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0BABSTRACT 

 

The economical, technological and environmental viability of Solar Domestic Hot Water (SDHW) technology is 

well established. Its potential role as a major contributor to meeting residential hot water needs is the view 

promoted in this research and the major reason why it is taken up by users. There is also a need to explore the 

barriers preventing a household’s adoption of Solar Domestic Hot Water (SDHW), particularly in Queensland, 

the “Sunshine State” of Australia. This research is based on eight hypotheses, suggesting factors that may be 

related to the household decision to adopt solar. A household survey collected data to test the hypotheses in an 

effort to explain underlying factors that influence the pattern of household take-up as evident in Brisbane, South 

East Queensland.  The research identified the following factors as important to the adoption of solar domestic 

hot water:  

 

1. Newspapers/magazines and personal recommendations by friends and relatives are key sources of 

information that households access when making a decision on SDHW; 

2. There are five other factors which help explain both organizational subsystems and behavioral 

subsystems as having a relationship with household adoption of SDHW. These are: factors related to 

energy suppliers, operating factors, government initiatives (specifically SDHW Rebate), environmental 

issues; namely attractiveness of the system because solar energy is renewable and socio-economic 

factor such as the presence of ‘Other’ household residents in occupational groups, in particular, 

managers and administrators; 

3. The findings offer evidence to enhance issues already identified in previous work and pursued in the 

current research on SDHW in Queensland (Berrill 1991), which identifies socio-political and 

environmental issues, as two of the three issues relating to “Quality of life”. The third economic issue is 

also looked at in this research. 

4. New findings are evident in support of interrelationships’ between socio-political, energy supply 

systems and technological awareness factors, namely Government Rebate, Energy Supplier and 

Operating Factors and the household decision to adopt SDHW; 

5. The findings offer an explanation as to why technological factors pertaining to SDHW and factors 

involved in assessing satisfaction with the system have been misunderstood. The results clearly 

indicate an overwhelming satisfaction with the SDHW system; 

6. This research contributes to the body of research in this area, especially as it puts forward evidence of 

why socio-economic characteristics of household’s are a fundamental aspect in understanding the 

adoption of SDHW. It provides households’ perspectives to the identified issues that directly affect 

them. These perspectives can then be incorporated into the identification, development and 

implementation of public and private energy policy. 
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1BRECOMMENDATIONS 

 

The recommendations are aimed at improving take-up of SDHW. They are: 

Sources of information, technological, operational, and environmental factors: 

 To use newspaper/magazine in neighborhood programs targeting a promotion of SDHW systems, 

thus increasing SDHW sales. 

 To promote SDHW in the form of educational programs, using identified sources as an effective 

strategy to increase adoption of SDHW. 

  To heighten the awareness of environmental concerns by highlighting sector levels of consumption as 

a reason for targeting the use of SDHW and reducing CO2 gas emissions. 

 To incorporate technological factors and operating factors into services delivered to the general public 

and available as resources to householders. 

 To mandate EPA as an MRET counterpart in Queensland. 

Government Initiatives- SDHW Rebate Scheme: 

 To use the government rebate as a basis for the promotion of SDHW amongst households with 

available comprehensive information on environmental issues as well as a government statement of 

financial arrangements that would aim to alleviate the “unlevel playing field” between the public and 

private sector energy suppliers/manufacturers. A key feature to this statement of position is the 

indication of policy shift that the government has taken. 

Local energy suppliers: 

 To design information sheets with current energy arrangements for private and public energy suppliers 

/ manufacturers to be public knowledge and educational programs to promote greater public 

awareness of advantages / disadvantages and the option of utilizing renewable energy sources. 

 To promote a resultant ‘business as usual’ approach as opposed to an urgency approach in order to 

alleviate the dependency on CO2 based energy sources, reducing greenhouse gas emissions and 

possible catastrophic side effects. 

Key factors for assessing satisfaction: 

 To collect comprehensive data on consumer behaviour on an ongoing basis and to provide key 

information to SDHW stakeholders in planning and designing promotions and marketing. 

Further research areas: 

 Technological reliability to be further assessed in relation to capital cost and the household / public 

perspective. 

 Factors in assessing satisfaction-consumer behaviour as well as research into areas other than a 

“reliable hot water supply”, as identified here. 

 Socio-economic research into occupational groups, particularly the ‘Other’ household category 

residents who are Managers/Administrators, to identify their views on the adoption of SDHW. 
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4BCHAPTER 1 INTRODUCTION 

 

5B1.1 INTRODUCTION 

 

The diffusion of innovation paradigm as a social process (Rogers 2003), and suggestions 

in the literature (e.g. Lowe 2005; Foster 1990 cited in Berrill et al. 1991) of the need for 

more investigation into this area, was the main reason for this project. It is a response that 

contributes to understanding one of the sub-systems within which diffusion of innovation 

takes place, in this case, solar domestic hot water in Queensland.  Research by Foster (1990 

cited in Berrill et al. 1991) and Lowe (1989) identified the importance of understanding energy use 

at the household level in helping reduce its level of energy consumption and the promotion of energy 

efficiency. This is seen as an ideal solution to the reduction of energy consumption and in turn, 

greenhouse gas emission. They particularly identified the need to get actual data from the household 

to build the knowledge base of the sector. There is a need to conduct household surveys to attain 

first-hand information on factors that influence the household’s decision to adopt solar domestic hot 

water. 

 

The focus of this research is to investigate the factors that influence the adoption of solar domestic 

hot water (SDHW), at a household level. Acquiring a better understanding of the factors that are 

critical in the household decision to take up solar water heating could help design strategies to 

support the adoption of solar water heating in the domestic sector. 

 

This chapter is structured as follows: background, the research question, the importance of the 

research question and an outline of the organisation of the thesis. 

 

6B1.2 BACKGROUND 

 

The environmental concerns are mounting to a level that is individuals’ responsibilities. 

The search for solutions to deal with individual and community responsibilities for 

utilisation of environmentally friendly energy alternatives in society, Queensland included, 

is urgent.  
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The economical, technological and environmental viability of solar hot water as an energy 

alternative is evident. The environmental impact of solar energy is relatively lower than that 

of other renewable and non-renewable energy sources (Chadrasekar & Kandpal 2004; 

Einav 2004; Akpan, Sasaki & Endoh 2006; Dharuman, Araken & Srinivasan  2006; Gaglia, 

Balaras, Mirasgedis, Georgopoulou, Sarafidis & Lalas 2007; Degelmen 2008; Hassan & 

Beliveau 2008; Kalogirou 2004 & 2009 ).  

 

Solar domestic hot water (SDHW), now commonly known as solar water heaters (SWH), 

uses energy directly from the sun, with the only media being the panels which are 

orientated at the best angle on the roof to ensure maximum exposure. Solar radiation 

strikes the collector and most of it is changed to heat. The problem of heat lost to the 

environment is common, but the heated water is transported to the storage tank by the 

circulation system. Control and protection mechanisms are incorporated into the system to 

ensure heat loss and great temperature fluctuation is managed. It also reduces the risk, 

especially the danger, of scalding (Berrill, Harris, Hoy, Keenana, Monsour, Willrath 2003). 

The hot water is then available for use. Thus it has potential for environmental benefits and 

efficacy, being a readily available and renewable energy source. In addition, savings on 

household hot water bills make solar heaters an attractive option for a national and local 

strategy to minimise carbon dioxide emission into the atmosphere (Brisbane City Council 

1999). 

 

 1.2.1 The solar domestic hot water / solar water heater (SDHW/SWH): 

components 

A summary of types of SDHW systems is shown in Table 1.1. 

Table 1.1: Types of solar hot water systems 

Characteristics Low temperature 

system 

Medium temperature 

system 

High temperature 

system 

Collector Unglazed, UV 

resistant plastic 

tubing 

Glazed, may use radiation 

concentrating system 

Glazed with radiation 

concentration used as 

well as sun tracking 

Storage 

(Tank –Low pressure 

copper or high pressure 

steel tank) 

Pool Storage tank with pump if tank 

below collectors (used solar 

assisted heat pump can be) 

Most popular is close-coupled 

configuration –tank (range 

Steam chamber, with 

built in circulation of 

steam or Gas turbine 

also in a chamber 
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from 300 lt) is mounted 

directly above the flat plate 

collectors on the roof; least 

appealing 

Circulation Pool filter pump Connected to the pump to 

ensure heating takes place:  

Thermosiphon system 

Split system  

Heat pump 

 

Control and protection Similar to pumped 

remote storage 

type of the 

medium 

temperature 

system 

Yes No 

Auxiliary Heating 

Backup heating or 

boosting: electric, gas 

and wood 

Often only for 

public pools 

  

Temperature (℃ ) 40 60-100  200 

Application Solar pool heating Domestic  and commercial hot 

water heat 

Steam production for 

industrial processes or 

drives a gas turbine for 

generation of electricity 

(Source: Constructed from information in Berrill et al. 2003 and EPA, Queensland 

Government (2005) Fact Sheet: Solar Hot Water) 

 

As seen from Table 1.1, there is a variety of solar water heaters. The type is determined 

by the required output temperature. Other factors include cost, ease of installation and the 

structure of the building. It is the requirement for different temperatures that cause the 

greatest variation. Typical temperature categories are: low temperature systems, medium 

temperature systems and high temperature systems (Berrill et al. 2003). 

 

A solar water heater consists of various parts that make the whole hot water supply work. 

These are: collectors, storage tank, circulation system, control and protection system and 

an auxiliary heating system or booster systems (Berrill et al. 2003; EPA 2005). Each of the 

components is important to the overall performance of the system. Technical advancement 

has occurred in each component and further development of each has also led to the 

development of solar domestic hot water applications to meet other household energy 
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needs. Of particular importance, are applications such as space heating, which is 

documented as having a fair share of energy consumption in a household.  

 

The visual impacts of the system on the roof, as well as roof structure, are major factors 

that often discourage people from taking up solar domestic hot water. There is 

development in the designing of a centralised solar water heating systems for high rise 

buildings as shown in Hong Kong (Chow, Fong, Chan & Lin 2006). 

 

Collector 

 

A collector is mounted on the roof of the building, and a storage tank is located close to, or 

remote from, the collectors. Sunlight heats the collectors and most of the water is heated. 

Some of the heat is lost to the atmosphere instantly, while the rest is transferred to the 

storage tank by the circulation system. These mainly consist of plumbing pipelines. A 

collector constitutes a transparent cover, absorber plate, insulation, collector box and frost 

protection. 

 

Critical factors for consideration of collectors are: panel efficiency that relate to 

maintenance but more importantly factors such as the need for a transparent cover that 

allows sunlight to pass through while at the same time, maintaining the absorber plate. 

This plate gives a dull colour to the overall effect of the collectors, making light absorption 

more effective. It also has the ability to stay dry, otherwise the efficiency level drops. 

Insulation retains a desirable temperature if the water that passes through the collectors, 

are a fundamental consideration in maintaining solar hot water heaters efficiently. In non-

tropical climates, frost protection is a key consideration and all the components of the 

collectors are kept together in a collector box. Collectors are of primary importance, to the 

whole system. Since the appearance of the hot water system in the market, at a time 

following the oil crisis, continuous improvements to the collector have been the primary 

focus of many applied science and energy engineers (see Appendices 1.1-1.3). 

 

Applied science research into the various components of solar water heaters is 

paramount. Tarde (1903) alluded to this concept in his work and referred to it as ‘re-

inspiring’. This is also identified by Rogers (2003) in his research, which has become 

crucial to the diffusion of innovation research, suggesting the parallel growth between new 

discipline studies and the development of science. Of particular interest to the diffusion of 
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the solar domestic hot water technology, is the concept identified by Rogers (2003) as a 

mechanism that sustains the diffusion process. The aspect of re-invention, could also 

relate to the concept of technology clusters.  

 

Some of the features that, with improvement, will heighten the status of solar domestic hot 

water systems as the alternative to hot water heating, are: the need for insulation to 

maintain efficiency, transparent  light transmitting cover, the provision of a colour choice 

collector covers enhancing colour, installation on either modern or old houses attracts 

modern or older homeowners. The tilt and orientation of the collectors would ensure 

maximum solar irradiance (see Appendices 1.1-1.3). There has been recent applied 

research in components which are considered re-inventions. 

 

The tilt and orientation of the collectors are crucial to the final energy efficiency of the 

system. Mounting the system on a frame to give maximum irradiance is common. 

However, there are other developments of the solar technology such as parabolic trough 

solar collectors, which are the focus of work by Bokhoven, Van Dam and Kratz (2001) of 

the Netherlands, which could be utilised in centralised heating, and may extend to water 

heating applications. Also, work by Furbo, Vejen and Shah (2005), in Denmark, who 

experimented on a large scale, showed a good design of collector, capitalising on external 

heat exchangers and stratification inlet pipes to control thermal stratification. The system 

adequately meets the high demands for hot water. This new system replacing the 

collectors which could only face East and West and yet maintained efficiency (48%). The 

thermal requirement for this system demands high temperature hot water. The system was 

now able to maintain the thermal demands especially in the winter months. 

 

In warmer regions, such as those in South America, work done by Arruda Lima, Prado and 

Taborianski (2006) showed only low quality solar domestic hot water (flat plate collector). 

Although the system is underutilised throughout the year (lower yearly average), the 

system provides maximum thermal heating requirement necessary to meeting the need for 

hot water to the households during the high demands required of it in the winter season. 

Grassie, MacGregor, Muneer and Kubie (2002), highlight the importance of using solar to 

meet low flow solar domestic hot water using photovoltaic (PV) to drive the system. This is 

the further development of the system, which also extends the application of solar 

technology to other energy uses in the household. The PV driven low flow SDHW 

component includes a new freeze tolerant flat plate collector directly connected to the hot 
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water storage tank. 

 

Storage tank 

 

Storage of heat is seen as a major issue for the development of solar energy for house 

heating and for cooling under all climates. Most of the storage systems available on the 

market use water as the storage medium. Studies by Cabeza, Ibanez, Sole, Roca and 

Nogues (2006) and Canbazoglu, Sahinaslan, Ekmekyapar, Aksoya and Akarsu (2005), 

experienced other media for heat storage phase change material (PCM) in a solar water 

heater system. This has other possible applications of solar technology and the transfer of 

heat for energy supply alternatives. 

 

Other critical aspects when considering storage tank for solar domestic hot water are: 

sizing, thermal stratification, types of tanks, life of tank and location of the tank. When 

sizing a tank, it should be proportional to the collector area (estimated 75 litres /m² of 

collector area). Additionally, it should be estimated according to the population of the 

household using the system. Thus a recommended average domestic storage tank of 300 

litres (8m² collector area) is recommended for an average household of four people.  

 

Thermal stratification is often an undervalued factor in storage tank consideration. 

According to research, there is clear evidence of greater energy efficiency of systems with 

good sized storage tanks (Bojic, Kalogirou & Petronijevic 2002). It is suggested that 

smaller sized tanks yield a higher solar fraction value while larger ones make temperature 

variation less sensitive. Furbo and Vejen et al. (2005) pointed out the advantage of big 

tanks verses small ones, especially when considering thermal stratification, with the 

incorporation of design elements such as use of external heat exchangers and 

stratification inlet pipes, utilising good thermal stratification. Other work by Jordan and 

Furbon (2005) highlighted the importance of thermal stratification depending differently on 

flow rate, draw-off volume, and initial temperature in the storage tank. Thus the result is an 

overall 3-7% reduction in energy efficiency in the hot water tank. Furbo and Andersen 

(2005), in two separate studies came up with “Smart solar tank” for small solar domestic 

hot water systems (with an auxiliary energy supply using either oil or gas burners). They 

further improved the performance of the tank by another study that reiterates the 

importance of the principle of thermal stratification. In the project, where they investigate 
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improved thermal performance by having two draw off points (2%), thermal efficiency 

improvement is notable. 

 

Vertical tanks show much superior stratification tendency than horizontal tanks.  There are generally 

two major types of tanks: Low pressure gravity fed tanks, which are made of heavy gauge 

copper sheet, and high pressure steel tanks. Low pressure tanks are mainly used in 

thermosiphon-based solar domestic hot water heaters. High pressure steel tanks are the 

popular choice for use in forced pump-based solar domestic hot water. While there is 

evidence of advantages in the forced pumped system, especially the freedom of where to 

locate the storage tank, there is still increasing evidence of the thermosiphon-type system 

as a better choice in the long term, as it has a higher energy efficiency and independence 

on further energy supply, besides the need for a booster on cloudy days, and therefore 

displays its sustainability (Joudi & Al-tabbakh 1999; Joshi, Bokil and Nayak 2005; 

Kalogirou 2009). Even this aspect has been documented and shows it is now possible for 

provision of energy by a PV system (Akpan et al. 2006).  

 

The tank-life of a solar domestic hot water system is at least 20 years, and this is also the 

case for low pressure copper tanks. For high pressure tanks, the life is 15 years and 

upwards. Other tanks have been developed but are different in features such as those with 

more than one outlet; however its life capacity is generally within a similar range. 

 

The location of the tank, a point raised earlier, relates to whether or not it is a 

thermosiphon-based or forced pump-based system. Thermosiphon capitalizes on the 

natural circulation based on the natural convection resulting from the heating of fluid in the 

collector panel. Natural convection is created by the upward and downward flows that 

occur in separate pipes. The tank is commonly located directly above the flat plate 

collectors on the roof in the close-coupled configuration. This type of system requires the 

tank to be mounted horizontally, above the collectors, and following along the roofline 

(Berrill et al. 2003). 

 

Pumped systems on the other hand, use forced convection. Pumped or forced pump 

systems are characterized by forced circulation systems and permit the storage tank to be 

located generally below the collectors (Berrill et al. 2003). Circulation, control and 

protection systems will be discussed in detail next. 
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Circulation system 

 

The plumbing pipeline that transfers hot and cold water to and from the storage tank 

generally using a single outlet to the house constitutes the water circulation system. The 

circulation system is controlled by valves which are thermostatically operated according to 

the water temperature specification of the water circulations.  

 

The control of circulation pumps is usually achieved using an automatically operated 

mechanism managed by an electronic controller. This device is necessary to force the 

circulation of energy from the collectors to the storage tank when sufficient energy is 

collected and to stop circulation if there is not enough energy collected. 

 

The heat pump component is a recent development in the technology, which makes sure 

that heat energy available for water or air heating. It is particularly important in integrated 

systems in a house where other heat applications are incorporated into the system’s 

design. Argiriou, Balaras et al. (2005) and Akpan et al. (2006) also designed a system that 

optimises renewable energy use and is best suited for colder climates. A compact 

boiler/geothermal heat pump tank room heating especially during the cold seasons was an 

integral part of the design.  One design used a PV powered heat pump (Al-Ibrahim, 

Beckman, Klein & Mitchell 1998). Another new design is a “vapour compressor” heat 

pump, where heat pumps collect heat from collectors and ambient air and is transferred to 

heat up water. An advantage of this system over others is that it can operate at night and 

in overcast conditions (Aye, Charters and Chaichana 2001).  The introduction of this 

component to the market of solar domestic hot water was in use in Brisbane and was 

identified by households as of particularly advanced in its systems, especially how it allows 

more choice of location of the tank and extending use of the system on cloudy days.  

 

Control and protection systems  

 

The control and protection systems prevent circulation when the water is not heated, and 

particularly prevent heat loss from the collectors at night, protecting the system from 

extremes of temperature and pressure.  

 

All storage tanks must be either vented to the atmosphere or have a combined pressure 
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and temperature relief valve. Mains pressure tanks could not be vented and are therefore 

fitted with a pressure and temperature relief valve which drains to a point where a 

discharge can be readily observed. Unvented tanks designed to withstand a full vacuum 

must still be fitted with a vacuum relief valve that is usually also part of the pressure relief 

valve. The system design determines any other valve required to suit the configuration and 

water supply pressure level (Berrill et al. 2003).  

 

Solar domestic hot water may always have high temperatures posing the danger of 

scalding. To control this, a tempering valve is fitted to the outlet of solar domestic hot 

water, which will automatically mix the water to a safe temperature range between 35-55 

degrees Celsius.  This control will protect the user from scalding, but may not be 

necessary for dishwashing and washing. 

 

The major issue involved with a solar domestic hot water system is maintaining the heat 

transfer either in water or in the air and ensuring that the water is heated to the required 

temperature, thus maintaining high energy efficiency of the system. Bales and Persson 

(2003) looked at information on energy savings that are important for design purposes 

especially in selecting the maximum possible primary flow. It is necessary to find a suitable 

design of hot water load profile to ensure a low temperature is returned to the store; and to 

retain an overall system’s hot water load profile of energy savings. 

 

Auxiliary heating system or booster systems 

 

Heating systems, other than solar, are necessary for every solar domestic hot water to 

compensate for the overcast and rainy days. Three types of auxiliary heating options are 

available for this purpose: electric boost, gas boost and wood boost. However, literature 

indicates that PV booster is now being experimental. 

 

Most close-coupled domestic hot water heaters provide a thermostatically, or manually 

controlled, auxiliary heating system. 

 

Yet despite realisation of social, institutional and political barriers inhibiting the wide-

spread take-up of solar domestic hot water in Queensland by certain non-Government, 

environmental organisations and academia, the Queensland Government has remained 
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fairly unresponsive to the serious consideration of SDHW (Berrill et al. 1991 and Lowe 

1994). That was until the introduction of the Mandatory Renewable Energy Target (MRET) 

in 2001, which was part of the response to the mounting international pressure to reduce 

greenhouse gas emission.  In fact, the “Sunshine State” was found to have the lowest 

utilisation of SDHW despite having the highest insolation in Australia, along with Perth 

(Lowe 2005). This research, therefore, is a development in response to a gap in the 

literature from previous research which will be explored in the next chapter. 

 

A recent development is the increased conservation of energy by housing design (see 

Appendix 1.1 - 1.3). 

 

1.2.2 Mandatory Renewable Energy Target (MRET): the 

national green energy policy document 

 

There has been a void in efforts until the late 1990s, when some national policies came 

into existence. The main national policies came into being in response to international 

pressures. The most important international document that had a major influence on 

Australia’s national energy policies, is the Bruntland Report (1987), which was 

implemented a decade later through the establishment of the Australian Greenhouse 

Office in 1997. This government office is responsible for the planning and management of 

policy. The major underlying focus of such a policy is the critical national responsibility 

towards global environmental concerns on issues of global warming, greenhouse gas 

emission and climatic change; hence the two factors that mark public policies from this 

point to present. The two are: 1) Initiatives for development and utilisation of fossil fuel 

energy alternatives with priority given to promote renewable energy and 2) Initiatives to 

continue comprehensive development of energy resources that are environmentally and 

economically viable: sustainable development as opposed to development for its own 

sake.  

 

The Mandatory Renewable Energy Target Policy, first established in 2001, is a document 

that is considered as the major watershed to environmental protection measures now in 

place, and in particular, its emphasis on the contribution that solar domestic hot water can 

have. It led the way for the subsequent establishment of the Australian Greenhouse Office, 

the major implementing Agency for this powerful “Green” policy. The Department of 
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Environment and Heritage, of which The Australian Greenhouse Office is its major 

executing agency, is instrumental in many facets of recent governmental environment 

concern efforts. 

 

The Mandatory Renewable Energy Target (MRET) established in April 2001, is a Federal 

Government initiative that promotes the development of Australian Renewable Energy 

industry as much as reducing Australian greenhouse gas emissions. The document set out 

a requirement of sourcing of 9,500 giga watt hours of extra renewable electricity per year 

by 2010 through to 2020. This is enough power to meet the residential electricity needs of 

4 million of the Australian population. The implementation and monitoring of the system 

are the responsibility of the Office of Renewable Energy Regulator, Australian Greenhouse 

Office. MRET is seen by the Australian public and international community as the 

watershed in the Federal energy policy; being the most significant Australian commitment 

in support of Australian renewable energy industry sector ever enacted. MRET has the 

ability to create an environment where new electricity generation capacity using renewable 

energy sources introduces and maintains as meaningful components of the Australian 

energy mix (Western Australia Sustainable Energy Association (WA SEA) 2003).  

 

MRET Implementation Schemes 

 

In terms of diffusion of innovation studies, the implementation stage is the second last step 

in the innovation-decision process. The MRET could be seen as requiring the use of 

“change agents”, namely the Australian government, who in turn mandated the state 

government to ensure States fulfill their share of the responsibility towards national targets 

in meeting the global environmental agreement. On 1 April 2001, the Australian 

Government introduced a Mandatory Renewable Energy Target (MRET) scheme now 

referred to as The Mandatory Renewable Energy Target (MRET). The scheme aims to 

increase the uptake of renewable energy in Australia's electricity supply (Department of 

Climate Change 2009). 

 

A key recommendation of the MRET is its support for solar hot water systems. Other 

recommendations are: 10% MRET is low compared to historic fossil fuel industry incentive 

measures; 5% increase in MRET, the average cost to wholesale market is of the order $1/ 

MW/h (0.1c / KWh): this is lower than many regular wholesale price movements within the 

national electricity market (NEM) For example, recent government bidding practices raised 

http://www.climatechange.gov.au/renewabletarget/mret.html
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average prices across the NEM in 2001/2002 by $5/MWh to $6/MWh and continued 

support for solar domestic hot water (WA SEA 2003). 

 

Setting standards for energy initiatives  

 

“Standards Australia”, is the Australian government mandatory body responsible for 

standards control, especially the management of these various energy initiatives serve to 

fulfill the requirements of the MRET. Solar water heating standards support the inclusion of 

solar water heaters in the Mandatory renewable energy target certificate-trading scheme. 

Solar water heaters are ‘deemed’ to provide ongoing electricity savings over a 10 year 

period after they are installed. Many scientific researchers are continuously showing this 

life cycle to be well into the 20 year period (Degelman 2008; Dharuman et al. 2006; 

Badescu 2005; Kalogirou 2004; Bales, person 2003; Arkar, Medved & Novak 1999). 

Consequently, the calculation of average savings for each model of solar water heater and 

the suitability of design and construction methods must be evaluated and accredited using 

Australian standards.  

 

These standards should be seen as integrated so as to produce substantial results 

towards the reduction of carbon emission. In the residential sector, when undertaking 

construction, there are a range of computer based tools that estimate the energy use. The 

energy value of building materials is calculated to suit the house designs against a 

regulated minimum performance level. The standard for consistency of computer modeling 

has been developed by the Australian Buildings Code Board as a precursor to a national 

minimum requirement for domestic construction to become mandatory in May 2006 

(Australian Greenhouse Office 2007). This is a realistic step towards energy conservation. 

In terms of the diffusion of innovation model, this “change agent” intervention will 

contribute to the rate of adoption of solar domestic hot water. 

 

7B1.3 THE RESEARCH QUESTION: BACKGROUND AND OUTLINE 

 

To achieve a positive attitude towards SDHW in the households using conventional energy 

for hot water heaters, serious efforts are needed to further examine the bridges and 

barriers that influence the household’s decision to take up SDHW in Brisbane, South East 
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Queensland. 

 

Based on the literature as will be shown in Chapter 3, there are several opportunities for 

and also barriers to, market penetration of solar domestic hot water. Industry and 

government promotions and environmental awareness and commitment are driving forces 

behind the households’ decision to acquire solar water heating for homes (Foster 1990 

cited in Berrill et al. 1991). 

 

The current research is aimed at testing if and to what degree these issues are still 

relevant and identifying any other factors that may influence the take-up of SDHW heaters 

in Queensland, pertaining to SDHW in the context of energy resources and issues at 

national, regional and local levels.  

 

Source of information, confidence in the technology, operational and technical knowledge, 

environmental issues, government initiatives, energy supplier influence, factors in 

assessing satisfaction with SDHW and socio-economic factors were the hypothesized 

factors involve in the household decision to take up solar domestic hot water (Chapter 4: 

Hypotheses). 

 

Saddler (1989) also attempted to find a quantitative measure of the contribution of solar 

hot water heating to total energy use. As there was no literature on the use of solar in the 

residential sector, Saddler proposed that the best measure of solar hot water contribution 

could be quantified from the “proportion of dwellings of commercial and industrial premises 

which use solar water heaters”. This clearly implies the need to quantitatively measure the 

contribution solar water heaters make in meeting total energy needs at all levels of energy 

use. 

 

In addition, Tas (1995) indicated that because the residential sector is highly electrified, 

the promotion of solar domestic hot water in this sector was the most sensible strategy in 

reducing greenhouse gas emissions from non-renewable energy resources. 

 

Lowe et al. (2003) and Foster (1990 cited in Berrill et al. 1991) are major contributors to 

the advancement of knowledge and understanding of solar water heaters in the residential 

sector in Australia. Based on secondary figures, Foster (1986) made comparative 

examinations of market penetration in all Australian states. Lowe (et al. 1984 & 2005) 
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identified that long-term economic benefits, security of supply, a concern about the use of 

non-renewable fuels, and information about the household savings offered by solar water 

heating, are the major reasons for people choosing to install SDHW systems. 

 

Generally, Foster (1990 cited in Berrill et al. 1991) supported these results and suggested 

that the different level of promotion was a fourth factor in accounting for the variation in 

market penetration of solar domestic hot water between the States. 

 

8B1.4 THE RESEARCH QUESTION 

 

There are eight hypotheses that represent the essence of the research question: What are 

the factors that influence the household decision to install / adopt solar domestic hot 

water? These hypotheses are presented in Chapter 4. 

 

The key questions are:  

 Is the household decision to take-up SDHW influenced by the sources of information 

accessed? 

Is the household decision to take-up SDHW influenced by the knowledge of technological 

reliability? 

 

Is the household decision to take-up SDHW influenced by consideration of operating 

factors? 

 

Is the household decision to take-up SDHW influenced by awareness of general 

environmental issues and factors. The major issues are: i) climate change; ii) global 

warming; iii) greenhouse gases emission; iv) destruction of trees/ ecosystems; v) 

knowledge that solar is a renewable energy resource. 

 

Is the household decision to take-up SDHW influenced by the government initiative to 

support the use of SDHW. The two main variables are the availability of the Government 

rebate scheme and the level of Government rebate. 

 

Is the household decision to take-up SDHW influenced by the factors related to local 

energy suppliers’ practices; the main electricity supplier (at the time of survey) is Energex. 
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Is the household decision to take-up SDHW influenced by recognition of factors important 

in assessing satisfaction with the system. 

 

Is the household decision to take-up SDHW influenced by socio-economic factors, 

specifically: composition; income level and types of occupation.  

 

9B1.5 THE IMPORTANCE OF THE RESEARCH QUESTION 

 

This research is relevant in that it aims to provide insight into issues of environmental 

management and planning by firstly investigating whether or not people’s environmental 

commitments have any influence on their decision to take up solar water heaters. 

Secondly, this study aims to gain a better understanding of the underlying reasons for 

household decision which can form the basis of a comprehensive reassessment of the 

current policies which impact on energy consumers (Berrill et al. 1991). An acquisition of 

such an understanding will allow this proposed process to be effectively fed back into 

“social systems” and “organizational sub-systems” (Foster 1990 cited in Berrill et al. 1991; 

Berrill et al. 1991), creating a knowledge base of and a resultant improved “diffusion” of the 

technology. 

 

1.6 10BORGANISATION OF THE THESIS 

 

Chapter 2 will provide a background to Australian national energy systems and how they 

are reflected in the Queensland energy system.  

 

Chapter 3 will review the literature specifically to the diffusion of innovation and solar water heating and 

identify the major issues as well as justify the research in the light of the existing body of knowledge in 

solar domestic technology, especially in the context of energy technology, compared to other energy 

sources. Further discussed are the critical implications of household energy use in the light of national 

and regional environmental awareness, specifically greenhouse gas emission. 

 

Chapter 4 contains the research design and methodology of the project. 
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Chapter 5 presents results and findings of the research survey: Household Questionnaire surveys 

results. 

 

Chapter 6 discusses the results. 

 

Chapter 7 concludes the research, stating the implications of the issues discussed in the previous 

chapter and recommendations from the research. 
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11BCHAPTER 2 SOLAR DOMESTIC HOT WATER IN THE CONTEXT 

OF AUSTRALIAN ENERGY RESOURCES 

 

12B2.1 INTRODUCTION 

 

The Bruntland Report (1987) stated that renewable energy provides 21% of energy mainly through 

hydro power (6%) and biomass (15%). It pointed out that research is needed to develop the 

technologies (Bruntland 1987). It also suggests a lack of recognition of the contribution solar energy 

resources is already making in meeting world energy needs. This absence of estimates for the 

contribution of solar technology to overall renewable energy is due to the absence of data collection 

mechanisms in national energy activities. This implies the important need for collecting data, on solar 

hot water end-use.  

 

More recent data of the contribution of renewable energy suggested that it only constitute 18% of 

total, with biomass representing 10%, nuclear make up 6.3%, hydro 2.2% and geothermal, wind and 

solar taking up only 0.5% (Global Market Institute 2007 p4).   This suggested an improvement in data 

collection but it further confirmed that the contribution of solar and renewable overall is insignificant 

compared to the dependency on 3 major fossil fuels energy sources: petroleum, coal and natural gas 

(Global Market Institute 2007). Thus greater efforts are needed to not only know the need for data 

collection on use of renewable especially solar, but the need to commit to their use and further 

development for utilization as a fundamental energy sources, especially with its benign effect on the 

environment. 

 

This Chapter offers the background and setting for the central subject of the current project. It present 

the Australian national energy framework within which the Queensland energy scene is set as it 

briefly looks at the issues that influence energy use and supply in the State. The aim is to justify the 

importance of solar domestic hot water as key source in the energy supply mix for Queensland, from 

which derives the need for further research to understand diffusion of solar domestic hot water at 

household level. This is of particular importance as there is not much primary data on solar domestic 

hot water. Therefore, government environment and energy policy documents are basic directive 

statements guiding jurisdiction environment and energy policies.  
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Of fundamental importance is the shift in political government strategies on economic development 

with Rudd recognising the fundamental importance of environment and energy towards an even 

stronger financial and economic national development at the global scene. This will set the backdrop 

to the subsequent aspects of the research in the chapters that follows: literature review, methodology, 

results, discussion, conclusions and recommendations. 

 

13B2.2 CHANGES IN AUSTRALIA’S RESIDENTIAL ENERGY END 

USE 

 

Domestic energy use accounts for less than 10% of the Australian total. Residential consumes one 

third of electricity, and accounts for fuel used in generating electricity brings the domestic share of 

primary fuel use to about seventeen percent. If reduction is to be achieved, the emphasis needs to be 

strategies that promote fuel substitution and improved efficiency of end use. 

 

Obvious areas of fuel substitution include increased use of solar hot water, cooking with gas rather 

than electricity and using sources other than electricity for space heating. 

 

Lowe (2005) noted major changes in Australian energy use. This is particularly noted in the increase 

in energy consumers for water heating account for 35% of domestic consumption in Australia, while 

another 35% goes on space heating and cooling.  He offers an explanation for the change and 

especially scenario that reflect the effects of climate change. With increasing temperature there will be 

significant effect on both total electricity demand and winter peak demand in some parts of 

production. The demand for space heating, which is associated with ambient temperature and 

greater demand at domestic level for hot water, is influenced by temperature (Lowe 2005). 

 

29B2.2.1 Take up of solar domestic hot water in Australia 

 

In Australia, the total percent for the whole of Australia that has taken up solar water heaters 

is 5.3%. According to Bush (cited in Berrill et al. 2003 p6), this source can contribute to 

make up the total Australian figure for renewable energy. Petroleum rank the highest 

(36.8%), follows by black coal (28.3%), then natural gas (17.6%), brown coal (11.6%) and 
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the least is renewable energy (5.7%). Solar energy technologies are well developed and are 

capable of provision of energy use that need low grade heat output. Solar energy can be 

converted directly into heat efficiently and cleanly. The ranges of collector types are 

available to suit the temperature range to be generated (Chapter 1.2.1).  

 

Bruntland Report states that renewable energy provides 21% of energy mainly through hydro power 

(6%) and biomass (15%). It points out that the research is needed to develop the technologies 

(Bruntland  1987). It also suggests the lack of recognition of the contribution solar energy resources is 

already making in meeting world energy needs. This absence of estimates for the contribution of 

solar technology to overall renewable energy is due to the absence of data collection mechanisms in 

national energy activities. This implies the important need for collecting data, on solar hot water end-

use.  

 

Figure2.1a-d: Maps of Australia key renewable energy resources, 2007 

(Source: CSIRO 2007 chapter 2 p7 in Australian Greenhouse Office.) 

 

Figures 2.1a-2.1d show the key resource endowments of Australia. They reflect the variety 
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of energy sources and their variation in volumes. This great variation in endowment post 

difficulty in keeping tract of the resources and demand defined co-ordinate and a national 

system of energy planning and management.  

 

30B2.2.2 National energy resource framework  

 

 “The period from 1979 to 1989 has been called “a decade of R & D decline” in terms of 

the amount of funding devoted to renewable energy” (Kaneff 1990 cited in Berrill et al. 

1991 p52). This was reflected in the lack of national energy policy and the culminating 

effect on energy use at state level. This was also the period prior to the only known 

interstate research on diffusion of solar domestic hot water in Australia by Foster in 1990. 

There was a void 11 year period in public commitment to energy resources that also 

promote reduction in carbon emission. This was also a reflection of how slow Australia 

took the Kyoto Protocol Agreement seriously in its overall energy use and supply 

strategies and development. This position slowly changed in 2001 when the MRET 

program commenced. 

 

SDHW reduced household energy costs and reduced net greenhouse gas emissions. The 

inclusion of solar hot water heaters (SHWH) in MRET gave households financial incentives 

to purchase SHWH through the generation of REC (Renewable Energy Certificates). 

Research and commercial grant helped in the marketplace to further development of 

renewable energy (WA SEA 2003). 

 

One powerful translation of the MRET energy policy is the new government initiative, 

which is a world first in developing a legislated national renewable energy market based 

on an innovative system of tradable Certificates: Renewable Energy Certificate. It is 

Australia’s fundamental strategy for meeting its 108% emission reduction target and 

positions Australia for a lower greenhouse signature (Australian Greenhouse Office 2007). 

 

MRET has gone through review and other national and state policies had developed out of 

this review. It is important to for these policy papers to be followed through, as they have 

bearing in the approach taken at a national and state level towards the promotion of 

diffusion of solar domestic hot water. More recently, the Amendment Act (Australian 

Greenhouse Office 2007) affects even the most recent policy paper (Swan, Wong and 
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Garrett 2008). 

 

 

The Restructuring of MRET in the light of carbon reduction efforts 

 

The following are stages of review the Policy document had undergone, and the 

subsequent documents that developed out of it that are now ruling the “Green Policies”, 

especially in Queensland State:  

 

MRET was reviewed in 2003 by an independent panel chaired by the Hon. Grant 

Tambling. The report was tabled in Parliament on 16 January 2004. Submissions, the 

Review report and economic analysis undertaken for the Panel are available from the 

MRET review website. 

 

The Government Response to the MRET Review was released on 12 August 2004. 

Government Response to Tambling Mandatory Renewable Energy Target (MRET) Review 

Recommendations 

 

Proposed changes to the measure were implemented through the following legislative and 

regulatory amendments: 

 

 Renewable Energy (Electricity) Amendment Regulations 2007 (No.3)  

 Renewable Energy (Electricity) Amendment Act 2006 

 Renewable Energy (Electricity) Amendment Regulations 2006 (No.2)  

 Renewable Energy (Electricity) Amendment Regulations 2005 (No.3)   

 

In 2007, the Government committed to ensuring that 20 per cent of Australia's electricity 

supply comes from renewable energy sources by 2020.  

 

To deliver on this commitment, the Government is working in cooperation with the states 

and territories through the Council of Australian Governments (COAG), to implement an 

expanded national Renewable Energy Target (RET) that will bring the MRET and existing 

and proposed state and territory targets, into a single national RET scheme. 

 

In July 2008, to inform design of the RET scheme, the COAG Working Group on Climate 

http://www.climatechange.gov.au/renewabletarget/pubs/mret-response.pdf
http://www.climatechange.gov.au/renewabletarget/pubs/mret-response.pdf
http://www.comlaw.gov.au/comlaw/Legislation/LegislativeInstrument1.nsf/0/587F10E7F64351D8CA257369000EF96C?OpenDocument
http://www.comlaw.gov.au/comlaw/management.nsf/lookupindexpagesbyid/IP200616163?OpenDocument
http://www.comlaw.gov.au/ComLaw/Legislation/LegislativeInstrument1.nsf/asmade/bynumber/65CC75CBE907808DCA2571E6001353F4?OpenDocument
http://www.frli.gov.au/ComLaw/Legislation/LegislativeInstrument1.nsf/asmade/bytitle/97459566324AD4CDCA2570B2007B11EF?OpenDocument
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Change and Water released a consultation paper on the key design issues. An important 

aspect of the restructured MRET is the introduction of the concept of “Solar Credits”. This 

will offer a powerful incentive for business and the greater public, to install micro-generator 

units, primarily household solar PV systems. 

 

Solar Credits work by offering opportunities to owners of solar panels to earn 5 credits 

(called Renewable Energy Credits (REC)) for each mega-watt hour of solar energy 

produced by their solar panels. This REC will act as upfront capital cost subsidy worth 

around 7 500AUD for purchase of solar PV systems. Under the new arrangement solar 

credits provide multiple RECs for new micro-generation system which would mainly source 

from solar panels (up to 1.5 kilowatt with 5 credits per mega-watt produced). The 

introduction of this scheme will have the credits provide for upfront costs, providing a 

multiple of 5 times the value of RECs for the next financial year, with the scheme phasing 

out in 2015-2016 (within 7 years from present).  

 

Exposure draft legislation on the design of the Renewable Energy Target scheme was 

released for public comment. This exposure draft legislation reflects the design being 

considered by the COAG Working Group Climate Change and Water. 

 

The COAG Working Group on Climate Change and Water released a consultation paper 

outlining national strategies for electricity-intensive, trade-exposed industries under the 

expanded national Renewable Energy Target (RET) scheme.(www.climatechange.gov.au 

Feb 2009). Part of this response is for the implementation of a wider base RET is 

manifested in Swan et al. (2008) “Carbon Pollution Reduction Scheme: Australia’s Low 

pollution Future with Renewable Energy and New Solar Credits” .This is followed by the: 

Draft Renewable Energy (Electricity) Amendment Bill 2008 (Dept of Climate Change 

2008). A key implementation strategy for the draft legislation is “Build our Solar Homes 

Communities Plan” which will translate to “Solar Credits” in 2009 and with a funding 

commitment of $500 million of renewable energy fund (REF), to be implemented within a 

time frame of 18 months. Eligibility for the RET is the same as that for the MRET (Swan et 

al. 2008).  

 

However, the global recession had forced the federal government to put back targets for 

carbon pollution reduction 12 months, a strategy to compensate for financial pressure  

 

http://www.climatechange.gov.au/renewabletarget/consultation/index.html
http://www.climatechange.gov.au/renewabletarget/consultation/index.html
http://www.climatechange.gov.au/renewabletarget/consultation/index.html
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Responses to greenhouse gas emissions.  

 

One such response has a direct positive impact on the adoption of solar domestic hot water in 

residential properties. The Mandatory Renewable Energy Target (MRET) established in 2001, is 

implemented through Renewable Energy (Electricity) Act 2000. Further implementation to the 

reviewed progress of the MRET was recently updated, embodied in Renewable Energy (Electricity) 

Amendment Acts (2008) and Regulations (2005-2007). It is aimed to flow on from the Kyoto Protocol, 

especially its principles of operation: Environmentally Sustainable Development (ESD) (Swan et al. 

2008).  

 

The recent shift in strategies of implementation includes the introduction of Renewable Energy 

Certificate, the Solar Hot Water rebate (in Queensland) and Photovoltaic Rebate Program (PVRP) 

was introduced in 2006. 

 

The recent focus on increasing electricity supply from renewable energy from 10% to 20% by 2020 

and the new heighten promotion of redeeming REC in meeting this target had been set back for 12 

months due to global financial recession, which is aligned with the international obligations. 

 

Environmental Commitment in Dollar Terms 

 

The seriousness of Australia’s stance on replacement of fossil fuel energy with renewable 

is evident in its specific funding allocation for the promotion of renewable energy under the 

Department of Environment and Heritage. Below are figures of its financial commitment 

since 2003. The funding provided directly to renewable energy developments by the 

Department of Environment and Heritage is set out in Table 2.1 below. 
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Table 2.1: Funding for renewable energy provided by Department of Environment 

and Heritage (Australian Greenhouse Office 2007) 

 

There has, however, been an even more rigorous commitment in funds and strategies 

towards this end as of December 2008. This is marked by a shift to a more holistic 

approach to looking at overall household energy end use and promotion of using 

renewable energy to meet this need. This is by putting a greater emphasis on PV as a 

source of solar water heating as well. This is important especially as a way of not only 

promoting the household energy saving consciousness, but offer an opportunity for  

household to support electricity supply from renewable source, as it sets up a structure 

where the excess of household system power is diverted to the electricity grid (Swan et al. 

2008).  

 

31B2.2.3  Solar domestic hot water key feature in meeting MRET requirements 

 

Solar domestic hot water is the key strategy in achieving the mandatory renewable energy 

target requirements, and document specifies the contribution households and the 

residential sector could make towards lowering fossil dependency and reduction of 

greenhouse gas emissions. One recent document that has specific promotion of renewable 

energy is Sustaining Australia’s Future by Sector 2007 (Australia Greenhouse Office Sept 2007). It 

stipulate not only the targeted level of carbon emission, it also specify strategies that would be 

translate into actions for the next 11 years for Australia to honour the Kyoto Protocol obligation. More 
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importantly, the document has also reassessed Australia’s level of commitment to raise it from 10% to 

20% by 2020. 

 

In this National Report a breakdown of renewable energy contribution to total energy resources for 

Australia is presented as in Figure 2.2 

 

In addition to funding provided directly to renewable energy developments by the 

Department of Environment and Heritage the Mandatory Renewable Energy Target 

(MRET) provides additional market support to renewable technologies that generates, or in 

the case of solar water heaters, replaces electricity. This support is provided through 

tradable Renewable Energy Certificates (RECs). Each REC represents the generation of 

1MWh of renewable electricity. For solar water heaters the RECs are allocated on a 

deeming basis that represents the electricity saved by installing a solar water heater.  

 

Figure 2.2 illustrates that deemed RECs from the installation of solar water heaters 

contribute 21% of the certificates created from April 2001 until the end of 2004. The only 

technology that provided more certificates than solar water heater was hydro-electricity.  

 

 

Figure2.2: Australia Greenhouse Office (2007) Securing Australia’s Energy Future p4 

 

Earlier, Lowe (1989) discussed the potential savings from SDHW systems. He also gives a national 

account of how the national level of CO2 emission can be reduced: Low conversion factor for solar 
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water heating alone and the effect of universal use in Australia of solar panels for domestic hot water, 

would be considerable: an annual saving of about 55PJ of fuel energy, allowing the general use of 

wood or hydro. He also states that according to ABS figures, fuels employed in different States 

suggest that the savings from use of solar panels for domestic hot water would be about 40PJ of 

electricity; 15MJ gas. Solar panels for all Australian houses save 2.7 Mt/y of carbon; even the realistic 

conversion of ½ households, can take savings to 1.4Mt/yr of carbon (Lowe 1989). 

 

Lowe (2005) suggests that a critical measure in an effort to reduce CO2 products, and encourage 

greater take-up of solar, is important in finding ways around the barrier of capital cost. The main 

argument for using solar energy is its relatively low impacts on the environment and the enormous 

qualities of energy that are available. A serious target is to get 10 or 20% more electricity from 

renewable energy technologies. He is upfront in stating that a target of 20% electricity from renewable 

sources by 2012 should be adopted (Lowe 2005 pp.158-206). This recommendation by Lowe is now 

adopted as the new target for Australia, being 20% up to the year 2020 (Swan et al. 2008). 

 

Diesendorf (2007) also argues that the variety of renewable energy technologies including solar hot 

water and grid-connected wind farms, are now economically in competition with conventional forms 

of energy (see Appendix 1.2 & 1.3).  

 

He also agrees with Lowe that the spread of these technologies have been impeded by institutional 

barriers and the low level of research support given, prior to the 1990s, to these technologies. He 

states that a 1984 survey shows solar domestic hot water to be competitive in most parts of Australia. 

Since then, economic benefit has improved thrice times. Diesendorf in the same research highlights 

that electricity prices have gone up faster than the cost of solar domestic hot water systems, partly 

because the Government in some States, sells power supply systems to private operators. He 

maintains that technological improvements have increased the buy back time of SDHW now taking 

only half the time to repay. He also believes that climate change is increasing solar energy supplied to 

many houses in Australia, giving greater solar energy contribution to hot water needs. 

 

“…current economic practice discriminates heavily against renewable forms of energy” (Diesendorf 

1992 cited in Lowe 2005 p.126). Such a statement was true prior to the shift in national energy policy 

from 2001 to the present, with the subsequent review of the MRET, however has changed noticeably 

the recent review of the national target which has been translated to State and Territory specific 

targets (Swan et al. 2008). 
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32B2.3.4  Market penetration of solar domestic hot water 

 

Market penetration of solar has not progressed much since the 1970s in Australia. 2001 

saw a shift in national energy policy but remained slow in its implementation and 

promotion of renewable energy use, until 2008. A national approach to meeting the 

Mandatory Renewable Energy Target helped State efforts towards the same end. 

Queensland political government focused to implement sustainable economic 

development with incorporation of environmentally sound strategies has now been further 

supported with this new national energy framework approach. Figure 2.3 below gives 

another indicator of the low level of solar domestic hot water penetration/diffusion in 

Australia, using sales of the technology. 

 

 

Figure 2.3: Australian solar water heater sales (Australia Greenhouse Office 2007) 

 

This lack of market penetration is a result of a number of non-technical barriers, namely 

institutional, educational and financial (Lowe 2003).  

 

However, noted change has taken place since 2001, with the introduction of the MRET, as 

discussed earlier and shown in figure 2.3. This new trend is reflected in recent Australian 

Greenhouse Office (2007) statistics on household energy use, specifically level of sales of 

solar domestic hot water. When comparing these with ABS (2008) data on solar heater 
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take-up use in dwellings, there is a clear increase between 2005 and 2008. 

 

According to ABS data (Fig 2.4), solar energy was used by 7% of Australian households 

for heating water in 2008. This was a 61% increase on the 2005 level, when only 4% of 

households used solar energy for hot water systems. Households in all States and 

Territories had a noticeable increase in the use of solar for water heating between 2005 

and 2008. More than half the households in the Northern Territory (54% in 2008) used 

solar energy to heat water; an increase from 42% in 2005 (Fig 2.8). Households in 

Western Australia showed a significant increase in percentage of users of solar energy, 

with more than one in five (21%) using solar for hot water systems, compared with 16% in 

2005. The use of solar for hot water systems doubled between 2005 and 2008 in New 

South Wales (2.5% in 2005 to 5% in 2008) and increased in Victoria (1% in 2005 to 3% in 

2008). Queensland had a major increase during the period between 2005 and 2008 (5% in 

2005 to 8% in 2008). This is a major shift in adoption of solar domestic hot water in 

Queensland, opposing what Foster (cited in Berrill et al. 1991) and Berrill et al. (1991) 

presented in their findings. 

 

Figure 2.4: Solar hot water heating (a), Use in dwellings 

(Source: ABS 2008  Cat.  No. 4602.0.55.001 ) 
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14B2.3 QUEENSLAND ENERGY SCENE AND SOLAR DOMESTIC 

HOT WATER DIFFUSION  

 

33B2.3.1 Energy resources and justification for promotion of solar 

technology 

 

Figures show a slow diffusion rate of solar domestic hot water in Queensland, with figures 

between 2005 to present, showing an increase of 2% (6% in 2005 (Lowe) and 8% in 2009 

(ABS)). This is “but direct consequence of technology having been actively discouraged by 

the State’s electricity industry” (Lowe 2005 p157). This could largely be responsible for the 

mind-set that Queensland people have. The low market penetration was prior to 2001, the 

year MRET was established, and marked by the introduction of various government rebate 

schemes. This was a necessary step with international pressure on Australia, especially 

embodied in the Kyoto Protocol which the Federal government at the time, failed to show 

the leadership required in its promotion (greenhouse gases emission targets). 

Queensland, and the Beattie-Bligh government were determined to take a serious stance 

on the promotion of environmental concerns, and with the establishment of the Australian 

Greenhouse Office in 2001 in Canberra, hence the rebate scheme was introduced. The 

State government’s statement of serious commitment to environment-focused policy 

document is the McNamara Report (2007). This is a State response driven by 

Queensland’s vulnerability to world oil prices driven by supply constraints and oil field 

decline. Fundamental strategy of implementation for the State is the promotion of proven 

evolving alternative energy technology. Current survey data shows that the majority of 

installations for the households are during the 1990s. The key element identified as being 

responsible for this increase was the availability of the rebate.  

 

This intense environmental focus in Queensland had gathered momentum at a national 

level with the election of Rudd, a Queenslander, as Prime Minister. Thus, with the national 

level heightening the environment focus, the environment document report was further 

updated with the introduction of the latest Renewable Energy (Electricity) Amendment Act , 

2008  (Swan et al. 2008). 

 

Solar remains an underutilised energy resource in the “Sunshine” state of Queensland. 
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However, the technology, while considered well developed, remains a “disruptive” 

technology (specifically referred to Photovoltaic) “in the sense that it is radically different 

from the usual operations of power companies” (Rogers 2003 p247). Disruptive in its 

decentralised nature, which is opposite to the nature of operation of electricity supply, the 

conventional source of electricity, thus, the label given to solar domestic hot water is 

disrupting the natural manner of providing energy in the household.   

 

34B2.3.2 Spin off for solar domestic hot water from nation energy framework 

 

In Queensland, the McNamara Report (2007), Olson (2008) and the Swan et al. (2008) 

brought recent updates to the redesigned operation of the MRET, resulting in the new 

“Solar Credit” that encompasses both solar domestic hot water as well as an integrated PV 

system for all household energy end-use. 

 

MRET implementation in Queensland 

 

The Industry Commission suggests that energy research and development are legitimate area of 

government involvement. The private sector also has a role to play.  

 

Queensland is seen as having great potential in relation to the Asian markets specifically for 

renewable energy. There is a need for comprehensive research, development and demonstration, to 

help create a viable renewable energy industry and “cluster technology” (McNamara 2007; Olsen 

2008). This is a clear guidance for the solar domestic hot water industry development. There has been 

in the last 16 years, immense development in the technology alone. Its reputation in the market is well 

established. It had been noted in the literature (Berrill et al. 2003, Lowe 2005, Diesendorf 2007) that 

Queensland is the only Australian state which has not continued to carry out and identify solar 

research and development, both in the State government and statutory energy utilities. However, with 

the shift in the national energy framework since 2001, but especially since 2005 (McNamara 2007), 

there has been definite strategies to compact this problem as reflected in funding commitments 

translated to rebate schemes and building code requirements. Table 2.2a & 2.2b (Olsen 2008 Table 

p30 ) show the State and Federal initiatives promoting solar domestic hot water, and the 

corresponding improvement in diffusion of solar technology experienced in the industry. 
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Table 2.2a: State Level Solar Technologies Rebate Scheme Queensland Government 

 

Responsible 

agency 

Initiative Description Coverage 

Environmental 

Protection 

Agency 

 

 

Climatesmart 

Home Service 

The recently announced Climatesmart 

Home 

Service will install energy-saving 

devices(such as CFLs and energy 

meters), provide customers with 

behaviour change tools, and offer 

detailed expert face-to-face advice to 

householders on ways to reduce water 

and energy use. 

 

Statewide 

 

Department of 

Mines and 

Energy 

 

Solar bonus 

scheme 

 

The solar bonus scheme will pay 

domestic and other small energy 

customers for the surplus electricity 

generated from rooftop solar PV 

systems that is exported to the 

Queensland grid. 

 

Statewide — homes 

that are connected 

to the Queensland 

electricity grid 

 

Department of 

Mines and 

Energy 

 

Climatesmart 

Homes Rebate 

Program 

 

The Climatesmart Homes Rebate 

Program get access to full retail 

competition for their electricity will 

provide financial incentives to 

households and small businesses 

located in isolated and remote areas of 

the State to undertake energy 

conservation measures. The program 

will provide rebates for installing 

greenhouse friendly hot water systems, 

replacing damaged refrigerator seals, 

decommissioning second 

energy-inefficient refrigerators, and 

installing insulation and CFLs. 

Isolated and remote communities that 

will not 

 

Department of Residential Under the Residential Gas Installation Statewide — for 
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Mines and 

Energy 

 

 

Gas 

Installation 

Rebate 

Scheme 

 

Rebate Scheme, rebates of up to $500 

are paid to householders (via 

arrangements with participating gas 

retailers) who install gas appliances in 

existing homes. 

 

owners of detached 

houses, town 

houses, terrace 

houses and villa 

units that receive 

their gas supply 

through a 

participating gas 

retailer 

Environmental 

Protection 

Agency 

 

Solar Homes 

Program 

 

The Queensland Government is 

underwriting the bulk purchase of 1000 

solar power systems for ‘on sale’ to 

Queensland householders at a 

reduced cost. householders have been 

selected through a ballot process. 

 

South-East 

Queensland and 

the regional council 

areas of cairns, 

Rockhampton, 

Toowoomba and 

Fraser Coast 

(Source: Olsen 2008 Table p30 ) 

 

Table 2.2b: Rebate at Federal Level Australian Government –Material Assistance 

RESPONSIBLE 

AGENCY 

Initiative Description Coverage 

 

Department of 

the 

Environment, 

Water, Heritage 

and the Arts 

 

 

Solar Homes 

and 

Communities 

Plan 

 

The Solar Homes and Communities 

Plan provides 

cash rebates of up to $8000 for the 

installation of 

solar PV systems on homes, schools 

and community-use buildings. It is 

available to households with an annual 

taxable income of 

$100,000 or less. 

 

Nationwide 

 

Department of 

the 

Environment, 

Water, Heritage 

and the Arts 

 

Solar Hot 

Water 

Rebate 

Program 

 

The Solar Hot Water Rebate Program 

assists 

households to install climate friendly 

hot water technologies. Rebates of 

$1000 are available to 

eligible householders who install solar 

Nationwide 
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and heat pump hot water systems to 

replace electric 

storage hot water systems in their 

existing, privately owned homes. 

 

The Office of the 

Renewable 

Energy 

Regulator 

 

 

Renewable 

Energy 

Certificates 

 

Renewable Energy Certificates 

(RECs) are an electronic form of 

‘currency’ under the Renewable 

Energy (Electricity) Act 2000, which 

may be created on an internet-based 

registry system by eligible parties for 

each megawatt hour of eligible 

renewable electricity generated. 

Owners of eligible solar water heater 

installations have the option to claim 

RECs themselves or assign their right 

to claim RECs to an agent. Owners of 

eligible small generation unit 

installations including PV systems, 

wind systems and small hydro-electric 

systems are eligible for REC 

 

Nationwide 

 

(Source: Olsen 2008 Table p30 ) 

 

The Queensland government is also involved through solar demonstration projects such as the one 

on Coconut Island power station and Birdsville rankine cycle heat engine. Since then, there have 

been more solar demonstrations with Government involvement, specifically within the last five years. 

Some include funding of projects that are environmentally sustainable. One very recent one is the 

Caboolture Region Environmental Education Center, under the Caboolture Shire Council. This is 

Australia’s first photovoltaic system to be funded under the Federal Government’s Photovoltaic 

Rebate Program for Community Use Buildings, installed in July 2000 (EPA 2005). 

 

Tariff contributes to the long term mind set against solar, especially in Queensland with its known 

cheap coal supply. There is, however, the need to rethink this reality in the light of non-renewable 

resources depletion and their environmental degradation, both for long term and short term 

environmental and health costs. 

 



   

 

   

 Page -45- 

The Rebate Scheme of the millennium is a Federal government initiative that particularly promotes 

installation of solar domestic hot water as a key criterion to remedy the Renewable Energy Certificate 

(REC). This scheme is controlled and supported by the Environmental Protection Agency as the 

State counterpart for the Office of Renewable Energy Regulator, Australian Government. 

 

The Federal Government’s support towards energy since 2001, through MRET, with further 

reinforcement of this document in 2003, and further redesign of implementation nationally to be 

translated to a State level in 2008/2009, sent a clear message of the federal commitment to the 

promotion of green energy.  This is particularly important as Australia is known for not rectifying the 

Kyoto Protocol. More recent political decisions to rectify the Protocol by legislation are a clear move 

on the side of government to fully commit to this target. The submission of the White Papers: 

Sustaining the Future 2007 and “Carbon Pollution Reduction Scheme: Australia’s Low 

pollution Future with Renewable Energy and New Solar Credits”   is again a positive 

progressive move in the mind-set of Australian politics towards an environmentally sustainable 

renewable energy policy (Australian Greenhouse Office 2007; Swan et al. 2008). 

 

35B2.3.3 Electricity supplier systems: national framework as reflected in 

Queensland 

 

National electricity industry arrangements 

 

Restructuring of the Australian electricity industry has been a long process that began in 

the 1990s through vertical separation of the vertically integrated, state-owned utilities into 

separate: generation, transmission, distribution, and retail supply components; 

privatisation of electricity businesses; horizontal separation of the generation sector into 

numerous competing businesses; separation and regulation of transmission and 

distribution functions; and the introduction of retail competition, amongst other reforms. 

 

A key feature of the restructuring process was the set up of the ‘National Electricity Market’ 

(NEM) in December 1998. The NEM is composed of the Australian Capital Territory, New 

South Wales, Victoria, South Australia, Tasmania and Queensland. The NEM consists of 

the electricity generators, a competitive retail sector, and the regulated network sectors. It 

was created to promote competition and efficiency, both in production and consumption of 

electricity, and related systems, to support it. The National Electricity Market Management 
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Company (NEMMCO) is responsible for the management of the spot market and the 

central coordination of the dispatch of electricity from all generators to ensure sufficiency 

of supply to meet the demand. NEMMCO is also responsible for maintaining power system 

security. The NEM spot market is the mechanism for balancing electricity supply and 

demand. Generators with a capacity greater than 30 MW are required to sell all electricity 

through the spot market. The NEM’s operations are governed by a set of rules and 

regulations contained in the National Electricity Law and the National Electricity Rules. 

These regulation documents set out rules governing access to transmission and 

distribution networks. The major underlying focus of the laws and rules that govern these 

arrangements is security of supply, fair business arrangements, and customer, are the 

critical recipients of benefits to be delivered ultimately by the electricity production, 

distribution and retail systems (Australian Greenhouse Office 2007). 

 

On 1 July 2005, the legislation was amended to implement new governance 

arrangements. Two new national regulatory bodies, the Australian Energy Regulator 

(AER) and the Australian Energy Market Commission (AEMC) commenced operation. The 

national framework currently covers transmission services. The regulation of distribution 

networks (economic and non-economic) and retail functions, which are currently 

undertaken on a State by State basis, will be transferred to the national framework over 

the coming 12 months. 

 

These reform measures control the electricity supplier market for Queensland. 

 

The Queensland electricity supply industry 

 

Since 1995, Queensland state electricity production and supply went through a 

restructuring process. This was the implementation of the Electricity Act 1994 and 

Government Owned Corporation Act 1993. Energy supply providers were referred to as 

the South East Queensland Electricity Board. The restructuring process involves two major 

levels of reform: 

 

The separation of electricity assets into sectors, namely, generation, transmission, 

distribution and retailing corporations, are facilitated through the introduction of competition 

into generation and retailing segments of the market, while the monopoly of the 

transmission and distribution functions, remain regulated. 



   

 

   

 Page -47- 

 

Resultant structure and systems: 

 

Generation systems are operated by three Government owned Corporations (Tarong 

Energy, Standwell and CS Energy). They were set with and licensing management and 

had been introduced to encourage private generation capacity while basic standards were 

safeguarded. Gladstone Power Station is a current private generator in operation. 

 

Transmission and Distribution is operated by a single entity, Powerlink, which operates 

high voltage transmission networks in Queensland. The distribution task is the business of 

two entities: Energex and Ergon Energy. They operate the local distribution networks. 

These entities look after the physical element of transmitting electricity from generator to 

the end customer. The Code stipulated regulations that control the prices for access to 

these networks. These changes took effect from 1997 when Energex then became the 

electricity supply provider. From 1 July 2007, the Queensland Competition Authority had 

been given power under the Act to set rules and regulations to govern conduct regarding 

matters on retail component in the market, ensuring efficient and equitable operation of the 

electricity generation and supply market (Australian Greenhouse Office 2007).   

 

As Energex and Ergon are the sole distributors of electricity in their supply areas, 

customers cannot choose an alternate supplier. The Queensland Competition Authority 

regulates the prices for these services to ensure that they are fair and reasonable, and in 

addition, the Authority monitors the quality of service provided so that customers have 

access to the information to decide if they are receiving an appropriate standard of service. 

Since 2007, further changes in the electricity supply have taken place: where Energex 

became the main distributor with other businesses being contracted suppliers who service 

billings for the electricity use of customers. One of the main ones in Queensland is AGL. 

 

Electricity supply systems and the Queensland Competition Authority  

 

In most cases, these allocations are to align the State with National framework. The 

Authority's responsibilities encompass the following electricity distribution issues: 
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 Approving Cost Pass-Through Applications;  

 The 2005 Distribution Review into the regulatory arrangements of Queensland's 

Electricity Distribution Network Service Providers (DNSPs)- competition in the 

supply system commenced; 

 Monitoring Service Quality; 

 Approving DNSPs' Pricing; 

 The determination of Prescribed Services;  

 Monitoring Ring-Fencing compliance;  

 Reviewing the DNSPs' Network Management Plans; 

 Reviewing the DNSPs' Summer Preparedness Plans; 

 Reviewing the DNSPs' performance against Minimum Service Standards and 

Guaranteed Service Levels; and 

 Approving DNSPs' Distribution Loss Factors 

 

(Australian Greenhouse Office 2007) 

 

36B2.3.5 Well-being, sustainable development and residential energy: 

Queensland issues 

 

A recent Petroleum Review (2009) reiterated the inseparable role of energy companies in energy 

development and delivery, the energy needed to sustain human economic and social well-being. 

Thus, sustaining energy resources is imperative in sustaining human economic and social systems; 

one depends on the other. Table 2.3 shows that “Quality of Life Issues” state issues commonly 

identified as associated with the economic, environmental and socio-political well-being, which is 

dependent on energy supply and use patterns 

http://www.qca.org.au/electricity/cost_pass-through_applications/
http://www.qca.org.au/electricity/2005-distribution-review/
http://www.qca.org.au/electricity/service-quality/
http://www.qca.org.au/electricity/pricing-principles/
http://www.qca.org.au/electricity/prescribed-services/
http://www.qca.org.au/electricity/ring-fencing/
http://www.qca.org.au/electricity/distribution-loss-factors/index.php
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Table 2.3 Quality of Life Issues 

Area of well-being Some associated issues/objectives 

Economic 

 

Employment 

Export income 

Quality and quantity of goods and services 

Environmental 

 

Climate stability 

Low pollution environment 

Health and safety 

Socio-political Democracy 

Social justice and equity 

Consumer self-sufficiency 

Satisfaction of basic needs 

Diversity of possible lifestyles 

(Source: Berrill et al. 1991) 

 

Economic efficiency is a critical consideration in policy making. However, to sustain economic 

efficiency, the natural and physical environment ought to sustain itself through responsible utilisation 

of resources in a manner that recognises the ability of these resources to recoup and maintain its 

systems. The short-sightedness in decisions which are based on economic criteria opposes 

ecological sustainability. Therefore, it is critical, to economic and social existence, to incorporate 

management practices that allow the environment to replenish itself; otherwise economic systems 

would eventually loose out. Exploitation of fossil fuels, especially as an energy source, both direct as 

is the case with petroleum, and indirectly, as the case with coal for electricity production, result in long 

term side effects on carbon footprint and the huge negative effect of greenhouse gas emission. 

Within the last 50 years, much of the destruction of the environment has taken place due to the 

exponential population growth and energy-intense exploitation of resources to manufacture 

commodities to meet human needs.  There is a call for immediate re-thinking to capitalise on the 

utilisation of renewable energy as an alternative to carbon energy, meeting energy needs for 

productions, and maintaining a quality of life without the considerable compromises inherent in non-

renewable energy use. This call is particularly urgent in Queensland, as it has a fair share of fossil 

resources for the nation and has so far given the State an air of complacency concerning serious 

utilisation of its rich endowment of sunshine as a renewable resource. 
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2.4 15BCONCLUSION  

 

Australian national strategies towards central concerns such as environmental issues on climate 

change and greenhouse emission are critical in supporting the State approaches to dealing with such 

issues. There has been, since early 2000, with the introduction of the MRET, a serious commitment 

by the federal leadership, in setting a national energy development framework, which in the long term 

would make real progress towards realistic sustainable solutions to environmental issues while 

enabling sustainable economic development founded on long-term environmentally friendly 

solutions. However, serious measures to implement real strategies towards achieving the national 

MRET have only been significantly felt since 2008. But, the Queensland State, with clear indications 

of its slow take up, especially of solar domestic hot water, took initiative and laid a plan for sustainable 

economic development. It clearly implied focus on sustainable development that is based on 

environmentally sound resource management, where energy policy was the basic factor. This was 

implemented prior to 2008 (McNamara 2007).  A key contributor in the promotion of green energy, 

particularly in Queensland, is solar domestic hot water systems.  
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16BCHAPTER 3 DIFFUSION OF ADOPTION OF SOLAR DOMESTIC HOT 

WATER: LITERATURE REVIEW 

 

17B3.1 INTRODUCTION 

 

With the inception of this project in 1999, it was noticed that any major environmental 

considerations, particularly by Governments, were still a long way from being realised. The 

Bruntland report (1987), on which the Kyoto Protocol was based, is an influential 

international document. Fourteen years later, in 2001, the Mandatory Renewable Energy 

Target (MRET) was established. This has been a major policy document that had a 

definite target towards meeting the obligations of the Kyoto Protocol.  Since 2007, the 

need to focus on environmentally friendly energy choices has become urgent; with the 

time frame of the MRET drawing to an end in 2010. This is reflected in Federal and State 

directives and taskforce documents (McNamara 2007; Swan et al. 2008). These form the 

basis of recent energy policy documents and new energy resource monitoring bodies.  

 

The major shift in energy policies is the increased emphasis now given to these recent 

documents on renewable energy utilisation as a strategy for lessening fossil fuel 

dependency, and looks to achieve national and state obligations required of the Kyoto 

agreement. In November 2008, a new State government-mandated department, called the 

“Office of Clean Energy” was established. This department now directly monitors the 

MRET in Queensland, and is the delivery of the new national energy framework. Under the 

new Department of Climate Change is the Office of Renewable Energy Regulator (Swan et 

al. 2008). 

 

A theoretical framework for the process of adoption/diffusion of the solar technology will be 

discussed at the outset. This will look at the body of knowledge for the process of 

adoption/diffusion to provide a basis for the methodology of the current research. It will be 

followed by an examination of the status of renewable, solar and solar domestic hot water 

on a worldwide scale. The central aim of this chapter is to set the scene of solar domestic 

hot water adoption in the context of Australia, so as to give clear analysis of the adoption 
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of the solar domestic hot water technology in Queensland. 

 

The approach of “diffusion of innovation” research generally has a direct relationship to the 

current research. Both include the concept of “diffusion” as a common human 

phenomenon within which research on diffusion has taken place within various disciplines.  

 

In the context of this research, solar domestic hot water is a subset of renewable energy. 

Solar technology is one component of renewable energy and it has an immediate influence 

on the development of Solar Domestic Hot Water technology. The interrelationship of sub-

sets of social systems, in this case, households in suburbs within which solar domestic hot 

water (SDHW), now generally referred to as solar water heaters (SWH), creates a complex 

web. Included are Federal and State policies of energy use and supply that affect them. 

Suppliers and manufacturers in the network directly affect the diffusion of the innovation 

process. And understanding of the subsets, to comprehend the whole, while not failing to 

perceive that these systems are interrelated, is a critical element often neglected in the 

study of diffusion of innovation research. This area needs more research to come to an 

understanding of the process of diffusion (Rogers 2003). The height to which solar 

domestic hot water has reached as a technologically advanced system, was the result of 

two major processes of diffusion: i) invention, which occurred at least 50 years ago; and ii) 

diffusion, which includes the advancement of components resulting from continuous 

research and development.  

 

18B3.2 ADOPTION AND DIFFUSION OF INNOVATION RESEARCH: 

BACKGROUND AND SETTING 

 

This section will deal with the theoretical framework of diffusion of innovation research as a 

new interdisciplinary tradition, which dates back to the early 1900s, especially with the 

work of Tarde (1903) and Simmel (1906), and their contributions to the body of research 

knowledge. The development of this tradition has been documented as making major 

contributions to the advancement of science (Rogers 2003). It is the applied research in 

which science and mathematical models are applied to new ideas, practices and objects 

responsive to human needs for solutions. The history and the paradigm of diffusion 

research will be discussed, as background to the understanding of adoption and 

innovation of solar domestic hot water as a renewable energy and strategy in the search 
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for environmentally-friendly energy sources .This research is therefore a continuation of 

the search for alternatives to fossil fuels, which commenced after the oil crisis of the 

1970s.  

 

3.2.1 Adoption and diffusion of innovation research a multi-

disciplinary field 

 

History of the study of Innovation 

 

The concept of diffusion of innovation appeared and attracted researchers more than a 

hundred years ago. In the 1900s, Gabriel Tarde, a French lawyer and judge who became 

the forefather of sociology and social psychology, closely observed trends in society 

through understanding and studying the legal cases that came to him in the courtroom. He 

made observations and hypothesized about the diffusion of innovation, which he called, 

“the laws of imitation” and embodied in his scholarly publication dated, 1903 (Tarde 1903 

trans 1959). He concluded by suggesting that of the number of innovations which people 

adopted, only 10% passed on, and the rest, forgotten. Although his concepts were labeled 

differently, they describe the same processes of innovation that still occurs today.  

 

According to Tarde, the fundamental concept of adoption, in the current diffusion of 

innovation theory, is “imitation” He recognised that an idea could be adopted or rejected 

and that the spread of a new idea, usually when an “opinion leader” uses the new idea, the 

general pattern of spread follows an S-shaped pattern over time. With the introduction of 

the concept of innovation, his work introduced the idea of imitation effectively resulting in 

innovations. Embedded in Tarde’s “law of imitation” is the fact that a person learns about 

an innovation by copying someone else’s adoption, and in turn, fits in with the concept of 

innovation as a social process involving an interpersonal communications network, which 

is now termed in modern literature as the “diffusion of innovation model”. 

 

Tarde saw the diffusion of innovation as an important natural progression, having resulted 

as a function of “three forms of universal repetition”. In nature it may be social, vital or 

physical: imitative, hereditary and vibratory” (Tarde 1903 pp xvi, 3, 7). This is ultimately 

and intrinsically linked with the behavioural changes that take place in human beings. He 

firmly believed that “Socially, everything is either invention or imitation. An invention bears 

the same relation to imitation as a mountain to a river…in exploiting it from the most trivial 
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detail to the most complete synthesis of facts, we may, perhaps, notice how well fitted it is 

to bring into relief all of history, and to real historic perspectives which may be 

characterised by the freakishness of a rock-bound landscape, or by the conventionality of 

a park walk. It is idealism also…but it is the idealism which consists in explaining history 

through the ideas of its actors, not through those of the historian” (ibid p3). Three other key 

principles were basic contributions Tarde suggested in explaining the Law of imitation: 1. 

All resemblance is due to repetition imitative –those of social origin occur in various forms 

of imitation, custom, fashion, sympathy, obedience, precept,  education, naivety, 

deliberateness; hereditary-resemblances of vital origin in the world of life result from 

hereditary transmission, from either intra- or extra-organic reproduction. Vibratory-

observable resemblance in the chemical, physical astronomical can be caused by periodic 

vibratory motion (p14); 2. Inventors cross each other’s paths through having drawn from a 

“common fund of instructions. This fund consists of a mass of ancient traditions and of 

experiences are unorganised, or organised and imitatively transmitted through language, 

the great vehicle of all imitations” (p15). 3. Imitations are modified in passing from one race 

or nation to another, like vibrations or living types, in passing from one environment to 

another” (p22).   Tarde’s insight into human behaviour did not make major contributions at 

the time, as it lacked empirical studies which provided qualitative measures to support his 

theory of the “imitation” process.  

 

Georg Simmel (1906), was a Germany philosopher who became the first scholar of the 

sociology discipline at university. One of his key concepts is the idea of a “stranger” 

(Simmel 1906 p403-408), which was an appropriate description of his own character.  

Fundamental to the Simmel notion of stranger, is that of a “stranger being a character of 

mobility” (p403). This is due to the fact that the stranger is “not organically connected 

through establishment, ties of kinship, locality or occupation with any single one” (p404) 

but is due to his “strangeness of origin” (p407). Rogers (2003 p42) suggested that the 

“stranger”, having a unique perspective of the system he belongs to, can easily deviate 

from the norm to be the one to adopt a new idea. From this concept derived the concept of 

social distance, heterophily and cosmopoliteness, which characterise an innovator in the 

modern diffusion of innovation model. His work also emphasised the importance of social 

science studies as objective, and pointed social scientists towards the fundamental 

importance of the subject of communication networks, which is now the basis of an 

understanding of the process of diffusion in a system (Rogers 2003 pp42-43).  

 



   

 

   

 Page -55- 

British and German-Austrian diffusionists evolved mainly from anthropologists in Britain 

and German-Austria after Tarde’s era (1903). However, many were not aware of Tarde’s 

writing. His school of thought had a strong bias towards social change as solely due to the 

single source of innovation. This dominant viewpoint discouraged any followers from 

traditional beliefs about the diffusion of innovation; and constitutes the major difference 

between contemporary beliefs, which support the idea that social change resulted from 

both inventions (i.e. the process by which a new idea is discovered or created), and 

diffusion (i.e. the spread of an idea over time), which usually occurs sequentially. These 

scholars were the first to use the word “diffusion”. Thus, naturally, this term is synonymous 

with anthropologists, who were the first to commence the investigation into the concept of 

diffusion of innovation.  

 

Ryan and Gross (1943), rural sociologists, were the major scholars to advance the area of 

diffusion study. Their studies were based on the diffusion of hybrid corn in Iowa U.S.A. in 

1941. This work set a research method to be used in the field of diffusion research: 

conducting research to study diffusion using a “retrospective survey interview in which 

adopters of an innovation are asked: when they adopted, where or from whom they 

obtained information about innovation and consequences of innovation.” (Ryan and Gross 

1943 p19). Their study also revived the use of the term “diffusion”, which was originally 

used by anthropologists. (Rogers 2003 pp31-35). 

 

The results of Ryan and Gross’ (1943) findings are represented by the S-shaped curve 

(p21), which indicates that the adoption rate was slow in the first five years with only 10% 

adoption, but escalated in succeeding years, with 40% adoption. Then, adoption leveled 

off as fewer farmers remained to adopt the new idea. This indicates that the adoption rate 

was approaching normality. 

 

Rogers’ (2003) research, which was based on Ryan and Gross’ (1943) S-shaped curve 

that showed cumulative frequency similar to growth, representing growth, maturity and 

sales decline of production, went on to suggest that, “many human traits are normally 

distributed, whether the trait is a physical characteristic, such as weight or height, or a 

behavioural trait, such as intelligence or the learning of new information. Hence, a variable 

such as the degree of innovativeness is also expected to be normally distributed. If a 

social system is substituted for the individual in the learning curve, it seems reasonable to 

expect that experience with the innovation is gained as each successive member in the 
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social system adopts it. Each adoption in the social system is in a sense equivalent to a 

learning trait by an individual.” (Rogers 2003 p273-274). Rogers built on these earlier 

findings and went further, to analyse the numerous projects from multiple disciplines, 

arriving at the major contribution he has made to the study of diffusion of innovation. His 

unique concept highlighted a detailed analysis of the innovation-decision process. One of 

the fundamental generalizations he put forward was: “Adopters distributions follow a bell-

shaped curve over time and approach normality” (p275). This divides the bell-shape into 

categories of adopters, on the basis of innovativeness.  This statement is supported by 

Rogers’ earlier work (2003). 

 

Adopter Categories 

 

The agreement of diffusion of innovation research on “adopters” as having a lot in 

common, has led to the classification of five groups, each with distinct characteristics. 

They are: Innovators, Early adopters, early majority, late majority, and Laggards. Fig 3.1 is 

Rogers (2003) adopter categories as they are represented on a normal distribution curve 

(bell shaped). 

 

 

Fig 3.1: Adopter categorization on the basis of innovativeness (Rogers, E.M (2003) p281) 

 

Rogers (2003) carried out a comprehensive analysis of the literature on diffusion of 

innovation research. His relevant findings are presented in the table low. Diffusion of 

innovation has been studied by the major disciplines beginning with anthropology, 

sociology, rural sociology, public health and marketing; the list goes on (see Table 3.1).  
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Table 3.1: Nine major diffusion research traditions: Disciplines, innovation studies, 

unit of analysis and methodology use and contribution to diffusion research 

Diffusion research 

tradition 

Innovation 

study 

Unit of 

analysis 

Methodology * Estimated 

percent of all 

diffusion 

research  

publications 

Ancestry origin and 

major publication (s) 

1.Anthropology Technological 

idea 

Individuals  A  4%  Wissler,Clarke 

(1914,1923) 

2.Early sociology City manager 

government, 

postage stamps, 

ham, radios 

Communities  

and 

individual/s 

B Paradigm not 

established 

Tarde,Gabriel 

(1903/1969) 

Bowers (1937,1938) 

3. Rural sociology Agricultural idea Farmers C 20% Ryan and Goss (1943) 

4. Education Teaching/ 

learning 

innovations  

School 

teachers  

or managers 

C  8% Mort,Paul(1953, 1957); 

Allen(1956);Carlson 

(1965) 

5. Public health and 

medical sociology 

Medical and 

health ideas 

Individuals  

or  

health 

managers 

C 10% Friedman and 

Takeshita(1960; 

Rogers , E.M (1973) 

6.Communication News & 

Communication 

technology 

individuals  

or originations 

C 15% Shannon and Weaver 

(1949) 

Lazarsfeld et al 

(1944/48/68) 

7.Marketing & 

management 

New products Individual 

consumers 

D 16% Bass, Frank (1969) 

8. Geography technological 

innovation 

Individuals  

and 

organisations 

E  4% Hagerstrand 

(1952,1953) 

9.General sociology Wide range individuals  C  9% Soule (1999);Grattet, 

Jenness & Curry 

(1998) 

10.Other traditions economic, public 

administration 

politics, 

psychology, 

engineer,  etc 

  14%  

(Constructed from Rogers, E.M. (2003) pp44-45, 96-97, Chapter 2)  

(*Key: Methodology: A. Participant & observation, case studies; B. Data from secondary 
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and statistical analysis (SA); C. Survey Interview (SI) and/or mailed questionnaire; D. 

Methodology C and field experience. .E. Methodology B and maps. NB: D includes C and 

Maps. 

 

Furthermore, diffusion of technological innovation study has been the major subject for 

Rogers (2003) work. The methodology and subject of most researches are identified in this 

work. He reiterates various notions identified by earlier research as fundamental to 

understanding diffusion research, in particular the common agreement between his work 

and the work of other scholars on the S-shape model as a result of normal human 

interactions capitalizing on interpersonal interactions. The ultimate result is behaviour 

change in society. This common agreement amongst scholars of diffusion of innovation 

probes further development of the diffusion research to develop adopter categories. 

Rogers (2003) contributed ground-breaking insights into the diffusion of innovation 

research tradition. 

 

 37B3.2.2 The Innovation-decision process a key to diffusion research 

paradigm  

 

Work by Ryan & Gross (1943) and researches in the post decades after this, including 

those by Rogers in the 1960s, suggested that there is no clear indication of who makes the 

innovation-decisions of studies in other systems. Thus there is a need to be addressed in 

this issue of decision making in diffusion. Rogers’ first put forward the concept of adopter 

categorization in 1958.  

 

 According to Rogers (2003) “Innovation-decision process is an information seeking and 

information processing activity, in which an individual is motivated to reduce uncertainty 

about the advantages and disadvantages of innovation” (p 14).The model has 5 stages for 

the innovation-decision process: i) knowledge; ii) persuasion; iii) decision; iv) 

implementation and v) confirmation. 

 

The Adoption Process 

 

According to Rogers (2003) “The adoption process as the mental process through which 

an individual passes from initial hearing of an innovation to final adoption. He also has five 
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specific stages in the adoption process, namely: awareness, interest, evaluation, trial and 

adoption.  According to Rogers (1993, 2003) “adoption of new idea is the result of human 

interaction through interpersonal network”. The aspect of interaction through interpersonal 

network will be further discussed when looking at the Innovation-Decision process Model, 

put forward by Rogers and his predecessors who identified first “imitation”, (Tarde) and the 

current notion of adoption and the diffusion process which are elements innate to human 

behavioural change: “...let us explain these changes through the more or less fortuitous 

appearance, as to time and place, of certain great ideas, or rather, of a considerable 

number of both major and minor ideas, of ideas which are generally anonymous and 

usually of obscure birth; which are simple or abstruse; which are seldom illustrious, but 

which are always novel. Because of this latter attribute, (they may) collectively (be) 

inventions or discoveries...Our starting-point lies here in the re-inspiring initiatives which 

bring new wants, together with new satisfactions, into the world, and which then, through 

spontaneous and unconscious or artificial and deliberate imitation, propagate or tend to 

propagate themselves, at a more or less rapid, but regular, rate...resolved into their 

several elements, when it is found to lie in the simplest of them, in combinations of distinct 

inventions, in flashes of genius which have been accumulated and changed into 

commonplace lights” (Tarde 1903 p2&3). “Invention and imitation are, as we know, the 

elementary of social acts (Tarde 1903 p144).  

 

The Diffusion Process 

 

Diffusion according to Rogers, (2003) “is the process by which an innovation is 

communicated through certain channels over time among the members of a social 

system.... communication is a process in which participants create and share information 

with one another in order to reach a mutual understanding” (p35). What is unique about 

diffusion is the authenticity of the message content. This authenticity poses another 

element critical to the process of diffusion. The elements of uncertainty and perceived risk 

because of the unfamiliarity of the message are fundamental to understanding the 

diffusion of innovation. Information is the key element that may shed light on the risk of the 

newness of the idea being communicated, but having a shedding light would provide 

alternatives (Rogers 2003). 

 

Diffusion of innovation has four elements as reflected in the definition: 1. Innovation; 2. 

Communication channels; 3. Time and 4. Social systems. 
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Each of these elements has specific notions critical to the understanding of the whole 

process of diffusion. Innovation authenticity poses the element of uncertainty. “Technology 

clusters” become critical especially as the innovation is still in the diffusion process. 

Innovation is seen to have attributes, namely: relative advantage, compatibility, complexity, 

trialability and observability. These qualities of innovation and in particular, relative 

advantage and compatibility, help explain the rate of adoption. A technology cluster 

(distinguishable elements of technology that are perceived as being closely interrelated 

(Rogers 2003 p14) is of interest, as it is seen as a contribution factor in the attractiveness 

of an innovation. Also important to the sustaining of the innovation is the element of re-

invention and its role in promoting diffusion and sustaining the adoption of the technology. 

 

Technology clusters, identified by Rogers (2003) is when a number of distinct aspects of 

technology are seen to be similar to each other. Alongside this concept is also the notion 

of change agent offering “package” of innovation as they see it as a way of attracting the 

adoption of the innovation. According to Rogers, viewing technology as isolating one from 

another is misleading and thus exists the need for more study into technology clusters. 

This technology clustering or “an innovation package” especially employed by change 

agents is argued, as it results in rapid diffusion of a technology. (Rogers 2003 pp153, 249). 

This also reiterate the importance he generally follows through in his work, on the 

importance of social systems within which adopters live, and the fundamental importance 

of understanding the wider social context of their operation and life in acquiring a 

comprehensive knowledge of the whole process of diffusion of innovation. 

 

 Rogers (2003) gave eight reasons as to why re-invention may occur. All the reasons apply 

to the case of solar domestic hot water. These reasons are: 

 The innovation is complex and difficult to understand; 

 The adopter’s lack of detailed knowledge about the innovation; 

 The innovation that is a concept or tool with many applications; 

 The innovation is a solution to a wide range of user problems; 

 Local pride of ownership of innovation ; 

 Re-invention is possible where change agents influence clients’ adoption; 

 Re-invention occur to adapt the innovation to the organization it is adopting; 

 Re-invention may occur later in the diffusion of innovation process. 

 

All these aspects of reinvention as part of maintaining the diffusion process are evident in 
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much applied research, continuously developing different components of the solar 

domestic hot water. Rogers (2003) highlighted the new shift scholar approach in diffusion 

of innovation to the diffusion process. It is no longer just acceptance or rejection of an 

innovation, but rather potential adopters are actively involved in the process, attempting to 

understand the application of the innovation for solving their energy needs. This also 

highlights that innovation is not a fixed entity but rather the adopters and potential adopters 

shape and reshape the innovation as a way of giving meaning to the technology. This is 

summarized in Rogers’ (2003) statement,”. So innovations, or at least many innovations, 

are co-constructed by users into dynamic, flexible ideas” (p188). Evidence of this process 

on reinvention will be highlighted in further applied science research documented on 

improvements shaping up the various components of solar domestic hot water, perfecting 

the technology as the best available energy alternative, not only for water heating but for 

other household end use. 

 

Communication Channels are the media through which messages get from one individual 

to the other. Fundamental to the transfer of the message and acceptance or rejection of 

content depend on the relationship between the two individuals involved in the 

communication. Mass media is effective when a few people attempt to reach a mass with 

their message. Interpersonal channel is a personal contact between two individuals. 

Important to communication channels is the nature of the relationship between the 

individuals involved in communication. Homophily is the degree to which participants in a 

communication is similar. It is considered the major barrier to diffusion of innovation, but it 

exists. On the other hand, heterophily is the degree individuals involved in communication 

is different in certain attributes. This is considered fundamental bridge to diffusion (Rogers 

2003). 

 

The third stage of the diffusion process is time. The time lapse between the adopter 

acquiring first knowledge through to the point a decision is made, to either adopt or reject 

the innovation. An individual goes through five steps: 1) Knowledge; 2) Persuasion; 3) 

Decision; 4) Implementation; 5) Confirmation. The rate of adoption is measured by the 

length of time required for certain of the members of a system to adopt an innovation. 

Thus rate of adoption is measure for an innovation in a system, rather than for an 

individual as the unit of analysis (innovativeness) (Rogers 2003 p23). This notion of 

innovativeness is the basis of the major contribution Rogers offers to diffusion of 

innovation: Adopter Categories are suggested earlier. 
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The adopter categories descriptors and functions 

 

Innovators play the role of gatekeeper to the following of information about the new idea. 

Early adopters are the proportion of adopters with the most influence on the rate of 

adoption, due mainly to the high population of Opinion leaders, and are the major trigger 

points to creation of the critical mass. This category of adopters decreases uncertainty 

about a new idea, and it influences their peers through interpersonal network (Rogers 

2003 p283). Early Adopters are significant in the interpersonal network but are not opinion 

leaders. Nevertheless they adopt before the average population in a system is influenced. 

The distinct feature of this proportion of the category population is the slower rate they 

make a decision to adopt, compared with the earlier categories. Late Majority adopt after 

the average member of the system adopts the new idea. They are the 30% of the 

population who only choose to adopt as an economic necessity and as a result of peer 

pressure. Laggards are characterised as traditional, and only adopt because of similar 

value systems to those who take up the innovation. Their innovation-decision is very 

lengthy.  

 

Innovation-decision process: Critical elements 

 

The most critical elements in the innovation-decision process are identified as aspects of 

the communication channels and marketing (Rogers 2003). In the Communication and 

marketing of innovation, while in the early stages, the media and “hypodemic needle” 

effect is important in the original spread of the idea, but become less important as the 

potential adopter moves to the next stage of decision to adopt: the persuasion and 

decision stages. These stages are particularly critical in the take-off and the sustaining of 

the diffusion. The most critical channels of communication are the peers who are adopters 

or the individual sort- “innovation evaluation information, messages that reduce uncertainty 

about an innovation’s expected consequences”. The role of opinion leaders is very critical 

at these stages of the decision-making process. (Rogers 2003 p175). At these stages the 

one single variable identified as having overriding influence on the innovation-decision 

process is the role of interpersonal networks, especially in the later part of diffusion 

process. This has important implications towards promotion of intervention in promoting 

adoption of innovation, especially those who are critical of the well being of individuals and 

society. Change agents often intervene strategically at this stage through demonstration 
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and trial run of innovations. 

 

 38B3.2.3 Methodology: Social survey for fundamental data collection in 

diffusion of innovation researches 

 

Of the nine research traditions that Rogers (2003) identified (Table 3.1) as studying 

diffusion of innovation, the main unit of measurement saw six out of nine researchers of 

various disciplines use survey (interview or questionnaire) as the major method of 

information gathering from all the identified disciplines. Evidently, this is the best choice, 

especially the critical substance of all these researches where the variables that explain 

rate of adoption in similar and different social systems, innovativeness of members of 

social systems, opinion leaders and diffusion networks, communication channel use and 

consequences of innovation.  

 

Fundamental to all diffusion of innovation studies are the individuals and community of 

people who use the idea in practice or with equipment. The best level of analysis is 

therefore one that is based on understanding individuals of the society and ultimately the 

group being influenced. Rogers (2003) and many of his predecessors in the area of 

diffusion study see the transfer of the message, the new idea as the key element in 

understanding the process of adoption and diffusion. Thus the fundamental existence of 

social science is social change, and through researches, scholars offer a multidisciplinary 

means of acquiring new understanding of change, as innovation is a communication of 

special message with its effects distinctively observable. The result is better knowledge of 

the actual diffusion process.  

 

Once again Rogers (2003) who acknowledges the connections that researchers have 

made and how it contributes to the development of research traditions,” The research 

process is a very social activity in which critical decisions are influenced by a network of 

scientists, organised around one important research idea” (p46).Key areas are: 

anthropology, early sociology, education, public health and medical sociology, 

communication, marketing and management, geography, general sociology, and other 

traditions. Out of the eight area of discipline which had carried out research in adoption 

and diffusion of technology, 6 of the disciplines use survey interviews as the major method 

of data collection for its research of adoption and diffusion of innovations. These traditions 
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are: rural sociology, education, public health and medical sociology, communication, 

marketing and management, and general sociology. This is 66%of areas of disciplines 

involved in adoption and diffusion of innovation, using social survey as the major research 

tool. 

 

The other important factor of the researches into adoption and diffusion of innovation is 

that all researches are carried out with the individual as the major unit of analysis (micro), 

on which further analysis of the total population surveyed are then analysed for general 

population/ group patterns and trends. 

 

The very substance of adoption and diffusion deals with “Members of a social system, 

usually individuals” (Rogers 2003), and social survey is the best tool commonly used in 

diffusion of innovation research as the information gathering mechanism.  

 

Alternative research approach 

 

This is the research design study with intention of gathering data from adopters at several 

points during diffusion. This approach promotes the adoption of innovation and should not 

be assumed as being successful. One example of such an approach being employed, and 

the study being the single most comprehensive research carried out before and after the 

diffusion, is the example of a family-planning work in Taiwan by Berleson and Freedman in 

1964 (Rogers 2003).  

 

As identified in the work of Rogers (2003), social survey is the most widely used tool in 

studying diffusion research. The important fact is that it is a simple tool and can adequately 

serve the purpose of the research in trying to understand “motivation” for the diffusion of 

innovation. This method of information gathering is also suitable for research where 

dependent and independent variable are under investigation. These qualities of social 

survey make it the best suitable method of data collection in such research. 

 

 39B3.2.4 Perspectives of energy as they are reflected in diffusion of energy 

technology 

 

Stern and Aronson (1984 in Berrill et al.1991) suggest four possible views of energy: 
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energy as a commodity, energy as an ecological resource, energy as a social necessity 

and energy as a strategic material.  Market research carried out in the USA uses “the 

diffusion-to-innovation” theory to explain consumer behavior. The theory is used by Foster 

(1990 cited in Berrill et al. 1991) to create understanding the low market penetration or 

adoption of solar hot water in the Australian situation. He states that, the “market 

penetration depends on consumer awareness, consideration and decision-making all of 

which are shaped by private sector and public sector policies” (Berrill et al. 1991 p49). 

 

For example, Chandrasekar et al. (2004) researched the use of the solar domestic hot 

water technology in India, showing the widespread use of the technology. This research 

suggested the fundamental issues in decision making, and included the financial 

evaluation and financial resources available to households, and critical considerations in 

the acquisition of the technology. 

 

The policy paper, statistics and research of Swan (2008), ABS (2008), Lowe (2005), 

CSIRO (2005), Mills (2004), Berrill et al. (1991), Foster (1990 cited in Berrill et al. 1991) 

clearly establish the lack of support that existed in Australia, as to the utilisation of 

resources, solar specifically in Australia, and especially Queensland. Earlier works of 

Foster (1990 cited in Berrill et al. 1991) and Berrill et al. (1991) indicated the major barrier 

in Queensland has especially due to government promotion. In diffusion of innovation 

terms, there was lack of “change agents” to promote the uptake of solar domestic hot 

water. This is reflected in the fact that there was no public policy framework. While other 

states were promoting solar domestic hot water (Berrill et al. 1991), Queensland 

government had no promotions. While the technology has been available since 1970s and 

early 80s, as reflected in the level of sales for Australia, there was marked increase from 

2001 to 2004, the year the Mandatory Renewable Energy Target (Australian Greenhouse 

Office 2005) was established. 

  

The paradigm for diffusion of innovation as set by Ryan and Gross (1943) with the 

exception in the recent inclusion of enquiry on consequences of innovation, remains 

unchanged, in terms of the types of questions to test the “innovativeness” of the adopter in 

the diffusion process of social system under study. The questions: When they adopted, 

where or from whom they obtained information about innovation as put forward by Ryan 

and Gross, are the same questions identified as important in understanding “factors in the 

adoption of solar domestic hot water in the Australian study by Foster (1990 cited in Berrill 
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et al. 1991).  

 

Foster (1990 in Berrill et al. 1991) and Lowe (2005) indicated a need for better 

understanding of the social systems within which solar domestic hot water operates in 

Australia.  

 

Also, from an assessment of primary data, it is clear that there are statistics of energy and 

solar domestic hot water uptake, but no qualitative data that shed light on the social 

systems for adopters of solar domestic hot water. The development of the eight 

hypotheses is a response to contribution documentation factors in an adopter’s decision-

making process for taking up solar domestic hot water.  

 

It is clear that there is a gap in the literature in research on the diffusion of solar domestic 

hot water in Australia, and especially in Queensland. The major variables were identified 

as best indicators of variables of interest to the research question, and they directly fall 

under the two questions originally put forward by Ryan and Gross, and form the 

introduction to the next chapter: Foster’s survey questions had two major types of 

information sought from the adopter. They are “Factors of Influence” and “Source of 

information”. This information when compared with the current research is in the same 

category. However, independent variables under these categories are all different from 

those of the current research. These are presented in Table 4.1 

 

From the date of the researches, time and local climate showed that there was no specific 

government initiative towards the promotion of solar domestic hot water, and could 

account for no mention of government initiatives. (See Energy Scene of Australia for Policy 

analysis).  

 

One of the strong underlying leading principles in the design of such research is the 

knowledge of the complexity of social system in which solar domestic hot water exists. As 

identified by Lowe (2005), Berrill et al. (2003) and Foster (1990), there is very little work on 

diffusion of innovation in Australia, let alone Queensland. Fosters (1990) is about the only 

one. ABARE (2008) gave some statistics on solar water heater uptake for Australia, since 

the 1980s. 

 

As some light is shed on factors affecting the decision to take up solar domestic hot water 
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in Queensland, it is hoped some level of generalisation could be resulted. In the whole 

scheme of events, such knowledge can be used to understand the effectively planned 

energy resource management and development. Furthering solutions to the one global 

problem of greenhouse gas emission, climatic change and global warming is anticipated to 

result from this. 

 

19B3.3 ADOPTION AND DIFFUSION OF RENEWABLE ENERGY 

SOURCES: COMPONENTS OF THE TOTAL ENERGY ECONOMY 

 

The development of the solar technology has taken a steep growth curve since the oil 

crisis of the 70s. At its first appearance at the market, there were doubts about its 

technological and economic viability. The opposite is absolutely a statement of fact for all 

solar technologies as it continues to take a leading role as alternative energy source, to 

complement other renewable energy in the quest to replace fossil fuel as energy source 

for all basic human energy needs. Rogers (2003) suggested that the study of diffusion 

closely followed the growth of science. This was also evident in the height of development 

in most renewable energy technologies, and in particular, solar domestic hot water. While 

it could be considered technical for an average individual to use, its very application as 

source for supply of domestic hot water brings it closer to homes and households than 

other known renewable energy such as geothermal, wind, tidal except for biomass 

(firewood mostly in rural and developing countries).Alone with the greater variety of human 

energy needs comes the exponential growth level of energy consumption. 

 

One of the fundamental principles in adoption of diffusion model according to Rogers 

(2003) is that of relevance, especially in the attempt to promote SDHW as the best 

alternative for domestic hot water heaters and also the best alternative in reducing 

greenhouse gas emission (GHG). The concept of “technology cluster” constitutes one or 

more distinguishable elements of technology that are perceived as being closely 

interrelated. Some change agencies promote a “package” of innovations because they find 

that the innovations are thus adopted more rapidly” (Rogers 2003 p14). Often, diffusion 

scholars have the tendency to study the spread of each innovation as independent event, 

and fail to provide a comprehensive knowledge of the interconnected systems in the chain 

of the innovation process. Such knowledge of the interconnectedness of systems should, 

therefore, be the next focus of research, to create understanding, the adoption/diffusion of 
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innovation. Such innovation as solar domestic hot water heaters often resulted from 

continuous research and development.  

 

An opposing view to continuous research and development resulting in chain reaction of 

“technology cluster” is that identified in productivity of Japanese firms (Nishimura 2005). 

This research identified that diffusion and ultimately, innovation, comes not only directly 

from Research and Development, but also directly from patent purchase and importation. 

This model assumed technological innovation is innate and does not need scientific 

knowledge and technical skill to advance it to the level of innovation. It also assumes that 

the technology being transferred is beneficial to social systems. This is not necessarily the 

case in reality. 

  

This holistic scenario is fundamental in addressing energy resources and management in 

the continuous human quest to meet its needs for energy and the need to be certain that 

these needs will be met well into this millennium and beyond. A strong knowledge of the 

experimental and theoretical and reality of the solar technology is necessary, and even 

more specifically, the solar water heating technology in question here. It is critical for solar 

domestic hot water to maintain high performance at the market if it is to remain the best 

alternative for meeting household and commercial hot water supply. Fundamental to this 

success is the important role of each component of the solar hot water system. The 

literature suggests that there is a fair share of research invested in knowledge of solar 

domestic hot water system (s) (SDHW). 

 

 40B3.3.1 Household changed energy use and consumption function of 

changed economy 

 

The demand for energy resources result from the increase in household and commercial 

energy use. This is doubled with the major shift in type of economic development from 

rural and agricultural labour, intensive to generally metropolitan economy, where it is 

generally characterized as highly mechanized and energy intensive.  A brief look at 

household change energy use and corresponding rising level of energy consumption 

follows. 

 

While the needs for water boiling, lighting, washing and drying remains, households desire 
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to improve their ability to control their thermal comfort. Lowe (2005) noted particularly the 

increase in use of air conditioning for the hot states and electric heaters in the cooler 

states relative to seasonal variations. Cooking, space heating and water heating together, 

account for 60% of electricity in an all electric house (ABS 1988). There could be more 

savings achieved through renewable energy technology used, in addition to improving 

end-use efficiency. Survey shows Australian consumers, while aware of green energy, are 

not prepared to pay extra to get electricity from sources that are environmentally friendly 

(ABS 2006). 

 

The need for efficient methods of water heating is directly related to the advancement in 

technology, advancement in health and safety, population growth and scale of 

industrialisation. These contribute to the demand for regular supply of hot water. 

 

 

Fgure 3.2: Energy consumption under an exponential growth (2000 consumption = 1 unit). 

(Source: Berrill et al. 2003 p8) 

 

Fig 3.2 shows exponential growth at different rates from 1% to 10% per year, starting in 

2002. Current energy consumption is 1 unit. For a child born in 2002, sustaining exponential 

growth over his/her life would result in energy consumption, with all its side effects, growing 

several times larger than is currently consumed. 
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This becomes more complex with the fact that it takes energy resource to get water heated. 

The competition for energy end use becomes eminent in the light of the cost of energy 

resources (carbon- based). Now there is a need for global community to adopt a non-

compromising approach to reduction of greenhouse gas (Australian Greenhouse Office 

2007). 

 

 41B3.3.2 Renewable energy resources sustainable alternative: global 

energy influence on Australia and Queensland energy scene 

 

The EU has instigated a range of renewable energy programs over the last 15-20 years, 

and while prescribed actions have been successful, voluntary uptake has only been 

“moderately successful”. Most of the policies are voluntary. Twenty three Policies for solar, 

wind, hydro, geothermal, biomass, biofuels, hydrogen and combustible waste are intended 

to assist meeting a 12% renewable energy target by  2010,  and a 5.75% bio-fuel 

substitution target, also by 2010. Both voluntary targets are unlikely to be met. However, 

during March 2007, the EU agreed to a 20% mandatory renewable energy target, to be 

met by 2020. (McNamara, 2007 p17) 

 

Table 3.2 gives an overview of the contribution each renewable energy source and 

application makes to meet global energy needs. In the period of 2002-2003, there was 

major promotion of geothermal technology, and this corresponds to a noted increase in the 

use of this technology for electricity generation especially in Europe. During this time, 

geothermal contributed the highest level of electricity energy production (Arpasi 2003). 

This is due to its great potential to offer energy supply on a large scale and for an indefinite 

time. Geothermal, unlike solar, is site specific in its availability to be exploited as a 

resource. Geographically, its application is especially valued in Europe. The data relative 

to direct use in Hungary decreased in this period despite the fact that geothermal fluids 

with temperatures at the surface higher than 100°C are available. No electricity has been 

produced utilizing this energy source. In Hungary geothermal only makes up 0.25% 

despite significant proven reserves (380million m³/yr with heat content of 63.5 PJ per 

annum. at 40° C. This situation is a common case of under utilisation of renewable 

resources, are the geothermal technology especially when it offers potential viable 

alternatives to fossil fuel and a reduction in greenhouse emission. This resource, unlike 
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solar technology is centralized in terms of diffusion of technology paradigm. It shows the 

failure of the system to engage “change agents” at higher level of decision making and 

influence. 

 

Table 3.2 below, while it shows all energy types with their typical applications, advantages 

and disadvantages, a. number of energy sources are under the broad category of solar 

energy. The table shows the diversity of energy resources and potential utilization, to meet 

different end-uses. This immediately indicates the vital role recognizing all energy sources 

as playing a defined role in the mix of energy sources available to meet energy needs. In 

particular, these energy sources offer the advantage of being “available almost anywhere”. 
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Table 3.2 Sources of energy with applications, advantages and disadvantages 

Origin Energy 

Source 

Applications Advantages (A) & 

Disadvantages (D) 

The Sun 

(Solar energy) 

Radiant (direct) 

Solar energy  

Wind Energy  

Hydro Energy 

Wave Energy 

Biomass 

Electricity 

Generation, Thermal 

systems, Mechanical 

Power 

(e.g. Water pumping) 

Transport 

A: Totally renewable. Direct solar energy is available  

almost everywhere. 

D: Visual impact; Diffuse or low density energy source; 

Large hydro are "water-deserts"; wind or hydro are not 

available at all sites; Biomass use may cause air pollution; 

 Deforestation. 

Gravitational 

(Attraction of 

sun, moon) 

Tidal Energy Electricity 

Generation, 

Mechanical Power 

A: Totally renewable. 

D: Few suitable sites; 

Large local impact. 

Heat within the 

Earth's crust 

Geothermal 

Energy 

Thermal systems 

Electricity 

Generation 

A: Renewable (mostly). 

D: Suitable sites rare; 

Local impact. May deplete over time. 

Fossil fuels Coal 

Oil 

Gas 

Electricity generation, 

Transport, Thermal 

systems, 

Mechanical Power 

A: Highly concentrated energy source. 

D: Polluting by-products; Finite reserves; 

Political control issues. 

Nuclear fuels Uranium Electricity 

generation, Transport 

(military) 

A: Extremely concentrated energy source. 

D: Severe pollutants & by-products; radiation is 

dangerous to living things; 

Finite reserves; highly critical political control Issues. 

(Sources: Adapted from Berrill et al. 2003 p3) 

 

The efficiency of solar technology systems is a fundamental consideration in the 

transferability of solar technology to facilitate other energy sources, such as geothermal 

and wind. 

 

 42B3.3.3 The diffusion of solar domestic hot water as a technological 

innovation: application of theoretical framework  
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Global scene 

 

The development of various solar technology brings with it improved lifestyle and well being 

in different realms of human existence and activities. This is one of the fundamental 

requirements of energy policies that governments set out to create. It is interesting to 

compare the level of renewable energy sources which contribute to American total energy 

consumption. USA is one of the leading nations in the promotion of solar domestic hot water. 

Only 1% of energy is renewable. Growth rate of 45% in 2004 is the main highlight in the 

nation’s advancement in use of solar technology, over a period of more than a decade. The 

two main systems of solar energy sources are: 1) PV and 2) Solar thermal (heat water), and 

they are heavily subsidized (www.bp.com/sectiongeneric). 

 

Underlying this study is the importance of economic, environmental and socio-political well-

being being promoted equally, rather than one at the expense of the other (Berrill et al. 

1991). 

 

This element of well-being is further supported by World Bank projects in Bangladesh and 

Vietnam. A link between energy services and improved livelihoods is evident (Wang, 2004 in 

Gustavsson 2006). Thus the fundamental justification for further development of alternative 

energy sources is to maintain a standard of living. The shift to an energy intensive economy 

makes energy equal to livelihood. The development of the various solar technology brings 

with it improved lifestyle and well being in different realms of human existence and activities. 

This crucial role of energy in economic activities is also a major driver of identification, 

design and implementation of energy policies governments set out to create.  

 

Underpinning energy resource management of all the energy sources is the ability of each to 

meet various human needs, either directly or indirectly, and in all cases make a sure 

improvement to the well being of peoples. This is the identified context of diffusion of 

innovation (Rogers 2003). Gustavsson (2006) and indicates this in rural society in Zambia, 

Africa: Solar technology is defused in many parts of the world with ambition to improve the 

situation in rural areas. One acclaimed benefit of solar power at household level is an 

improved situation for studies. Access to solar electric services change children’s study 

routines, and thus improves learning. In such society, this need is far greater than energy for 

water heating. 
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Photovoltaic advanced solar technology 

 

There is also advancement in development of solar domestic hot water to PV/thermal 

operated. This would be a major breakthrough in the technology as it can eliminate the 

need for a storage tank (Fanney, Dougherty (1997). In this system PV array current is 

used directly to generate electrical energy which is dissipated in multiple electric heating 

elements, which is used for water heating. A decline in the cost of PV can see a greater 

diffusion of this innovation in the next decade.  

 

Further advancement in this principle of PV/thermal heat had been explored by Ji, Han et 

al (2006) where the same principle was trialed on a wall-mounted hybrid PV/ water heating 

system where electricity was generated as well. Ji, Lu et al (2007) and Ji Liu et al (2007) 

experimented the concept further with two other aspects incorporated: evaporator using a 

solar assisted pump and one using natural circulation.  In both cases the factors 

incorporated helped moderate the temperatures thus keeping the energy efficiency at an 

excellent level in both cases. In the case of the natural circulation model, it was found that 

higher PV cell coverage and glazing transmissivity was better for the overall systems 

performance.  

 

Assoa, Menezo et al. (2007) also expanded this concept to include utilization of the 

PV/thermal for preheating air and water. Ghonelm,Al-Hasan et al. (2002) carried out an 

economic analysis of the concept in Kuwait. With the background of such region as being 

within the OPEC region, the choice for SDHW will remain economical if the solar domestic 

hot water is 50% more than the current prices. These later developments with the shift to 

PV solar domestic hot water, diffusion of the technology is occurring in terms of 

component and cluster technology with an increasing promotion of packaging especially 

within the household /home, to achieve the common concept widely accepted as part of 

strategy to lower green house gas emission: sustainable home; energy efficiency home or 

the American term now widely used, Zero Net Energy Home (ZNEH) (Biauou, Bemier 

(2008).  

 

As documented in the literature, most of these new re-inventions of the solar domestic hot 

water incorporated with other aspects of solar technology result in new systems now 

known under such terms as “hybrid” (Chow, Chan et al. 2005; Ji , Lu et al. 2007; Assoa, 
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Menezo et al. 2007; Fraisse, Menezo et al. 2007), ‘combisystem”(Bales and Persson 

2003); Andersen and Furbo 2007);  “integrated” / ‘’integral”(Arora and Davidson et al. 

2001); Hamad and Nakamura et al. 2001); Hassan and Beliveau (2008); Gertzos and 

Pnematikakis et al. (2008).A “hybrid” mechanism increases the technology , a concept 

highlighted by Rogers (2003).  

 

Dharuman (2006) and Degelman (2008), in separate studies carried out simulation models 

that evaluated the whole renewable energy –based systems performance. Degelman 

(2008) in particular, looked at a simulation of degradation throughout the life cycle of the 

system and assessed the efficiency at the end of the life cycle. He concludes that the 

system he designed had transmissivity reduced to 63% by the end of its life. Belessiotis 

and Haralambopoulous(1993), Arkar, Medved et al. (1999), Chandraheka (2004) and 

Badescu (2005) assessed the life cycle of a solar technology system incorporating both 

photovoltaic and solar hot water heaters especially with cost-analysis incorporating co2 

emission. Badescu (2005)  highlighted in particular the importance of identifying the 

maximum possible primary flow of the hot water load profile in the system design. 

Fundamental findings of all these systems, with variations in design of experiments, 

agreed on the cost-effectiveness and an even shorter payback period for solar technology 

and renewable energy resources than had been the case with traditional and electric 

based systems. 

 

 43B3.3.4 Public and private sector promotion and diffusion of solar 

domestic hot water 

 

Rogers (2003) identified the concept of “change agent” as fundamental, in speeding up the 

diffusion process. Change agents work closely with “opinion leaders”. These change agents 

are commonly government (public) or industry organisations (private) with a vested interest 

in speeding up the diffusion process. One successfully diffusion of solar domestic hot water 

was the US experience of solar where the Government offered financial benefit to support 

households to take up solar. It was particularly successful in California (Rogers 2003).  

Foster (1990) suggested that private and public policies shape consumer perceptions, and 

are key determinants of SDHW systems in the interstate market penetration variation in 

Australia. He goes on to argue that the difference is that the non-eastern States of, Northern 

Territory, Western Australia and South Australia, have a positive effect on SDHW systems 
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sales comparable to policies in the remaining eastern States, for the years 1985/86. “It is this 

disjunction which helps to explain interstate variations in the market penetration of SDHW. 

The policy influence on consumers’ decisions to adopt residential solar technologies cannot 

be ignored if widespread diffusion of renewable energy technologies is to occur” (Berrill et al. 

1991 p49). 

 

However, the situation has now changed and all states except Tasmania and Northern 

Territory have a positive solar promotion. Table 3.3 shows the current situation based on 

national and state policy documents. It shows the complete shift in public sector in 

Queensland compared to other states. Also there has been a step up in promotions in other 

States as well, especially noted focus promotions in New South Wales and Victoria 

(Australian Greenhouse Office 2008). In the 1990 (Foster 1990 cited in Berrill et al. 1991), 

Queensland promotions were leveled as low. It has now shifted to be classified as high. This 

is reflected in some of the state level initiatives such as new building regulations in Victoria, 

similar to those for Queensland. 



   

 

   

 Page -77- 

 

Table 3.3: Australian States Classified according to private and public sector solar 

promotion as at 2009, showing the change from Foster’s analysis (change in bold) 

 NET PUBLIC SECTOR PROMOTION SINCE MRET 2001 TO 2008/09  

*Very low Low Moderate High Very high 
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 Tasmania  
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 Financial incentives for solar system purchase Solar rebate 

(REC) 

 

Extensive electricity grid system and wide use of off-

peak tariffs 

Limited use of off-

peak tariff 

 Off-peak 

electricity tariff 

For solar demonstration projects Significant solar demonstration 

including routine use of solar DHW 

systems by government 

Limited solar R&D Significant solar research and development 

No brochures on solar 

DHW systems 

Publications on solar system 

No formal energy policy Formal energy policy 

(Source: Swan et al 2008; Olsen 2008; format adapted from Foster (1990)) * Not applicable 

as Queensland increase level of solar diffusion 

 

The level of the public sector promotion of solar domestic hot water especially in 

Queensland in the last 18 years had risen, and is now at a positive attitude to solar domestic 

hot water. Foster (1990) highlighted this lack of promotion in the ‘Sunshine State” of 

Queensland. However,a major shift has commenced since the introduction of MRET in 

2001. On state levels, more specific initiatives were taken under the Premiership of Beattie 

that conducted a Taskforce with its recommendations for actions embodied in the 

McNamara (2007) report. It specifically highlighted the implementation of the MRET in 

Queensland. Major sign of commitment on national and state level is through commitment to 

the budgets for financial support of initiatives promoting renewable and specifically solar 
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technology, with solar domestic hot water the most common application in country areas 

including Queensland’s situation. This specified use of environmentally friendly and 

sustainable building material, improves energy efficiency in households.  The more recent 

document by Government promoted in Queensland is the Electricity Act Amendment 2007 

(Australian Greenhouse Office 2008), now translated to mandatory policies on electricity 

supply arrangement and building code regulations being enforced. These “interventions by 

change agents” have positive implications in the promotion of the adoption and continuous 

diffusion of the solar domestic hot water technology in meeting the adjustment of MRET 

embodied in the new Solar Credit, to replace the Renewable Energy Certificate. 

 

Limitations of the technology  

 

Together with solar electric supply and provision it offers are through electric services to the 

user. There is also a number of limitations that it imposes in terms of usage. This depends 

on the technology and its design. 

 

A key feature of resource management is the consideration of energy and its many aspects. 

Warner et al. (2006) highlights the importance of considering all aspects of any resource 

such as water. In this case, it allows more opportunities for the right choices of resource use. 

The key dimensions in their argument are: balancing human and natural values of water, 

multiple stakeholder involvement, and technological innovation.  There is a warning against 

...“neglecting the potential for technical advances that can help increase the size of the 

‘cake’ as a whole” (Warner 2006 p 13). 

 

The shift in the approach for energy use from End Use to Demand Management Approach 

(Olson 2008), now adopted in energy use management, indicates the eminent need to control 

energy use, and should not left it to the choices of the developers. Instead of focusing on 

simply ensuring that there is supply to meet the end use, it is more sensible to know the level 

of demand for each sector, and plan supply accordingly. This can enable more analyses to 

take place especially in realms of other related areas of concern. At present, climate change 

and all issues associated with it is a real commitment on the side of Government to guard the 

environmental implications of resource exploitations. Planning energy use begins with 

estimating demand, then design energy systems to meet the demand, and not the reverse. 

 

This approach ensures the sustainability of the environment and energy resources, especially 
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in the light of depleting non-renewable energy resources. Above all, there is a need for local 

and national to sustain basic elements of human existence. Oxygen and carbon dioxide are 

basic elements in maintaining the human life cycle: However, these are under pressure and 

the established cause of the greenhouse effect that is affecting all natural resources. This has 

created an imbalance of the systems on which all cycles depend. Sustainability is therefore, 

critical for the maintenance of all life and human well being. Research is needed to bring 

understanding to why people take up SDHW. 

 

3.4 20BCONCLUSION 

 

Diffusion of innovation is an important process experienced by many social sub-

systems within which a transfer of new ideas, systems or technology, take place. 

Since the early 1900s this phenomenon had been of interest to many researchers. 

Some were more renowned than others but their contributions had made a 

difference in understanding this key human process. In simple terms adoption of an 

innovation, however simple the innovation may be, contributes to development of 

science. The literature affirmed the common element of the diffusion process, 

especially those of Rogers’ Adopter categories. The paradigm of diffusion of 

innovation is highlighted. That diffusion takes place over time within a social sub-

system and could be described by an S-shape with this shifting to a bell –shape 

representing adoption rate over a year, and as it reaches normality.  

 

However, the adoption and diffusion movement towards normality is challenged 

especially when other factors such as re-invention occurs in the life of an innovation. 

The identification of “opinion leaders” and “change agents” are critical elements in 

understanding the pattern of diffusion in social systems. They are the most 

influential point of intervention to promote diffusion in a sub-system and an 

understanding of dynamics in social sub-systems. It is an effective way of 

understanding the process of diffusion. The key role of the Government as the most 

effective “change agent” in changing the course of diffusion of innovation, especially 

in dealing with a critical “commodity” such as energy resource, is further highlighted. 

As more light is shed on these sub-systems, better management of diffusion process 

results and offers learning to improve the process of diffusion. It is critical to 

understand renewable energy use, exhibiting the concept of diffusion of innovation. 
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While there is an attempt to perceive subsystems as a whole, the interrelationships 

of systems and influences on each other is often overlooked. Fig 3.3 is a 

representation of the approach to the current research. 

 

Understanding the paradigm of the diffusion process contributes to the explanation 

of the diffusion of solar domestic hot water technology in Queensland. It highlights 

the importance of identifying the “opinion leaders” and “change agent” towards 

promotion of diffusion of solar domestic hot water, especially the strength of support 

from the literature of the technology as to the best alternative for meeting hot water 

supply in the household. 

 

Current research problem 

 

The current research is a search for understanding the diffusion of solar domestic hot 

water technology in South East Queensland. This resulted from having identified a gap in 

knowledge of diffusion of solar in Queensland, which was confirmed from literature review.  

As identified by Lowe (2005), Berrill et al. (1991) and Foster (1990 cited in Berrill et al. 

1991), there is need for further investigation into social systems in which the diffusion of 

solar domestic hot water technology takes place in the Australian, and specifically, the 

Queensland situation. 

Figure 3.3: A concept diagram of the current research not to scale (Source: Constructed 
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with energy data from Global Market Institute 2007 p4)  

  

The above diagram is a pictorial representation of current research (refer to as in the D 

Circle.) perspective of diffusion of innovation research and its development in the global 

environment. This is a case study of diffusion, of solar domestic hot water within 

renewable energy in South-East Queensland. 
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21BCHAPTER 4 RESEARCH DESIGN AND METHODOLOGY 

 

22B4.1 INTRODUCTION 

 

To understand factors in the adoption of solar domestic hot water in Queensland, and with 

this research following the pattern of diffusion research identified in the literature, the major 

source of information for this research is a social survey. Face to face, as opposed to 

through the telephone or a posted questionnaire. This method offers a further advantage in 

terms of the time it takes, but more importantly, it allows immediate response and enables 

the researcher to learn from the body language of the respondent. First hand experience in 

the environment in which solar domestic hot water systems operate, offers truly valuable 

insight into the research topic. 

 

The survey was conducted using a questionnaire asking households’ opinions on 

questions that fall generally under the two broad categories according to Ryan and Gross 

(1943). These will be discussed in the following section. The main focus of the 

questionnaire is those commonly encompassed in household surveys, attempting to use 

indicators that suggest innovativeness of households. The two categories of questions, 

asked by Ryan and Gross (1943) which are, when and from whom was information 

obtained, are reflected in the current questionnaire. 

 

This chapter is divided into five sections: an introduction;  the context of the research 

hypotheses; the development of the research hypotheses; a description of the social 

survey utilised and brief conclusion to close the chapter.  

 

44B4.2 CONTEXT  

 

The development of the current research hypotheses was influenced by previous research 

on diffusion; firstly, research by Ryan and Gross in 1943 who, consequently influenced 

research on the topic in Australia, with Foster, in particular, following suit (1990 cited in 
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Berrill et al. 1991). The categories of question types are firstly, when they adopted, and 

secondly, where or from whom they obtained information about the innovation, adopted 

from Ryan and Gross (1943). Table 4.1 identifies the focus of the current research and 

how they relate to Foster’s findings (1990 cited in Berrill et al. 1991) 
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Table 4.1 Factors of influence and sources  

SOLAR WATER HEATING BY HOUSEHOLD: 

FACTORS OF INFLUENCE SOURCE OF INFORMATION 

FOSTER (1990) 

 

PRESENT RESEARCH 

(Based on frequency results and 

CHISQ) 

FOSTER(1990) PRESENT RESEARCH 

(CHISQ & FREQ) 

ADOPTER 

 

HOUSEHOLD WITH SDHW 

 

Previous ownership Newspaper/magazines 

Power bill reduction Local energy suppliers-supplier 

support government initiative 

Solar vendors  Television/radio 

Energy conservation 

 

Government Initiatives makes 

SDHW affordable 

Peer group Personal recommendation 

Previous ownership  Operating Factors- 

ensure water is 

heated/temp control 

prevent scalding 

  

  Environmental Issues-

destruction of trees; 

climate change, 

reduction greenhouse 

emission. 

  

  Socio-economic-; 

Other-Associate Professionals 

  

REJECTOR HOUSEHOLD WITHOUT SDHW  Capital cost Newspaper/magazines 

Capital cost Local energy   

Not cost effective Govt. initiative Not cost effective  Television/radio 

Limited hot water  Operating factors-

Maintaining efficiency of 

panel; Need to clean 

panel 

Limited hot water Personal recommendation 

 Environmental issues   

 Socio-economic   

 Distinct differences between group is based on frequencies otherwise CHISQ and frequencies are 

identical. 

Note: Technological factors is due to market price distortion; 

Factors in assessing satisfaction is applied only to households with SDHW 

(Source: Foster in Berrill et al. 1991 and Unpublished data Thetadig 2007: Household 

Questionnaire Survey Results) 
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Although including some common information, the current research examines seven 

factors of influence compared to three factors adopted by Foster. This research also 

carries out chi square tests (test independence) and CATMOD (test of interactions and 

interrelationships between variables), to investigate the eighth hypothesis, whereas 

Foster’s is based on the frequency of responses. Finally, the principle employed to arrive 

at household groups sampled, does not represent the perspective of the current research. 

The ‘control’ for the current research was not seen as “rejecters”, as Foster identified it. 

This is due to differing perspectives, where a “rejecter” has permanent and negative 

connotations, the current research gives a neutral label: “household without solar”. This 

perceives the respondent as potentially helping the adoption and diffusion process, hence 

the rationale behind choosing the “household without” SDHW, perceiving these 

households as “potential adopters”, as opposed to Foster’s term which suggested absolute 

non-take up. 

 

45B4.3 THE DEVELOPMENT OF RESEARCH HYPOTHESES 

 

The development of the current research hypothesis was influenced by previous research 

on diffusion. Firstly, by that of Ryan and Gross (1943) and consequently, by research on 

the topic in Australia, specifically that of Foster (1990 cited by Berrill et al. 1991). The 

categories of question types are namely: 1. when they adopted; 2. where or from whom 

they obtained information about the innovation. 

 

From these two categories, eight hypotheses were developed with most of the hypotheses 

specifically identifying areas of possible influence on the decision to take up. These are, 

source/s of information, technical knowledge and operating factors critical to the owner’s 

confidence for operating a system (Berrill et al. 1991), environmental issues identified to 

be important to the household at the time (ABS 1999), energy suppliers and government 

agencies as the major stakeholders identified by Foster (1990 cited in Berrill et al. 1991) 

and Lowe (2005), as having negative effects on the diffusion of solar domestic hot water, 

based on questions one would want to know in helping understand the diffusion process. 

 

The following hypotheses were tested in this research: 

 

1. There is a relationship between household take-up of SDHW and sources of 
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information accessed by the household.  

 

2. There is a relationship between household take-up of SDHW and household 

knowledge of technological reliability. 

 

3. There is a relationship between household take-up of SDHW and the consideration 

of operating factors. 

 

4. There is a relationship between household take-up of SDHW and awareness of 

general environmental issues and factors. The major issues are: i) climate change; ii) 

global warming; iii) greenhouse gas emission; iv) destruction of trees/ ecosystems; v) 

knowledge that solar is a renewable energy resource. 

 

5. There is a relationship between household take-up of solar and the government 

initiative to support the use of SDHW. The two main variables are the availability of 

the Government rebate scheme and the level of Government rebate. 

 

6. There is a relationship between household take-up of solar and the factors related to 

local energy suppliers’ practices (the main electricity supplier at the time of survey is 

Energex). 

 

7. There is a relationship between household take-up of solar and recognition of factors 

important in assessing satisfaction with the system. 

 

8. There is a relationship between domestic take-up of solar, solar water heating and 

socio-economic factors, specifically: composition; income level and types of 

occupation. 

 

(Note: The absence of SDHW as a factor for purchase of property and household take-up of 

solar only applies to owner occupied properties. Only two households gave a response and 

therefore this data is not included in the analysis). 

 

The household questionnaire survey is the main source of information gathering for this 

research. It is a survey of SDHW users’ perspectives on the issues regarding household 

SDHW. The household questionnaire survey of SDHW users was conducted, which uses a 
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household questionnaire with questions based on the eight stated hypotheses. 

 

46B4.4 QUESTIONNAIRE SURVEY OF SOLAR DOMESTIC HOT 

WATER USERS 

 

69B4.4.1  Questionnaire Design 

 

The household questionnaire was designed as the main data collection for the survey and 

was administered to the sampled households in the study area. Questionnaire Type A, was 

for “Owner occupied households with Solar Domestic Hot Water”, and questionnaire Type B 

was for “Owner occupied households without Solar Domestic Hot Water”. Table 4.2 shows 

the hypotheses, questionnaire type and questions that respondents had to answer.  
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Table 4.2: Project hypotheses versus corresponding questions in questionnaires, 

Types A (Owner Occupier with SDHW) and B (Owner Occupier without SDHW) 

Hypotheses Type A Type B 

1. There is a relationship between household take up of 

solar DHWS and sources of information accessed by the 

household  

Q1 Q1 

Q1ii. Not applicable 

2. There is a relationship between household take-up of 

solar DHWS and  household knowledge of technological 

reliability  

Q2 Q2 

Q9 Not applicable 

3. There is a relationship between household take-up of 

solar DHWS and the consideration of operating factors 

Q3 & 9 Q3 

Q9 Not applicable 

4. There is a relationship between household take-up of 

solar DHWS and awareness of general environmental issues 

and factors. The major issues are: i) climate change; ii) global 

warming; iii) greenhouse gases emission; iv) destruction of 

trees/ ecosystems; v) knowledge that solar is a renewable 

energy resource 

Q4 & 7 Q4 & 7 

5. There is a relationship between household take-up of 

solar and  the government initiative to support the use of SDHW 

The main are: Availability of Government subsidy scheme; level 

of Government subsidy 

Q5 & 6 Q5 & 6 

6. There is a relationship between household take-up of 

solar and the factors related to local energy suppliers’ practices 

and. The main supplier being Energex. (Change since 2007) 

Q8 Q8 

7. There is a relationship between household take-up of 

solar and  recognition of factors important to assessing 

satisfaction with the system 

Q9 Q9 

8. There is a relationship between domestic take up of 

solar and solar water heating and socio-economic factors, 

specifically: composition; income level and types of occupation. 

(The absence of SDHW a factor for purchase of property and 

household take-up of solar only applies to questionnaire type B) 

Q10 & 11 

Q12 Not applicable 

Q10 & 11 

Q12 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

The questionnaire was organised under eight subsections (Appendix 4.1a and 4.1b: 

Questionnaire Type A and Type B). These subheadings were consistent for both types, with 

some sections not included in Type B, which are clearly marked. 
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70B4.4.2  Draft Questionnaire 

 

Background 

 

The questionnaire design was based on the hypotheses and the final versions are shown in 

Appendix 4.1a and 4.1b, which shows the interconnectedness of the questions. Based on 

the research hypotheses (Table 4.2), a draft questionnaire was developed. Ethics approval 

was obtained. 

 

1. Development of a draft questionnaire 

 

The development of a draft generic questionnaire was the first step before progressing 

research. On the basis of the research hypotheses, it was necessary to not only incorporate 

environmental issues, but also installation and maintenance factors. These were key 

elements which needed to be addressed and checked so that the respondent understood 

the question when asked.  Furthermore, Government rebate was the main identifiable 

initiative supporting solar hot water, thus information was updated with changes to the 

rebate system. 

 

2. Pilot Study 

 

The pilot study was conducted on a randomly selected sample of 10 households within the 

Nundah suburb. The pilot study led to the refinement of the survey structure for consistency 

in the focus of each major section. Each section, which was also closely linked back to the 

hypotheses, was put in a box that became the heading for the corresponding set of 

questions, exploring the hypotheses in question. The pilot study showed that the original 

version of the questionnaire was too long and there was further refinement and reduction in 

the final number of questions. The question time was targeted to reduce from the original 20 

minutes to 5 minutes in the final version. 

 

The key factors explored were: 

 

 sources of information accessed by the household 

 household knowledge of technological reliability 
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 consideration of operating factors  

 awareness of general environmental issues and factors 

 government initiative to support the use of Solar Domestic Hot Water systems 

 factors related to local energy supplier practices 

 recognition of factors important in assessing satisfaction with the system 

 Household socio-economic characteristics, specifically: composition, income level 

and types of occupations. 

 

3. Questionnaire and Flashcards 

 

Questionnaire questions 

 

Fundamental to the choice of the type of questions used, that is, “closed” as oppose to 

“open” questions, was the minimal time it would take for the question to be answered. After 

the pilot study, it was clear that while the content of what needed to be tested was 

important, if the respondent was not willing to concentrate because they were conscious of 

their time being taken up, the whole questionnaire would be pointless. It was critical to 

determine the best format that could get maximum results, in terms of quantity and quality. 

To compensate for the choice of “closed” questions for most of the questions, there was 

the option of “Other” in almost all questions, which allowed the respondent to give any 

other choice or comments to the question. From the results of the survey, it was clear that 

there were minimal answers given to this option on the questionnaire form and was 

therefore, omitted in the analysis as it was deemed insignificant. 

  

The draft questionnaire, was modified after the pilot study, with each section being 

highlighted by bold headings, and each heading corresponding closely to flashcards and a 

final version was produced (Appendix 4.1a and 4.1b: Questionnaire Type A & B). 

 

Laminated flashcards at A5 size were used during the survey to provide information to the 

respondent on choices. The font used was Helvetica in either 18 or 28 point size. Cards 

were coloured to aid in helping the researcher coordinate questions asked in the field. 

Changes in the header, whether labeled differently or numbered, was the only feature 

distinguishing the flashcard design from the questionnaire schedule, of which the font size 

was larger. Otherwise, flashcards were identical in format (see Appendix 4.1c for a sample 

flashcard). 
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71B4.4.3  Field Sample and methodology 

 

Study Area 

 

Brisbane was the area of study. The fact that there is ample solar energy available in this 

area, is shown in Table 4.3 

 

Table 4.3: Average total of hourly irradiance (W/m2) and daily irradiation (MJ/m2) on a north 

facing plane inclined at latitude angle for each month for Brisbane (Source: Berrill 2003 Unit 3, 

p 27) 

 

 

Brisbane is the capital city of Queensland, the “Sunshine State”, with the ABS (2005c) 

statistics substantiating it as the State with the fastest growing population in Australia. This 

makes it eminent for South East Queensland to be serious about adopting a sustainable 

resource plan that would ensure to support its population and maintain quality and well-

being of its people. 
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Queensland is projected to experience the largest increase in population between 2004 

and 2051 (ABS 2005c). Predictions put the level of increase from 3.0% to 77%, to reach 

6.9 million people, resulting in Queensland replacing Victoria as Australia’s second most 

populous State in 2051. 

ABS (2005) publications also make predictions on the fast rate of household growth for 

Queensland. This is important as the household unit is the basic level of analysis for this 

research. It is projected that between 2001 and 2026, Queensland will experience the 

fastest household growth in Australia. Household growth is predicted to increase from 63% 

to 76%, from 1.4 million in 2001 to between 2.3 million and 2.9 million in 2026. This growth 

is considerably faster than the projected national growth of between 39 to 47%. Single 

person households are also predicted to increase in Queensland. Coupled families with 

children, will become the most common family type in Queensland. 

 

Queensland‘s state population growth still leads the country. Queensland births were at an 

all time high in 2004 and the state’s population growth remains the highest in Australia. 

According to the latest analysis by the Australian Bureau of Statistics, 49 900 births are 

registered to mothers usually resident in Queensland. This is the highest figure ever 

recorded (ABS 2005c).  

 

Sample and sampling: 

 

To satisfy statistical requirements, the target sample was 70 households with solar domestic 

hot water, and 70 households without solar domestic hot water 

 

Suburb selection: 

 

The sampling of households was based on ABS statistics and income ranges. A map with 

various levels of average individual income ranges (same ranges used in the questionnaire 

Question 11: Appendix 4.1a) was generated and the eight suburbs were randomly selected 

from this map (Fig 4.1). Accessibility for the researcher was also a factor in selection. 

 

The eight suburbs, chosen for the study area for the current research are northern suburbs 

of the Brisbane City. Table 4.3 shows average monthly irradiance for the city. 
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 Figure 4.1 indicates the spread and variation in geography and topography of each suburb 

(see also Appendices 4.2a-4.9a and pictures of each suburb showing the shape of its land 

area). 

 

Figure 4.1: The study area: 8 suburbs north of the Brisbane river  

(Source: Census Data 2005e and Mapinfo, Google Earth 2007) 
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Table 4.4 shows the number of respondents by suburbs.  

 

Table 4.4: Sample Number of Respondents per Household per Suburb for both types 

of Households  

Suburbs CODE A: Owner 

with SDHW 

B: Owner 

without 

SDHW 

The Gap GAP 5 5 

Hendra HND 6 6 

McDowall MDL 14 14 

Margate-

Woody Point 

MAR-WPT 15 9 

Nundah NUD 10 3 

Upper Kedron UKD 6 5 

Wavell Height WLH 3 3 

Zillmere ZLM 15 11 

Total  74 59 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

Table 4.5 shows the mean income as well as the population of each of the eight suburbs. 

 

Table 4.5: Persons resident on census and individual income average (pa) for eight suburbs 

Suburbs Persons resident on 

Census (ABS) 

Mean Income p.a. (Ind) A$ 

(Field summary) 

The Gap 15,362 77,478 

Hendra 3,421 51,525 

McDowall 6,773 39,899 

Margate-Woody Point 10,342 30,765 

Nundah 8,328 34,190 

Upper Kedron 1,483 80,362 

Wavell Height 8,464 40,766 

Zillmere 7,747 35,632 

(Source: ABS 2005c and Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

Table 4.6 is a summary of household occupational groups in the order they appear in the 

questionnaire. (Note: Figures are according to the Australian Bureau of Statistics (ABS)) 
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Table 4.6: Sampled Occupational Groups per Suburb (% of total population) 

Occupational Groups The 

Gap 

Upper 

Kedron 

McDowall Hendra Wavell 

Height 

Nundah Zillmere Margate

Woody 

Point 

Clerical, Sales and 

Service Workers 

30.8 32.9 33.7 30.6 34.0 39.7 38.8 32.0 

Labourers and 

Related Workers 

3.5 5.1 5.6 7.0 8.1 9.8 16.0 17.6 

Managers and 

Administrators 

11.7 not 

given 

10.4 9.2 8.7 5.6 3.7 4.6 

Associate 

Professionals 

13.1 19.9 14.3 13.7 14.1 12.0 9.6 10.9 

Tradespersons and 

Related Workers 

8.0 10.2 8.5 9.2 11.9 9.8 15.2 16.2 

Professionals 30.8 28.0 23.8 22.1 20.1 18.8 11.1 13.7 

Inadequate 

description or Not 

stated 

2.2 2.2 3.4 2.1 2.6 3.5 2.3 2.2 

Total 100.1 98.3 99.7 100.9 99.5 99.2 96.7 97.2 

(Source: ABS 2005c and 2005e) 

 

Table 4.6 shows six suburbs’ occupational group total figures less and greater than 100%. 

These are as they are in the source document. 

 

Steps in the field selection of households: 

 

There were three steps in choosing the households to be surveyed. These were: 

 

1. Find a household that has a solar panel on the roof (northern orientation), then knock on 

the door and use Questionnaire Type A schedule. 

 

2. After leaving the surveyed house, go to the first house on the left that has no solar panel 

and conduct Questionnaire Type B. If the interviewee / survey are absent / refused, go to 

the next left or opposite household, if there is no other house on the left. 
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3. Continue left down the street until there is another house with a solar panel. Apply the 

same general rules. 

 

4. Fieldwork: 

 

The timetable for fieldwork was set to commence in the second week of December, 2005. 

4.4.4 72BThe survey 

 

The acceptance rate of the survey was very high. In general, when a household opened 

the door in response to the knock, they were willing to answer and thus the refusal rate 

was minimal, with less than 5 people only in this category. Thus this aspect of the sample 

was considered insignificant and was omitted in the data. 

 

73B4.4.5 Data Entry 

 

Data was entered directly into the database from the questionnaire schedules. Each 

household was given a code. 

 

SAS software version 9.1 was used to construct the frequency tables. Chi square analysis 

was done on the data from Type A and B samples. Using a unique identification number (Id), 

and using the household numbering system of the questionnaire, a dataset was created. 

The chi sq was then calculated using a SAS program “proc freq /chi sq;” to obtain a value for 

p. The following Table 4.6 is an example of a dataset for question 5 of the questionnaire. 

Question 5 is the first question of the two that deals with Government Solar Hot Water 

Rebate. It has three sections (i, ii, iii) which could be answered Yes (1) or No (0). 

 

If the response was ‘Yes’, then it was answered ii) which had options a) to c), however if the 

response was ‘No’, then it was answered iii), which had options a) to d). 
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Table 4.7: Example of format of Question 5 dataset using SAS  

Data Q5; 

input houseno $1-3 Id 5-7 q5i 9 q5iia 11  

Q5iib 13 q5iic 15 q5iiia $17 q5iiib $19  

Q5iiic $21 q5iiid $23; 

Cards; 

WPT  17 0 . . . . . 2 . 

WPT  16 1 1 0 0 . . . . 

WPT  15 1 1 1 0 4 3 2 1 

WPT  14 1 1 0 0 . . . . 

WPT  13 1 1 0 0 . . . . 

Key: WPT=Woody Point; (houseno) Id=unique identification number 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

74B4.4.6 Data analysis 

 

Descriptive statistics–cross tabulation, frequencies, and chi square analysis 
 

Frequency Data Analysis: The null hypothesis (H0) to be tested is either rejected or 

accepted. The null hypothesis is that the row and column variable is independent. If rejected, 

it implies that the alternative hypothesis (H1), that is, the row and column variables are not 

independent, is accepted. There is evidence that the variables are not independent of each 

other. The chi square test is commonly used to test independence. However, there is 

confusion in the literature (Babbie 1989) which stated that chi square measures 

relationships. Therefore, this is also its major limitation, particularly when dealing with 

numerous variables in a data set. Chi square shows whether the observed category 

frequencies are significantly different from the expected category frequencies. If they are not 

significantly different, then the null hypothesis (H0) is accepted. If p < 0.05, then the null 

hypothesis is rejected and the research hypothesis is accepted, indicating that there is a 

relationship between the variables. 

 

The CATMOD test was also used. This SAS test, used to investigate the relationships 

among the various dependent and independent variables, could be tested and these are all 

integrated into a parametric model. A selection of variables for the CATMOD test was made, 
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based on a comparison of results using line graphs of the sampled segments of the 

population. The CATMOD test was applied to those that showed significant difference.  

 

47B4.5 CONCLUSION 

 

The household survey was the main source of information in testing the eight research/ 

alternative hypotheses. The results will be presented in Chapter 5 and discussed in 

Chapter 6. 
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23BCHAPTER 5: RESULTS 

 

48B5.1 INTRODUCTION 

 

This chapter presents the results of the household survey. The chapter will be organised into 

first a general section, and then a section with chi square and CATMOD  test results for the 

eight hypotheses, each of which relate to the major categories of factors that may influence 

the take up of solar domestic hot water (SDHW) heating systems in households. 

 

The dependent variable and time are asked in the first two parts of question 1 (parts i) and ii) 

which establish the decision to take up (dependent variable) and the year of the installation. 

Question 1i) asked “Did you install the SDHW?”/ “Would you consider installing?”. 

 

Question 1ii) asked “In what year (decade) was your SDHW installed?” The results, as 

presented in the Table 5.1 below, show that 74% of the total sampled households gave a 

positive response to installing SDHW.  The chi square results support this (df 1, Chi sq value 

6.58 and Prob < 0.01). 

 

Table 5.1 Households surveyed and responses 

Response Households with SDHW (N=74) Households without SDHW (N=59) 

Yes 61 37 

No 13 22 

Total 74 59 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

Figure 5.1 shows the number of installations (by decade) for households with solar domestic 

hot water. The highest number of installations (28) took place from the year 2000 to present. 

The second highest took place from 1990 to 1999 and the third highest number of 

installations took place between 1980 and 1989. The least number of installations took place 

in the 1970s. This shows an increasing rate of installation over time (See Appendix 5.1 for 

results). 
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Figure 5.1: The Take-up of SDHW in 8 Brisbane suburbs (1970’s-2005) 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

49B5.2 FACTORS IN THE HOUSEHOLD DECISION TO ADOPT 

SOLAR DOMESTIC HOT WATER: TESTING THE HYPOTHESES: 

Chi Square Test 

 

Each response was tested separately for the eight hypotheses and within the eight, there 

are several sub-hypotheses. The start of each section summarizes the results for the whole 

hypothesis. In analyzing the correlation between the owner occupied with SDHW and the 

owner occupied without, the results of the survey in regards to the key research hypotheses 

highlight a relationship between household take-up of SDHW and each of the following 

factors: 

 

1. sources of information accessed by the household 

2. household knowledge of technological reliability 

3. consideration of operating factors 

4. awareness of general environmental issues and factors 
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5. government initiative to support the use of SDHW 

6. factors related to local energy suppliers (Energex) practices 

7. recognition of factors important in assessing satisfaction with the system 

8. socio-economic factors 

 

According to the Chi square test results, significant relationships were found between the 

take-up of SDHW and at least five of the hypothesised factors included in the survey. Details 

of relationships that were not significant can be found in Appendix 5.2. 

 

The Catmod test results indicated that there are no significant interactions or 

interrelationships existing in two way and three way interrelationships for variables 

integrated in 5 parametric models, for  the survey sample.  

 

5.2.1 75BHypothesis 1: there is a relationship between household take 

up of solar domestic hot water (SDHW) and sources of 

information accessed by the household  

 

Table 5.2 is a frequency table of positive responses from households with SDHW and 

households without SDHW, when they were asked for the important “sources of information” 

on SDHW, which they used when making a decision to take up SDHW. The highest level of 

positive responses were given for the option “Newspaper/ Magazine”, followed by 

“Television/Radio” and “Personal Recommendations”. The fourth highest positive responses 

were given for the option “Manufacturers of SDHW”. The least number of positive responses 

were given for the “Government Agency Promotion”. Since multiple responses were 

possible, the numbers of responses in this (and similar tables) do not necessarily add up to 

the number of households sampled. 
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Table 5.2: Summary results: Source of Information used in decision making (Freq 

and % total sampled household type) 

Source of Information With SDHW 

(N=74) 

Without 

SDHW 

(N=59) 

Chi Squared values 

Df Value Prob 

Newspaper/Magazine 30 (41) 35 (59) 1 4.63 0.03 

Television/Radio 24 (32) 26 (44) Non 

significant 

Non 

significant 

Non 

significant 

Manufacturer Of 

SDHW brochure 

17 (23) 11 (19) Non 

significant 

Non 

significant 

Non 

significant 

Government Agency 

Promotion 

11 (15) 12 (20) Non 

significant 

Non 

significant 

Non 

significant 

Personal 

Recommendation 

Friend/ relative 

23 (31) 26 (44) 1 7.84  

0.005 

 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

This hypothesis question sets out to provide evidence for the “Sources of Information”. Two 

of these factors are not independent from the take-up of SDHW. The null hypothesis for 

“Personal Recommendation by friend/relative” and “Newspaper/Magazine” could not be 

rejected. Chi square results are shown in Table 5.2 for the two variables in bold. The other 

relationships were not statistically significant (see Appendix 5.2). It suggests that take-up 

and the variables “Personal recommendation friend/ relative” and “Newspaper/ magazine” 

are not independent of each other. 

 

It is therefore reasonable to conclude that there is a relationship between accessing 

newspaper/ magazines and personal recommendations of friends/ relatives as sources of 

information and decision making in the take-up solar domestic hot water. 

 

76B5.2.2 Hypothesis 2: there is a relationship between household 

take-up of SDHW and household knowledge of technological reliability  

 

Question 2 deduces which one of the four main reasons that households may have 
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confidence in SDHW. 

 

Respondents could give multiple responses to the question. Both types of households, 

according to Table 5.3, have the highest number of people giving “Knew hot water heating 

bills will be reduced”, as a response. The second most popular choice of reason for 

confidence in the technology was “Knew the technology was reliable”. This is followed by 

“Solar energy is a renewable resource” as the third most popular option. This option is also 

related to Hypothesis 4 and will be further discussed under that section. The option, “Knew 

in 10 years it would pay for itself”, was the least popular. 

 

Table 5.3: Frequency table of positive responses for each of the options given in the 

question 

REASONS HOUSEHOLDS 

WITH SDHW 

(N=74) 

HOUSEHOLDS 

WITHOUT SDHW 

(N=59) 

a) Knew the technology was reliable 60 46 

b) Knew in 10 years it would pay for 

itself 

45 34 

c) Solar energy is a renewable 

resource 

57 37 

d) Knew hot water heating bills would 

be reduced 

67 52 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

There was no significant difference between households with and those without SDHW (see 

Appendix 5.2). There is not sufficient evidence to reject the null hypothesis, and it is 

reasonable to conclude that there is no relationship between household take up of SDHW 

and the reasons people may have for confidence in solar water heating technology. 

 

77B5.2.3 Hypothesis 3: there is a relationship between the 

household take-up of solar and household considerations of operating 

factors 
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Question 3: Did your household consider any of the following operating factors before 

installation? (A list of factors was provided on flashcards. See Appendix 4.1c for an 

example) 

 

Table 5.4 shows positive responses given by households with and without SDHW for six 

possible operating factors which were under consideration when making the decision to take 

up SDHW. 

 

Table 5.4: Frequency table of positive responses for households with and households 

without SDHW for the six operating factors given in the questionnaire 

Operating Factors With SDHW Without 

SDHW 

Chi squared values 

df 

 

Value 

 

Prob 

a) Need to monitor 

water temperature to 

prevent scalding 

23 22   Non-significant 

b) Need to monitor 

water temperature to 

ensure water is heated 

up 

34 26   Non-significant 

c) Maintaining water 

volume in the tank 

9 9   Non-significant 

d) Need to check for 

leakage in pipe 

network 

16 15   Non-significant 

e) Need to clean solar 

panel on the roof 

20 31 1 9.04 0.003 

f) Maintaining 

efficiency of panel(s) 

21 33 1 10.33 0.001 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

The highest frequency of positive responses for “Operating Factors” was given by Type A 

households for option b): ‘Need to monitor water temperature to ensure water is heated up’ 

(34 out of 74), followed by the option a): ‘Need to monitor water temperature to prevent 

scalding’ (22/74). The third highest number of responses was given for option f): 

“Maintaining efficiency of panel(s)”, which had 21 out of 74 responses. The “Need to clean 
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solar panel on the roof” option had the fourth highest amount of positive responses. The 

“Need to check for leakage in pipe network” and “Maintaining water volume in the tank” 

ranked fifth and sixth in terms of the number of positive responses for these options. The 

last three options had a similar level of positive responses to those households with 

SDHW. 

 

While the first four options did not show significant relationships, the last two options did. 

The “Need to clean solar panel on the roof” (df 1 Value 9.04 Prob 0.003) and “Maintaining 

efficiency of panel(s)” (df 1 Value 10.33 Prob 0.001) options showed significant 

relationships and sufficient evidence to reject the null hypothesis. This shows that the need 

to clean solar panels and maintain their efficiency were particularly important aspects of 

the system for those without SDHW. It is therefore reasonable to conclude that there are 

relationships between the take-up of SDHW and the operating factors: “Need to clean 

solar panel on the roof” and “maintain efficiency of panel(s)”. 

 

78B5.2.4 Hypothesis 4: there is a relationship between the 

household take-up of SDHW and awareness of general environmental 

issues and factors  

 

The major issues regarding the take-up of SDHW for both household types were: climate 

change, global warming, greenhouse gas emissions, destruction of trees/ ecosystems and 

knowledge that SDHW is a renewable energy resource. 

 

Questions 4 and 7 provide data for Hypothesis 4. 

 

Question 4 is related to environmental issues. Table 5.5 shows the frequency of positive 

responses given by the sampled households when asked: “Did any of the following 

environmental issues affect your decision to take up Solar Domestic Hot Water?" (A list was 

shown on the corresponding flashcard). 
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Table 5.5: Frequency of Positive Responses to Environmental Issues 

Environmental Issues Households 

with SDHW 

(N=74) 

Households 

without SDHW 

(N=59) 

a. Climate change 38 35 

b. Global warming 27 24 

c. Reduction of green-house emissions 30 25 

d. Destruction of trees/ ecosystems 49 47 

e.    Other 3 2 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

The highest number of positive responses given by both households, with and without solar 

was for the option: “Destruction of trees/ecosystems” (49/74 and 47/59 respectively) 

followed by the option: “Climate change” (38/74, and 35/59, respectively). The third highest 

frequency of positive responses was given for the option: “Reduction of greenhouse gas 

emissions”. “Global warming” was given the least significant amount of positive responses 

by the two sets of sampled households. 

 

Chi square test results conducted on the above five options of environmental issues failed to 

reveal any statistically significant relationship (see Appendix 5.2). There was insufficient 

evidence to reject the null hypothesis. Therefore the null hypothesis is accepted and the 

alternative hypothesis is rejected. 

 

It is therefore reasonable to conclude that the attitude towards environmental issues does 

not affect the take-up of SDHW. 

 

Question 7 deals with reasons for the take-up of SDHW regardless of government support. 

The question specifically asked: “Was your own personal commitment to the environment 

the deciding factor for installing a Solar Domestic Hot Water system?” Results are shown in 

Table 5.6. For both household types, the majority of the households gave a negative 

response to the question. 
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Table 5.6: Positive versus Negative Responses Regarding Personal Commitments 

to the Environment  

Personal 

commitment 

Responses 

Households 

with SDHW 

(N=74) 

Households 

without 

SDHW (N=59) 

dF Value Prob 

Yes 30 44 Non-significant Non-

significant 

Non-

significant 

No 21 38 Non-significant Non-

significant 

Non-

significant 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

  

There is no significant relationship evident between the take-up of SDHW and reasons for its 

take-up, regardless of government support (Appendix 5.2). Therefore, the null hypothesis is 

accepted and the research hypothesis is rejected. It is reasonable then to conclude that 

there is no relationship between take-up and a personal commitment to the environment. 

 

While these results suggested that “environmental issues” were not important in a 

household’s decision to take up SDHW, a significant response to Question 2, Option c): 

“Solar energy is a renewable resource”, provided some support for environmental issues, 

thus supporting the hypothesis. This question was included in order to reinforce the 

environment question. It is the only sub-hypothesis of question 2 that has any evidence of a 

significant relationship, and is further supported by the chi square results (df 1, Chi Sq 

3.2459, Prob 0.0026). Thus, there was some evidence leading to the rejection of the null 

hypothesis and acceptance of the research hypothesis, indicating a relationship between the 

take-up of SDHW and surrounding environmental issues. 

 

79B5.2.5 Hypothesis 5: there is a relationship between the 

household take-up of SDHW and government initiative to support the 

use of SDHW  

 

The main relationships are the availability of the Government rebate scheme and the level of 

Government rebate. 
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Question 5 (i, ii, and iii) and 6 deal with Government Solar Hot Water Rebate Schemes. 

Question 5i) asks: “Did the availability of the Government Solar Hot Water Rebate 

Scheme(s) affect your decision to take up Solar Domestic Hot Water?” 

 

Table 5.7 presents the results to this question. 

 

Table 5.7: Household Type and Responses to the Question Regarding the Availability of a 

Solar Hot Water Rebate 

Availability of 

SDHW rebate 

Households 

with SDHW 

(N=74) 

Households 

without SDHW 

(N=59) 

Df Value Prob 

Yes 31 46 1 19.35 <0.0001 

No 43 13 Non 

significant 

Non 

significant 

Non 

significant 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

For households with SDHW, who were asked if the “availability of the Government SDHW 

Rebate Scheme” affected their decision for take-up, a ratio of positive to negative clearly 

shows the importance of availability of the rebate in the household decision for installing 

SDHW. There were 31 “Yes” and 43 “No” responses. On the other hand, the majority of 

sampled households without SDHW gave positive responses (46 “Yes” as opposed to 13 

“No”). These responses indicated that the households with solar did not see the rebate as 

important in their decision to take up. This is clearly due to the fact that the rebate was not 

available at the time that these households acquired their system. For households without 

solar, a greater emphasis was placed on the availability of the rebate in making a decision to 

take up. It could be said then, that there exists a critical factor for the households without 

SDHW in making a positive decision for take up. 

 

A significant relationship was also evident from chi square results for this question (df 1 

Value 19.35 and Prob <.0001). This is enough evidence to reject the null hypothesis and 

accept the research hypothesis. It is reasonable then to conclude that there is a significant 

relationship between take-up and “availability” of the Government Solar Hot Water Rebate 

Scheme(s). 

  

The second part of the question asked people who had given a “Yes” response to go on to 
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choose a possible “explanation” from options a) to c). Table 5.8 gives the break down of 

responses for each option. 

 

Table 5.8: Positive responses and explanations as to why Government rebate affects take-up 

Explanations Households 

with SDHW 

(N=74) 

Households 

without 

SDHW 

(N=59) 

Chi squared results 

Df Value Prob 

1. The rebate makes 

Solar Domestic Hot 

Water more 

affordable 

29 44 Non 

significant 

Non 

significant 

Non 

significant 

2. The rebate offers 

timely finance for 

replacing an existing 

hot water system, 

which may need 

repair/ upgrading 

22 20 1 5.22 0.02 

3. Other 2 0 Non 

significant 

Non 

significant 

Non 

significant 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

Table 5.8 shows only one sub-hypothesis: “The rebate offers timely finance for replacing an 

existing hot water system, which may need repair/upgrading”. This result had significant chi 

squared results (df 1, Value 5.22; Prob 0.02). It indicates that there is a relationship between 

the uptake of SDHW and the “availability of Government SDHW Rebate”. 

 

Those who answered “No” (Question 5i), were then asked to rank from most important to 

least important (1-4), the commonly identified reasons people gave for the government 

rebate, not affecting their decision to take up SDHW. 

 

Table 5.9 presents the results of “No” (Question 5iii) responses and the ranking for reasons 

for Government rebate having no effect on household decision to take up SDHW. 
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Table 5.9: Respondents and ranking of reasons for rebate 

 

Household Types 

Reasons* 1 Most Impt 2 Very 

Impt 

3 Impt 4 Not 

Impt 

With SDHW a) 

b) 

c) 

25 

6 

8 

3 

31 

9 

8 

6 

27 

8 

1 

0 

Without SDHW a) 

b) 

c) 

6 

0 

2 

0 

7 

4 

1 

4 

6 

5 

1 

0 

(*Key: Options a) “The Solar Hot Water Rebate was not available”; b) “Because I believe in 

conservation, I would go solar anyway”; c) “I wanted to promote a reduction in electricity 

use, I would go solar any way”. Ranking numbers are 1. Most important, 2. Very Important; 

3.Important; 4. Not Important  

(Source: Household Questionnaire Survey 2005) 

 

According to the results shown in Table 5.9, option a) had the highest number of positive 

responses and was also ranked “Most Important”. The second most frequent explanation for 

take-up was “Because I believe in conservation, I would go solar anyway, which had 31 

respondents ranking it “Very Important”. Explanation c) had 27 households with solar 

ranking it “Important”. 

 

Surprisingly, households without SDHW ranked the three options similar to those 

households with solar (Table 5.9). Nevertheless, chi square results (see Appendix 5.1) show 

no evident relationship to this component. 

 

Question 6 is: “Did the amount of Government rebate affect your decision to take up 

SDHW?” 
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Table 5.10: Household Types and “Yes” Responses to Amount of Rebate and the Effect on 

Decision to Take up 

Response Households 

with SDHW 

(N=74) 

Households 

without SDHW 

(N=59) 

Df Value Prob 

Yes 31 46 1 19.58 <0.0001 

No 43 13    

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

More households without SDHW gave more positive responses than households with 

SDHW. 

 

There is a significant relationship between the take-up of SDHW and “the amount of 

Government rebate” (df 1 Value 19.58 and Prob <0.0001), as shown in Table 5.10. There is 

enough evidence to reject the null hypothesis. Therefore, the research hypothesis is 

accepted, indicating a relationship between household decision to take up SDHW and the 

“amount of government rebate” available. 

 

Question 6 ii) asked the opinion of the respondent on the specific level of the rebate. The chi 

square results for this section failed to show any significant relationship between an actual 

level of rebate and take-up of Solar Domestic Hot Water (see Appendix 5.2). This 

uncertainty in the household choice of what the level of rebate should be, may also reflect 

their uncertainty about issues related to the required level of government and individual 

responsibility in the capital cost of the system. 

 

80B5.2.6 Hypothesis 6: there is a relationship between the 

household take-up of SDHW and factors related to local energy 

suppliers practices. The main supplier is ENERGEX. 
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Table 5.11: Household Types and Local Energy Supplier’s Influence 

Response Households with 

SDHW (N=74) 

Households without 

SDHW (N=59) 

Yes 14 15 

No 60 44 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

Frequencies indicate that an overall majority of households with and households without 

SDHW gave a negative response to the question: “Did factors related to the Energy Supplier 

(Energex) affect your decision to take up SDHW?”. 

 

Chi square results for this part of the question showed insufficient evidence to reject the null 

hypothesis. Therefore, it is reasonable to conclude that there is no relationship between take 

up of SDHW and factors related to energy suppliers (see Appendix 5.2). 

 

Those who gave a “Yes” response to the first part of the question on the importance of 

energy suppliers in a household’s decision to take up SDHW, went on to rank from 1-3 (very 

important to not important) the following “commonly identified reasons for how the energy 

suppliers influenced your decision to take up solar domestic hot water”. 

 

According to results presented in Table 5.12, the highest number of both sampled 

households ranked “1” the reason: “The supplier supports government initiatives such as the 

subsidy to encourage the take-up of Solar Domestic Hot Water”. The second ranking was for 

the reason: “The supplier markets the concept of Solar Domestic Hot Water”.  

 

An overwhelmingly high number of responses were given to the “No” option. This implied 

that households with and without solar, considered local energy suppliers as having little to 

no influence on their decision to take up SDHW. This reinforced the fact that most of these 

households acquired their systems before the rebate was available.  
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Table 5.12: Commonly Identified Reasons How the Local Energy Supplier Influences 

Household Decision to take up (Note: the options were not mutually exclusive). 

Reasons Households with 

SDHW 

Households 

without SDHW 

chi square results 

Rank: Rank: 

1)Very Important 

2) Important 

3) Not Important 

1)Very Important 

2) Important 

3) Not Important 

1 2 3 1 2 3 df Value Prob 

a) The supplier’s pricing 

structure made solar a 

less preferred option than 

conventional electricity 

13 10 40 17 16 20 2 7.78 0.02 

b) The supplier’s off-peak 

tariff made solar less 

attractive than the 

conventional electricity  

5 20 37 16 20 17 2 12.54 0.001 

c) The supplier markets the 

concept of Solar 

Domestic Hot Water 

14 19 29 20 24 9 2 11.53 0.003 

d) The supplier supports 

government initiatives 

such as the subsidy to 

encourage the take-up of 

Solar Domestic Hot 

Water. 

25 10 26 28 15 10 2 7.76 0.02 

 (Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

When asked to rank the reasons why energy suppliers influenced their decision to take up 

SDHW, respondents placed the strongest positive relationship (Table 5.12) for the option: 

“The suppliers’ off-peak tariff made solar less attractive than the conventional electricity” (df 

2 Value 12.54 Prob 0.001). 

 

The second strongest relationship was for the option: “The supplier markets the concept of 

SDHW” (df 2 Value 11.53 Prob 0.003); the third strongest relationships were for options: 
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“The supplier supports government initiatives such as the subsidy to encourage the take-up 

of SDHW” and “The supplier’s pricing structure made solar a less preferred option than 

conventional electricity” (both have Prob of 0.02). 

 

The households gave positive response and went on to answer the ranking part of the 

question. All the variables indicated significant relationships.  

 

Table 5.12 results for all factors related to the energy supplier indicated significant 

relationships, and offered sufficient evidence to reject the null hypothesis and accept the 

research hypothesis. In the light of these results, it is reasonable to conclude that there is a 

relationship between the household take up of SDHW and the energy supplier’s influence on 

decisions to take up SDHW systems. 

 

81B5.2.7 Hypothesis 7: there is a relationship between the 

household take up of SDHW and recognition of factors important to 

assessing satisfaction with the system  

 

Question 9 deals with factors involved in assessing satisfaction with Solar Domestic Hot 

Water. This question was only asked of households which used solar domestic hot water. 

There were no chi square results produced. Table 5.13 presents the frequency of responses 

given by households with solar for the first part of question 9i): “Which of the following 

factors are important for assessing satisfaction with your experience in using SDHW?”. 
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Table 5.13: Positive responses for households with SDHW on the question of factors 

involved in assessing satisfaction with the SDHW system (multiple responses) 

9i) Factors for assessing satisfaction Positive responses to 

choice (N=74) 

a) The whole system is well designed 62 

b) A reliable supply of hot water 69 

c) The low cost hot water help cut household costs 68 

d) Low maintenance of panels and tank 52 

9ii) Would you recommend to your friends that they should 

install/Purchase a house with Solar Domestic Hot Water? 

56 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

The highest frequencies of users with solar gave positive responses to the option, “A reliable 

supply of hot water” (69 out of 74). The second highest positive responses were for the 

option: “The low cost hot water help cut household costs” (68 out of 74). The third highest 

was for option a): “The whole system is well designed” (62 out of 74). The fourth highest 

number of frequencies was with option, “Low maintenance of panels and tank” (52 out of 

74). 

 

No chi square results could be produced for this question as it was not applicable for 

sampled households without SDHW. 

 

The second section of the question asked if the respondent would recommend solar to 

friends. Frequencies showed that 76% of respondents indicated they would recommend the 

system to a friend (Table 5.13). 

 

Question 9iii) asked the respondent: “How would you rate SDHW system on a point scale of 

1-5?” (1=Very Good; 2= Good; 3=Fair; 4=Poor; 5=Very poor). Table 5.14 presents the 

frequency of responses for each point scale. 
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Table 5.14: Households with SDHW and the Rating of Satisfaction With System on a Five-

Point Scale  

Point Scale (1—5) Households with SDHW (N=74) 

1-Very Good 64 

2-Good 7 

3-Fair 3 

4-Poor 0 

5-Very Poor 0 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

According to the results, none responded with “Poor” or “Very poor”. The highest positive 

response was given for 1: “Very good” (64 / 74). The second highest was for scale 2 “Good” 

(7 / 74), whereas 2 / 74 gave scale 3 “Fair”, as a response. 

 

The frequency tables (Tables 5.13 and 5.14) for factors involved in assessing the 

satisfaction with SDHW, indicated satisfaction amongst households who operated a system. 

No significant relationship was evident as chi square results could not be obtained because 

the question was invalid for households without a solar hot water system. The hypothesis of 

the research, in this case, could not be tested. 

 

82B5.2.8 Hypothesis 8: there is a relationship between the 

household take-up of SDHW and household socio-economic factors, 

specifically composition; income earners and occupation  

 

Socio-economic factors included: 

Composition, income earners and income level, occupational groups, and absence of 

SDHW as a factor for purchase of property  

 

Composition 

 

Question 10i) deals with household composition: “How many adults and people under 18 

years old are in your household?”. 
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Table 5.15: Household Type and number of residents (composition 18 years and 

over & under 18) Residents 18 years and over / Residents under 18 years old 

Number 

of 

residents 

18 Years and Over Under 18 Years 

Households With 

SDHW 

Households Without 

SDHW 

Households 

With 

SDHW 

Households 

Without 

SDHW 

0   32 16 

1 8 6 5 8 

2 42 40 24 18 

3 13 8 11 13 

4 8 4 1 3 

>4 1 0   

 (Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

Dual resident households had the highest number in terms of household composition 

amongst the adult residents of the surveyed households, that is, for residents aged over 18. 

Households with three residents were the second highest type of composition amongst the 

surveyed households. 

 

The third highest types of households were the single resident households, followed closely 

by four-resident households. In both households with and households without SDHW, there 

were no significant relationships evident between take-up and household composition (See 

Appendix 5.2). For households with residents under 18 (children), there were 32 households 

with solar hot water surveyed where there were no children. Twenty-four of these 

households had 2 children and 11 had 3 children. Only 5 households had a single child. On 

the other hand, the highest number of households without solar, had two children. The 

second highest number of households without SDHW (16 out of 59) had no children. The 

third highest number of households had 3 children (Table 5.15). 

 

There were no significant relationships evident in the chi square results for household take 

up of SDHW and household composition, adults and children (see Appendix 5.1). Therefore, 
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the null hypothesis was accepted and the research hypothesis was rejected indicating that 

there is no relationship in the take-up of SDHW and household composition. 

 

Income Earners and Levels and Occupational groups 

 

The component of Question 10ii): “How many people in the household are income earners?” 

presents results in Table 5.16. 

 

Table 5.16: Type of households by number of income earners* 

Number of 

income 

earners 

Households with 

SDHW (N=74) 

Households without 

SDHW (N=59) 

0 13 8 

1 16 14 

2 36 27 

3 8 11 

(*Note: Pensioners were not included.) 

 (Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

The table shows that households with two income earners had the highest frequency both 

for households with and without SDHW (36 out to 74 and 27 out of 59). Single income-

earner households surveyed had the second highest for both types of households. Amongst 

the surveyed households, 8 and 11 households had 3 income earners. There were more 

households with solar hot water where there was no income earner, than those for 

households without solar hot water (13/74 compared to 8/59). These households were 

marked by a high number of pensioners and students who were on government allowance. 

 

There are no significant relationships evident in the chi square results conducted on the data 

(Appendix 5.1). Thus, the null hypothesis is accepted and the research hypothesis rejected, 

indicating that there is no relationship between take-up and the number of income earners 

per household. 

 

Question 11 deals with income ranges and offers the second set of data to support the 

income level element of the hypothesis (economic factor). The results are shown in Table 

5.17. 
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Most household principal earners (HPE) for the sampled households had an income range 

of $31 200 to $36 399. The next highest income range had the same number of principal 

earners in households with SDHW ($36 400-$41 599). Households without SDHW had the 

next highest number of households with income ranges $36 400-41 599 and $10 400-15 

599. These results showed that the level of income range decreased with the number of 

principal household earners.  

There seemed to be fewer households without solar with higher income, compared to 

households with SDHW. 

 

Table 5.17: Frequency table of positive responses for income ranges for household 

principal earners (HPE) and others (O) 

 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

There are no significant relationships evident in the chi square analysis (see Appendix 5.2). 

The null hypothesis is accepted and the research hypothesis is rejected, indicating that there 

is no relationship in the take up of SDHW and income level. 

 

Occupational Groups: The household principal earner and other 

 

Types of occupations, as a household characteristic, are used to give other data on 

Income Ranges 

Gross p.a. A$ 

Households 

with SDHW 

Households 

without SDHW 

HPE Other HPE Other 

a) Under 6,239 1 0 1 0 

b) 6,240-8,319 3 2 1 0 

c) 8,320-10,399 4 4 3 4 

d) 10,400-15,599 10 8 10 8 

e) 15,600-20,799 2 7 1 2 

f) 20,800-25,999 5 8 7 13 

g) 26,000-31,199 9 10 9 9 

h) 31,200-36,399 12 7 10 8 

i) 36,400-41,599 12 7 10 8 

j) 41,600-51,999      11       5        7       1 

k) 52,000+        8       2       3       0 
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households’ incomes and socio-economic status. Table 5.18 presents the frequencies of 

positive responses for household income earner occupational groups. 

 

Question 10iii) asked for information on “Occupational Groups” (Table 5.18). This section of 

the question on Occupational and Other groups indicated the highest frequency of 

households with solar had a principal “head” earner in the “Managers and Administrators” 

occupational group and “Others” being the “Pensioner/ Retired” occupational group (21 out 

of 74). The second highest frequency was “Associate Professionals” (13 out of 74).  The 

third highest frequencies were for the “Professionals” (10 out of 74). “Clerical, Sales and 

Services workers” and “Trades and related workers” had the fourth highest household 

principal earners (HPE) within this occupational group. Only one head of household was 

employed in the occupational group: “Labourers and related workers”. 
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Table 5.18: Question 10iii) Household Types, Occupational Groups by residents 

Occupational Groups With SDHW Without 

SDHW 

a)Clerical, Sales and Services 

workers 

  

HPE 8 4 

Other(s) 9 8 

b)Labourers & related workers   

HPE 1 1 

Other(s) 1 6 

c) Managers and Administrators   

HPE 21 15 

Other(s) 6 14 

d) Associate Professionals   

HPE 13 12 

Other(s) 13 13 

e)Trades & related workers   

HPE 7 7 

Other(s) 7 9 

f)Professionals   

HPE 10 10 

Other(s) 10 6 

g)Other   

HPE 21 13 

Other(s) 8 8 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

(Note: a household can have more than one resident within an occupational group (this will 

be shown as HPE and Other(s))) 

 

Households without Solar Domestic Hot Water had similar results with the number of 

Household Principal Earners employed in the respective Occupational Groups. 

 

The total number of surveyed owner-occupied households with solar installed, mostly had 

the head of households employed as managers and administrators, associate professionals 
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and had professional occupations. Only one significant relationship is evident from the chi 

square (x2) results for Question 10iii) option c): Other, Managers and administrators (df 1 

Value 6.11 Prob 0.01, expected frequencies < 5, cell frequencies <5 results are not reliable) 

and take-up, thus supporting the research hypothesis that there is a relationship in 

household socio-economic factors and take-up. 

 

Nonetheless, all other relationships were not significant (see Appendix 5.2) and therefore, 

there is not enough evidence to reject the null hypothesis for all occupational groups for a 

households’ principal earners: a) Clerical, Sales and Services workers, b) Laborers & related 

workers, c) Managers and Administrators, d) Associate Professionals, e) Trades & related 

workers, f) Professionals, and g) Other. Hence, there is no relationship between take up and 

the principal earner’s occupational group, except for “Other” residents of the household who 

are managers and administrators. However, it is reasonable to conclude that there is a 

relationship between “Other” residents in a household employed as “Managers and 

Administrators” and take-up. This supports the research hypothesis that there is a 

relationship between household take-up and socio-economic factors. 

 

83B5.2.9 SUMMARY OF FINDINGS 

 

Table 5.19 is a summary of significant relationships and how they support the research 

hypotheses for all questions in the household survey for total sampled households. 



   

 

   

 Page -123- 

 

Table 5.19: Hypothesis and Alternative Hypothesis or Otherwise, Value = Chi Square value 

Hypotheses Significant relationships in 

take up of SDHW 

1. There is a relationship between take-up and sources 

of information accessed by the household with Solar 

Domestic Hot Water (SDHW).  

(Df 1, Value 4.6342, p 0.0313) 

(Df 1, Value 7.84, p 0.0005) 

1iiia Newspaper/Magazine and 

Personal recommendation 

2. There is a relationship between take-up and 

knowledge of technological reliability of SDHW. 

[Not significant] 

 

3. There is a relationship between the take up and 

consideration of operating factors of solar. 

(Df 1, Value 9.0397, p 0.0026) 

(Df 1, Value 10.3342, p 0.0013) 

3e (Need to clean solar panel on 

the roof); 

3f (Maintaining efficiency of 

panels)  

4. There is a relationship between take-up and the 

awareness of general environmental issues and 

factors of solar. The major issues are: i) climate 

change; ii) global warming; iii) greenhouse gases 

emission; iv) destruction of trees/ ecosystems; v) 

knowledge that solar is a renewable energy resource. 

(Df  1, Value 3.2459, p 0.0026) 

[Q4 and Q7 not significant] 

2c(Solar energy is a renewable 

resource) 

5. There is a relationship between take-up and the 

government initiative to support the use of SDHW. The 

main variables are: Availability of Government subsidy 

scheme; the level of Government subsidy. 

(Df 1, Value 5.2229, p 0.0223) 

(Df 1, Value 19.5829, p <0.0001)  

(Df 1, Value 3.0725, p 0.0796) 

5iib)The rebate offers timely 

finance 

6i) Amount of Gov. subsidy 

6iic) 2 100 (53.5%) capital cost 

6. There is a relationship between the factors related to 

local energy suppliers’ practices and household take-

up of solar. The main supplier being SEQEB 

(Energex). 

(Df 2 Value 7.7804, p 0.0204) 

(Df 2, Value 12.5418, p 0.0019) 

8iia) the supplier pricing structure 

made solar less efficient 

8iib) off peak tariff-less attractive 

8iic) the supplier market concept 

8iid) supplier support initiative to 

take up 
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(Df 2, Value 11.5328, p 0.0031) 

(Df 2, Value 7.7577, p 0.0207) 

There is a relationship between take-up and 

recognition of factors important to assessing 

satisfaction with the system of solar.[Not significant] 

 

7. There is a relationship between the solar water 

heating and socio-economic factors, specifically: 

composition; income level and types of occupation. 

(The absence of SDHW as a factor for purchase of 

property and household take-up of solar only applies 

to questionnaire Type B). 

(Df 1 Value .1053, p 0.0135) 

10iiicO) Managers and 

administrators 

 

(Source: Unpublished data Thetadig 2007: Household Questionnaire Survey Results) 

 

5.3 50BINTERRELATIONSHIPS BETWEEN FACTORS IN THE 

HOUSEHOLD DECISION TO ADOPT SOLAR DOMESTIC HOT 

WATER: Catmod Test 

 

When the CATMOD method was applied to three of the variables (‘Operating Factor’ 

‘Rebate Availability’ and ‘Energy Suppliers’), testing the following interrelationships: all 

possible two-way and three-way interactions, there was one significant result. 

The tables summarise the results of the CATMOD procedure, using SAS for five 

parametric models for the variables which were shown to influence household decisions to 

take up solar domestic hot water. 

 

Table 5.20 shows results for three key variables of the questionnaire survey, with the 

status of the interrelationships presented in a hierarchical analysis of deviance (HAD). 

Table 5.20: Hierarchical analysis of deviance table of significant CATMOD results for 

variables: operating factors (O), rebate availability (R) and energy suppliers (E) 

Model Deviance 

Chi 

sq<0.05 

df dev Prob <0.5 Significant 

1. [O] [R] [E] 6.91   4 0.1408 No 

2. [O] [R] [E] [OR]  6.36   3 0.0953 No 
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3. [O] [R] [E] [OR] [OE] 6.36   2 0.0416 Yes 

4.[O][R][E][OR][OE] [RE] 0.20   1 0.6509 No 

5.[O][R][E][OR][OE] [RE] [ORE] 0   .   . n/a 

 

N.B.: Each variable is designed to answer one of the eight hypotheses of the current 

research.  

 

Table 5.21 is the Specific Analysis of Deviance (SAD) table indicated significant 

interrelationships for one of the model (Energy Suppliers and Rebate Availability). The 

SAD table indicates that there is a significant dependency between Energy suppliers and 

Rebate (X2 = 6.16, DF=1). This implies that these two variables influence each and there is 

significant dependency. Thus completes the analysis of the models. 

 

 

 

 

Table 5.21: Specific analysis of deviance table for the HAD table for variables: 

operating factors (O), rebate availability (R) and energy suppliers (E) 

Test Deviance 

difference 

 

Df 

difference 

X² Significant 

1. Ho: MOR = 0 0.55   1 3.84 No 

2. Ho: MOE = 0 0   1 3.84 No 

3. Ho: MER = 0 6.16   1 3.84 Yes 

4. Ho: MEOR = 0 0.20   1 3.84 No 

N.B.: Each variable is designed to answer each of the eight hypotheses of the current 

research 

Ho = Hypothesis Null  

MOR =Model WITH OPERATING FACTORS AND REBATE AS MAIN EFFECTS 

MOE = Model WITH OPERATING FACTORS AND ENERGY SUPPLIERS AS MAIN EFFECTS 

MER = Model WITH ENERGY SUPPLIER AND REBATE AS MAIN EFFECTS 

MEOR = Model WITH OPERATING FACTORS AND REBATE AS MAIN EFFECTS 

 

On the basis of this test, therefore, the null hypothesis was rejected and the research 

hypotheses supported by these results (Operating factor (maintain panels) and rebate; and 
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operating factor and energy supplier). It is reasonable to conclude that there were two way 

interrelationships between these three critical variables, reflecting influence on household 

decision to take up solar domestic hot water. 

 

51B5.4 MAJOR FINDINGS 

 

The use of chi square and CATMOD tests, offer a balance in the knowledge of 

relationships between the independent and dependent variables. However, standardising 

the sample may yield a further understanding of interrelationships between critical 

variables that affect the household decision to adopt solar domestic hot water. More 

importantly, to focus on a comprehensive investigation of government policies and 

practices as an integral part of research design yield, will provide more powerful 

information on the process of diffusion of innovation. This is particularly critical in 

connection with the high profile of “opinion leaders” and “change agents” in an innovation 

such as solar, offering relative advantage over other opinions. 

 

Government rebate was an important factor in the household decision to take up. This 

reaffirms the point made earlier of the significance of the ‘change agent’ in revitalising and 

sustaining the diffusion process. Thus, reiterating the importance of the role of the 

government as an influential “change agent” can also influence other stakeholders in other 

sub-systems that affect energy systems in a region, as is the case in Queensland. There is 

reason to suggest, that as an outcome of this research, this sub-system (socio-political) 

has a particularly pivotal role in the diffusion of solar domestic hot water technology. It 

demands priority attention to incorporate primary data collection on public policies that 

influence the diffusion of the technology. As seen in the overwhelming influence that the 

shift in government policies have on environmental and energy concerns, now contribute 

to the diffusion of solar, as the government sees itself as primarily responsible for a 

sustainable socio-economic development and realistic and practical solutions, supporting 

the overall well-being of its people.  

 

A fundamental element of influence on household decision confirmed in the results is the 

household characteristics. Two elements shown to be important are occupational 

(associate professionals and managers) and income ranges (low and middle). This may 

further suggest the importance of these sectors of society as areas for targeting 



   

 

   

 Page -127- 

promotions of SDHW. More importantly is the need to make a connection with the wider 

socio-political context (i.e. the role that the rebate has on these households’ decision to 

take up SDHW). 

 

The findings of the current research also suggest the weaknesses of the social survey 

method and suggest possible areas of strengthening the methodology as a research tool. 

This is particularly in the area of research design. The key role Rogers (2003) highlighted 

of “opinion leaders” and “change agents” in the accomplishment of diffusion of innovation, 

promoting the interrelationship of factors in the wider social context of the research area is 

suggested to be an integral part of the design. Such factors that have overwhelming 

influence, such as socio-political systems are of fundamental importance and should be a 

key area from which primary data can be collected.  

 

52B5.5 CONCLUSION 

 

Eight key variables were hypothesised to have an influence on the household decision to 

take up SDHW. Chi square and CATMOD tests were applied to the results with chi square 

tests yielding a number of significant results. However, CATMOD yielded a significant 

response for one model (two-way interrelationships between operating factors, rebate 

availability and energy suppliers). The results provided evidence to reject the null 

hypotheses and accept the research hypotheses for six of the factors. For the chi square 

tests, only two factors showed no evidence in their support and therefore the null 

hypotheses were accepted for these. CATMOD also supports the importance of three of 

these six variables: operating factors, rebate availability and energy suppliers. The six 

significant factors are: 

 

1. The key sources of information accessed when making a decision are “Personal 

recommendations” and “Newspaper and magazines”. 

 

2. Operating factors include the need to clean solar panels and maintain the efficiency of 

panels are especially important to the households without solar. Support from the structured 

interviews shared the importance of the new heat pump in improving operation of the 

system. 
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3. While all other environmental issues do not show significance and therefore are rejected 

as having any relationships, the concept of SDHW as a renewable energy source is 

accepted and therefore provides the basis for supporting the alternative hypothesis. 

 

4. Government initiative, namely the rebate and the fact that it offers timely finance to 

replace a system as well as the amount of rebate, are important in a household’s decision to 

take up solar. The structured interview results have 100% support of this as the single most 

influential factor, should more households take up SDHW. 

 

5. All identifiable factors related to local energy suppliers show evidence of a relationship 

with household adoption of SDHW. These are price structure and off-peak tariff, having 

encouraged the use of conventional rather than solar energy; the suppliers marketing the 

concept of SDHW and support of government rebate. The industry personnel, especially the 

state manager, simply blamed favouring the energy suppliers as opposed to SDHW 

manufacturers. 

 

6. The socio-economic factor regarding the type of occupation, especially other household 

residents employed as managers/administrators, have a relationship with household take-

up. The income level is not a factor and this is supported by the results of the structured 

interviews. 

 

The two factors that showed no evidence of a relationship with the take-up of SDHW were: 

“knowledge of technological reliability” and “factors for assessing satisfaction”. The 

discussion of these results will be in Chapter 6: Discussion. 
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24BCHAPTER 6: DISCUSSION 

 

53B6.1 INTRODUCTION 

 

The discussion will focus on the eight hypotheses of the research project. The questions 

closely correspond to the hypotheses on the factors affecting adoption of solar domestic hot 

water technology. These will form the subheadings of the discussion. The results will be 

discussed as an interpretation of what they might mean in the context of the household 

survey. It is then interpreted in the light of existing literature. The literature is used to 

examine what the results may suggest, either in support of, or in opposition, to the research 

findings. The implications of the results will form the basis of the recommendations which will 

be explored in Chapter 7. 

 

Each section outlines the findings for each hypothesis and then relates them to the literature. 

 

54B6.2 HYPOTHESIS 1: THERE IS A RELATIONSHIP BETWEEN 

HOUSEHOLD TAKE-UP OF SOLAR DOMESTIC HOT WATER 

(SDHW) AND SOURCES OF INFORMATION ACCESSED BY THE 

HOUSEHOLD  

 

One of the fundamental elements of diffusion of innovation is the time over which diffusion 

takes place. Figure 5.1 presents the take-up pattern from the 1970s to the present, for the 

sampled households in the eight suburbs surveyed. A comparison between figures figure 

5.1 and figure 2.3 (Australian Solar Water heater sales) show that there is a similarity, with 

the level of diffusion increasing with time, along with a marked increase corresponding to 

the 2000s (2001) when the MRET was introduced. Major variations are due to the 

difference in scale, with the results for only a number of suburbs in Queensland (Fig 5.1), 

while figure 2.3 presents the national situation.  

 

In terms of the paradigm of diffusion of innovation and how the two figures can be viewed 

in the light of Ryan and Gross’ (1943) S-shape curve, and Rogers’ bell-shaped one (2003), 
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according to the adopters, the diffusion process of solar domestic hot water has gone past 

the innovators and early adopters, and is moving into the “early majority” category. The 

common feature of this stage is the adopters’ greater reliance on social and 

communication network in making the decision to adopt. In the sampled households, most 

were adjacent to each other- in “clusters”. This was also an important aspect introduced by 

Rogers (2003); the possibility of finding most households with solar technology located 

within close proximity of each other.  

  

For the second part of Question 1, which asked about sources of information accessed by 

households, results indicated significant relationships between sources of information, 

specifically personal recommendations and newspapers/magazines and take-up.  

 

84B6.2.1 Household awareness and sources of information 

accessed 

 

“Where and from whom they obtain information on the innovation”, is one of the 

fundamental questions on the diffusion of innovation research sought in understanding the 

diffusion process (Ryan & Gross 1943). The source of information is seen in diffusion of 

innovation research as an indication of the adopter’s intention and seriousness in 

understanding the technology in question. It is also important as the literature suggests the 

fundamental role that the “messenger” has in influencing the adopter towards taking up the 

technology (Ryan & Gross 1943; Rogers 2003), thus, confirming the key roles of “change 

agent” and “opinion leaders” to the process of diffusion. 

 

From the results, it shows that there is a relationship between personal recommendation 

by a friend/relative and newspaper/magazine, both being the major sources of information 

and take-up of solar domestic hot water technology. The households without solar, 

showed a greater percentage of respondents responding favourably to the two questions. 

Personal recommendations showed a strong relationship with take-up of SDHW, 

especially for households with SDHW. This could reflect the importance of promotions and 

the introduction of the rebate which was shown to be unavailable when most of the 

households surveyed acquired their systems in the 1990s up to the present.  

 

The current research implies the importance of these findings in building household 



   

 

   

 Page -131- 

knowledge and confidence in the system, when making a decision. 

 

 The initial exposure of households without solar, to SDHW, is a recommendation from 

neighbours/friends/relatives, which reaffirms one of the fundamental elements of the 

process of diffusion, where channels of communication are a key factor (Ryan & Gross 

1943; Rogers 2003).  

 

85B6.2.2 Household awareness in the literature 

 

The importance of these variables confirms what the literature indicated, specifically the 

work of Ryan and Gross (1943) and Rogers (2003). Rogers highlighted the key role of the 

media in the early stage of the diffusion process and the fundamental role of “neighbours” 

and networking, in the progress of the diffusion. This was also central to Ryan and Gross’ 

(1943) findings, especially in the establishment of the diffusion of innovation research 

paradigm. The importance of both the media and the adopter network in this research may 

also be an indication of the multi-stages of the process of diffusion of solar domestic hot 

water. This also reaffirms the shift in national concern, which is filtered through to State 

level, with the focus on environmental and energy policies, highlighting the renewable 

nature of solar domestic hot water and its implementation. This is a fundamental strategy 

towards meeting MRET and Australia’s obligation to the global community.  

 

As shown by the literature, the lack of public policies that promote SDHW is clear (Foster 

1990 cited in Berrill et al. 1991; Lowe 2005; Berrill et al. 1991). In the early 2000s, with the 

introduction of the MRET, also contributing to increased promotion of the system, there 

was a clear increase in household awareness and take-up. As indicated in the context of 

Australia, it marked a shift in energy policy which the state now benefits from. 

 

The research supports household knowledge as a positive aspect for marketing and 

consumer behavioral patterns. Dissemination of information by word of mouth with 

‘personal recommendation’ remains the best influencing factor for the household when 

making a decision. The importance of newspaper and the media in influencing the market 

and people’s decisions were found to be significant in the promotion of greater public 

awareness, assisting the consumer before making a final decision, as noted by Foster 

(1990). 
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55B6.3 HYPOTHESIS 2: THERE IS A RELATIONSHIP BETWEEN 

HOUSEHOLD TAKE-UP OF SDHW AND HOUSEHOLD 

KNOWLEDGE OF TECHNOLOGICAL RELIABILITY  

 

No statistically significant relationships were evident from the results between any of the four 

reasons for confidence in technology and take-up. 

 

86B6.3.1 Household knowledge of technological and economical 

reliability 

 

The four reasons are reliability; shorter payback period; renewable nature and lower hot 

water bills. All of these aspects point back to the technological and economical advantages 

of SDHW. 

 

There are two possible reasons as to why the survey results showed no significant 

relationship between take-up of SDHW and these four factors. One reason is that these 

advantages are well established and are now taken for granted. The other reason is that the 

capital cost remains the main hurdle for taking up. Also, although the factors are known, they 

would not necessarily take the person to the point of purchase. Thus, these factors can be 

seen irrelevant to the issue of take-up, particularly if the household cannot afford to 

purchase the system in the first place. 

 

87B6.3.2 Technological and economical reliability in the literature 

 

Lowe (2005), Berrill et al. (1991), Foster (1990 cited in Berrill et al. 1991) and Mills (2000), 

all identified capital cost as the key barrier in the take-up of solar domestic hot water. Lowe 

went on to suggest that any strategy that was to improve the level of take-up needs to 

incorporate ways of overcoming this barrier of capital cost. He also suggested a tax revenue 

investment to help the domestic sector overcome the barrier created by high capital costs. 

More importantly, it is clear from the literature that the advancement of the technology is well 
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reputed. Therefore, the adopter may not see that the main barrier to the diffusion of the 

technology is the financial ability to purchase the system. 

 

56B6.4 HYPOTHESIS 3: THERE IS A RELATIONSHIP BETWEEN THE 

HOUSEHOLD TAKE-UP OF SOLAR AND HOUSEHOLD 

CONSIDERATION OF OPERATING FACTORS  

 

88B6.4.1 Household and operating factors for adopting solar 

domestic hot water 

 

There is evidence of a relationship between SDHW take-up and the operating factors, such 

as the need to clean the solar panel on the roof and maintaining efficiency of the panels. 

 

While other factors did not show significant relationships, the need to monitor water 

temperature was also important. 

 

On the other hand, maintaining the efficiency of panels was further interestingly important to 

households without solar. An obstruction such as trees or building/s is a problem that is 

difficult to address in small building lots (Berrill et. al. 1991). This seemed to be seen as 

more important to the households without solar. 

 

89B6.4.2 Operating factors in the literature 

 

The results support the major problems already indicated in the literature as major 

considerations for households with solar. The operating factors, particularly the cleaning of 

the solar panels and maintaining their efficiency, while it suggests a responsibility on the 

side of the household, are directly identified by the literature as dependent upon solar 

access. This is again a problem in Queensland as there are no policies to protect the users 

of specific devices or occupants of buildings using solar efficient building designs (Berrill et 

al. 1991). 
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The efficiency of a solar panel, according to Berrill et al. (2003), declines with the reduction 

of the surface area for a fully operative heat collector, being exposed to the sun. This is also 

related largely to the amount of full isolated exposure to sunshine. Collectors should not be 

shaded between 8am to 4pm. Berrill et al. (2003) further supported the need for the local 

government to incorporate height and other restrictions in town planning so as to avoid the 

denial of solar access to a neighbour. 

 

According to the literature, “technology cluster” (Rogers 2003) development plays a key role 

in the advancement of the technology, and could be seen as a transitional step into 

promotion of the technology, easing the technological barriers originally experienced in the 

diffusion of innovation technology. This, as identified by Rogers, resulted in re-inventions, 

not so much of the full technology but of components particularly important and 

complementary to the solar domestic hot water systems design. 

 

57B6.5 HYPOTHESIS 4: THERE IS A RELATIONSHIP BETWEEN THE 

HOUSEHOLD TAKE-UP OF SDHW AND AWARENESS OF 

GENERAL ENVIRONMENTAL ISSUES AND FACTORS  

 

90B6.5.1. Household awareness of general environmental issues 

 

The overall environmental issues were not important except for when generally referenced 

to climate change. None of these environmental factors showed any evidence of a 

relationship with the adoption of SDHW. 

 

Hence, the overall results indicated an overwhelming negative indication of personal 

commitment to the environment as a deciding factor for installation.  

 

91B6.5.2 Environmental issues in the literature 

 

The lack of evidence of a significant relationship between take-up and environmental issues 

in the current research supports the established views in the literature. Lowe highlighted 
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(2005) what Foster (1990 cited in Berrill et al. 1991) and Berril et al. (1991) all alluded to, in 

putting forward the lack of Government policies as a fundamental barrier in take-up of 

SDHW not only throughout Australia, but more particularly, in Brisbane. Along with this lack 

of policies is the lack of environmentally and sustainable energy practices in local 

governments and communities. As a result, the feeling of respondents is that of not being 

responsible for environmental problems. There is a general feeling amongst respondents 

that environmental problems are outside their personal interests and responsibilities. 

 

There has been growing international environmental concerns (Bruntland Report 1987) and 

responses to climate change, such as the establishment of the Australian Greenhouse 

Office in 2000. More obvious promotion of renewable energy is further evident in 

institutionalized arrangements of suppliers to manufacturers in Queensland. One such 

notable shift in paradigm is the collaboration between the private and public sectors, 

resulting in Energex now promoting renewable energy installation and the taking of energy 

efficiency measures. 

 

With use and confidence in SDHW, together with the major shift in national and state 

environmental and energy policy focus, there will consequently be a greater likelihood of 

households extending their installations to other renewable, specifically solar  technology, 

with wider applications to meet domestic energy needs. This is more likely with national and 

state government budgets for financial support focused to implement sustainable 

environmental policies (Berrill et. al 1991; Lowe 2005, Australian Greenhouse Office 2008, 

Swan et. al 2007, Olson 2008). 

 

58B6.6 HYPOTHESIS 5: THERE IS A RELATIONSHIP BETWEEN THE 

HOUSEHOLD TAKE-UP OF SDHW AND GOVERNMENT INITIATIVE 

TO SUPPORT THE USE OF SDHW  

 

There is a relationship between the adoption of SDHW and the availability of a government 

SDHW rebate. 
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92B6.6.1 Households and government initiatives 

 

Of particular interest to the research survey results is the marked difference in negative 

responses to the question raised between households with and households without SDHW. 

More households with solar indicated that the availability of the rebate did not affect their 

decision to take up solar. These are possibly the people who, in responding “No”, suggested 

their acceptance of the technology. They were going to take up, regardless of the rebate or 

possibly because the rebate was not available at the time they installed SDHW. 

 

An overwhelming majority of respondents, in households without solar, indicated that the 

availability of a government rebate would encourage them to take up SDHW. Many, in 

answering the question, had already indicated that they were prepared to take up once they 

replaced their existing system. More recent acquisition acknowledges the importance of the 

available rebate in influencing their decision to take up SDHW.  

 

This pattern of responses could be due to the shift in attitude and policy of the Queensland 

government as well as the recent Federal attempt to respond to climate change.  

 

The households without solar, being aware of recent change in public energy policies, saw 

take-up more inviting if the rebate was available. 

 

The second part of the question asked people who gave a “Yes” response to choose 

possible explanations. A significant relationship is evident in option b): “The rebate offers 

timely finance for replacing an existing hot water system, which may need repair/upgrading”. 

This implies that the availability of the rebate is critical in financing the replacement of the 

solar hot water system. While it is a replacement, it could still be classified as financing 

capital cost. Once again, it implies the critical barrier that capital costs impose on a 

household’s ability to take up. Results show that 51 out of 74 households believed that the 

rebate would make SDHW more affordable. 

 

The third part of the question captures the responses given by those who said “No” to the 

question of availability of the rebate. From the results where they were asked to rank their 

responses, the majority of households with solar indicated that the rebate was not available 

(25/74) (option a). This can be interpreted, as once again, pointing to the irrelevance of 

assistance as it was not available at the time of purchase. Nevertheless, the large number of 
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respondents indicates the critical role of the rebate in relieving financial strain on a 

household’s decision to take up. 

 

This question also seems to indicate indirectly the importance of environmental issues. 

Option b) and c) are about concern for conservation and promotion of reduction of electricity 

as a reason for take-up, regardless of whether or not there is a rebate scheme. 

 

Results for Question 6, showed the importance of the amount of rebate to households with 

solar, however, the availability of the rebate notably outweighed the amount.  

 

93B6.6.2 Government initiative in the literature 

 

Fundamental to Rogers’ adopter categories, and the interactions that occur during the 

diffusion, is largely a key role of “change agents” and how they can capitalise on “opinion 

leaders” in increasing the growth and the diffusion curve and maintaining normality. This 

factor in the process of diffusion had been missing in Australia’s situation, particularly in 

Queensland, before the introduction of the MRET in 2001. The crucial role of the “change 

agent”, which is clearly the governmental “opinion leaders”, professionals and active 

promoters of the solar technology, needed to be recognised for the diffusion of solar 

domestic hot water to improve in Australia, especially in Queensland. 

 

One of the elements of the rebate in the current research is the amount, and its indication 

of importance in the results is a clear suggestion of the need for the government to 

financially support households towards the diffusion of solar domestic hot water. The 

literature is alluding to the fact that government-offered funds towards a great proportion of 

the total capital cost would enable the household to buy the system. The significant 

relationship between availability of the rebate and take-up, reiterates views represented in 

the current literature on barriers listed in the new government stance and solar hot water 

market penetration. Foster (1990 cited in Berrill et al. 1991), Lowe (2005), Mills (2000) and 

Diesendorf (2007), are all in agreement that the public policies affecting institutional 

supplier arrangements need to change if Australia is to see a major improvement in the 

application of renewable energies, particularly SDHW.  Lowe (2005) went on to highlight 

the fundamental necessity for the government to find ways of doing this. The Griffith 

University study (cited in Lowe 2005) showed that the capital cost of SDHW is the biggest 
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barrier in a household’s decision to take up. To encourage use in the effort to reduce CO2 

production, finding ways around the barriers of capital cost are critical (Lowe 1989 p158). 

 

The second part of the question also reiterated the importance of the rebate in financing 

the capital cost of the solar domestic hot water system. This is supported by the literature 

cited above. 

 

The third part of the question involved ranking answers for the people who said “No” to 

availability. According to the literature, while there are no significant relationships, the 

frequency of responses indicated the importance of the issue of rebate in making SDHW 

affordable. While they said “No” to availability, the majority of households with solar chose 

to answer “No” because there was no rebate at the time, and therefore the question about 

its availability was not important. 

 

There is, however, the importance of environmental concern underlying the pattern in 

group responses, although the significance of this concern was not confirmed by the test 

results. 

 

There is general agreement in the literature with regards to the importance of the amount 

of rebate, even though that amount is not specified (i.e. there needs to be equal treatment 

by financial government assistance towards private and public sector energy suppliers and 

manufacturers). The paying out of the rebate could be seen as compensation for the 

mismatch in the level of assistance between the private and public sector subsidy. This is 

in the form of tax exemption given to electricity utilities as opposed to no financial 

assistance given to manufacturers of SDHW. Lowe (2005) suggested ways that the 

government could help “level the playing field” between households and electricity 

corporations, such as incorporation of the rebate into the tax system. 

 

6.7 59BHYPOTHESIS 6: THERE IS A RELATIONSHIP BETWEEN THE 

HOUSEHOLD TAKE-UP OF SDHW AND FACTORS RELATED TO 

LOCAL ENERGY SUPPLIERS PRACTICES.  THE MAIN SUPPLIER 

IS ENERGEX 
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94B6.7.1 Household and energy suppliers practices 

 

Based on the “Yes” and “No” responses to energy suppliers having influence on take-up, 

there was no significant relationship evident. 

 

However, when questioned on individual factors relating to energy supply, there was 

significant evidence of a relationship. The first factor with the strongest relationship was that 

the suppliers off-peak tariff for water heating made solar less attractive than the conventional 

electricity. This result may suggest that the household, when making decisions often do not 

see a relationship between supplier policies and their choice for SDHW, whereas in actual 

fact, the off-peak tariff had warned them, therefore long-term benefits such as cheap/free 

household bills. The long-term effect is more noticeable with increases in petroleum/free 

costs. 

 

Also, during the time of the fieldwork, the shift in national and state focus was already 

filtering through the system, with Energex promoting the sale and provision for purchase of 

solar domestic hot water systems through household power billing arrangements.  

 

95B6.7.2 Household and energy supplier practices in the literature 

 

Lowe (2005), Berrill et al. (1991) and Foster (1990 in Berrill et al. 1991), were clearly 

highlighting this hidden rebate (off-peak electricity). It is “hidden”, in that often, households 

are not knowledgeable about factors that affect the cost of energy supplied to them. This is 

shown in the mood of the household respondent when the question was first asked. It had 

been the major institutional barrier especially in Queensland, until the recent changes, 

including an overhaul of the electricity supply to align it with national policies and 

implementation strategies. This is now clearly evident with the establishment of two regulator 

bodies; the most important being the Australian Energy Regulator (Chapter 2 section 2.3.3). 

 

The shift in environmental energy concern, first at a Federal level and now demanded of the 

state, could be said to be reflected in the second relationship. 
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60B6.8 HYPOTHESIS 7: THERE IS A RELATIONSHIP BETWEEN THE 

HOUSEHOLD TAKE-UP OF SDHW AND RECOGNITION OF 

FACTORS IMPORTANT TO ASSESSING SATISFACTION WITH 

THE SYSTEM  

 

96B6.8.1 Household and Factors in assessing satisfaction of the 

system 

 

The results show the importance of having a reliable supply of hot water. It could reflect the 

fundamental importance of this factor in considering satisfaction with a SDHW system. Also 

important is the low cost of hot water with the use of a SDHW system to help cut household 

energy costs. This relates to the economic viability of the system.  

 

Third and fourth highest frequencies were for two factors: “the whole system is well 

designed” and “low maintenance of panels”. Both factors relate to the reliability of the 

technology. This may suggest that while the technology is important, financial implications of 

the system to a household’s budget, is pivotal. It may also indicate the confidence that 

people have in the technology. 

 

Thus, it is important to assess satisfaction with the system for efficiency, reliability of the hot 

water supply, economic and financial and technical characteristics of the system. 

 

The second part of the question asked the respondent to rank the success of the system on 

a scale of 1 to 5 (from very good to very poor). 

 

The option “very good”, received the highest number of responses (64/74). The option, 

“good”, received the second highest number of positive responses (5/74). The third scale 

“fair”, only received 2/74 positive responses. The results indicated an overwhelming number 

of households with solar, confirming that the system is “very good”. The low number of “fair” 

and “no” responses for “poor” or “very poor”, indicate that there was no household that was 

dissatisfied with their system. 
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This result supports the high overall satisfaction of households with solar domestic hot water 

system which also reinforced by the literature, highlights the established and well reputed 

technical side of SDHW systems. 

 

97B6.8.2 Factors important to assessing satisfaction of the system 

and the literature 

 

No significant chi square results were evident for “assessing satisfaction”, however, the 

overwhelming positive response from respondents on the question of the scale of 

satisfaction clearly indicates a level of high satisfaction. This supports the strong arguments 

in the literature of the reliability of the technology and its cost effectiveness. 

 

Berrill et al. (1991), Foster (1990 cited in Berrill et al. 1991), and Mills (2000), reiterate clear 

national savings in energy supply, as well as reduction of CO2  gas emissions, should even 

50% of households take up SDHW. This is an estimated saving of 3.4 PJ/year. Further end 

use energy savings through installing SDHW in new homes, would reduce a further 0.2 

PJ/year. This alone, with greater emphasis on solar-efficient building designs, would bring 

Queensland figures to a total potential fossil fuel saving of 18 PJ/year (Berrill et al. 1991). 

 

There is a need to seriously consider critical factors that influence the choice of SDHW of 

households without SDHW. From Foster (1990 cited in Berrill et al. 1991), there is a clear 

indication that the capital cost is a major barrier. Strategies which seriously promote a shift in 

these classes of potential solar hot water heater users need to address financial barriers to 

take up. Lowe (2005) also clearly indicates this. This research’s results further indicate a 

strong implication of the importance of capital cost as representing issues of government 

initiative and rebate scheme (see Section 6.6.2) 

 

61B6.9 HYPOTHESIS 8: THERE IS A RELATIONSHIP BETWEEN THE 

HOUSEHOLD TAKE-UP OF SDHW AND HOUSEHOLD SOCIO-

ECONOMIC FACTORS, SPECIFICALLY COMPOSITION, INCOME 

EARNERS AND OCCUPATION  
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98B6.9.1 Household and socio-economic factors and take-up of 

SDHW 

 

Composition: 

 

The results showed that the majority of households surveyed have two residents. 

Households with three members have the second highest level of representation. There are 

an equal number of those with one or four member households. Only one household with 

solar domestic hot water had more than four members. This shows no relationship of SDHW 

take-up and household composition. 

 

For both households with and without SDHW, the majority of households have two children. 

One major difference between households, is that the highest majority of households with 

solar have no children. Nevertheless, there are more households without solar than 

households with solar, that have three or more children (17/59 as opposed to 12/74). 

 

The second part of the question deals with the number of people and proportion of children 

to adults. It was found that there was no marked difference between households with and 

without solar. It could imply that this observation may not be as important as other factors. 

 

Income Earners: 

 

For this research, there was an attempt to ensure that the data of income levels were 

recorded, and that a good estimate of income levels could be shown. However, the 

household data are still only estimates. Despite this, from some contact with state manager 

for SolarHart, opportunity was provided where it was suggested that there are more solar hot 

water pockets of households in areas of low to medium income than in high income areas. 

 

The majority of households have two people who are income earners. It implies that the 

number of income earners does not affect the household decision to take up.  

 

Question 11 investigated household income types and ranges, and found no significant 

relationship with the take-up of SDHW. 
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An aspect of the influence on residents is the difference that their income contributes to a 

household’s ability to purchase solar domestic hot water. While the questionnaire did not 

analyse a breakdown of household occupational groups to a corresponding level of income, 

most of the Managers/Administrators were in the low to medium income brackets, rather 

than the highest income categories. The highest income brackets were evident amongst 

households without solar domestic hot water. 

 

Occupational groups: 

 

Only one significant relationship was evident. This was for the “Other” occupational group of 

Managers/Administrators. It indicates that the presence of these people in the household 

made a significant difference in influencing the decision to install the SDHWS. They were the 

decision-makers of the household (refer to Table 5.19, Hypothesis 8). 

 

The “Other” occupational group of Managers/Administrators showed a relationship with take-

up. This question was designed to double check the household knowledge and awareness 

of solar domestic hot water and it did so successfully. Firstly, these residents made a 

difference in the household’s ability to communicate and expose issues in the public arena 

through these residents’ professional associations. With this comes greater knowledge that 

undoubtedly affected their decisions. As they contribute to the financial running of the 

households, they are also initiators in affecting household decisions, specifically, the 

decision to adopt SDHW. 

 

99B6.9.2 Household and socio-economic factors in the literature 

 

Household composition of residents “over 18” and “under 18”, shows no significant 

relationship with take-up of SDHW. The most common household size was found to be 

those with two residents over 18 years of age and two under 18 years of age. 

 

An explanation is that the size of the household is insignificant when deciding to adopt solar 

or not. Once the household has transgressed that initial cost barrier, the size of the 

household is then a factor in determining the size of system to be installed. 

 

Researchers such as Lowe (2005), Foster (1990 cited in Berrill et al. 1991) and Berrill et al. 
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(1991) did not see understanding household characteristics, such as composition and 

income levels, as important to the pattern of household take-up, or as shedding light on the 

household decision-making process. This is supported by the present research which did not 

show any relationship between take-up and household composition and income level (see 

Appendix 5.2). 

 

The complex dynamics are especially important in the social sub-systems and networks 

within which the diffusion process for innovations such as SDHW (Rogers 2003), which 

suggests that the process could be better understood by acquiring an understanding of 

these social sub-systems. The current research adopted this perspective by using the social 

survey to understand the social factors, which make up the dynamics of the diffusion 

process that can contribute to a household’s decision to take up SDHW. 

 

Berrill et al. (2003) highlighted the importance of assessing the size of the household when 

making decisions on the size and capacity of installing a SDHWS. This research did not 

show relationships in household composition (i.e. over/under 18) and take-up. However, in 

assessing the best size of the tank needed, the number of people in a household is a critical 

factor, and manufacturers need to highlight this for households.  

 

The importance of residents, other than the principal wage earner employed as 

managers/administrators, in affecting the household decision seems to have a relationship 

with the take-up of SDHW. This sheds more light on the multi-faceted influence of the social 

system, which once again reinforces the complexity of systems surrounding the household 

decision; a decision that is not simply determined by factors outside the household realm of 

influence. 

 

The factors external to the circle of household residents are more critical in that it affects the 

actual decision to adopt solar. As evidenced in Foster (1990), Berrill et al. (1991) and Lowe 

(2005), the fundamental and most influential factors are public and private policies, and their 

overriding influence over a household’s decision to take up solar domestic hot water. This is 

well documented in the literature. In the course of this research, a shift in national and state 

government attitude has been experienced. It is reflected in policy documents (see Section 

2.2.2), the media and the market place (see Fig 2.2, Fig 2.3, Table 3.4).  
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62B6.10 THE EIGHT HYPOTHESES AND CATMOD 

 

The CATMOD test failed to completely support the alternative hypotheses associated with 

the three critical factors: operating factors (maintain pane), rebate availability and energy 

supplier in four of the five log linear models in test procedure. For the model with 

significant results, the null hypothesis was rejected and the research hypothesis was 

supported by these results, which indicates that there are significant dependences and 

interactions between the variables “Availability of Rebate” and the variable “Energy 

Supplier”. These significant interrelationships reaffirm the positive relationship promoted in 

the National environmental and energy framework, with Federal and State government 

and energy suppliers as leaders in its implementation. This is translated to heightened 

opportunities and initiatives with renewable energy as the best alternative for this end.    

 

This may be related to the form of data collection. As identified in the literature, the social 

survey is the common method of information gathering for the diffusion of innovation 

research. While this remains the main method, due mainly to its practicality in 

implementation and cost and matching the source for obtaining the data on innovativeness 

for this type of research (Rogers 2003), it is not without weaknesses as a tool for gathering 

information. A fundamental weakness is its complete reliance on the “recall” ability of the 

adopter. This could be the fundamental weakness of the social survey affecting the ability 

of the CATMOD test to examine any relationships between the variables in the current 

research. 

 

One of the critical tasks of the research design was the development of the questionnaire 

scheme. This was designed to achieve maximum comprehension and perspective on the 

side of the respondent. While engaged in such a process, there is an element of distilling 

the meaning so that it is possible for the complexity of the social sub-system, the 

household with and without solar domestic hot water, to be lost or hidden. The respondent 

then may give responses isolated from the wider context in which they exist in (Rogers 

2003). The possibility of this being true for this research, and the resultant absence of 

interrelationships are evident between the major variables for the models, showed 

insignificant results.  

 

It is therefore critical for a balance of opinions and conclusions in this research, to consider 
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other secondary sources that suggest interrelationships. Policy documents and secondary 

data relevant to solar domestic hot water penetration are of great importance in the final 

analysis of this research. A fundamental element of consideration of this lack of evidence 

between variables is an unrealistic representation of reality. It is thus of great importance 

to state the obvious in questions and not to assume that some of the issues (i.e issues on 

electricity supply off-peak) were not known to numerous households, and needed to be 

stated and not assumed as common knowledge to the households. 

 

6.11 63BINTERPRETATION OF FINDINGS: Chi Square Test 

 

100BSource of information 

 

Newspaper/magazines and personal recommendations as sources of information are not 

independent from household take-up of solar domestic hot water. This could be used for 

further awareness and promotion of the state of the current technology, as well as the 

fundamental contribution that solar domestic hot water could make to sustainable living, 

which is beneficial for both the household, the general public and the global community. 

 

Personal recommendation by friends/ relatives is also a key source of information that 

households access when making a decision to take up solar. This illustrates the powerful 

firsthand influence of the household network of friends and families in bringing awareness 

and knowledge experience to the household and influencing them in different aspects of life, 

including critical household decisions such as the take-up of solar. This can help in the 

design of marketing to the household, making a difference to regional residential energy 

consumption to diverge from carbon-based energy use to renewable, especially solar energy 

sources.  

 

101BKnowledge of technological reliability 

 

No relationships are evident between household take-up and household confidence in 

technological reliability of solar domestic hot water. This could suggest a strong case when 

these benefits are weighed against capital cost, when the household is making critical 
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decisions. This is clearly highlighted by the ANZ SES report (Berrill et. al 1991), where 

capital cost is due to the “large market distortion in the price of non-renewable fuels”. Capital 

cost is then more important and other long-term environmental and economic benefits are 

overshadowed until this critical barrier is overcome. Thus, this result suggests strongly the 

need to explore household views and why potential users of SDHW perceive technological 

reliability the way they do. 

 

102BKnowledge of operating Factors 

 

There is evidence of relationships between household decisions to take up SDHW and the 

operating factors involved, which are the: “Need to clean solar panel on the roof” and 

“Maintaining efficiency of panels”. 

 

This operating factor could be the major reason as to why households without solar do not 

take up this option. Therefore, it is important to address operating factors and to ensure that 

they are understood in the overall scheme of the real benefits of SDHW. Otherwise it could 

lead to a negative attitude towards the take-up of SDHW as currently experienced in 

Queensland, the “Sunshine State”. 

 

103BEnvironmental concern 

 

No significant relationship is evident across all factors on household awareness of 

environmental issues and take-up of SDHW for Questions 4 and 7.  

 

From this, it can be concluded that people’s attitude towards the current environmental 

issues, does not affect the decision to take up SDHW. It may, more realistically, indicate the 

overall lack of awareness amongst the public on these three high profile environmental 

concerns: greenhouse gas emissions, climate change and global warming. The long term 

implications of these factors on human activities, especially in relation to energy use, need to 

be fully exposed to households, in particular the importance of their role in the overall level 

of energy consumption. This suggests strongly a great need to educate households of the 

worst-case scenarios that increased greenhouse gas emissions and dramatic climate 

change, can bring. 
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However, Question 2, which encompassed the fact that “solar energy is renewable”, showed 

significant evidence to deny the null hypothesis. Thus, this variable is not independent from 

household decision to take up solar domestic hot water. 

 

104BInfluence of availability of Government rebate 

 

There is a relationship between the availability of the government SDHW rebate scheme 

and take-up of SDHW.  A majority of households with solar did not consider the rebate as 

important, as it was not available when they installed their systems. There is also a 

suggestion that if the rebate was available, they could have responded differently due to the 

large number of households responding negatively to the Government rebate question. 

Conversely, a majority of households without SDHW believed that the availability of the 

rebate could affect their decision and would consider installation if the rebate was available. 

 

The second significant relationship evident is the availability of a Government SDHW 

rebate and its potential to offer timely finance for replacing an existing hot water system, 

which may need repair/ upgrading, showing that the households with solar, were keen to 

capitalise on the available rebate to replace their systems. 

 

The third significant relationship evident is between the amount of rebate available and 

take-up. While there is a relationship in the amount of rebate available and take-up, there 

was no clear amount specified. This could be a reflection of the uncertainty around the 

issues surrounding the rebate. 

 

Households which responded negatively to the influence of the rebate on their decision to 

take-up solar indicated three reasons for their answer. These are: The rebate was not 

available, because of belief in conservation, would go solar and because of desire to 

promote reduction of electricity. This implied that the households who had solar installed 

prior to the 1990s were conscious of ‘conservation’ and ‘electricity use’ and were critical 

factors in choosing solar as opposed to other options. It also reiterates the fact that 

households were able to respond confidently because they were familiar with terms, as 

was the case with Question 4 (“Destruction of trees/ ecosystems”). 
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This confirms the importance of government rebate and government policies in the 

diffusion of solar domestic hot water, thus demanding a concentrated focus towards 

understanding this aspect of the social sub-system in which solar domestic hot water 

operates in. Their overwhelming power is reflected in the recent shift in national, now 

translated to state, initiatives. This is a well overdue approach, especially with the 

seriousness of environmental degradation, related to high carbon emission which is 

directly linked to energy use based on fossil fuels, as opposed to renewable energy 

sources. 

 

105BEnergy supplier influence 

 

No relationship was evident between take-up and factors related to energy supplier’s practices, 

especially Energex. 

 

However, according to frequency results, for respondents with a positive response to the question on 

the influence that energy suppliers may have on their decision to take up, the identifiable factors, when 

ranked, showed evidence of a relationship with take-up (Table 4.12). 

 

The strongest relationship is shown for ‘The suppliers support government initiatives’ such as the 

rebate scheme and household take-up of SDHW. 

 

The highest number of negative responses was given for “The suppliers pricing structure made solar a 

less preferred option”, followed by “The supplier’s off-peak tariff made solar less attractive than 

conventional electricity”.  These results support the noted lack of public knowledge on public and 

private energy policies and practices, an area needing heightened public awareness. 

 

106BFactors for assessing satisfaction 

 

There was no statistically significant relationships between, ‘A reliable supply of hot water’, ‘The low 

cost hot water help cut household costs’, and ‘The whole system is well designed’ (Table 4.13) and 

the importance of SDHW as a reliable energy supply. 
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107BHousehold Socio-economic characteristics 

 

There were no significant relationships evident for household compositions, income earners and levels 

of income. These are in line with the overall absence of these types of data in the literature. The lack of 

correlations between household income level and take-up was also highlighted by the SolarHart state 

manager. Thus, it can be concluded that the ability to purchase is not a prerequisite for a household’s 

adoption of SDHW. 

 

There is, however, a relationship between other residents who are managers/ administrators. We can 

conclude that generally households with managers/administrators take up solar. These residents are 

making a difference to household income and more importantly have some knowledge on solar 

technology. This again could have marketing implications, especially aimed at this target group. 

 

64B6.12 SUMMARY 

 

108B6.12.1 Relationships supported by the research 

 

Six out of eight factors in the survey are important for the adoption of SDHW. These are 

arranged in decreasing order of importance as follows: Local energy supplier, 

Newspaper/Magazines and personal recommendations, Operating factors, Government 

Initiatives: SDHW Rebate, Environmental Issues, and Socio-economic factors. 

 

These factors are supported by the household survey results. 

 

109B6.12.2 Research and literature and their implications  

 

There is a significant amount of findings explored by the current research that is supported 

by existing literature. There are also new findings revealed by the research that are of 

significant contributions to this area. 

 

Using the “Diffusion of Innovation Model Channels of Communication” (Rogers 2003), the 

importance of personal recommendations as interpersonal, are especially important in 
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helping households to make a decision. It suggests the crucial role of personal experience 

as important in gaining confidence in SDHW. Newspaper/Magazine advertising is another 

effective channel of communication for greater public marketing and awareness. These are 

critical prerequisites to the “acceptance process” and their importance may suggest the 

stage of the diffusion process. Thus, the importance of both could suggest the different 

stages of diffusion present in the social sub-system. It also reflects the presence of different 

adopter categories within this social sub-system. In the light of Rogers’ theory, this may 

suggest that there is possible re-invention, or more accurately, that the diffusion process is, 

through “cluster technology” and re-invention, is being sustained.   

 

Two of the factors that contribute by offering an explanation as to why public and private 

policies have an influence on promotions, are fundamental to the diffusion of innovation: the 

key role that “opinion leaders” have in making diffusion of innovation possible, and the link 

that they provide between adopters and “change agents”; both of which are driving forces for 

the diffusion process to occur (Rogers 2003). This was particularly important in the diffusion 

of innovation work done by Foster (cited in Berrill 1991), which has the same conclusions as 

his earlier work (Foster 1986). Like Lowe (2005), Foster highlighted the lack of public 

policies to support solar domestic hot water. Thus, the clear implications and corresponding 

heightened initiatives for implementation of a new focus on renewable energy sources, is 

evident. There is a much more positive outlook by the public to embrace solar domestic hot 

water installations as part of the national MRET, translated to local terms, as a 20% low 

carbon emission energy target by 2020.  

 

The factors for the energy supplier relates to local energy suppliers and government 

initiatives (SDHW Rebate Program). Factors such as price structure, off-peak tariff, 

marketing the SDHW concept, and supplier support of government initiative, showed 

significant relationships. This confirms Rogers’ concept of “change agents” and “opinion 

leaders” as critical stakeholders in speeding up and maintaining the process of diffusion. 

 

For government initiative factors, there is a correlation between the fact that the rebate 

offered timely finance for the replacement or upgrading of a system and the amount of the 

rebate. These findings also substantiate Foster’s (1990 cited in Berrill et al. 1991) and 

Lowe’s (2005) stance on the key role of policies and public promotion in increasing the 

adoption of SDHW. 
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The research findings, while they fail to support any relationship evident between technical 

reliability and take-up, support the views expressed in the existing literature: that solar 

domestic hot water technology is well established. The technical reliability is well established 

and often undersells, as the ‘capital cost’ is seen as the barrier due to the large market 

distortion in the price of non-renewable energy. It distracts the consumer from real energy 

savings and discourages them from purchasing SDHW. 

 

Factors for assessing satisfaction could only be asked of households with solar. Hence the 

lack of chi square tests with positive results. However, there is an overwhelming positive 

response from households with solar. This generally supports the high level of credibility 

experienced by consumers of solar, reinforcing technological economical and environmental 

advantages of SDHW. 

 

The two factors that showed no relationship with take-up, on the basis of chi square results, 

further illustrated the importance of effective public and private policies designed to offer a 

‘level playing field’ for conventional energy suppliers and manufacturers of renewable energy 

technology, especially for SDHW. 

 

Major contributions of this research, on the basis of chi square results, is its offering of data 

towards understanding the consumers’ decision-making process, especially offering 

explanations to the six critical factors that can affect their decision to take up. These factors 

are: operating factors and confidence in the technology; magazines/newpaper and personal 

recommendations; environmental issues; commitment to the environment; Government 

Rebate availability and socio-economic occupational group (i.e Other-

Manager/Administrators). 

 

The complexity of social systems is recognised in the literature (Rogers 2003) as a 

fundamental element that needs understanding in order to understand the process of 

diffusion of innovation. The findings of this research provide evidence to the crucial role that 

social sub-systems and wider social contexts have in affecting diffusion (Roger 2003). 

 

Environmental issues are paramount, especially the concept of solar as a renewable energy 

source. More recent pressing international environmental issues such as greenhouse gas 

emissions, climate change and global warming are not directly evident as influencing 

households; however, it is more likely to be due to the households’ unfamiliarity with the 
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terms and their everyday implications. Industry sees environmental issues as socio-

economic factors, especially residents of households employed as “Other- Managers/ 

Administrator”, who have a relationship with take-up of SDHW. This may suggest the 

importance of these residences to SDHW technology, their financial contribution to 

household running and thus their ability to influence household decisions. 
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25BCHAPTER 7 CONCLUSIONS AND RECOMMENDATIONS 

 

65B7.1 INTRODUCTION 

 

This chapter draws conclusions to the research. It will present significance of the current 

study and its usefulness as a research work, present the key findings and base on its 

significance and findings, the contribution of the research to the area, offer suggestion for 

possible future area of research.  These conclusions will form the basis for 

recommendations that will be put forward in the final section of this chapter. 

 

7.2 66BSIGNIFICANCE OF THE STUDY 

 
The significance of this study lies in its ability to fulfil the original aim of the current research 

which was to investigate factors that have interplay in the adoption of solar domestic hot 

water and in so doing, comes to an understanding of the adoption and diffusion of solar 

domestic hot water. Having identified the nature of this research and adopting the tool of a 

social survey, the fundamental tool for research into diffusion of innovation, this study carves 

its niche into the area of diffusion research. This research offers a piece to the puzzle of 

diffusion research as a multidisciplinary discipline; a discipline which has been classified as 

parallel to a scientific advancement (Rogers 2003). 

 

The second high-point of this research is its contribution to this era, where speculations of 

immense environmental and ecological degradation create considerable threats to human 

life; already evidenced in unpredictable climatic change and the destructive effects of 

harmful carbon emission. In understanding the diffusion and adoption of solar domestic hot 

water at a household level, the research identified all possible concerns of relevance to the 

household and possible impacting factors on their decision to take up. Underpinning all the 

questions is the search to see where environmental concerns sit in a household’s 

consideration.  
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The third aspect of importance of this research is highlighting the complexity of social 

systems, its scale and level of context in which a diffusion of innovation may take place. In 

recognising the complexity of the social subsystem, namely the household/residential sector, 

the research question operates in a multi-level and multi-scale context, where these energy 

subsystems, from global to state environmental and energy systems, are critical to arriving 

at comprehensive solutions. While it is useful to comprehend components that enrich an 

understanding of the total web of systems, in this case, energy systems, the research 

especially emphasises the importance of incorporating this “complexity” into the research 

design. This is critical, as often the interrelationships are assumed to be understood by the 

respondents. This is evident in the current research as it highlighted the significance and the 

overwhelming global influence on national, and subsequently state, influence on the energy 

scene. The key characteristic of Queensland is its rich endowment of clean coal, which it 

naturally utilises, thus the “Sunshine State’s” high electricity supply. However, Queensland 

could no longer make such choices in isolation from the national responsibility to develop an 

environmentally sound and sustainable economy that can continue to support its people well 

into the millennium and beyond. 

  

The fourth significance of this research is embedded in the importance of the subject, 

understanding and heightening priorities that households put on environmental concerns. 

This further justifies the validity of this research to incorporate collected data on public 

policies influencing the innovation in question. It is important that the interest of the public is 

protected, and that direct regulations to monitor the diffusion of innovation, will also be in 

check as well. The height of global and regional degradation has demanded more 

responsible sustainable energy use and supply at both national and regional levels with the 

global community in collaboration, all with the common pursuit and holistic perspective of 

environmental concerns which have culminated in climate change global warming and 

greenhouse gas emission. This is a fundamental requirement for the sustainable growth 

necessary for the economic and social wellbeing of the earth’s communities. 

 

Identifying the point of when diffusion began in Queensland is outside the scope of this 

paper, but needs to be encompassed as a critical element of diffusion of innovation 

research. This will allow qualitative measure of the time factor in the diffusion process of 

innovations under investigation, including that of solar domestic hot water in Queensland. An 

even better knowledge of where the process has come from, and is going, offers a clear 

direction to planners, especially with the priority role that “opinion leaders” and “change 
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agents” play in driving the adoption and diffusion process. 

 

Communication channels, in the form of mass media and interpersonal communications, 

remains powerful avenues for prompting the growth of adoption, and ultimately, the diffusion 

process of technology. Of particular interest is the importance of social networks. The 

current research reaffirms the fundamental role of these media of communications, 

especially the newspaper/ magazine and personal recommendation by friends/ relatives. It 

supports earlier findings in this area of research. According to Rogers (2003), the presence 

of both types of media could suggest the presence of various levels of adopter categories: 

early adopters and early majority. In the context of the socio–political stance, it is possible 

that there has been a re-invention and re-vitalisation of diffusion of solar domestic hot water, 

therefore, supporting and sustaining the process of innovation. With this reaffirmation, it is 

critical therefore, for the government, “change agents” and “opinion leaders”, to be identified 

and utilised to further promote the diffusion of innovation, not only for solar domestic hot 

water but diffusion of other technological innovations critical for societal wellbeing.  

 

 

7.3 67BSUMMARY OF FINDINGS 

 

Six out of eight factors tested proved to have a relationship with the take-up of SDHW in a 

household. The following factors are listed according to the number of their sub-hypotheses that 

showed evidence of relationships with take-up of SDHW in a household. These are, from the factor 

with the highest to the lowest number of sub-hypotheses: local energy suppliers (4), 

newspaper/magazine and personal recommendations (2), operating factors (2) and government 

initiatives (2), environmental issues (1) and socio-economic factors (1). 

110BContribution to research on renewable energy 

 

The following are the contributions of the recent research to the current area of research: 

 

Substantive Outcomes 

 The positive outlook to the improved level of SDHW adoption is the main strength of 

this research. Objectively, acknowledging the need for change from all stakeholders 
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of the subsystems in “Diffusion of Innovation”. 

 Recognition of the complexity of relationships through recognition of multi-factors 

with multi systems: behavioral and institutional subsystems have been explored in an 

effort to understand the forces underlying patterns in household adoption of SDHW. 

 

 First time such an in-depth study has been done in South East Queensland: 

 Multiple responses offer realistic framework indication to understanding real life 

situation to people’s valued opinions and views, that is, awareness, technological 

and operating factors, factors related to environmental issues, government initiatives, 

energy supplier, factors involved in assessing satisfaction and socio-economic 

facets. 

 

The outcomes that may inform policy include the following: 

 Operating factors may affect smooth running of the SDHW system and hot water 

supply. 

 Comprehensive information on more than one resident has provided comprehensive 

household data. 

 Socio-political and socio-economic factors are addressed for the Brisbane area. 

 

Questionnaire design benefits include: 

 Multi-response for most questions allows respondents more interpretation of a 

question e.g. the environmental question. 

 Responses closely grouped with more than one question included under other 

sections to double check responses. 

 

Policy implications: 

 The research accommodates for changes in policies for the Queensland energy 

scene which reflects the current situation. For example, there is recognition of 

positive changes with the adoption of a National Energy Framework for State 

environmental and energy policies, highlighted by electricity supply systems and their 

promotion of solar domestic hot water. The same positive approach is taken by 

sampling households without solar not only to offer a balanced view, but to further 

understand forces behind their non-take-up and better services them as potential 

adopters of solar domestic hot water systems, promoting “green” energy and low 

carbon emission options. 
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7.4 68BRECOMMENDATIONS FOR FUTURE RESEARCH 

 

The recommendations are aimed at improving the take-up of SDHW. Based on the above findings it 

is suggested that the following factors be priority considerations in the promotion of solar domestic 

hot water. 

 

Source of information, technological, operational, and environmental 
factors: 
 

 To use newspaper/magazine in neighborhood programmes targeting an increase in 

SDHW sales. 

 To promote social network, especially within local areas as focused areas for marketing 

diffusion of innovation. 

 To promote SDHW in the form of educational programmes using identified sources of 

information as an effective strategy in increasing the adoption of SDHW. 

  To heighten the awareness of environmental concerns by highlighting sector levels of 

consumption as a reason for targeting the use of SDHW and reducing the CO2 emission 

problem. 

 To incorporate technological factors and operating factors into services delivered to the 

general public and available as resources to householders. 

 To mandate an Environmental Protection Agency (EPA) as Mandatory Renewable 

Energy Target (MRET) counterpart in Queensland. 

 

Government Initiatives- SDHW Rebate Scheme: 
 

 To use the government rebate as a base for promotion of SDHW amongst households 

with comprehensive information on environmental issues and a government statement of 

financial arrangements that alleviate an “unlevel playing field” amongst the public and 

private sector energy suppliers/manufacturers. Key features to this statement of position are 

the indication of the policy shift that the government has taken. 

 To incorporate public policy and practice documentations as integral research design 

aspect (requirement of study), promoting adopter awareness of interconnectedness of 

systems that govern their affairs and to ensure government, key “change agent” have 
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positive position towards diffusion of innovation, especially those that promote societal total 

well being. 

 

 

Local energy suppliers: 
 

 To design information sheets with current energy arrangements for private and public 

energy suppliers / manufacturers to be public knowledge and educational programmes 

to promote greater public awareness of advantages / disadvantages and the option of 

utilizing renewable energy sources. 

 To promote resultant ‘business as usual’ as opposed to urgency to be adopted in alleviating 

the dependency on CO2 base energy sources, reducing greenhouse gas emissions and 

catastrophic side effects. 

 

Key factors for assessing satisfactions: 
 

 To collect comprehensive data on consumer behaviour on an ongoing basis and to be key 

information to SDHW stakeholders in planning and designing promotions and marketing. 

 

Further research areas: 
 Technological reliability to be further assessed in relation to capital cost and the 

household / public perspective. 

 Focused research on study of “cluster” of geographical regions to understanding 

diffusion of innovation of solar technology. 

 Factors in assessing satisfaction-consumer behavior, research into areas other 

than the “reliable hot water supply” option identified here. 

 Socio-economic research into occupational groups: ‘Other’ household residents 

who are Managers/Administrators to identify their views on adoption of SDHW. 

 Research to identify the point of when diffusion of solar domestic hot water 

commence in Queensland. Identification of this point will shed more light  on where 

the process had been and is going and offer clear direction to planners especially 

with the priority role “opinion leaders” and “change agents” play in achieving the 

adoption and diffusion process. 
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