on energy cannot be spent on other necessities ...”. Therefore, homes that are more
energy efficient have the potential to reduce householders’ vulnerability to the climate change effects, while
also improving overall quality of life (Johnson, Sullivan and Totty, 2013).

Based on the work of Willand et al. (2012) and Xing, Hewitt and Griffiths (2011), energy efficiency
improvements can be addressed through the following aspects (in order or prioritisation):

1. Energy efficient building envelope (i.e. window exchange, wall and ceiling insulation, draught
proofing, etc.);

2. Installation of energy efficient operational appliances (i.e. heating and cooling systems, in particular);

3. Installation of on-site low carbon and renewable energy systems (solar PV cells and solar hot water
system) with smart grid connections and control.

Cooper et al. (2016) summarised (Table 2) the most common energy efficiency improvements, from retrofits
in the building envelope to minor items, such as installation of LED light bulbs.

Table 2 - Summary of common residential energy efficiency improvements.

CATEGORY SPECIFIC RETROFIT
Wall insulation (external, internal or cavity)
Ceiling/Loft insulation
THERMAL ENVELOPE Sub-floor insulation

Draught sealing

Sealing large gaps/holes
Internal cellular blinds

External shading

Curtains

Window film

Double glazing

Insect/security screens

Solar hot water

Heat pump hot water systems
Reverse cycle air conditioning
In-home energy display

Ceiling fans

Light replacements

AC standby power isolation switch
Refrigerators and freezers
APPLIANCES Heat pump clothes dryers
Pedestal fans

Hot water pipe lagging

Low flow hot water fittings

WINDOW TREATMENTS

HARD-WIRED HEATING
AND COOLING SYSTEMS

ELECTRICAL

MINOR ITEMS Replacement LED light blubs
Ceiling space downlight covers
OTHER Solar PV systems

Source: Adapted from Cooper et al., 2016

Impacts of residential energy efficiency improvements

Household energy efficiency improvement programs have conventionally been assessed by verifying the
reduction in energy usage, and consequently, a reduction in energy costs and greenhouse gas emissions (IEA,
2014; Willand, Ridley and Maller, 2015; Acil Allen Consulting, 2017). However, recent studies indicate a
broader range of impacts related to increased home comfort and improved health and wellbeing, are potentially



of greater value than the energy savings delivered by the interventions (Thomson ef al., 2013; Maidment et
al., 2014; Maidment, 2016). Residential energy efficiency programs can also lead to tangible benefits along
the entire energy supply chain, including: improved system reliability, enhanced capacity adequacy and better
ability to manage peak demand (Acil Allen Consulting, 2017).

Although most programs focus on improving comfort during winter, Willand, Ridley and Maller (2015) argue
that recent residential energy efficiency improvements should also consider summer thermal comfort and the
cost of cooling to cope with the impacts of climate change.

METHODOLOGY

This is a mixed methods desk top study using secondary sources. A quantitative analysis was undertaken of
three existing and recent databases: the Australian Bureau of Statistics (ABS) Census Data (2016), the ABS
Household Energy Consumption Survey (ABS 2012) and the most recent Melbourne Institute’s Household,
Income and Labour Dynamics in Australia (HILDA) survey (Wavesl to 17). The data analysis is focused on
the group of older Australians (65 years and over) dependent on the Age Pension.

The databases were examined to identify the current state of age pensioners’ homes and some other
demographic and socioeconomic characteristics of this group. In respect of the housing characteristics, the
analysis aims to identify tenure type, age, size and type of dwelling, housing quality parameters, type of energy
used and existing energy efficiency measures. The quantitative analysis of the household surveys and census
data involved mainly: selection and categorisation of appropriate data, and analysis of descriptive statistics
already provided by the organisations, in order to link the findings to the research questions (Denscombe,
2010).

The second phase of this research involved a descriptive case study approach (Runeson and Host, 2009;
Robson and McCartan, 2016) to expose analytically the situation of adequate energy efficient retrofits to
selected housing typologies. A literature search and document analysis of common energy efficient
interventions were combined into a preliminary cost-benefit analysis, highlighting which possible energy
efficiency adaptations to the typical housing circumstances of age pensioners can provide the best results in
terms of countering climate change impacts, while also recognising the limited budgets of those in low-
incomes.

A limitation of the case study technique is that the researcher does not sample widely enough, though Yin
(2008) stated that case study is concerned with analytical and, not, statistical generalisation. Care was taken to
ensure conclusions drawn are noted as analytically general rather than statistically representative.

FINDINGS

Older Australians economic profile and energy expenditure

According to Wilkins et al. (2019a), over 90% of men and women receiving the Age Pension are not in the
labour force, and home ownership usually provides security and independence in retirement (see Morris, 2016).
Whereas the reliance on welfare has decreased over time, by 2017, 28% of those aged 65 years and over still
relied on the Age Pension for more than 90% of their income (Wilkins et al., 2019b). The reliance on the
government support can result, in many cases, in problems of income poverty. This is especially so in the case
of older Australians who are dependent on the private rental sector for their accommodation (Morris, 2016).

According to the last summary report of the HILDA survey (Wilkins ef al., 2019b), poverty rates are higher
among elderly people, especially single elderly women, than any other family type. The mean gross household
weekly income for age pensioners is $605.00, while for all households this is $1,872.00 (ABS, 2012). For the
mean equivalised disposable household income, this is $458.00 for age pensioners and $929.00 for all
households. Their low income would almost certainly shape the way they consume energy.

Additionally, the same report states that the income poverty situation tends to be more persistent over the long
term among older people. Thus, the lack of disposable income for home improvements, particularly related to
energy efficiency, needs to be addressed by other means, including subsidised and government programs.

Energy expenditure as proportion of gross income reached an average of 4.6% for the age pensioners group,
although it represented up to 6% (lone persons household completely dependent of Age Pension). It was only
worse for those on unemployment/student payments (4.7%) or family support payments (4.9%). For all
households the proportion decreases to about 2% (ABS 2012).
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In fact, 12% of age pensioners experienced at least one energy related financial stress indicator. This survey
was conducted around 2012. Since then, energy prices have almost tripled in most Australian states (AEMO,
2019), which means the situation will in all likelihood be far worse now.

The current state of age pensioners’ homes

In Australia, dwelling structures are segmented mainly in three categories: detached houses; semi-
detached/row or terrace house/townhouse; and flat/unit/apartment (ABS, 2016a). It is known that detached
houses, because they are usually bigger and have a greater area of exposure with the external environment,
require more energy than the other types. Despite the trend of smaller homes with the increase in apartments
construction, Australia still has the second biggest homes of any country (behind the United States): the
average detached house in Australia was 230.8 m” in 2017-18 (The Sydney Morning Herald, 2018).

According to the ABS (2012), detached houses require 68% more energy than flat units and 44.8% more
energy than semi-detached houses. If considering the electricity consumption only, the average household in
a detached house spends $31.00 weekly, which is 41% more than what households in semi-detached houses
and apartments spend in average (ABS, 2016b).

According to the Household Energy Consumption Survey (HECS 2012), for those whose main source of
income is the government Age Pension, the separate house represents about 77% of all housing types (Figure
1). Although this is about the average for all Australian households (78%), age pensioners tend to live in older
houses. About 63% of these separate houses are older than 30 years and 15% are between 20 and 30 years
(ABS, 2012). It means that about 78% of these houses are more than 20 years old (built prior to 1992).

Figure 1 - Dwelling structure for older Australians whose main source of income is the Age Pension
(ABS, 2012)

m Separate house
m Less than 5 years old

= Semi detached/ row or terrace = 5 years to less than 20 years old

house/ townhouse = 20 to less than 30 years old

= Flat/ unit/ apartment 30 or more years old

If subdividing older people households by couples only and lone persons (Figure 2), 51% of the couples live
in homes older than 30 years old (ABS, 2016b) and 94.8% of these are detached houses. For lone persons
households, the proportions are quite different: 60.5% live in homes older than 30 years old and 75.3% of these
are detached houses. Relocation to another dwelling structure and downsizing is more common among lone
person households (Judd ef al., 2014).

From these data, we can infer that in the case of these old houses most would not have undergone any process
of retrofit or refurbishment, and will probably not meet current energy efficiency standards.

Figure 2 - Dwelling age for couples only and lone persons 65 plus (ABS, 2016b)

Lone person 65+ 15.5% ’ 18.3% 3.5%

Couple 65+

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

m 30 or more years old m 20 to less than 30 years old m 5 years to less than 20 years old Less than 5 years old
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Age pensioners’ home energy efficiency characteristics and actions

In regards to the energy source used in the dwelling; age pensioners tend to rely more on electricity only than
other household compositions. While 32% of all Australian households rely on electricity only at their homes,
38% of age pensioners have electricity only as their energy source (ABS, 2012). For electricity and mains gas,
which would be the most efficient combination for energy consumption, while those are the energy sources
for 46% of all households, this is the case for only 40% of age pensioners.

In terms of existing energy efficiency dwelling features, 76% of age pensioners responded they had insulation
in their houses, while 15.8% did not know if their home had any kind of insulation. Window treatments, such
as double glazing or draught exclusion, is also very common: 93% of age pensioners responded having some
kind of window treatments to their houses, although it is impossible to know exactly which measures are
installed. Renewable energy systems were, generally, still an uncommon home improvement: with around
15% of age pensioners having renewable energy systems; either solar electricity or hot water system, which is
around the same average for all households (ABS, 2012).

When asked which household activity contributed most to household energy costs in the last 12 months (2011),
heating the home and water heating were the most common responses, as expected. Surprisingly, cooking
accounted for 10% of responses, along with cooling/ air conditioning the home, and running the fridge and
freezer (ABS, 2012). As time passes and climate change impacts of higher temperatures increases, we should
expect cooling the home to become more common in these responses.

When comparing two different, yet common, strategies for electric heating and cooling, the reverse cycle air
conditioning costs about $34.00 per week, whereas portable electric fans in summer and portable electric
heaters in winter account for about $26.00 a week. (ABS, 2012). As the reverse cycle equipment is used for
entire rooms and even more than one room (central equipment), the portable equipment appears to be more
economic as they can be used for smaller areas — although it is not possible to infer on the thermal comfort of
the home.

Potential for climate change adaptation

As seen previously, there are many ways of retrofitting a home to improve energy performance. Understanding
which measures are more suitable and cost effective for age pensioners’ homes can enable targeted discussions
towards better housing intervention policies for climate change adaptation and healthy ageing in place.

According to the ABS (2006), most Australian houses are built with outer walls constructed of brick or timber
(weatherboards). In 1999, 71% of dwellings had walls of either brick veneer or double brick walls, compared
to 65% in 1994 (BRANZ, 2007).

The brick veneer architectural style was first adopted just before World War II (1930s) and gained more
popularity around the 1960s, as an affordable and easy-to-build solution compared to the high costs of double
brick homes (Budget Direct Home Insurance, 2015; House of Home, 2017a). Although there is no available
data, its growing popularity is concurrent with the period when current age pensioners were purchasing their
family home. Therefore, we could assume many age pensioners who are homeowners still live in their brick
veneer homes.

According to the House of Home (2017), some key features of brick veneer homes are: they “often feature
hipped roofs with simple concrete tiles in bleak or low profile colours, sliding timber framed windows, plain
interior with timber flooring, and red, cream or white brick finishes”. Other building materials combinations
include metal sheeting roofs and concrete floors (BRANZ, 2007). It is still current in new developments and
consists of an internal timber structure covered with a single layer of brick on the outside. There is usually
some space between the structure and the cladding, and insulation can be inserted there.

In respect to insulation, cavity wall insulation currently offers the largest potential for reduction in energy use
and carbon saving per dwelling within a short payback period (DCLG, 2006; Xing, Hewitt and Griffiths, 2011).
For the typical Australian home, built with timber frame, timber or brick cladding and concrete floor, this is
an effective solution. It can be executed either by pump-in solutions, such as hydrophobic granulated mineral
fibre (either rockwool or glass mineral wool), expanded polystyrene beads, or polyurethane or urea-
formaldehyde foams, or by installation of blankets, panels and batts insulation (Sustainability Victoria, 2016).

One of the most common and cheapest ‘low-hanging fruit’ climate change adaptation actions to be adopted
among age pensioners is to use draft-proofing seals on doors and windows. This energy efficient action is
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beneficial for both summer and winter seasons, as it helps insulate the home against heat loss and heat gain.
Another simple adaptation is to paint the external brick walls with light colours to improve reflectance and
avoid heat gain in higher temperatures. Other easy-to-do improvements include using pedestal fans, installing
window film or heavy curtains/blinds internally and/or installing outside awnings or shutters to improve energy
efficiency (Caitlin, 2013; Morris et al., 2019). Possibly, those window treatments could be facilitated by
existing local council home repair and maintenance programs (IWC, 2019). Other effective energy efficient
actions such as using efficient light bulbs and low-flow shower heads are already done by most councils.

Some climate change adaptation measures may be more expensive (longer payback periods) and/or not so easy
to install, as they require some disturbance of the home (Sustainability Victoria, 2016). Substituting dark roof
tiles for lighter colours have the same effect on reflectance and avoidance of heat gain, but it is expensive and
may require specialised professionals. Double glazed windows are known for their insulating features but are
also more expensive and may require changes in the window frames. Ceiling fans with reverse mode, for
example, are effective solutions for energy efficiency improvement during summer and winter seasons, but
their installation may be restricted by ceiling heights in brick veneer homes. Other actions, such as solar hot
water system and solar electricity (photovoltaic panels) could take advantage of the hipped roofs but have a
substantial upfront cost that may be impossible for age pensioners to afford. In 2012 only 9% of age pensioners
had solar electricity connected to grid, which was about the same for all households combined (ABS 2012).
The NSW government initiative of installing free solar systems for low-income households could be a way of
increasing this percentage while alleviating their financial stress (Energy NSW, 2019).

Finally, not all properties are susceptible to the more cost-effective interventions. There is a hard-to-treat stock,
consisting generally of properties that have any of the following features: solid walls, off the mains gas
network, and no loft space (DCLG, 2006). As seen previously, more than one third of age pensioners have
electricity only as their energy source (ABS, 2012), so effective solutions such as replacing electric hot water
systems with gas systems are not possible in these homes.

CONCLUSIONS

Higher temperatures and more extreme weather events have the potential to have an impact on the physical
and mental health of our ageing population. Age pensioners with low incomes may be more vulnerable due to
their home circumstances and the poor energy efficiency characteristics thereof. This ongoing research sought
to investigate the current state of age pensioners’ homes and explore suitable energy efficiency improvements
to cope with the predicted impacts of climate change.

By understanding the economic profile of age pensioners, the extent of their reliance on the Age Pension and
the lack of disposable income or financial limitations for home improvements, it is argued that the push towards
building adaptation and energy efficient actions needs to be partially or heavily subsidised by government.
Low-income households not only have less capacity to sustain a good level of maintenance in the home, but
also they do not have the financial resources to improve home energy efficiency (Chester, 2013). Low
maintenance of buildings may accelerate the natural process of weathering and wear, which change the energy
use pattern of households for heating, cooling and water heating, which represent the biggest proportion of
total household energy consumption (Anagnostopoulos et al., 2016).

Additionally, by identifying the typical dwelling structure, architectural style, building materials and energy
efficient features of their homes, it is possible to work on framing policies that address the specific gaps in
energy efficiency interventions and facilitate the adoption of those avoiding a “one-size-fits-all” approach.
Classifying potentially suitable interventions into either “low-hanging fruit” or more expensive ones, has the
potential to direct adoption efforts throughout local, state and national governments. Some of those easy-to-do
intervention measures could be part of education programs of local councils to motivate DY measures, or part
of their program of home maintenance and repair assistance to local seniors. Other costly measures, such as
solar power, for example, should be part of a broader national policy that addresses concerns on energy
infrastructure stability and management of peak demands.
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! As an estimate of a home’s potential heating and cooling energy use, this calculation is a predicted annual energy load
(in MJ — megajoules) for heating and cooling of the conditioned floor area (m?) based on standard occupancy assumptions.
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