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Abstract – This paper is a preliminary review, which identifies known barriers for the
slow uptake of solar water heaters in Australia. It analyses the reasons why these
barriers exist and tries to suggest further measures to overcome them. The barriers
are grouped in four categories: technical, social, economic and policy.
Recommendations for improvement of solar water heaters take up in Australia are
given with summarised suggestions and directions. Some observations were based
on a customer database of the now ceased Sola-Kleen Company in Perth. This
paper aims to identify the barriers for the slow uptake of solar water heaters in
Australia and recommends future steps to overcome the barriers.
1. Introduction
Many scientists, policy makers, academics, and others believe that solar water
heaters (SWH) are one of the most simple yet profoundly effective renewable energy
technologies [1]. Today, the global SWH market is growing rapidly [2].
Australian wide, water heating accounts for the second largest residential
sector average energy use (30%), after space heating and cooling (39%) (Figure 1).

Figure 1: Australian residential sector final energy use in 2007 [3]
Residential sector energy consumption increased from 299 PJ in 1990 to 402
PJ in 2008 and was forecast to increase to 467 PJ by 2020, which would amount to
an increase of 56% from 1990 to 2020 [4, 5].
Solar2014: The 52nd Annual Conference of the Australian Solar Council
1	
  
	
  

Proceedings of the 52nd Annual Conference, Australian Solar Energy Society (Australian
Solar Council) Melbourne May 2014 ISBN: 948-0-646-92219-5

397

The majority of Australian householders continue to rely on electric or gas
water heaters and, although the penetration rate of solar water heaters (SWH) has
increased significantly over recent years, largely as a direct consequence of
Australian and State/Territory government rebates [6], there remains significant
scope for further increase of penetration rates, especially in some States and
Territories.
According to an ABS survey released in 2012, electric hot water systems are
the most common water heating technology type in the Australian residential
household sector, followed in descending order by mains gas, LPG and SWH
(Figure 2).

Figure 2: Installed residential hot water technology types in Australia [3].
Figure 2 shows that the market penetration of electric water heaters increased
from about 50% in 2005 to 52% in 2011 with a dip to 46% of households in 2008.
Mains gas water heater penetration remained almost unchanged at 36% from 20052011. The penetration of SWHs more than doubled over the period, increasing from
4% in 2005 to 9% in 2011 [3].
Penetration rates of domestic SWH systems in countries with similar climates to
Australia also vary significantly. In some countries, such as Cyprus and Israel,
domestic SWH penetration rates are higher than the national average penetration
rate in Australia, whilst in other countries, such as Saudi Arabia, domestic SWH
penetration rates are negligible [7]. The inter-country differences in penetration rates
can be largely explained by differences in residential electricity and gas energy
prices and national reliance on imported fossil fuels to meet energy requirements.
The reasons for the differences in domestic SWH penetration rates between
Australian States/Territories appear to be more complex and cannot be so easily
explained. Replacing electricity and gas hot water systems with SWH systems in
residential energy consumption in Australia would significantly reduce fossil fuel
consumption and associated GHG emissions in Australia [8]. But still the penetration
of SWH is very low.
Western Australia had 21% penetration, second only to that of the Northern
Territory (54%) in 2008 [6], and at that point was increasing rapidly, since rebates
were not closed until 2013 the tail off since 2010 cannot be entirely due to that [9],
but part of the issue may be with the rapidly decreasing costs of solar PV and
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consequently increased installations [10] that people are choosing that technology as
opposed to SWH if funds are limited.
Many parameters are likely to account for the low penetration rates of domestic
SWH and the relatively low uptake of SWH systems in some States, despite the
availability of federal government rebates [11]. Differences in solar radiation levels
and, therefore, in the performances of SWH systems and pay-back periods, and
differences in State government rebates are the two obvious explanations. Some
experts believe that the cheap cost of energy supplies in Australia provides little
financial incentive to reduce energy demand by using the sun’s rays to heat the
water and is the main cause of not installing SWH [12]. Other explanations include
low performance over time of many SWH systems that have been installed, tank
corrosion, which decreases tank life and increases the life cycle cost, higher
purchase and installation costs relative to gas and electric water heater systems,
lack of information on the part of consumers on differences in operating costs, the
split incentive problem (landlord/tenant) and the purchasing choices of the houseowner, builder or plumber.
2. Barriers of SWH in Australia
Despite abundant sunlight, SWH penetration in Australia is very low. The most
pervasive barriers related to SWH are to do with cost [13]. The cost of energy in
Australia is so cheap, and the cost of a solar water heater so expensive (at least in
comparison to an electric or gas storage heater), so there is little financial incentive
to install solar. The internal rate of return (IRR) of six to eight years was always
considered too long, although, not many people calculate the IRR before they buy a
water heater system.
The barriers discussed in this paper are collected and collated based on
previous work by others, literature review, analysis of a Sola-Kleen database [14],
personal communications with one of the former owners of Sola-Kleen [15] and
experience of SWH customers [16]. The barriers are grouped into technical, social,
economic and policy barriers.
2.1 Technical Barriers
Technical barriers have to do with problems in the design, installation,
maintenance and quality of the SWH systems. One of the possible problems was
with the design, because in the past ‘the design was never suited to Australian
houses and conditions’ [17]. The most the most common solar water heaters in
Australia is a flat plate thermosiphon system with a roof mounted horizontal storage
tank. In warm climates the panels heat the water directly, but in areas where frost is
common a heat exchanger is used to transfer heat from liquid circulating through the
panels to the potable water in the tank in order to prevent damage to the panels from
water freezing in them [6]. The direct heat versions are more efficient, and cheaper
to manufacture, however, these systems are susceptible to corrosion inside the
tanks or calcification of the collector [18].
If the system is not sized correctly, especially if there is a large collection area
compared with the storage tank, or if it is left to stagnate, then overheating or ‘boiling’
can occur which can be dangerous for users and lead to metal fatigue and damage
to the systems [19]. Pressure and temperature relief valves and cold water relief
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valves are used to prevent catastrophic damage [20], but must therefore not fail
themselves. The supply of a bad batch of valves necessitated many valve
replacements for a company in WA [14].
A booster system is needed to prevent bacteria build up [21] and provide hot
water in winter and extended cloudy periods. A switch can be installed to allow more
manual control of this system but is not standard [19]. Switches that allow the
booster to be set to go on at certain times are ideal.
The system design should also be such that regular maintenance and
replacement of small parts such as seals and sacrificial anodes does not require the
replacement of larger more expensive pieces of equipment such as heating
elements [22] before they are requiring replacement.
It is important that the materials that the tank, collector and pipes are made out
of are corrosion resistant. There are a variety of materials that are used e.g. copper,
stainless steel and enamelled steel [18, 20]. Which are most appropriate may
depend on the area, especially if the customer is living near the sea (due to salt
increasing corrosion rates). Using different materials in different parts of the system
can lead to increased corrosion [18] and premature failure of the system. The type of
material used also depends on the water quality. In areas where the water quality is
not high it will be more necessary to use materials that are corrosion resistant [18].
The collectors themselves can be of various types, though the flat plate type is
more commonly used in Australia than the more expensive evacuated tube
collectors. These should be constructed so that they are weather resistant,
especially in areas where hailstorms are common. If moisture penetrates through the
glass it can lead to condensation and sagging glass [23] but replacements of
collectors are rare compared to tanks [15]. To reduce losses it would also be ideal
where feasible to insulate the pipes connected to the system [24].
There are a number of technical barriers to do with the installation of the SWH
system. If the tank is to go on the roof, then the roof may need strengthening, and it
may not be easy to install on tiled ceramic roofs [17]. There are also issues of
orientation and shading. An incorrectly installed SWH system which is not oriented
correctly will not run efficiently [19]. There has also been a shortage of people
qualified and willing to install them due to the extra complications compared to other
hot water systems [25]. Increases in the SWH market can exacerbate this. The tank
can be installed at ground level, but then it will need an additional pump since the
thermosiphon effect will not be sufficient [20]. This is balanced by the reduced
installation costs and ease of access for maintenance.
If a SWH system is not maintained, this may lead to suboptimal performance
and customer dissatisfaction. Whether this is regular replacement of pressure
valves, seals [22, 24], cleaning of the system [19] or the replacement of sacrificial
anodes there appears to be some disagreement between SWH companies on the
necessity or frequency of this maintenance [19].
Beyond the design, the quality of the finished product must be good enough
that it produces reliable hot water without needing significant parts of the system
replaced within a short period of time. Failure to do this leads to reduced trust in the
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systems, causing previous customers to not choose solar systems again, and to not
recommend them to friends [16], turning a technical barrier into a social one.
Table 1 Summary of the technical barriers, possible measures and role of
stakeholders
Barriers

Measures

Bad matching of system to location
Failure due to corrosion

Role of
Stakeholders*
M, ,C, I
M, I, R

Better matching of systems
Match materials to water quality,
location
Difficulty of maintenance
Ground level tank; parts easy and
M, C, P, I, R
cheap to replace
Lack of manual booster switch and
Have timed booster switches as
M, C, I
knowledge
standard, and clear instructions
Failure of collectors (rare)
Correct installation
I, R
*M: Manufacturer, C: Consumers, P: Plumbers, I: Installers; R: Researchers

2.2 Social and Economic Barriers
Consumer awareness is very important in renewable energy technology
dissemination. There is lack of awareness of the current status of the SWH
technology and its possibilities among the users. The reluctance of the users to
manage a slightly more complex system, which may need a little attention to be
effective, or the wrong perception that intermittence may lead to a lower comfort
level for either space or water heating, or to some changes in habits [26]. A survey
conducted by University of Technology Sydney indicated that customers were not
sufficiently informed about the booster system of their SWH system and how it
works. A widely held opinion was that a SWH has to provide largely free hot water
and perform nearly as well as a standard storage water heater without boosting.
Because they weren’t informed about how to best use their boosters they left their
boosters on all the time, which can result in unnecessary energy consumption [19].
Lack of a model designed to indicate how much money or energy a consumer
will save when using a SWH compared to an electric or gas water heater. This
information should be shared right from the purchase of SWHs. In the absence of
such a model, it makes it difficult for consumers to understand the benefits offered by
SWHs [27]. Another issue of not choosing SWH while replacing or installing a new
one is that plumbers tend to choose the line of least resistance when changing a hot
water service and SWH is significantly harder to install than a normal electric/gas
system. Therefore, they try to steer the customers away [28].
Aesthetics are a concern from the household point of view mentioned in
different blogs [29]. No manufacturer made an effort to visually integrate the design
of the solar system into Australian houses. On the contrary, they were often finished
in bright aluminium or polished stainless steel, not coloured to match the roof, and
had garish manufacturer’s signs across the entire tank, an aggressive approach to
branding. No wonder some councils would baulk at their potential visual pollution.
For example Sydney’s Leichhardt Council has a policy mandating solar water
heaters, while at the same time prohibits them from being visible from the street [17].
This highlighted the contradiction that faced most home-owners and designers: while
the contribution of solar water heaters was valuable, they were so ugly that installing
them required a separate frame mounted at the rear of the house to hide them.
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Another important concern was the impracticality of installation. The builder had
to reinforce the roof and crane the unit in, the plumber had to install half a dozen or
more fixings to hold the panels and tank in place, together with multiple penetrations
through the roof for the hot and cold water pipes and the booster connections [22].
Economic barriers are very often decisive issues when considering installing
new, maintaining and repairing old SWH systems. And for SWH are essentially the
high costs of purchase and installation and the low tariffs for off-peak electricity and
gas. A survey indicated the reason behind not choosing the SWH is because of the
high cost especially when instant gas is cheaper to buy, install and to run. According
to the respondents, gas water heaters always deliver solar hot water and they
believe that they can avoid $230 cheques for maintenance every five years [19].
Some of the hidden costs in the installation of SWH are [29]:
-‐ Strengthening of the roof to take the loads of the water filled tanks (for roof
mounted);
-‐ Modification of the plumbing in the roof to cater for the hot pipe to the tanks
including insulation of the pipes; and
-‐ Supply of cold water to the system.
Replacing broken tiles on the roof also adds an additional cost for the householders
during installations [17].
Table 2 Summary of the social and economic barriers, possible measures and role of
stakeholders
Barriers

Measures

Role of
Stakeholders*
M, G, R, C, I

Awareness on SWH consumers,
Need awareness development
installers, plumbers
program
Aesthetic
Good looking and light model design
R, M
Lack of information on benefits of SWH
Information dissemination
R, G, M
Installation
Users friendly model design
R, M, G,
High capital cost
Design low cost SWH
R, M, G
High maintenance cost
Reduce maintenance
R,M
High installation cost
Improve design
R, M, G
*M: Manufacturer, G: Government, C: Consumers, P: Plumbers, I: Installers; R: Researchers

2.3 Policy Barriers
In December 2008 the Ministerial Council on Energy (MCE) took an initiative on
developing a framework called ‘National Hot Water Strategic Framework’, which
allows the following [11]:
‘…individual jurisdictions may opt to bring forward the program including
introducing more stringent requirements.’
The Renewable Energy Certificate (REC) was initiated in 2001 to encourage
renewable energy use, and are available for customers (as STCs) when buying a
SWH (as well as wind and PV systems) [30]. This was a very well-known program
with great benefits. However, customers noticed that when RECs are compared they
are based on tank size (e.g. 400 litre systems will get more RECs than 300 litre
systems), which may reduce interest in the appropriate size tank. Table 3 shows the
previous state and territory water heater rebates [11]. Most of these rebates, except
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for Victoria metro, were for either replacing an electric water heater or for new homes
which did not provide a strong incentive for SWH for other consumers. However
these are nearly all gone, with no Commonwealth rebate and only Victoria providing
VEECs and NT some support for plumbing and roof upgrading if needed [9].
Table 3 State and Territory water heater rebates, 2010 [11]

RECs appear to have had some effect in increasing the take up of SWH. Figure
3 shows the installation of SWH systems in Australia. From the figure, the influence
of government rebates on sales growth between 2001 and 2010 and their
subsequent decline after that, when the state and commonwealth rebates started to
tail off, are easily visualised.

Figure 3 Number of SWH systems installed in Australia (2001-2012) [10]
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3. Discussions and recommendations
Improvement of SWH up take in Australia should include: improving SWH
system design, reduce the capital, installation, and maintenance cost of the systems,
appropriate rebates for households; adequate training for plumbers and installers;
information programs on the proposed phase-out and replacement options;
simplifying SWH systems (storage tank installed at ground level; controlling the solar
exposure of collectors in summer); installers having interim water heating clearly
available during the installation process.
From the above discussion the significant knowledge gaps pertaining to
residential energy use of hot water are:
• Lack of knowledge on the benefits of SWH systems;
• Lack of up-to-date quantitative data on the actual maintenance and monitoring
of the system;
• Cost-effectiveness of SWH under actual domestic load conditions;
• Real energy savings for solar water heaters installed in residential dwellings;
• The payback period for investment in SWH in residential premises;
• Longevity of SWH system.
Technical factors that affect the uptake of SWH are not just individual issues
and lack of knowledge at the time of buying. There are some hidden unpredictable
issues such as: misleading information from the installer, issues related to
installation, the lack of a standard booster switch with timer capability, the materials
used which may depend on the location, whether it should be a roof mounted or a
split system, system reliability, that the designs do not always seem to allow for easy
maintenance and replacement of parts and the need for this maintenance is not
always known.
Social factors includes individual consciousness on SWH, mostly arises due to
lack of awareness on the technology and misleading information from the bad
experience of other SWH users, lack of awareness on the benefits of SWH, visual
problems and also impracticality of the installation. Some of these social issues can
be addressed through improved technical design such as simplicity in design and
installation. It is necessary to take into account the consumer’s view before
disseminating any new technology for residential uses. Therefore, awareness
development among the consumers, governments, plumbers, and installers is
important. This can be done through information dissemination. Developing a light
and good looking model can reduce the aesthetic social barriers. Researchers and
manufacturers can play a major role in this.
Economic issues are often decisive elements in buying a SWH system, despite
all the advantages and environmental consideration. Initial capital cost is the first
barrier, but repair and maintenance also affect consumer’s decisions. The cost of
installation is also another concern for the households as most of the plumbers
charge more for installation of SWH than gas storage or instantaneous. The
measures that could be taken to remove these barriers are to improve the design
and making a user friendly model. Another important solution, which linked with
technical issues, is improving the design so less maintenance is required and getting
down the cost.
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As discussed in section 2.3, policy can play a major role in disseminating any
new technology. Having a rebate increases the sales to some extent, but rebate
should be promoted to increase the market share and thus need to revisit the rebate
options. Policy factors are mostly a governmental issue, which affect everyone, but
individual customers cannot predict their effect on their SWH viability too far in the
future.
Some barriers, which are technical in nature, as discussed in the previous
section, can be removed with the help of research and development of the
technology. The barriers related with social and policy issues are difficult to deal
with. An awareness development among users, technicians and policy makers is
necessary to overcome these barriers. The industry and government should be the
first audience to inform of the factors that are blocking the take up rates of SWH.
4. Conclusion
There is no single and decisive barrier for the low uptake of SWH in Australia. It
is complex. The cost of SWH systems is obviously too high for the consumer. The
uptake of SWH increased when government rebates were applied. However they
have not yet come close to becoming a mainstream method of heating water.
A new wave of solar water heater innovations will be needed to reduce high
capital maintenance and installation costs to the consumer. To identify new
technological directions will need a fresh look at the industry with the assistance of
independent researchers.
Further research of failures is imperative. Such analysis should cast more
focused light on why the uptake of SWH has been so low despite abundant available
solar resources. There are potentially large carbon reductions associated with using
the sun. Smarter innovations are probably the answer, not necessarily more
subsidies.
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