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Executive summary

This research study has analysed the implementation of energy efficiency measures (EEMs), solar
renewable energy (RE) technologies and behaviour change initiatives brought about by the Alice Solar
City (ASC) initiative. ASC was part of the Australian Government’s Solar Cities program, which trialled a

range of innovative and sustainable energy solutions between 2008 and 2013.

Households that registered for ASC received a home energy audit, from which a number of EEMs were
recommended. Some of the EEMs were financially incentivised by ASC through energy efficiency
vouchers (EEVs), which contributed to the cost of, among other things, households adopting photovoltaic
(PV) technology or a solar hot water (SHW) system. Demographic information and data about household
energy consumption were collected from participating households during their involvement in the
program.

This study analysed the database repository of this information to discover the characteristics of ASC
participants and what effects their participation in ASC and the EEMs they adopted had on their long-term
energy use. The study found that households in freestanding houses, with fewer bedrooms, were more
likely to be PV early adopters. The next strongest predictor of PV adoption was education level, with
higher levels more likely to take up the technology. Demographic variables such as Aboriginal or Torres
Strait Islander status, number of residents and the presence of children or the elderly in the household were
only weakly correlated with PV adoption. There was a weak trend of increasing PV adoption with
increasing income, which indicates that policy is best directed to the larger middle-income groups, which
are only slightly less likely to take up PV energy, but who still have a greater effect on the total energy
system.

The most heavily adopted EEV was SHW, with 908 participating households taking up the incentive from
ASC and this resulting in a 10% fall in their energy use across the time they were in the program and over
the longer term. The incentive for the PV was capped at 277 households, and that number was reached.
This measure resulted in a net fall in electricity use of 34% for those households while they were in the
program,; this fall was also sustained over the longer term. The net change in energy use due to the PV
system can be split into its components of energy production and energy consumption; in the long term,
households increased their energy consumption by 6%, which was more than offset by the energy their PV
system produced. This rebound effect of 15% observed for PV adopters (where a decrease in price results
in an increase of consumption) is at the smaller range of rebounds observed in other studies. No rebound

effect was observed for SHW adopters.

Economic analysis conducted showed that adoption of EEMs was not based on economic rational
principles, with some heavily adopted EEMs having very long payback periods or negative internal rate of
return. However, some EEMs were highly financially effective, if targeted to the appropriate households.
The range of investment returns and the popularity of different incentivised EEMs offered through the
program clearly indicate that economic effectiveness is only one consideration in EEM adoption. Other
important considerations are popularity of product, perceived improvement in comfort, absolute up-front
cost and support provided for the EEM adoption.

There was no statistically significant impact on electricity usage due to either the customer signing up to
the ASC program or obtaining a personalised home energy audit. Overall, long-term change in energy use
due to the ASC program was a net fall of 10%; a significant component of this is the adoption of PV and
SHW. When these two items are excluded, the net fall in energy use due to participation in the ASC was

Ninti One Limited Enhancing household energy efficiency in central Australia: v
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3%. While this 3% fall is not statistically significant when taken overall, some of the EEM-only adopters
did have statistically significant reductions in energy use.

It is because these significant reductions are possible at the individual level that the program found that
enhancing the ‘energy intelligence’ of motivated residents appears to be a critical prerequisite in the
process of increasing energy efficiency of households. Carefully designing a package of small yet
complementary changes can be an effective adaptation to improve the overall liveability for people in
central Australia, particularly those living in remote communities. Understanding what drives different
households to adopt RE technology will better inform strategies to ensure greater precision, and therefore

effectiveness, in the targeting of future programs.

vi Enhancing household energy efficiency in central Australia: Ninti One Limited
Analysis of the Alice Solar City initiative



CRC-REP Research Report CR001

1. Introduction

Adoption of renewable energy (RE) technologies and energy-efficient products and practices by
households has been widely promoted by Australian governments during the past decade as a means of
reducing reliance on grid-supplied energy and shifting energy use outside peak periods. Widespread
adoption of RE technology by Australian households would ease pressure on existing energy
infrastructure, reduce carbon emissions and reduce household energy costs. However, there is limited
understanding of the adoption of RE technology and the extent to which this technology has altered and led
to sustained reductions in energy consumption. The Alice Solar City (ASC) initiative was an important
investment by the Australian Government and partner organisations during 2008-2013 to promote
innovative and sustainable energy technology among urban households.

The Cooperative Research Centre for Remote Economic Participation (CRC-REP), in partnership with
Charles Darwin University (CDU), undertook an in-depth analysis of the implementation of energy
efficiency measures (EEMs), solar RE technologies and behaviour change initiatives brought about by the
ASC initiative. As part of its normal operations, the ASC assembled a comprehensive database on the
energy technology and usage of its ~2800 participating households (approximately 30% of households in
Alice Springs), yet did not have the resources or expertise to fully analyse the database during its period of
operation. The CRC-REP and CDU have worked cooperatively with the Alice Springs Town Council to
analyse the ASC database, which is documented in this report.

1.1 Adoption of RE technologies by households

Recent research has revealed a strong correlation between socio-economic and demographic characteristics
with household energy usage. That is, higher household income, larger houses (floor size) and fewer
household members correlate with higher energy use per capita (Lenzen et al. 2006, Newton & Meyer
2012). For example, higher income households are likely to contain more appliances than households with
lower incomes, with one study showing that there has been a substantial increase in energy consumption
due to the increasing use of a range of home entertainment and kitchen appliances (Taylor et al. 2010).
However, households with young children (<5 years of age) and older members also correlate with higher
energy use (Brooks & Yusuf 2009).

The predictors of adopting RE systems or undertaking EEMs have been extensively studied; however, no
definitive predictors have been identified. The literature on residential energy efficiency and RE adoption
tends to focus on household behaviour (Abrahamse et al. 2005), economics (Howarth et al. 2000), or
policy (Levine et al. 1995, Varone & Aebischer 2001). An earlier study into demographic characteristics
found that adopters of solar energy systems were younger and more highly educated, with higher incomes
(Labay & Kinnear 1981). This finding is consistent with more recent studies that found that home owners
and people with higher incomes and homes with a pool were more likely to adopt EEMs and RE
technologies (Sidiras & Koukios 2004, Kaldellis et al. 2005, Mills & Schleich 2009). However, another
study found that there is a weak relationship between the adoption of RE technologies or EEMs and
income and education levels of households (Mills & Schleich 2008). Others have reported that the type of
engagement, goal setting and feedback on performance has an effect on short-term change in energy use
(Harding & Hsiaw 2012). Providing information alone to households is rarely an effective strategy (Van
Houwelingen & Van Raaij 1989). This study observed no change in energy usage by participating
households after program sign-up or energy audits. This is similar to a study of Canadian households in the
ENEVERSAVE program, which found that when one group of participants received tailored information

Ninti One Limited Enhancing household energy efficiency in central Australia: 1
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and another group received general advice, there was no difference in energy usage after two years
(McDougall et al. 1983). Other studies have found that household audits had mixed results, with some
households using more energy after the audit (McMakin et al. 2002), or there being no effect from a
program from the initial sign-up stage (Abrahamse et al. 2005).

A challenge for policymakers and researchers is to better understand the drivers that influence the adoption
of RE technologies and changes in behaviour leading to energy efficiency. There is also uncertainty about
the link between pro-environmental attitudes and beliefs and subsequent changes in household behaviour
that lead to reduced use of grid-supplied energy. Understanding the particular drivers for different socio-
economic groups of households will inform strategies to promote and support adoption of appropriate
technology and changes in behaviour. For instance, some of the complexity of this topic is that provision
of credible information tends to result in higher levels of knowledge, but this does not necessarily translate
into behavioural changes towards energy efficiency. Also, financial rewards and incentives generally lead
to energy conservation, but tend to be short-lived. Personalised regular feedback on household energy
usage has been found to be valuable in shifting household behaviour towards greater energy efficiency
(Abrahamse et al. 2007).

Some of the important drivers to encourage households to become more energy conscious identified in the
literature are given below:

e A core component to conserving energy is the individual’s beliefs in the importance of energy
conservation and the belief that they can make a difference (Abrahamse & Steg 2009, Gadenne et al.
2011). A significant constraint, even if the belief or attitude is positive or can be changed to positive, is
changing household habits (De Vries et al. 2011).

e Households may not be aware of the implications of their behaviour on their energy use, and
information or knowledge can bring about a reduction in energy use if there are no other barriers to
change (Gatersleben et al. 2002, CSIRO 2009, Akter & Bennett 2011, Heinzle & Wiistenhagen 2012).
However, the literature says that while information will increase knowledge, information on its own

may not bring about the desired reduction in energy usage if other barriers exist.

e  General monetary incentives have been found to result in a reduction in energy usage. However, the
major criticism is that the change in behaviour can tend to be short-lived (Abrahamse et al. 2007).
Another way to create efficiencies across the system and result in less need for infrastructure is to have
users change the time they use electricity, without requiring an overall reduction in use. A shift in
pattern of energy use can be generated by monetary incentives (Gottwalt et al. 2011).

e Household energy conservation is constrained by the lack of awareness around the use of electricity in
the home. By providing feedback and increasing awareness of actual use and cost of electricity, energy

conservation can be increased. In-house meters increase awareness in a continuous and frequent
manner (Hargreaves et al. 2010, Willis et al. 2010, Paetz et al. 2012).

e Prevailing social norms and community views are an important foundation for sustained community-
wide adoption of increased energy efficiency behaviour.

A combination of policies and investments to encourage adoption of RE technologies and EEMs is one
strategy to encourage behavioural changes in households. Studies found that a policy instrument is likely
to be adopted if administration exists to help minimise costs of implementation, the policy targets
appropriate groups willing to implement changes, and the technology and market structure exist for
implementation (Varone & Aebischer 2001). Energy efficiency programs with high levels of public
engagement tend to provide households with goal setting, information, rewards and feedback (Abrahamse

2 Enhancing household energy efficiency in central Australia: Ninti One Limited
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et al. 2005, Harding & Hsiaw 2012). Households are more likely to engage with energy efficiency
programs if they have identified environmental concerns and ‘green living’ among their energy goals
(Harding & Hsiaw 2013). Smaller, more educated households are more likely to opt-in to energy efficiency
programs, but the key to long-term participation for these households appears to be identifying non-
binding, realistic goals (Abrahamse et al. 2005, Harding & Hsiaw 2012). So, while household size and
income level may be useful guides to spontaneous (unassisted) adoption of energy efficiency practices by
households, these factors may become less important if well-designed household engagement strategies are
followed and retail energy prices are causing cost-of-living pressure.

This research in part sought to explore the extent to which the findings published in the literature were
consistent with the experience of the ASC.

1.2 The National Solar Cities program

The Australian Government initiated a major investment in RE and energy efficiency in June 2004,
through the national Solar Cities program (Zahedi 2010). This program generated combined investment of
$280 million through national, local and consortium members into a program that covered seven locations
across Australia. Solar Cities was administered by the former Department of Climate Change and Energy
Efficiency, with seven locations selected for the program: Adelaide, Alice Springs, Blacktown, Central
Victoria, Moreland, Perth and Townsville (Figure 1). The individual projects trialled a mix of
technologies, including solar hot water (SHW) and photovoltaic (PV) technology, energy efficiency, load
management, smart meters and cost-reflective pricing in large-scale grid-connected urban sites (ASC
2014).

The objectives were to support communities to rethink the way they produce and use energy (Wyld Group
2011) and to:

1. demonstrate the economic and environmental impacts of integrating cost-reflective pricing with the
concentrated uptake of solar, energy efficiency and smart metering technologies

2. identify and implement options for addressing barriers to distributed solar generation, energy
efficiency and electricity demand management for grid-connected urban areas.

Ninti One Limited Enhancing household energy efficiency in central Australia: 3
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Alice Springs Townsville
Perth
Blacktown
Adelaide
Moreland

Central Victoria

Figure 1: Locations of the Solar City initiatives
Source: Solar Cities 2009

2. Enhancing household energy efficiency in central Australia

Central Australia is a unique place, combining an extraordinary climate with special landscapes, diverse
peoples with rich cultures and remoteness from major cities. It is the traditional country to many
Aboriginal peoples. The Northern Territory (NT) has a population of 230,000 that is spread over 1,350,000
square kilometres, an area over five times larger than the United Kingdom. The NT consists of two
regions: a tropical Top End and a dry Central Australian region where Alice Springs is located. Alice
Springs is at the geographic centre of Australia. It is a remote town (>1400 kilometres to a major city of
>100,000 people), with a population of 25,186 people and 9163 households (ABS 2011).

Alice Springs has a diverse economy (e.g. government support services, mining, tourism) and is a major
service town for many small remote communities and settlements (<1000 people) within a 500 km radius.
The climate is semi-arid, with hot summer temperatures (e.g. an average of 89 days per year above 35°C
up to 2003, but projected to increase to more than 108 days per year by 2080; Suppiah et al. 2007). There
are also predicted changes to the cost of conventional energy and the implications for communities in
central Australia when this is linked with the projected change in climate (Stafford Smith & Cribb 2009,
Maru et al. 2012). Understanding the nature of these interconnected changes will be critical to identifying
strategies to reduce the intensity of climate change impacts and maintaining liveability in central Australia.

The sole provider of electricity in Alice Springs is Power and Water Corporation (PWC), and 38% of the
total electricity demand for Alice Springs is residential (ASC 2013a). This remote community was a good

location for a pilot trial exploring residential efficiency and RE technology adoption.

4 Enhancing household energy efficiency in central Australia: Ninti One Limited
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2.1 Adapting to the future

Effective adaptation to climate change implies making adjustments or changes to our lives that are
sustained for a relatively long-term period or are permanent (Palutikof et al. 2013). Although making a
number of small changes can often be easier for people than making a few large changes, it is uncertain
whether this will be sufficient for people to maintain liveability in central Australia given the projected
climate change. Even if a package of small changes leads to effective adaptation, we need to understand
how the changes improve people’s lives over the longer term (Maru et al. 2014) and whether people will
be motivated to sustain the changes as part of their everyday lives.

Also, making a number of changes to the way people live and work in central Australia can be complex,
because some of the changes may require purchasing expensive new appliances for homes (e.g. an energy-
efficient fridge) or equipment for work (e.g. solar-powered water pumps), and so each change needs to be
carefully assessed to ensure it provides the anticipated benefits and is positive to overall livelihoods. There
is also a need to consider the accumulative effects of many small changes, to ensure small individual
changes are complementary to other changes and lead to enhanced liveability (Adger et al. 2009,
Grothmann & Patt 2005). For example, if a household installs several new air conditioners to cool their
home on hot summer days, the daytime air temperature in the home may be more comfortable, but the
household’s electricity bills may increase. Exploring alternate and cheaper options to cool homes is likely
to be a more effective adaptation to very hot weather, hence the interest and role of the ASC initiative.

2.2 Predicted changes to the climate

Climate scientists continue to report that much of Australia should expect a more extreme climate during
this century (CSIRO & Bureau of Meteorology 2014). Climate research indicates that it is likely to become
hotter in central Australia, and coastal northern Australia is likely to experience more intense storms
(Climate Commission 2013). While researchers are not sure about the exact impacts of climate change on
people living and working in remote areas of central and northern Australia, there are indications that heat
stress and its flow-on effects will become more common, with symptoms being particularly severe for
young children and elderly people (Addison 2013). Also, more intense storms are anticipated to cause
flooding, increased illness and injury among residents; damage to infrastructure and housing; restricted
road access; and degraded telecommunication, placing increased pressure on remote communities to be

self-reliant for power and other essential resources.

2.3 Economic framework

In an economically rational framework, investment in EEMs by residential households requires, like all
investment decisions, that householders balance the up-front costs against the potential future gains (Jaffe
et al. 2004). Rising energy prices and increasing concern for energy security and global climate change has
meant that energy efficiency programs for households have become a significant part of government policy
(Prime Minister’s Task Group on Energy Efficiency 2010). Australians have one of the highest levels of
energy use per capita in the world (World Bank 2012). Much of the energy for households is derived from
fossil fuels; Australian households therefore have a relatively high carbon footprint given current energy
consumption, with C0, kg per capita emissions due to energy use by Australians (17,432) more than three
times the world average (4504) (and much higher than the OECD average of 9948) (IEA 2013). Yet it is
clear that residential households may not act within an economically rational framework (Bruderer Enzler
et al. 2014, Levine et al. 1995, Sanstad & Howarth 1994, Scott 1997, Stephenson et al. 2010), making it

Ninti One Limited Enhancing household energy efficiency in central Australia: 5
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challenging to know how best to incentivise households to adopt EEMs. Given financial limitations faced
by most governments, acquiring a better understanding of how residential households make their
investment decisions in regard to EEMs should assist, refine and target current policies and future
programs.

At the household level, energy prices are steadily increasing and adding considerable pressure to the cost
of living. It is well established in the literature that socio-demographic variables are strong determinants of
the level of energy use; however, this relationship has not been shown to hold for changes in energy use or
the adoption of energy-efficient technologies (Brandon & Lewis 1999, Gatersleben et al. 2002). It is
therefore important to further explore the drivers of energy use change and understand the outcomes of
energy policies.

Despite a large range of energy-efficient products and opportunities for consumers to both reduce energy
use and save money, adoption of energy efficiency options has been shown extensively in the literature to
suffer from market inefficiencies (Levine et al. 1995, Jaffe et al. 2004, Mundaca et al. 2010). The literature
discusses market failures in energy efficiency markets and how good policy can improve economic and
energy efficiency. These market failures can be attributed partly to lack of information about, or good
understanding of, the potential benefits and savings for consumers (Jakob 2006) and partly to uncertainty,
which consequently leads to a demand for very high investment returns before energy-efficient products
are adopted (Dubin & McFadden 1984).

Residential solar energy has experienced rapid growth in Australia over recent years due to supportive
government policies and reductions in the costs of technologies. Like other RE generation, solar energy
generation benefits from fiscal and regulatory incentives, including tax credits, feed-in-tariffs, low-cost
loans and subsidies. The increase in adoption of solar energy technology in Australia is reflected
internationally, as the global PV capacity increased from 1.4 GW in 2000 to 40 GW in 2010, with an
average annual growth rate of around 49% (Timilsina et al. 2012). The growth of solar technologies is
attributed to policy support in Germany, Italy, United States, Japan and China (De Vries et al. 2007).
Despite the increasing rate of PV adoption, there is often a mix of barriers to its widespread adoption
(technical, economic and institutional). Technical limitations include low conversion efficiencies and
storage issues (IEA 2006). Economic barriers relate to initial system costs, financing, uncertainty about
ongoing payments for electricity and potential charges for PV systems to export electricity produced.
Institutional barriers refer to existing laws and regulations; metering and billing issues; availability of
trained people to install systems; and public misperceptions, knowledge and attitudes (Jacobson & Johnson
2000, Goldman et al. 2005). Studies have found that reducing these barriers will increase the adoption of
RE technologies by more of the population and across demographics (Faiers & Neame2006, Niemeyer
2010, Drury et al. 2012).

A key economic consideration is the electricity tariff. The total cost of electricity to the household is an
important determining factor in consumer behaviour towards RE and energy efficiency programs (Howarth
& Andersson 1993, IEA 1997, Scott 1997, Bor 2008). Economic theory suggests that the demand for
electricity is related to the total cost of electricity to the householder (Sandstand & Howarth 1994,
Poortinga et al. 2003, Oikonomou et al. 2009). In simple terms, the total cost of electricity is determined by
several factors, including unit cost (tariff), volume consumed and volume generated by the household.
According to conventional economic logic, electricity demand will fall as electricity prices increase if
other factors are constant.

However, adoption of RE technology can confound consumer behaviour, such as when a rebound effect
occurs as households increase electricity usage due to the electricity savings made from adopting RE
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technologies — which may have been promoted to reduce household electricity consumption (Berkhout et
al. 2000). The work described here applies the calculation of a direct rebound as described by Berkhout;
that is, the percentage of energy-saving improvement initiated by the technological improvement that is
offset by increased energy consumption. The direct rebound effect is caused by income and substitution
effects. Income effects are caused by energy efficiency improvements that lower the household electricity
bill, increase the real income of the household and permit increased consumption of all goods and services.
The substitution effect examines how households may shift their consumption patterns of electricity when
the relative cost of electricity has decreased, even if their real income is constant (Oikonomou et al. 2009).
Greening and Greene (1998) reviewed 75 studies of the rebound effect. They found consumers adopting
EEMs experienced the following rebound effects: space-cooling devices, 0-50%; residential lighting, 5—
12%; and water heating, 10-40%. This indicates the rebound effect can be quite pronounced.

2.4 Improving the comfort of homes

The level of physical and emotional comfort people have within their home closely corresponds to their
personal health and ability to stay engaged in education and employment (Addison 2013, Nguyen &
Cairney 2013). A lot of research has been done over recent years to design houses that better suit the
climate of central Australia (ASC 2013b, Martel & Horne 2012, CAT 2013). Important aspects of a house
design are ensuring it:

o reflects the needs of the occupants (e.g. appropriate number of bedrooms and bathrooms, adequate

kitchen space and storage)

e is constructed and oriented to minimise the impacts of extreme weather (e.g. maximise insulation in
roof and walls, shading from the afternoon sun during summer)

e is cost-effective to build and operate (e.g. recycled materials used where possible, windows can be
opened for ventilation, secure screens used on doors and windows that allow people to feel safe yet
allow for ventilation, minimise the energy costs for adequate cooling, heating and lighting)

e is linked to appropriate use of the surrounding yard and environment (e.g. shade trees planted to
provide shelter from afternoon sun in summer, sufficient water tanks and taps to allow people to have

ornamental and vegetable gardens).

Typical adaptation in remote communities in central and northern Australia is to rely on air conditioners
during hot weather (Horne et al. 2013), or drive to distant locations to live with family before severe
storms arrive (Memmott et al. 2013). However, the sharply increasing cost over the past decade for
electricity (ABS 2013) has made these responses much more difficult for families. Businesses in central
Australia are also heavily dependent on diesel and gas to generate electricity. People are therefore
considering ways to improve the energy efficiency of homes and businesses and explore options for using
RE (e.g. solar generated electricity). Some households and businesses that participated in the ASC
initiative reported reducing their electricity consumption by 20% (ASC 2013b, Havas et al. 2015) and so
were able to considerably reduce their operating costs — estimated to be a saving of $300-400 per year for
the average home in Alice Springs.

Ninti One Limited Enhancing household energy efficiency in central Australia: 7
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3. The Alice Solar City Initiative

Through the Solar Cities program, the ASC program was launched in March 2008 and was based in Alice
Springs. This remote location gives us the ability to undertake the first comprehensive study in Australia of
this kind. Alice Springs has the key attribute such a study requires, namely, an extensive government-

incentivised energy efficiency program.

The ASC program had funding of $42 million and operated from March 2008 to June 2013 (ASC 2014).
ASC received financial support through a funding agreement between Alice Springs Town Council and the
Australian Government as part of the national Solar Cities program, as well as financial and in-kind
contributions from a consortium of public and private organisations. ASC’s overarching goals were to
explore how solar power, energy-efficient technologies and new approaches to electricity supply and
pricing can encourage the residents of Alice Springs to become ‘energy champions’ and develop a
sustainable energy future. The ASC support for residential (household) buildings included three main
elements: solar RE technologies, EEMs and load management measures. ASC sought to address these
elements through a variety of methods, including energy audits, education, financial incentives, rewards
for participation and community engagement. In total, $14m was spent across the RE technologies and
EEMs on offer. This was subsidised 35% by the ASC program. A list of RE technologies and EEMs
offered by the program is given in Appendix 1. RE technologies formed the major component (87%) of the
financial expenditure.

The research undertaken by the CRC-REP and CDU was framed by the key research questions:

e  What are the characteristics of participants in the ASC (for the different ASC technology options)?

e How effective in reducing reliance on grid-supplied power are the different renewable technologies or
EEMs adopted via the ASC?

e To what extent has the ASC led to changes among the ASC participants?

e How transferrable is the ASC to populations beyond the Alice Springs urban area?

ASC was focused on changing energy production and use across the three key programs: residential,
commercial and iconic buildings. The analysis conducted by the CRC-REP focused on the data from the
residential component of the ASC initiative, which had approximately 2800 participating households,
representing about 30% of Alice Springs households. On becoming an ASC participant, a household had a
home energy audit, which, along with identifying energy-saving potentials, collected socio-economic and
demographic data from the household. ASC staff identified specific EEMs that each household could
undertake and provided financial incentives for these, as well as ongoing advice and general information
for the life of the ASC. The ASC database recorded this household data, along with incentive uptake and
energy use, and this formed the main data source for this research.

Figure 2 below is a high-level schematic description of the services offered to residential customers of the
ASC. It also identifies some of the data collected by ASC which was subsequently used for analysis.

8 Enhancing household energy efficiency in central Australia: Ninti One Limited
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Services offered to ASC customers

Register as an ASC customer

e Agree to ASC terms and provide consent for
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(EEMs)

Free initial home energy audit
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investment energy of non—
efficiency measures and investment EEMs
issuing of energy
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Customer implements
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customer invoice with
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Residential electricity
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e EEVs by household and type issued
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2012)

. Follow-up customer feedback
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Figure 2: Flowchart of ASC'’s residential component
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3.1 Households participating in the Alice Solar City initiative

A total of 2856 households registered as customers with ASC, representing about 30% of households in the
Alice Springs Local Government Area (LGA). Alice Springs LGA has a population of 25,186 and has
9163 households (ABS 2011). A profile of participating households is presented below (Table 1). There
was a marked increase in participation by households in the ASC from early 2009 to March 2010, with
participation numbers continuing to rise through to September 2012 (Figure 3, below).

Table 1: Profile of participant households in ASC

Total registrations in program 2,856
Landlords 158 6%
Owner—Occupier 2,504 88%
Rental tenant 194 7%
Home energy audit 2,687 94%
Offered EEV 2,489 87%
Adopted EEV 1,946 68%
Terminated 840 29%
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Figure 3: Timeline of household participation in ASC

Part of the data collected by ASC was comprehensive appliance data in the home. This appliance data is a
comprehensive record of all energy-using appliances owned by the household, ranging from numbers of
refrigerators, types and numbers of air conditioners to numbers of computers and laptops owned. Of the
2856 households, 88% (2525) had appliance data recorded. This comprehensive database of appliance data
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can be explored further to understand the relationship of appliance ownership with energy use and changes
in energy use.

A short summary of the data is provided here. A total of 91,288 appliances were recorded with a range of
5-109 appliances and a mean of 36. A histogram of the appliance count is shown below:
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5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 >80

Number of appliances

Figure 4: Histogram of appliance data

3.2 Photovoltaic installations

A cornerstone of the ASC residential program was incentivising PV installations on home rooftops. This
component was the largest spend of the program, with ASC incentives totalling $2.3 million of the
$6 million in total costs of installed PV.

The cumulative installations and capacity installed are shown below. The capacity of 531 kW is
approximately 1% of the peak load experienced in Alice Springs at the time of mid-2010 (Figure 5).

Figure 5: Timeline of ASC PV installations
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Number of systems installed and cumulative nominal capacity
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Source: ASC (2012)
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Using baseline figures applied by the Australian Government’s Office of Renewable Energy Regulator to
calculate the generation amounts for Alice Springs, the annual generation of the 277 installations will be
860,844 kWh/yr, with 585,374 kg/yr of greenhouse gas emission reduction from the adopted rooftop PVs —
equivalent to a total saving of $233,547 per year, or about $840 per year for each installation.

3.3 Solar hot water

SHW was the most heavily adopted EEV and contributes the largest kWh and greenhouse gas (GHG)
reduction. There were 908 participating households that took up the SHW incentives from ASC, which
covered approximately one-third of the cost. A short summary is provided below:

Table 2: Solar hot water summary

Number of systems installed 908
Total capacity — litres 267,105
Total cost $ $5,268,778
ASC cost $ (percentage of total cost) $1,684,402 (32%)
Estimated electricity savings kWh/year 1,848,100
Estimated GHG reductions kg/year 1,256,708
Estimated financial savings/year $500,000

See additional details in Appendix 2

3.4 Energy efficiency measures

At the initial home energy audit provided by ASC, the auditor educated the householder about a range of
EEMs that could be undertaken; many of these measures were not financially incentivised by ASC.
Additionally, a range of EEMs were accompanied by a financial incentive, an EEV, which the ASC
offered to participating households and which provided a discount on the purchase/installation of an
approved EEM. A detailed list of the range of EEVs offered, used and the total cost involved is provided
below in Table 3.

An estimation of the amount of energy saved by each of the EEVs on offer has been made (see Appendix
2). From this estimate we can extrapolate the kWh and GHG emissions that will be saved by the adoption
of the EEMs. The EEMs supported by the ASC, using the EEVs listed above, have the potential to reduce
residential electricity consumption by approximately 818,760 kWh/year (equivalent to a saving of
$222,130" per year by the participating households) and, in doing so, decrease GHG emissions by 556,757
kg/year, with these calculations presented in Appendix 2 (note: this analysis excludes PV and SHW
installations, which are detailed separately).

3.5 Alice Springs electricity usage during the ASC program

It is important to understand the factors independent of the ASC program that were impacting on
householders both within and outside the ASC program. To control for changes in electricity usage due to

other influences, such as price and weather, the electricity usage of non-ASC households was recorded.

" Based on NT Power and Water Corporation’s Domestic Standard Meter of $0.2713 per kWh (without the fixed
charge of 50.48 cents/day), applicable >1 January 2014.
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Table 3: Summary of EEVs issued and used in the ASC program

EEV groups Maximum EEVs EEVs % ASC Total cost ($) ASC
incentive ($) issued used converted incentive ($) contribution
Paint roof white 750 707 218 31% 122,934 362,759 34%
Replace old roof with new white roof sheeting 2,500 90 33 37% 62,134 215,555 29%
Install roof ventilation device 300 228 67 29% 12,857 37,688 34%
Install ceiling insulation — batts 750 241 39 16% 26,442 86,396 31%
Install ceiling insulation — loose fibre 1,500 5 2 40% 2,541 7,260 35%
Replace ceiling insulation — batts 1,000 34 4 12% 2,655 8,192 32%
Install bulk floor insulation 1,000 1 1 100% 750 5,214 14%
Retrofit insulation into walls 1,500 7 1 14% 1,478 4,224 35%
Replace high energy usage lighting with energy-efficient lighting 200 1,165 208 18% 11,663 45,097 26%
Replace 12V Halogen downlight system with low-energy option 350 427 112 26% 24,954 86,579 29%
Install motion sensors on external lighting 150 58 10 17% 855 2,908 29%
Tint windows 700 126 68 54% 26,219 76,832 34%
Install double-glazed windows (Insulated Glazed Units) 3,500 26 12 46% 23,386 76,982 30%
Installation of ‘one shot’ relay for SHW systems 150 296 111 38% 12,446 39,203 32%
Service of SHW system 200 435 210 48% 38,389 137,972 28%
Replacement of perished fridge/freezer seals 100 95 23 24% 1,677 5,125 33%
Service of evaporative A/C 100 741 411 55% 40,018 152,774 26%
Install external shading on walls/windows 1,000 397 181 46% 137,389 485,955 28%
Purchase swimming pool cover 350 407 234 57% 62,828 205,688 31%
Install thermal ‘skin’ over external walls 1,000 14 3 21% 2,424 9,543 25%
Supply and install variable speed pool pump 400" 85 51 60% 19,150 64,855 30%
Replace old refrigerator with a new, energy-efficient model 400" 92 53 58% 26,180 110,842 24%
Replace old freezer with a new, energy-efficient model 400* 11 8 73% 3,048 9,427 32%
Surrender old refrigerator or freezer 100* 58 50 86% 9,847 9,847 100%
Purchase swimming pool cover roller 150 77 44 57% 8,153 26,742 30%
SHW 1,294 908 69% 1,684,402 5,268,778 32%
Solar PV 300 277 92% 2,334,065 6,008,967 39%
Smart meter and In-house display for cost-reflective tariff 522 522 180,500 180,500 100%
10:10/20:20 339 339 39,623 39,623 100%
Totals 8,674 4,580 53% 4,919,007 13,771,527 36%

* ASC also organised and paid for de-gas and disposal of replaced and surrendered refrigerators/freezers, at a cost of $108 per unit, which is included in EEM incentive for the
total cost of the EEM to the ASC.
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The NT’s dominant power provider — Power and Water Corporation (PWC) — provided de-identified utility
electricity consumption data for all residential households in Alice Springs, excluding ASC customers (that
is, the electricity consumption of approximately 6800 households), over the period July 2006 to December
2012. There was some slight adoption of RE technologies in the control group, but the numbers are small
enough to discount its impact on this study.

The data provided by PWC was the number of households, total number of days of electricity usage and
total electricity usage. PWC also provided historical tariffs for Alice Springs.

The monthly electricity consumption data of the control group was converted to average daily
consumption (ADC) per month, and a rolling yearly average was calculated. The rolling yearly averages
created a series of control periods which were matched to each ASC customer individually. The control
periods matched to the individual study samples act as a control for variations that occurred in Alice
Springs due to tariff changes or weather conditions.

3.5.1 Trends in electricity usage in the Alice Springs control group

The rolling yearly average ADC for the control group is shown in Figure 6. Table 4 summarises the tariff
changes that occurred for Alice Springs households during the life of the ASC program. These results
show that the Alice Springs control group had sensitivity to electricity price. Over the period of the ASC
program there was a downward trend in electricity usage from 24.71 kWh/day to 23.31 kWh/day, a fall of
5.7%. Over this time there was a total tariff rise of 44%. Notably there was a large fall in electricity usage

in July 2009 following the largest incremental tariff increase of 2.79¢/kWh (18%), and similarly following
the July 2012 increase of 1c/kWh (10%).
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Figure 6: Electricity demand of Alice Springs residential households, excluding ASC customers
(rolling yearly average of ADC of control group throughout the ASC program)

Table 4: Tariff changes that occurred throughout the ASC program

July 2007 - July 2008 — July 2009 - July 2010 - July 2011 - July 2012 -

June 2008 June 2009 June 2010 June 2011 June 2012 Dec 2012
Flat-rate tariff c/kWh 15.1 15.52 18.31 19.23 19.77 21.77
Incremental tariff rises 2.8% 18% 5% 2.8% 10%
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4. Research results

The data analysis examined the following:

1. socio-economic and demographic characteristics of households that adopted PV through the ASC
program
2. financial effectiveness of the adoption of EEMs

change in electricity usage after the adoption of RE technologies and EEMs.

4.1 Socio-economic and demographic characteristics of PV adopters in
the ASC

The ASC collected socio-economic and demographic data from all its customers during a household
energy audit. Up to 30 June 2012, ASC had 2043 households participating in their program (including
those who dropped out — not shown on Figure 3). ‘Early adopter’ incentives were given to the first 277
households to install PV on their roof; this number was reached in the two years between June 2008 and
June 2010. Nine of these 277 households have been excluded from the analyses due to missing socio-
economic and demographic data. Additionally, customers of ASC granted permission to ASC to access
their metering data; these data were used when analysing household energy consumption and production.

ASC also recruited a control group of households for the purposes of analysis and comparison. The control
group was selected using two methods:

1. advertising, through which 59 households were attained

2. selection of a further 110 households who were ASC customers who did not partake further in the
program after initial enrolment.

ASC collected the socio-economic and demographic data from the control group. Of the 169 households in
the control group, 6 households were excluded from the analysis due to missing socio-economic and
demographic data. The analysis may be biased by the second method of selecting the control group; they
may have been pro-environmental households by virtue of enrolling in the ASC program and may not be
representative of Alice Springs households. As an internal check of the control group data, the attributes in
the control group were compared to the general Alice Springs LGA population for income groups and
house style (y2=4.547, p=0.2082, ¥2=0.6397, p=0.7263). The control group and the general population did
not differ in these attributes.

Australian Bureau of Statistics data from the 2011 census were used for descriptive statistics and
comparative purposes. The census geographical area of Alice Springs LGA was used (ABS 2011).
Descriptive statistics were used to summarise and cross-tabulate data for 2 tests of independence. Data
were further analysed using the statistical software GenStat (VSN-International 2012). Because the
response variable (adoption of PV or not) follows the binomial distribution, we modelled the socio-
economic and demographic attributes of early PV adoption using a generalised linear model with a logit
link function (i.e. logistic regression). The latter analyses compared the attributes of the 268 PV early-
adopter households with the collected control group of 163 households.

Predictor variables were selected based on a review of the literature and also included the most useful
variables for policy development. The predictor variables used were household income, level of highest
educational attainment, house style, number of bedrooms, Aboriginal or Torres Strait Islander status,
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number of residents and the presence of children or the elderly in the household. The full model (including
all predictor variables as fixed affects) fitted well (F13,345 = 3.670; p<0.001; see Table 5, below).

Table 5: Binary logistic regression results

Predictor variable Wald statistic chi. pr.
House style 19.961 <0.001
Level of highest educational attainment 5.028 0.081
Number of bedrooms 7.199 0.126
Aboriginal and Torres Strait Islander status 1.620 0.203
Income band 1.365 0.243

4.1.1 Income

Income was grouped into categories of annual household income (see Table 6, below).

Table 6: Annual household income

Annual household income ($) PV early adopter Control group Alice Springs LGA
0-50,000 7% (19) 20% (32) 24% (2220)
50,001-100,000 46% (122) 33% (53) 28% (2536)
100,001-150,000 31% (82) 27% (44) 21% (1910)
150,001+ 12% (32) 12% (20) 12% (1125)
Unknown 5% (13) 9% (14) 15% (1372)
Total 100% (268) 100% (163) 100% (9163)
50%
Annual household income ($)
45%
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Figure 7: Annual household income

There was a significant difference in income categories between the PV early adopters and the control
group (p<0.001) and Alice Springs LGA (p<0.0001). There was no statistical difference between the
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income categories of the control group and the wider Alice Springs population. The lowest income group
was significantly under-represented by PV early adopters, and the $50,001-$100,000 income group is well
represented (Figure 7). The middle-income categories ($50,001-$150,000) had more PV early adopters
than either the control group or Alice Springs LGA. Nevertheless, household income was not a strong
predictor of early adoption of PV (Figure 8, below), and there was a weak trend only of increasing

adoption with increasing income.
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Figure 8: Likelihood of PV early adopter by income band

This result is interesting from a program perspective as it is somewhat counterintuitive. The gross
expenditure on PV systems generated by the ASC trial was ~$6 million. ASC provided direct cash
subsidies of ~$2.3 million to households, leaving a total aggregated investment by customers of

~$3.7 million. This averages out at a cost per household of ~$9000 (after netting off the value of
Renewable Energy Certificates). This is a sizeable investment for households, and it is noteworthy that it is
not highly dependent on income. A follow-up survey conducted by ASC in October 2011, where 37% of
PV early adopters responded, found that only 31% had borrowed more than 30% of the value of their PV

investment.

In general, higher income is strongly correlated with higher energy use (Lenzen et al. 2006, Newton &
Meyer 2012). Higher income earners could be expected to more readily adopt RE options because there is
more scope for adoption as they:

1. tend to be higher energy users

2. have sufficient disposable income to invest in RE technology.

However, this study found that higher income groups were not significantly more likely to adopt PV
energy. This result is informative, as, although tending to be large energy users, high income households
are a small group in number and therefore tend to be a small proportion of total energy use. As this group
is not significantly more likely to adopt RE technology, this should inform policy when targeting
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programs; it suggests that to achieve the greatest level of adoption of RE technology, households in the
middle-income classes, representing approximately 50% of households, should be targeted most strongly.

4.1.2 House style and size

House style, as defined by the Australian Bureau of Statistics categories (ABS 2011), was a good predictor
of whether a household was an early adopter of PV (Wald = 19.932, P<0.001). PV was adopted mostly for
separate houses and least adopted for apartment or semi-detached style houses (Figure 9).
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Figure 9: House style

In this analysis it was important to control for whether PV adoption was possible at the household
residence. No households were included in the analyses where they were unable to install PV (such as mid-
level flats). Households in a separate house were more than twice as likely to install PV as those in a semi-
detached style house, which had more than three times the likelihood of PV adoption than eligible flats or
apartments (Figure 10).
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Figure 10: Likelihood of PV early adopter by house style

These ASC data illustrate an important area for reducing barriers to PV installation, because they include
several cases of PV installed on apartments or detached houses where the barriers were significant.
Considering that ~35% of dwellings in Alice Springs and 25% of dwellings in Australia are not separate
houses, a review of the limitations for the other house styles may increase the market for PV installation.
Perhaps body corporate or strata issues are a major impediment in apartment-style households to installing
PV. While semi-detached or row houses should not encounter these issues, the sharing of roof space may
make the coordination of PV installation a challenge.

The number of bedrooms also significantly influenced the likelihood of PV adoption (Figure 11).
Households with fewer bedrooms were more likely to be a PV early adopter. This downward trend in PV
adoption with increasing house size is contrary to the weak trend in rising income. The latter suggests that
the amount of disposable income is an important determinant of early adoption of PV rather than wealth
per se. Accordingly, financial incentives and financing options should strongly influence a household’s
decision to adopt PV.
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Figure 11: Likelihood of PV early adopter by number of bedrooms

4.1.3 Household composition

Four aspects of household composition were examined in this study:

1. number of residents

2. presence of young children in the household
3. presence of the elderly in the household
4

Aboriginal or Torres Strait Islander status.

Due to the strong associations of household composition with energy use found in the literature, it may be
expected that household composition would also be related to PV adoption. This was not found to be the
case in this research of ASC data. The number or ages of the household residents were weak predictors of
early adoption of PV. In terms of effective use of solar power, this is a disappointing result as the young
and elderly are more likely to be at home in the day coincident with the power generation. It is most
efficient if the users of electricity are close to where the electricity is generated. Therefore, it is ideal that
adopters of PV are at home and using electricity during the day at the place their solar electricity is being
produced. Instead, the current grid infrastructure is required to deliver the power from the PV installation
on empty homes to the locations of energy use in shops or workplaces. A greater reliance is placed on the
existing electricity grid to ensure that the locally generated power can be delivered to the users of that
power, with resultant costs associated with modifying the grid to support transport of the solar energy. This
highlights a challenging area for policies to encourage adoption of RE technology.

There was a weak indication that non-Aboriginal and Torres Strait Islander households were more likely to
adopt PV than Aboriginal and Torres Strait Islander households; however, sample sizes were too small to
ensure a reliable result. Household composition was in general not a strong determinant of the early
adoption of PV.
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The following data indicate that the family and household compositions in the Alice Springs LGA do not

differ greatly from the wider NT population, nor the national population (Table 7). The similarity of

household composition suggests that there may be potential for the ASC experience to inform what might

be possible in households elsewhere in the NT and Australia.

Table 7: Family and household composition for different populations

Family composition Alice Springs % NT % Australia %
Couple family without children 2,117 35.8 16,310 34.0 2,150,299 | 37.8
Couple family with children 2,656 44.9 22,245 46.3 2,534,397 | 44.6
One parent family 1,024 17.3 8,610 17.9 901,634 | 15.9
Other family 120 2.0 866 1.8 97,721 1.7
Household composition Alice Springs % NT % Australia %
Family households 5,716 68.0 44,046 72.3 5,550,611 | 71.5
Single (or lone) person 2,143 255 13,317 21.9 1,888,697 | 24.3
households

Group households 542 6.5 3,528 5.8 321,005 4.1

4.1.4 Level of highest educational attainment in the household

Level of highest educational attainment in the household was a statistically significant predictor of early

adoption of PV and the second strongest predictor after household style. Other research on innovation

adopters has found that earlier adopters tend to have higher levels of formal education (Farhar & Coburn

2000). Those findings were consistent with this research, and it will be informative to find if this pattern
extends to other EEMs too.
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Figure 12: Likelihood of PV early adopter by level of highest educational attainment
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4.1.5 Energy consumption and production

In understanding the PV early adopters, it is interesting to examine their energy consumption and
production data. The daily average consumption (kWh) for a household was calculated in each of the two
years prior to and post the installation of the PV system. Additionally, the amount of power generated by

the PV system was estimated using the Clean Energy Regulator’s estimate of annual production for Zone 1
regions. This estimate was commensurate with the power generated by the systems installed by the ASC
program in Alice Springs (ASC 2012).

Table 8: Daily average energy consumption and production (kWh)

Mean daily Mean daily Mean daily Mean daily Mean daily % Production /
consumption consumption | consumption consumption production consumption
2 yrs — 1 yr prior 1 yr prior 1 yr post 1 yr -2 yrs post
1kW PV 15.2 15.8 15.5 15.7 4.4 28%
System
1.5kW PV 17.5 16.1 17.0 16.5 6.7 41%
System
2kW PV 247 24.3 23.2 22.9 8.9 39%
System
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Figure 13: Energy consumption and production of PV early adopters

The size of the different PV installations installed is correlated to the energy consumption of the
household. This is an indication that the energy audit led to the correct choice for the subsequent PV
installation, with the system producing 28—41% of the household’s energy consumption.

4.2 Financial effectiveness of the adoption of EEMs

Secondly, the financial effectiveness of residential EEMs offered through the ASC program is examined. It

examines the financially incentivised component and the decision-making and adoption of this part of the
program. Payback periods and internal rates of return are calculated. The adoption of the EEMs in relation
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to their financial effectiveness and possible drivers for these adoption decisions are discussed. The results
are examined in terms of their financial effectiveness as a standalone investment decision within an
economically rational framework. Reasons for apparently sub-optimal financial decision-making are
explored.

This work adds to the literature by examining whether financial subsidies resulting in economically
rational investment opportunities are a strong driver for adoption of these products. In the remote context,
where this study was based, this is especially relevant when seeking to alleviate some of the pressure of
increasing energy prices. For example, new energy-efficient technology may provide cheaper operating
costs than older technology currently in use, yet the up-front capital costs may make new technology
unaffordable for lower income households (Rosenow et al. 2013).

4.2.1 Methodology - calculating financial effectiveness

Financial effectiveness with respect to uptake and household expenditure was analysed, using estimates of
the kWh/yr reduction per measure and the life of each measure. These estimates are sourced from ASC
(2014; Tables 5 and 22). They were made on a conservative basis and used regional and national data
coupled with local experience and expertise (the estimates applied in the analysis have been verified by
independent experienced energy analysts at the University of South Australia).

The following fields were extracted from the ASC database:

e arecord of each EEV cashed per household
e the total incentive paid to each household by ASC per EEV
e the total expenditure by the household on each EEV.

These data were used to collate the total number of EEVs redeemed per EEM and to calculate the average
total expenditure and average incentive per household.

The average simple payback period is a commonly used method in determining the acceptability of energy
efficiency projects (Mott 1990, Santamouris 2001, Wada et al. 2012). The average simple payback periods
for each EEM were calculated, for both the unincentivised and the incentivised costs. This calculation is
made by taking the initial investment cost of the EEM and dividing it by (annual electricity saving x the
residential electricity price). In the NT, the residential electricity price was $0.2591/kWh (as at 1 July
2013). Payback period has been shown to be an important, popular, primary and traditional method for
assessing the viability of investments; however, it does not measure the profitability but rather indicates
how quickly the investment cost will be recovered (Lefley 1996). This provides a good indicative tool of
the likely profitability of each EEM when compared to the expected product life; however, this calculation
does not take into account the time value of money nor the potential changes in electricity prices relative to
inflation.

Economic efficiency means earning the greatest net revenue or benefit. Choosing between or ranking
investments requires establishing measures of net revenue as a decision criterion. Three criteria
traditionally used to rank investments are: net present value (NPV), benefit/cost ratio (B/C) and internal
rate of return (IRR). All of these methods use compound interest to adjust for costs and revenues occurring
at different points in time. NPV is the sum of discounted revenues less the sum of the discounted costs
over a defined period. NPV is sensitive to the interest rate used for analysis. B/C indicates the amount of
present value revenue per unit of present value cost by dividing the sum of discounted revenues by the sum
of discounted costs. B/C ratio is an index measuring the relative productivity of each dollar spent (Mishan
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1972). IRR is a unique characteristic of an investment and does not require a guiding interest rate for
calculation; it is measured by the rate the investment actually earns. Some analysts prefer NPV to evaluate
the profitability of an investment but IRR is more commonly used and, in uncomplicated investments,
produces similar results to NPV (DeCanio 1998). The EEMs presented in this study are uncomplicated
investments as they involve an up-front cost, followed by positive net revenues as electricity savings are

realised. Therefore IRR is a good method to compare the financial effectiveness of the various EEMs.

The IRR was calculated for both the unincentivised and incentivised EEMs. The IRR is calculated using
the following general equation (Osborne 2010):

n c;
—IO + Zizl (1+R)i =

The IRR is the rate (R) that makes the sum of the initial investment outlay (I,) and the NPV over the
product life in years (n) of all future cash flows (c;) equal to zero. This was calculated based on the

average investment cost and savings for each household. In this case, I, is the initial incentivised or
unincentivised cost and c; is the yearly electricity savings to the householder generated by investing in the
EEM. The equation is then solved for R, which is the resulting IRR. Thus, it is the effective yield earned
by investing in each particular EEM. IRR does not take into account potential changes in electricity prices
relative to inflation. However, it is a good financial tool for comparing each of the different EEMs offered
against each of the other EEMs and also against other investments and current market interest rates on
deposits. The higher the IRR, the higher the return on investment.

An absolute measure of financial effectiveness is not defined as this depends on a range of factors, not
simply the payback period and IRR. This paper provides a relative ranking of each EEM’s financial
effectiveness in relation to the other EEMs. It categorises as low financial effectiveness measures where
the payback period is longer than the expected life of the product, since they are unlikely to provide a

positive financial investment return.

4.2.2 Results — payback periods and IRR

Extracts of data from the ASC database reveal that in total, 2154 EEVs were redeemed across 1253 unique
households. The total expenditure was $2.3m, with the vouchers provided by ASC accounting for $0.7m or
30% of the total expenditure. The 10 most frequently adopted measures accounted for 84% of the total
number of EEVs redeemed and 72% of total incentive expenditure. Most products had a similarly
proportional financial incentive provided by ASC of around one-third. There were some notable
exceptions, such as the surrendering of a fridge or freezer which was fully paid for by ASC and the
installation of floor insulation which was only incentivised to 14%. All other measures had incentive ratios
ranging from 24% to 35% (refer to Table 9 for further details).
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Energy efficiency Number Total EEM |Average Yearly Expected |Lifetime Yearly Lifetime Incent-
measure of EEVs expend- net spend |estimated |EEM kWh saving savings per |ivised
redeemed |iture per electricity |product savings @25.91c/ |household IRR
across household |[reduction |life per kWh (%)
ASC $ kWh/yr) |(years) household |(g)
) ($) ( yr) (kWh) (
Install external 181 | 485,955 1,926 300 15 4,500 78 1,166 -6%
shading on
walls/windows
Paint roof white 218 | 362,759 1,100 200 10 2,000 52 518 | -12%
Replace roof with 33 | 215,555 4,649 200 25 5,000 52 1,296 -8%
new white roof
sheeting
Purchase swimming 234 | 205,688 611 600 5 3,000 155 777 9%
pool cover
Service evaporative 411 | 152,774 274 150 1 150 39 39 | -86%
air conditioner
Service SHW system 210 | 137,972 474 900 5 4,500 233 1,166 | 40%
Replace old 53 | 110,842 1,597 300 10 3,000 78 777 | -11%
refrigerator with a
new, energy-efficient
model
Replace 12V halogen 112 | 86,579 550 400 10 4,000 104 1,036 14%
system with low-
energy option
Install ceiling 39 | 86,396 1,537 350 25 8,750 91 2,267 3%
insulation (batts)
Install double-glazed 12 | 76,982 4,466 200 25 5,000 52 1,296 -8%
windows
Tint windows 68 | 76,832 744 200 15 3,000 52 777 1%
Install variable speed 51 64,855 896 1,200 7 8,400 311 2,176 | 29%
pool pump
Replace high energy 208 | 45,097 161 400 5 2,000 104 518 58%
usage lighting with
energy-efficient
lighting
Install one-shot relay 111 39,203 241 250 10 2,500 65 648 | 24%
for SHW system
Install roof ventilation 67 | 37,688 371 20 15 300 5 78 | -15%
device
Purchase swimming 44 26,742 422 600 5 3,000 155 777 24%
pool cover roller
Surrender old 50 9,847 - 500 5 2,500 130 648 N/A
refrigerator or freezer
Install thermal ‘skin’ 3 9,543 2,373 350 25 8,750 91 2,267 0%
over external walls
Replace old freezer 8 9,427 797 300 10 3,000 78 777 0%
with a new, energy-
efficient model
Replace ceiling 4 8,192 1,384 230 25 5,750 60 1,490 1%
insulation (batts)
Install ceiling 2 7,260 2,360 350 25 8,750 91 2,267 0%
insulation (loose
fibre)
Install bulk floor 1 5,214 4,464 150 25 3,750 39 972 -9%
insulation
Replace perished 23 5,125 150 100 5 500 26 130 -5%
fridge/freezer seals
Retrofit insulation into 1 4,224 2,746 200 25 5,000 52 1,296 -5%
walls
Install motion sensors 10 2,908 205 25 5 125 6 32| -41%
on external lighting
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The estimated annual electricity savings of the EEMs offered ranged from 20 kWh/yr to 1200 kWh/yr. The
installation of a variable speed pool pump offered the largest electricity saving followed by the servicing of
a SHW system. Based on the then current electricity price in the NT of $0.2591/kWh, the range represents
annual savings that vary from $5 to $311, with a mean saving of $88. EEM lifetime electricity savings per
household varied from 125 kWh/lifetime to 8750 kwh/lifetime. At this electricity price this is a total
financial saving ranging from $32 to $2267.
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Figure 14: Product life and unincentivised and incentivised payback periods

In Figure 14, for convenience, the difference in years between the product life and the incentivised
payback period follows the product name in parentheses. The relative payback periods for the
unincentivised and incentivised EEMs to their expected product life are shown. Eight of the 25 measures
offered by ASC had payback periods that were less than the expected life of the product, even prior to any
financial incentives. When considering the incentives provided by ASC, only three more measures had
payback periods less than the expected life of the product. An additional four products had payback
periods just outside the expected lifetime (1.5 years or less) when incentivised. The remaining 10 products
had very long payback periods, with a median payback period of 37 years and ranging from 6 to 90 years
longer than the expected life of the product. It is unlikely that they would be considered economically
viable without persistent increases in power prices. The three products that had the largest dollar
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expenditure all had long payback periods: installing external shading on windows/walls (25 years),
painting the roof white (21 years) and replacing roof with new white roof sheeting (90 years).
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Figure 15: Unincentivised and incentivised IRR

The mean underlying unincentivised IRR for the products offered was —4.3% and ranged from +59% to
—90%. Allowing for incentives and ignoring the surrendering of the fridge/freezer (which was at no cost to
the household), the mean IRR to the household was —0.2% and ranged from +58% to —86%. Once
incentivised, there were 10 products with a positive IRR. Three products (purchasing a swimming pool
cover, replacing ceiling insulation and tinting windows) switched from negative to positive IRR after
incentivisation and hence were only economically beneficial to the household if purchased through the
ASC program.

Finally, there was no evidence of any relationship between the frequency of uptake or up-front dollar
expenditure by household on each EEM and IRR. The scatter plot in Figure 16 shows the lack of
relationship between frequency of uptake and IRR, and there is also a very low correlation coefficient
(—0.18) between these variables. Figure 16 shows that two of the most frequently adopted EEMs had
strongly negative IRRs: servicing of evaporative air conditioner (—86%) and painting the roof white
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(—12%). The scatter plot in Figure 17 exhibits a similar lack of relationship between up-front dollar

expenditure by household and IRR. There is also a very low correlation coefficient (—0.13) between these

variables. Figure 17 illustrates that none of the eight most expensive products had positive IRRs and,

likewise, all these EEMs had very long payback periods.
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Figure 17: IRR vs. net household expenditure on EEMs
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4.2.3 Discussion — payback periods and IRR

The decision to invest in an EEM is based on a range of variables. The literature discusses a wide range of
potential impacts on the decision to purchase energy-efficient products (Gamtessa 2013, de la Rue du Can

et al. 2014). Payback periods and returns on investment are potential variables in this decision.

Analysis of the payback period is a quick and intuitive calculation for gaining an insight into the financial
effectiveness of a particular investment. Very long absolute payback periods or payback periods longer
than product life would tend to be a large deterrent against the adoption of EEMs, if based on cost-
effectiveness alone. However, this was not observed in the case of the EEMs in the ASC program. These
results reveal a disconnect between the adoption of specific EEMs and the financial payback period,
suggesting households are misinformed about the cost-effectiveness of specific EEMs and/or do not place
a high priority on the economic rationale for the adoption of EEMs. The three products that had the largest
dollar expenditure all had very long payback periods compared to the range of EEMs offered, and on none
was it expected there would be payback of the initial investment until at least 10 years beyond the expected
product life. As discussed above, applying a simple payback calculation does not take into account rising
electricity prices versus inflation, so if there were a strong belief that electricity prices were going to rise
exorbitantly this could affect this financial investment decision. However, the magnitude of these results
indicates an alternative factor is driving the investment decisions made by households participating in the
ASC program. The likely main consideration is positive externalities encouraging their investment in
specific EEMs, rather than the payback period calculated from the energy savings alone.

Similarly to the observations on payback period, there was a lack of relationship between IRR and the
adoption of EEMs. This lack of relationship could have several explanations. Firstly, the data certainly
indicate that a large proportion of adoption decisions are not based on economic maximising principles.
This could be explained by the fact that in the ASC energy efficiency program, financial optimisation was
not the most important decision criterion. The fact that potential additional benefits are not valued in the
calculation of each EEM’s IRR may offer some explanation. It is difficult to objectively assess the
monetary value of co-benefits of adopting an EEM; therefore, co-benefits such as increased living comfort,
operating ease or improved leasing potential are rarely expressed in monetary terms when examining
energy efficiency investments (Jakob 2006).

Monetarily quantifying the co-benefits of adopting an EEM could be a point of further study as it may
explain the high adoption rates of servicing the evaporative air conditioner (IRR = —86%) or painting the
roof white (IRR = —12%) which, from a financial assessment, on expected cashflow only, are very
unattractive investments. The low financial returns on these EEMs are explained by the fact that the
servicing of the evaporative air conditioner has an expected life of only one year and that painting the roof
white has only a low energy-saving estimate. The servicing of the evaporative air conditioner warrants
closer inspection, as it was the most popular energy efficiency product adopted but had an IRR of —86%.
The main explanation for this is the non-monetary value placed on servicing, that is, the increase in air
quality and, potentially, health in the home. The estimate of one-year product life for servicing the air
conditioner is a conservative estimate but was made due to local factors. The water quality in Alice
Springs dictates that regular servicing of air conditioners is required to avert much larger and more costly
repair requirements. The likely reduction in future repair costs on the air conditioner has not been
monetarily quantified but would increase the financial effectiveness of this EEM if included. This EEM
also has likely elements of the free-rider effect in that many households felt they should service their air
conditioner and may have done so without the program (Gillingham et al. 2006). However, it may have
taken the reduction in cost offered by the incentive to motivate them to do so, hence reducing the free-rider
effect.
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The IRR of the EEMs on offer were calculated based on the average investment cost per household and the
average investment savings. Thus, it is the IRR earned by the householder that invested the average
amount in the EEM and earned the expected average energy savings. This is a good description of the IRR
from a program-wide perspective, but it does mean that any individual household could have a
significantly better or worse IRR than the average. The data showed that for some products the investment
amounts per household were highly variable around the average, but it would be expected that the average
energy savings would be highly correlated with this variability. This should have been supported by the
ASC program policy that dictated that in order to receive an EEV the householder must undertake an ASC
tailored audit. In this process the auditor advised the householder on the best potential EEMs for adoption
in addition to a consideration of any EEMs the householder was interested in. Although this process did
not formally estimate financial effectiveness nor provide the householder with IRR or payback
information, the auditor may have advised or encouraged the householder to adopt products that for their
particular residence had a higher IRR than the average. The variability in energy users’ expenditure is

considered as an explanation of market failures (Jaffe et al. 2004).

With an incentive program that increases IRR on a range of products it would be expected that
householders would be attracted to ones that offered a higher relative financial incentive; that is, the more
appealing measures will be those that are not financially effective without an incentive but become
financially effective once the incentive has been provided. This was shown to be a factor in the ASC
program: the second most heavily adopted EEM, purchasing a swimming pool cover, had an
unincentivised IRR of —4% and an incentivised IRR of +9%. Purchasing a swimming pool cover in fact
had a very high adoption rate, as only 30% of ASC households had pools and hence it was not an option
for many households. The high adoption rate of this product is consistent with economic rational theory as
the households have effectively identified a good deal, whereby they are making a profit and good rate of

return due to the financial incentive available.

Payback period and IRR are potential factors, but other factors commonly cited in the literature include
popularity of a particular product; absolute cost of the product; comfort improvements provided by the
product; and, potentially, household characteristics such as income, energy use, educational level or other
socio-demographic characteristics such as lifestyle and cultural factors. For some investments economic
utility maximisation is the basis for investment decisions, whereas with energy-related decisions this is
only one of a great variety of determinants (Mundaca et al. 2010). In theory, in an efficient economy the
high IRRs demanded for investment in an energy-efficient product reflect the risk taken by and preferences
of the investor. The range of IRRs and the divergent investment choices made in the ASC program support
the notion that a decision to invest in energy efficiency products is a complex one. Decision-making has a
range of determining factors, and economic effectiveness is clearly not the only deciding factor.
Subsequent research is planned to explore the relative importance of different factors that appeared
influential in the adoption of EEMs in the ASC program.

4.3 Change in electricity usage for the adoption of RE technologies and
EEMs

Finally, the adoption of RE technology and EEMs by households participating in an energy efficiency
program in central Australia and the impact on household electricity consumption are examined. The
research explored the program’s effect on electricity usage from the utility-provided mains grid. It explores
the adoption of RE technologies in detail and also examines the impact of other aspects of the program

(including informational and adoption of EEMs). It examines the impact of adopting RE technology over
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the short and long terms and the economic parameters involved. The characteristics of households that did
not adopt RE technology and the predictors of the greatest change in electricity usage are also explored.
This analysis can contribute to the design of effective RE and energy efficiency programs targeting
residential households.

4.3.1 Study sample

This group was selected based on the following criteria: they had to have been with the ASC program for
at least two years and they had to have at least three years of uninterrupted, error-free electricity usage
data. This identified 545 ASC customers. An additional exclusion was applied to this group relating to a
problem with faulty adoptions of SHW. Towards the end of the program it was identified that 289 SHW
adoptions may have been installed incorrectly: it may have been functioning as an electric water heater and
not achieving the energy benefit expected. In our sample of 545 ASC customers, 49 potentially had this

problem and therefore were removed from this study. The final study sample contained 496 households.

Through the compulsory personalised home energy audit, a substantial amount of customer information
was gathered and recorded. ASC maintained a large database on all its customers. It recorded demographic
information; program participation events; information such as date, quantity, expenditure on any financial
incentives taken up; and electricity usage records. The electricity usage records were recorded in two
ways: utility consumption data were recorded with quarterly billing records and PV production data were
recorded in half-hour intervals. All customers had their quarterly billing data recorded, from at least one
year prior to sign-up until termination of involvement in the program or the end of the program. Customers
who had a PV system installed on their roof had their electricity production data recorded in half-hour
intervals. Due to the PV installations being among the first in Alice Springs (prior to the program there was
only one PV installation) there were some initial data collection issues for PV production. In some cases
the collection and storage of the data were delayed. On average, data collection was correctly done within
62 days of PV installation, but in some cases it was delayed by from six months to one year. This means
that the results understated the immediate impact of PV but were corrected for the long-term calculations.

The following fields were extracted from the ASC database:

e sign-up date

e audit date

e income

e electricity usage prior to program entry

e number of EEMs adopted during the program

e total expenditure by the household on EEMs

e if installed SHW, date of installation

e ifinstalled PV, date of installation

e average daily consumption (ADC) data for the household over the program period

e PV production data post-installation

4.3.2 Data analyses
4.3.2.1 Change in electricity usage

The percent change in electricity usage from the year prior to sign-up to the program to the year post each
treatment event was analysed. This was calculated by calculating each participant’s average yearly ADC
prior to sign-up. Each participant’s average yearly ADC post each treatment effect was also calculated.
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The events occurred on different dates for each member of the sample study. Therefore, the matching
control period for each member of the sample study was identified for both the pre- and post-treatment
periods. The change in ADC for each individual study sample was then calculated relative to the matched
control period ADCs.

The short-term treatment effects were:

e sign-up

e personalised home energy audit
e adoption of SHW

e adoption of PV.

The long-term treatment effects examined change in electricity usage from the year prior to program sign-
up to the electricity usage over the calendar year 2012, that is, the average yearly ADC prior to sign-up
relative to the average yearly ADC over the calendar year 2012, adjusted by the matched control period
ADC:s. The long-term treatment effect was calculated for the whole study sample and for different sub-
groups of the study, namely, whether a household did or did not adopt SHW or PV.

For the households that adopted PV, data for both household utility electricity usage and household
generation were available. Therefore, the same analysis on net utility electricity usage of the household
was performed. In addition, it was possible to examine the change in gross electricity usage, prior to
consumption of electricity produced by the PV system.

T-tests were performed to determine the statistical significance of changes in ADC pre- and post-treatment
effect.

4.3.2.2 Predictors of greatest household electricity reduction

The households were grouped in quartiles based on the change in long-term electricity usage. The
households in the top quartile were compared to remaining program participants to determine common
factors in households that had the greatest reductions in electricity usage.

A logistic regression analysis to predict households in the top quartile was performed using SPSS version
22. A comprehensive survey of methods in energy efficiency studies concluded that logistic models were
the best approach for constructing a model of predictor values (Klein & Spady 1993, Hannemann &
Kanninen 1996, Scott 1997). The dependent variable was defined as the probability that a household was
in the top 25% of ASC program participants in terms of long-term change in electricity usage. The
dependent variable was then regressed on a vector of predictor variables from the survey data. The
predictor variables were selected based on a review of the literature and also included the most useful
variables for policy development. Before building the logistic regression model, the variables were tested
to determine multicollinearity. There was no correlation between any of the variables. The variables were

added to the model using forward stepwise selection.

4.3.3 Short-term change in electricity usage

The resultant changes in short-term electricity usage are summarised in Table 10. There was no
statistically significant impact on electricity usage due to the customer either signing up to the program or
obtaining a personalised home energy audit. On average, audits occurred 65 days after sign-up.

There was a short-term, immediately post-adoption, statistically significant impact on electricity usage due
to the customer adopting SHW. Likewise, there was a statistically significant impact on net electricity
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usage when the customer adopted PV. On average SHW adoption occurred 360 days after sign-up and PV
adoption occurred 228 days after sign-up.

Table 10: Short-term change in electricity usage

Treatment effect Group Number of households % Change in electricity usage
Sign-up All 496 -2.3%
Audit All 496 -2.5%
Adoption of SHW Adopted SHW 118 -10%**
Adoption of PV Adopted PV 76 -34%"* (net electricity usage)

**p<0.01, *p<0.05, otherwise not statistically significant

4.3.4 Long-term change in electricity usage

The long-term results were analysed, on average, 3.5 years after sign-up, ranging from 2.5 to 4.8 years.
The results are shown in Table 11. Overall, there was a statistically significant impact on long-term
electricity usage for the entire study group.

The group of participants (302 households) who did not adopt SHW or PV did not have a statistically
significant fall in electricity usage relative to the control group. This group adopted a total of 483 EEMs,
with a gross expenditure of $339,005 and a net household expenditure of $207,198 or an average of $686
per household.

SHW adopters’ long-term use was analysed, on average, 2.6 years after adoption. The results showed a
statistically significant sustained fall in electricity usage (—9%), consistent with the short-term results
(—10%).

The data for the PV adopters allowed more detailed analysis, as we have figures for net electricity usage
and electricity generated in the home. PV adopters’ long-term use was analysed, on average, 3.1 years after
adoption. The results showed a statistically significant sustained fall in net electricity usage (—35%),
consistent with the short-term results (—34%). However, over gross household usage there was a
statistically significant increase of 6% for the period from adoption to 3.1 years later. Note that the net
electricity usage did not exhibit this 6% increase because of increased PV production figures; the PV
production figure accounts for 41% of electricity used. As discussed in 4.3.1, data collection, there were
some limitations in gathering the PV production data immediately post-adoption and therefore the short-
term PV production data is understated; this is rectified in the longer term PV production figures and hence
explains the increase in PV production. The rebound effect is calculated as 6% of 41%, which gives a
rebound effect of 15%.

Table 11: Long-term change in electricity usage

Group Number of % change in
households electricity usage
All 496 -10%**
Households that did not adopt PV or SHW 302 -3%
Households that adopted SHW 118 -9%*
Households that adopted PV — net electricity usage from the utility 76 -35%**
Households that adopted PV — gross electricity usage 76 +6%*

**p<0.01, *p<0.05, otherwise not statistically significant
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4.3.5 Long-term predictors of greatest household electricity reduction

The factors that were significant in predicting greatest household electricity reduction were adoption of PV
and the number of EEMs adopted. The other factors (income level, electricity usage prior to program entry,

total expenditure by the household on program EEMs and adoption of SHW) were not predictive.

The likelihood of a household being in the top quartile of electricity reduction was modelled using
demographic and program variables. The model fitted well. The Hosmer and Lemeshow goodness-of-fit
test has a significance of .640, meaning the model is a good fit. Nagelkerke’s R* of .338 indicates a
moderate relationship between prediction and grouping. The model was correctly able to classify 81% of
the households. The Wald test demonstrated that adoption of PV and the number of EEMs adopted made a
significant contribution to prediction. The logistic coefficients are 2.328 for adoption of PV and .114 for
the number of EEMs adopted, and the constant is —1.820. The average EEMs adopted were 2.6 for the top

quartile, compared to 1.8 for the remaining quartiles.

4.3.6 Discussion — change in electricity usage

The trend data of electricity usage shown in Figure 6 illustrates that Alice Springs households are sensitive
to the price of electricity. The retail price of electricity charged by PWC during the study period increased
by 44%, as PWC moved towards a cost-reflective tariff for provision of electricity with the removal of
external funding and cross-subsidies within PWC’s overall business. It can be observed that demand is
responsive to the larger price changes in July 2009 and July 2012. The demand response of households to
an increase in electricity price is consistent with economic theory and suggests that households in Alice

Springs may suffer from the rebound effect after making savings on their electricity costs.

The ASC was a voluntary program that included a compulsory home energy audit that was conducted soon
after sign-up. It could be expected that the households that signed up had an interest in improving their
energy efficiency and therefore reducing their electricity usage. Additionally, the compulsory home energy
audit provided tailored information to the household and included specific recommendations. A potential
advantage of this approach is that households received relevant information rather than an overload of
general recommendations. The results show that the act of joining the ASC program, which indicates a
likely positive attitude towards electricity conservation in itself, did not result in a reduction in electricity.
Likewise, having an energy audit performed did not result in an immediate reduction in electricity usage.
Our results showed there was no substantive behavioural change on sign-up or the initial energy audit
among participants in the ASC program. This adds to the body of literature that indicates that provision of
information alone does not necessarily result in a reduction in electricity usage.

The two solar RE technologies available in the ASC program, the SHW and PV systems, were both
expected to lead to a significant reduction in overall electricity usage (a 25% [ASC 2013c] and a 36%
[ASC 2013d] reduction respectively). SHW and PV are both large, purpose-built technologies that require
no behavioural change for the household to achieve a reduction in electricity usage. Statistically significant
reductions in electricity usage were observed immediately post-adoption by households in the ASC
program for both RE technologies: 10% for SHW and 34% for PV. The reduction of 10% in electricity
usage by households that adopted SHW is notably less than expected, while the reduction for PV adopters
is in line with expectations. The unexpected result for SHW warrants further investigation. The result in
this study sample of 10% electricity saving by households adopting SHW is in line with ASC results
conducted on a larger sample of its customers. The ASC results (ASC 2013c) indicate an average 13%
reduction post-adoption of SHW, although this result is not adjusted for the fall in use occurring within the
control group and so is expected to be higher than this study’s result. The reason for the figures observed
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in the ASC program is that there were two main types of systems being replaced by the adoption of SHW:
either an electric storage hot water system or a faulty electric boost SHW system. In our study sample,
these groups had a 13% and a 6% fall in electricity usage respectively. Although a faulty system was
replaced only if deemed not to be working, this result suggests that some faulty systems were still
operating, albeit at a sub-optimal level; hence the savings achieved were reduced. The result is less than
was expected by the program but is broadly in line with an IPART study indicating that a fall of

1400 kWh, or a reduction of approximately 15% of electricity usage, could be expected for replacing an
electric storage hot water system (IPART 2011).

The electricity usage savings experienced immediately after the adoption of the RE technology would have
had a direct impact on the quarterly bill for these households. The SHW saving was a reduction in
electricity usage, which would have had a corresponding reduction in the bill provided the saving was
greater than the tariff increases. The PV adoption resulted in electricity generation for which PWC
provided an elevated gross feed-in tariff. This resulted in the PV adopters receiving approximately 2.5
times the flat-rate tariff for electricity produced throughout the program. The gross feed-in tariff increased
in line with consumption tariff increases shown in Table 4. The combination of the large electricity
production of the PV installations and the elevated gross feed-in tariff meant that these households had
greatly reduced electricity bills. The additional income available to the household could therefore be spent
on other consumables or they could increase their electricity usage. When the SHW adopters were
analysed again 2.6 years after adoption, it was observed that there had been no direct rebound effect. When
the PV adopters were analysed again 3.1 years after adoption, it was observed that there had been a 6%
increase in electricity usage within the household, although net consumption remained reduced. This
implies a direct rebound effect of 15%. This is at the lower end of the range of rebounds observed in other

studies (e.g. Greening & Greene 1998).

The demonstration of price sensitivity in the control group implies that there should be some direct
rebound effect following the adoption of RE technology. The solar RE technologies are the most likely
product within the ASC program to be characterised by rebound due to the large impact they would have
on total electricity cost and the lack of any behavioural change required to achieve this (Greening et al.
2000). However, it was observed that no rebound occurred in the case of SHW, and only a relatively small
rebound was observed for PV. The major differences between these two RE technologies are that SHW
adopters had a reduction in cost of producing hot water for the household, but the overall cost of electricity
usage remained fairly constant due to the tariff increase. The SHW adopters were relatively better off than
those that did not adopt SHW, but they did not experience any large reductions in total electricity cost. Our
results show that this relative saving did not result in increased electricity usage. The PV adopters
experienced a tangible reduction in the cost of electricity to the household. The rebound effect observed in
the adopters of PV generated a substitution effect which resulted in more electricity being consumed by the
household. The rebound effect could be due to several factors: the large value of investment required; the
large volume of energy produced, and consequently large financial savings gained; or the fact that PV
actually generated income for the household which was distinct from SHW, which provided only relative
savings. These differences could account for the rebound effect occurring for PV adopters rather than
SHW adopters. These findings highlight an area of potential future study to better understand the
behaviour of RE technology adopters. For example, the distribution of savings among RE technology
adopters could be examined, and follow-up surveys and interviews could identify influences, attitudes and
reasons behind change in electricity usage.

The ASC program successfully reduced the barriers for RE technology adoption in the remote town of

Alice Springs. Prior to the program there was only one PV installation; this program greatly decreased the
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technical and institutional barriers experienced in this remote location. The economic barriers were
decreased by the specific incentives available for the early adopters of PV. Due to the successful reduction
in technical and institutional barriers, later adopters were able to exploit the coincident reduction in PV
prices. The ASC program was a valuable initiative to test and refine approaches to promote the adoption of
RE technology and EEMs by households in a remote location. Analysis of the popularity of specific
technologies and EEMs offered through the ASC program and the subsequent reductions in electricity
consumption by households, as presented in this paper, can assist policymakers and program managers in
designing a follow-up program.

The average electricity usage by the control group fell by 5.7% over the study period. The result for 61%
of households in the study sample that did not adopt SHW or PV showed no statistically significant
reduction in household electricity usage relative to the control group, even though 483 EEMs were
adopted. This is despite an average adoption of 1.6 EEMs and $686 net expenditure per household. The
results are not what was expected, and it is difficult to ascertain why there was not a significant reduction
in electricity usage in this sample. The adoption of EEMs in isolation should have led to a reduction in
electricity usage. Explanations for why this did not occur could be that the EEMs were not used or were
not used correctly; adoption of similar EEMs or RE technologies was occurring outside this program; or
there was a coincident relative increase in usage of electricity which masked the savings produced by the
EEMs. The ASC program had education measures in place to try to mitigate the misuse of EEMs, but
possibly a greater focus on follow-up and EEM use was required.

Furthermore, the ASC program achieved high uptake within the community, engaging 30% of Alice
Springs households, and greatly increased the awareness, availability and knowledge of energy efficiency
and RE technologies. As can be observed from Figure 6, the program also occurred during a period of high
increases in electricity cost, which would have impacted both participants and non-participants in the
program. The price signals provided to householders may have led those both within and outside the
program to take measures to reduce their electricity usage. This would indicate that the price signals
themselves were stronger than the support offered by the ASC program as households in both groups
reduced their electricity usage similarly. In the ASC program a large range of EEMs were offered and
adopted, with a large variation in cost and expected electricity savings. The cost of EEMs was significantly
lower than that of the RE technologies, which made the incentive provided by ASC less important in the
rising tariff environment. EEM adoption may have increased across the community, but the explicit
incentives did not have a statistically significant impact. Future analysis on the costs and savings generated
by the ASC program is warranted. Another possible hypothesis is that ASC program participants
experienced a rebound effect over the period due to the electricity savings made. That could explain the
results, although it seems unlikely due to the fact that no rebound effect was observed for the SHW
adopters.

The final results explored who were the greatest reducers of electricity usage. The results showed that
income level, electricity usage prior to program entry, total expenditure by the household on program
EEMs and adoption of SHW were not good predictors of being reducers in electricity usage. This program
engaged with households across the demographic spectrum. This is important policy information, as it
makes clear that energy efficiency programs should be targeting the broad community, not a particular
demographic group. The results found that the two most important predictors of energy use change were
adoption of PV and the number of EEMs adopted by households — the more EEMs adopted by the
household, the more likely they were to have a reduction in electricity usage. The result is as would be
expected, but in conjunction with the surprising lack of reduction in average long-term electricity usage for
the EEM adopters, this result is informative. It is also important to note that the level of investment in the
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program was not a predictor of being a larger electricity reducer, but the actual number of EEMs was. This
indicates that there are different responses to the adoption of EEMs. The higher reducers must use the
EEMs more, use the EEMs more effectively, or have relative coincidental behavioural change
accompanying the adoption of the EEMs. Possibly it requires a combination of these three factors, with an
adoption of a greater number of EEMs showing greater commitment, involvement and engagement in the
program, in other words, repeated action, repeated communication with the program and repeated
interventions in the household. This could ensure both greater and more correct use of the adopted EEMs,
and may be correlated with behavioural change.

5. Summary

The ASC initiative that operated in Alice Springs during 2008—13 engaged with a diverse cross-section of
households, with about 30% of households participating in some form. The program had a wide impact on
this remote regional community, and the RE technology landscape changed dramatically over the period of
the program. Significant changes to the use of RE technology were happening globally, but this program

played a role in the ability of this remote location to have expertise and to adopt these technologies.

The RE technology adoption (PV and SHW) of the residential component of the ASC program
(comprising 87% of expenditure) was far reaching. It was observed that the program successfully achieved
appropriate technology installation, and the consequent electricity savings were in line with the technology
adopted.

Installation of RE technology, such as SHW units and rooftop PVs, were popular ways for households
participating in the ASC to reduce the reliance on conventional power supplies and save money. The
results of the study show that reductions in electricity usage can be achieved by the adoption of RE
technology. The analysis showed that these systems successfully reduced reliance on the mains grid,
reducing electricity usage by 10% and 34% respectively. These technologies achieved electricity usage
reductions in line with expectations, but with PV adopters having a 15% rebound effect. While this
observed rebound effect is relatively low, it suggests that policies need to be adopted to deter a rebound in
energy use when a program is offering an RE technology that is likely to produce a large reduction in
energy cost for the household.

Analysis showed that demographic variables that were good predictors of PV adoption were house style
and house size, with separate houses with fewer bedrooms more likely to be PV early adopters.
Demographic variables such as Aboriginal or Torres Strait Islander status, number of residents and the
presence of children or the elderly in the household were only weakly correlated with PV adoption. There
was a weak trend of increasing PV adoption with increasing income, which indicates that policy is best
directed to the larger middle-income groups, which are only slightly less likely to take up PV energy, but
who still collectively have a greater effect on the total energy system.

Analysis of EEMs adopted by households participating in the ASC program indicates that adoption of
specific EEMs is not always driven by rational economic logic, in that many households are willing to
invest in EEMs despite unfavourable payback periods and investment returns. Additionally, the analysis
showed that ASC participants that only adopted EEMs on average had no statistically significant reduction
in electricity usage over and above the non-participants in Alice Springs. This analysis indicates that a
refinement of the EEM component of the residential program is warranted. This component of the program
was only a small component of expenditure (13%), and the results indicate that this part of the program
warrants further focus.
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The results show that, while there was a strong statistical correlation between large reductions in
household electricity usage and the number of RE technologies and EEMs adopted, there was no
correlation between the level of household financial investment in the same RE technologies and EEMs
and electricity reduction; that is, the level of financial investment by households in RE technologies and
EEMSs as part of the ASC program in central Australia was not a good predictor of eventual reduction in
electricity usage by participating households. As such, we believe that this indicates that active
engagement of households in energy conservation programs is more important than attempting to
maximise household investment in RE technologies and EEMs.

Total household energy use is highly dependent on the number of household residents and the proportion
of time the house is occupied (Lenzen et al. 2006, Newton & Meyer 2012). The ASC database recorded
these variables only at the point of sign-up to the program. While this study’s dataset excluded houses
where there was a change in the individual or family residing at the household, the occupancy rate or
number of permanently residing household members could have either increased or decreased, which
would be expected to have a significant impact on electricity usage. Therefore, it is possible that changes
in electricity usage were confounded by changes in household occupancy over the life of the program.
However, there is no reason to suggest that there would be a bias towards change in household occupancy
for those groups we found to be associated with having a change in their electricity usage.

Policymakers should consider methods to maintain the ongoing engagement of households in these
programs. This could include measures such as requiring repeated program participation in order to access
higher value financial incentives, staggered access to individual products, or additional support. Our
findings suggest these measures could result in greater reduction in electricity usage for a given cost to the
program. Additionally, this would allow the program to interact with the householder about products

previously adopted, ensuring they are being used and are being used correctly.

The adoption of RE technologies does not require a change in household behaviour or create a visible
change in housing comfort for electricity savings to occur. However, adoption of EEMs often requires, or
creates, a change in household behaviour (e.g. altered lighting, altered setting for air conditioners). As
such, adoption and sustained use of a relatively high number of EEMs is likely to be by households that are
highly motivated to achieve substantive reductions in electricity usage. Policymakers should consider low-
cost options for supporting households that have adopted a high number of EEMs so that sustained lower
energy consumption becomes an entrenched pattern of behaviour and a core feature of Australia’s future
households.

Another challenge for researchers and policymakers is to further understand both the drivers that influence
the adoption of RE technologies and the key changes in behaviour that lead to greater energy efficiency.
Understanding the particular drivers of adoption of RE technology for different socio-economic groups of
households will better inform strategies to ensure greater precision, and therefore effectiveness, in the
targeting of future programs.

Some areas of potential further research to more fully inform future policy makers have been identified.
Firstly, research could examine the delivery method that achieves the highest economic return on a
household basis. This ASC program provided tailored energy audits, and it would be valuable to establish
whether these audits successfully ensured that householders with higher potential savings were directed to
the appropriate EEMs. If this were the case, the IRRs achieved on average and by each household would
have higher financial effectiveness than calculated in this paper. Secondly, developing a method to
quantify the co-benefits of adopting EEMs would be a valuable tool to improve the size of any financial
incentive. Monetarily quantifying the co-benefits of adopting an EEM would allow policymakers to more
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equitably direct financial incentives and thereby allow more efficient use of scarce funds. Thirdly, the
value in quantifying the synergies that can arise from the adoption of a combination of EEMs by a
household is highlighted by this work. The EEMs offered through this program were independent of each
other, but superior energy savings may be achieved by the adoption of a combination of EEMs. Future
research could model the additional value of adopting multiple EEMs together. This could then inform
future programs to provide combination incentives to achieve overall superior outcomes. Additionally,
quantifying the impact of the adoption of individual EEMs or particular types of EEMs (such as cooling or
refrigeration) would be informative. The ASC program data did not allow meaningful analysis of the
impact of individual EEMS due to the ongoing working nature of the program and the limited monitoring
and evaluation framework possible for this aspect of the program. There were many different EEMs
available that were adopted over a period of five years, and in many cases several EEMs were adopted at
similar times by different households. The results found here show that the number of EEMs adopted, as
distinct from the total expenditure on EEMs, indicates that there is an engagement component to the
reduction in electricity. However, to expand this hypothesis further a greater analysis of the quantitative
impact of each EEM would need to be established.

The results presented also raise questions about the nature and scale of support offered to households to
adopt EEMs. For example, it appears questionable whether financial incentives should be offered to
households to adopt EEMs that have very long payback periods, particularly if there are other EEMs with
much shorter payback periods that could feasibly be adopted. While the experience from the ASC program
indicates that external support for households to adopt EEMs is necessary in the prevailing social and
economic context, careful consideration of the role and emphasis of financial incentives is important when
designing a package of support. Adoption may find stronger appeal if increased reliability of supply is
achieved (for example, fewer breakdowns or blackouts), especially for remote communities (McKenzie
2013), or if it is understood that greater energy efficiency does not equate to lower comfort or liveability
but in fact can add value to the preferred lifestyle of the household (Mallaburn & Eyre 2014).

The works supports the established view that residential investment in energy efficiency does not follow
economic rational principles. The relationship between uptake, payback periods and IRR calculations
clearly indicates this. These tools could be used in the development of future policy program areas, both in
Australia and more generally.

Some changes required by communities and business that enable them to adapt to climate change will be
expensive, such as upgrading housing, energy supplies and transport infrastructure. Other changes that can
improve the energy efficiency of households and businesses are underpinned by changing behaviour, so
can be relatively inexpensive options for adapting to climate change. The careful design of a package of
small yet complementary changes can be an effective adaptation to improve the overall liveability for
people in central Australia, particularly those living in remote communities. Promotion of energy
efficiency to households needs to encompass more than simply a strong economic rationale. Strategies to
improve the energy efficiency of households need to be tailored to suit the specific situation of individuals,
families and communities, and businesses — there is not a fixed ‘recipe’ for adaptation that will suit
everyone. Active communication of options and strong coordination of changes will be essential so that all
the desired changes — large and small — are complementary and enhance the liveability of central Australia
(Bedsted & Gram 2013, Liverman 2013, Maru et al. 2014). As such, a lot more work is required to design
the most appropriate support package to help households adopt EEMs and increase their own power
generation — to appeal to the wide range of households with varying socio-economic characteristics across
Australia’s different climate zones.
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Appendix 1: EEV adoption and expenditure

EEV groups Financial EEVs EEVs % ASC incentive Total invoice ($) % ASC
incentive ($) issued cashed | converted (%) contribution
Paint roof white 750 707 218 31% 122,934 362,759 34%
Replace old roof with new white roof sheeting 2,500 90 33 37% 62,134 215,555 29%
(materials only)
Install roof ventilation device 300 228 67 29% 12,857 37,688 34%
Install or replace ceiling or floor insulation 750-1,500 281 46 16% 32,388 107,062 30%
Retrofit insulation into walls 1,500 7 1 14% 1,478 4,224 35%
Replace high energy usage lighting with energy- 200 (min. 1,165 208 18% 11,663 45,097 26%
efficient lighting purchase 50)
Replace 12V halogen downlight system with low- 350 427 112 26% 24,954 86,579 29%
energy option
Install motion sensors on external lighting 150 58 10 17% 855 2,908 29%
Tint windows 700 126 68 54% 26,219 76,832 34%
Install double-glazed windows (IGUs) 3,500 26 12 46% 23,386 76,982 30%
Installation of ‘one shot’ relay for SHW systems 150 296 111 38% 12,446 39,203 32%
Service of SHW system 200 435 210 48% 38,389 137,972 28%
Replacement of perished fridge/freezer seals 100 95 23 24% 1,677 5,125 33%
Service of evaporative air conditioner 100 741 411 55% 40,018 152,774 26%
Install external shading on walls/windows 1,000 397 181 46% 137,389 485,955 28%
Purchase swimming pool cover 407 234 57% 62,828 205,688 31%
Install thermal ‘skin’ over external walls 1,000 14 3 21% 2,424 9,543 25%
Install heat pump hot water system 1,000 14 10 71% 10,000 48,790 20%
Supply and install variable speed pool pump 400 85 51 60% 19,150 64,855 30%
Replace old refrigerator or freezer with a new, 400 103 61 59% 29,228 120,269 24%
energy-efficient model
Surrender old refrigerator or freezer 100 58 50 86% 9,847 9,847 100%
Purchase swimming pool cover roller 150 77 44 57% 8,153 26,742 30%
Standby for a SHW system 2 0 0% - -
Totals 5,839 2,164 37% 690,417 2,322,449 30%
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Appendix 2: Summary of kWh and GHG savings by EEMs supported by EEVs in ASC

Total savings per year Cost $ Cost per year Cost per year
of life per kWh of life per kg
saved GHG saved
EEV groups EEVs | kWh/yr | Life | kWh/yr GHG Total ASC Total | ASC | Total | ASC
used | savings | yrs kg/yr
Paint roof white 218 200 10 43,600 29,648 362,759 122,934 0.83 0.28 122 | 0.41
Replace old roof with new white roof sheeting 33 200 25 6,600 4,488 215,555 62,134 1.31 0.38 1.92 | 0.55
Install roof ventilation device 67 20 15 1,340 911.20 37,688 12,857 1.88 0.64 276 | 0.94
Install ceiling insulation — batts 39 350 25 13,650 9,282 86,396 26,442 0.25 0.08 0.37 | 0.11
Install ceiling insulation — loose fibre 2 350 25 700 476 7,260 2,541 0.41 0.15 0.61 0.21
Replace ceiling insulation — batts 4 230 25 920 625.60 8,192 2,655 0.36 0.12 0.52 | 0.17
Install bulk floor insulation 1 150 25 150 102 5,214 750 1.39 0.20 2.04 | 0.29
Retrofit insulation into walls 1 200 25 200 136 4,224 1,478 0.84 0.30 1.24 | 0.43
Replace high energy usage lighting with energy-efficient 208 400 5 83,200 56,576 45,097 11,663 0.11 0.03 0.16 | 0.04
lighting
Replace 12V halogen downlight system with low-energy 112 400 10 44,800 30,464 86,579 24,954 0.19 0.06 0.28 | 0.08
option
Install motion sensors on external lighting 10 25 5 250 170 2,908 855 2.33 0.68 3.42 1.01
Tint windows 68 200 15 13,600 9,248 76,832 26,219 0.38 0.13 0.55 | 0.19
Install double-glazed windows (IGUs) 12 200 25 2,400 1,632 76,982 23,386 1.28 0.39 1.89 | 0.57
Installation of ‘one shot’ relay for SHW systems 111 250 10 27,750 18,870 39,203 12,446 0.14 0.04 0.21 0.07
Service of SHW system 210 900 5 189,000 128,520 137,972 38,389 0.15 0.04 0.21 0.06
Replacement of perished fridge/freezer seals 23 100 5 2,300 1,564 5,125 1,677 0.45 0.15 0.66 0.21
Service of evaporative air conditioner 411 150 1 61,650 41,922 152,774 40,018 2.48 0.65 3.64 0.95
Install external shading on walls/windows 181 300 15 54,300 36,924 485,955 137,389 0.60 0.17 0.88 0.25
Install thermal ‘skin’ over external walls 3 350 25 1,050 714 9,543 2,424 0.36 0.09 0.53 0.14
Purchase swimming pool cover 234 600 5 140,400 95,472 205,688 62,828 0.29 0.09 043 | 0.13
Purchase swimming pool cover roller 44 600 5 26,400 17,952 26,742 8,153 0.20 0.06 0.30 0.09
Supply and install variable speed pool pump 51 1,200 7 61,200 41,616 64,855 19,150 0.15 0.04 0.22 | 0.07
Replace old refrigerator with a new, energy-efficient model 53 300 10 15,900 10,812 110,842 26,180 0.70 0.16 1.03 0.24
Replace old freezer with a new, energy-efficient model 8 300 10 2,400 1,632 9,427 3,048 0.39 0.13 0.58 | 0.19
Surrender old refrigerator or freezer 50 500 5 25,000 17,000 9,847 9,847 0.08 0.08 0.12 0.12
Totals 2,154 818,760 556,757 | 2,273,658 680,417
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