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Executive Summary
Background

Opportunities

The built environment is one of the largest consumers of
energy in Australia. Solar generated thermal energy is well
suited for the replacement of thermal energy use in many
building sector applications. Despite high solar availability,
high energy prices and the existence of a favourable
ecosystem, the market uptake of solar heating and cooling
technologies has been quite limited.

This report shows that both residential-scale and large-scale
commercial solar hot water systems can be commercially
viable, with payback periods of fewer than 5 years while
operating with over 50% solar fraction. Many commercial
building applications such as hospitals, public buildings,
university buildings and schools have favourable conditions
for the installation of solar heating and cooling systems.
From a technology perspective, large-scale precinct-level
solar heating and cooling provide opportunities for the
integration of solar energy generation systems. Optimally
designed, direct-coupled residential-scale PV-driven air
conditioning and hot water heating solutions can also be
commercially attractive due to the simplicity of the system
and the ease of installation.

In this context, the authors have analysed the status of
the Solar Heating and Cooling (SHC) industry in Australia
that is suitable for built environment applications, and
identified existing market barriers as well as opportunities
for improving the market uptake of SHC solutions. Specific
recommendations with timelines for improving the market
uptake of these technologies in the next three to five years
have been provided.
In this study, we have considered both residential and
various commercial built environmental sectors. Space
heating, hot water heating and space cooling opportunities
have been considered in the analysis. Thermal energy
delivered from rooftop solar thermal collectors and PV
systems has been considered.

Barriers
Based on inputs from various stakeholders, the market
barriers for large-scale uptake of SHC systems for built
environment applications have been identified in this
report. These are: i) high initial cost of these system
installations; ii) lack of awareness of benefits and unrealistic
expectations of benefits from these technologies; iii) supply
chain and workforce competitiveness; iv) technical and
financial risks; v) split incentives.

Recommendations
A set of recommendations across four themes (Develop,
Support, Implement, Inform) have been listed here. In
summary, these recommendations would result in setting
up two exemplar projects for each built environment
sector, each built and monitored using best practice
guidelines. A unique feature of these installations would
be a performance guarantee mechanism implemented for
both small-scale as well as large-scale projects. We suggest
that an entity to coordinate implementation of these
recommendations should be set up, according to identified
timelines shown in the chart following.
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RECOMMENDATION
Develop

TIMELINES

1

Development of standardised design/best practice design for solar
thermal heating and cooling systems with a modular component
approach (less than 1 MWth scale) for various built environment
applications

Publish in 2019

2

Development of standardised design/best practice design for solar PV
heating and cooling systems with a modular component approach (less
than 1 MWth scale) for various built environment applications

Publish in 2019

3

Extend standardised approach for estimating energy savings from
solar heating and cooling solutions (interim standard AS5389). Extend
AS4234 to include PV driven solar hot water systems.

Available in 2019

4

Development or adaptation of design support tool(s) for use by
consultants, designers and installers

Available in 2019

5

Develop performance guarantee mechanism for solar heating and
cooling installations

Available in 2019

6

Evaluate options and develop standard contracting templates for largescale solar heating and cooling installations

Available in 2020

Support

7

Identify suitable large-scale exemplar project opportunities for EPC
model implementation, leverage financing mechanisms available for
installation

Opportunities identified in
2019

Implement

8

Identify two pilot project opportunities for each built environment
application and deliver detailed feasibility studies for each

Available in 2019

9

Install and commission a minimum of ten exemplar projects (part
financing through ARENA or CEFC) based on feasibility studies. These
will be in the capacity range of 100 kW to 1 MWth

Commission in 2020

10

Implement performance guarantee mechanism, and five-year
monitoring procedure for exemplar projects. We recommend
reserving no less than 20% of project funds for post-installation system
optimisation activities.

Monitoring period: 2020 -2025

11

Install and commission exemplar projects for large-scale (over 1 MWth)
heating and cooling applications

Deployment in 2022

12

Incorporate standardised design and best practice learnings as part of
curricula and CPD activities for architects, engineers and trades. Embed
these guidelines as part of an existing process

2021 - 2022

13

Update best practice documents every two years based on lessons
learnt from operational installations, incorporate lifecycle cost analysis
and include technology and knowledge advancements

Update and revise in 2021,
2023

14

Organise information sessions once a year across the country, covering
solar heating and cooling technologies, financial incentive mechanisms,
lessons learnt from exemplar facilities. Promote and publish existing
case studies and organise site visits

Annual event

15

Constitute an entity for implementation of these recommendations.
Involve all stakeholder groups

In 2018

Inform

2

ACTION
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Standardisation and Best
Practice Design Document
Development

Develop &
Support

Development of
software tools to aid in
Best Practice Designs

Development of
Performance Guarantee
Frameworks

Identify small/medium
exemplar projects

Deploy small/medium
Exemplar Projects

Operate and Monitor small/medium exemplar projects

Implement
Identify large scale
(> 1 MWth) projects
with EPC model

Deploy large scale
exemplar projects

Lessons
Learned

Inform

Develop Information
sessions, curricula for
Engineers/Architects/Trades

Revise
and
Update

Operate and Monitor large
scale exemplar projects

Lessons
Learned

Revise
and
Update

Implementation timeframe for recommendations
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1 Introduction
1.1

Background

The built environment is one of the largest consumers of
energy in Australia. The built environment sector accounts
for nearly one quarter of total emissions (Campey et al,
2017). Space conditioning represents the single largest
energy user, comprising 41% of all energy use in the
residential sector (DEWHA, 2008) and 39% of all energy
use in commercial building environments (DCCEE, 2013).
Heating and cooling energy end use varies according to the
building type. For example, in hospitals, natural gas usage
is nearly 50% of total annual energy use, predominantly
used for space heating and water heating requirements
(DCCEE, 2012). HVAC consumption and hot water usage
constitute over 60% of typical residential energy use
(ASBEC, 2016).
Driven largely by the energy efficiency measures, energy
intensity1 has shown a decline in the last decade. Between
2005 – 2015, it has been estimated that residential buildings
have achieved 15% savings in energy use, and commercial
buildings achieved 9% savings in energy use due to
improvement in energy intensity (ASBEC, 2016). However,

Energy use

overall energy use in residential and commercial building
sectors will continue to grow in the coming years, driven
by overall population and economic growth. Since 2000,
Australia’s population grew between 1% and 2% annually
(Australian Bureau of Statistics, 2017a). Similarly, national
GDP growth in the same timeframe was always positive
and mostly above 2% p.a. (Reserve Bank of Australia, 2017).
With a positive economic outlook, this growth is expected
to continue.
In the last decade, overall residential sector energy
consumption increased from 402 Petajoules (PJ) in 2008
to 441.1 PJ in 2017. A key driver is the growth in occupied
residential households in Australia and the increasing
size (floor area) of these households. Household numbers
increased from 6.06 million in 1990 to 9.4 million in 2017,
an increase of 55%. Over the same period, total residential
floor area rose from 685 million square metres to 1,564
million square metres, an increase of 128% (DEWHA, 2008).
The trend in declining electricity energy intensity in the
residential building sector is expected to continue, but will

Building Stock

Figure 1. Commercial buildings’ total energy use trend and growth in building stock (DCCEE 2012), relative to 2009 numbers

1

Energy intensity is defined as the energy use per unit area
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be more than offset by the continuing growth in dwellings.
The overall residential sector energy consumption is
forecast to increase to 467 PJ in 2020, the number of
occupied households is expected to increase to almost 10
million and aggregate residential floor space is expected to
rise to 1,682 million square metres by 2020 (DEWHA 2008).

Rising gas and electricity prices over the past five years
have caused stress on the operating budget of various built
environment sectors. Retail electricity prices are likely to
grow over 5% per annum in most of the states in the next
few years and remain higher than 2017 levels in the future
(Figure 2). Wholesale gas price projections show a mean
increase of over 40% from 2015 levels for the next ten years
(Figure 3).

Average growth rate, % pa

In comparison, total commercial building energy
consumption grew (Figure 1) from 134.6 PJ in 2009 to 159.4
PJ in 2017, a growth of 18.4%, principally due to a 16%
growth in commercial building stock - from 135,726,000
m2 in 2009 to 157,376,000 m2 in 2017 (DCCEE, 2012). Total
commercial building energy consumption is forecast to
grow to 169.6 PJ by 2020, a growth principally due to an
increase in commercial building stock.

The cost of energy increased disproportionally to its use in
both residential and commercial sectors. In the residential
sector, per-household consumption of gas grew by only
5.7% from 2008 to 2013, but its expenditure grew by 64%.
Similarly, per-household electricity consumption declined
by 4.7% and its expenditure grew by 69.3% from 2008 to
2013 (Coleman, 2017). The change in energy use costs in the
commercial building sector was comparable (DCCEE, 2012).

Neutral
QLD

NSW

Weak
VIC

SA

Strong

TAS

Figure 2. Residential electricity price growth forecast (source: Parisot, 2017a)
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Melbourne

Sydney

Adelaide

Brisbane

Canberra

Tasmania

Figure 3. Average gas price (AUD/GJ) increase projections (source: Core group, 2016)

1.2

Motivation

Onsite energy generation technologies such as Solar
Heating and Cooling (SHC) can play a major role in
protecting end users from escalating energy costs.
Technically mature2 solar energy solutions are available
to deliver thermal energy for various built environment
applications with a reduced operating cost.

generation capacity (Energex, 2018). Solar energy based air
conditioning has been shown to reliably reduce the peak
demand (ARENA, 2016a).

Australia ratified the Paris climate agreement in 2016. This
commits Australia to a 26–28% reduction in greenhouse
gas emissions below 2005 levels by 2030. CSIRO’s low
emissions technology roadmap advocates fuel switching
as one of the options to achieve deep cuts in emissions
from the built environment that can help to achieve the
2030 emission reduction targets (Campey et al, 2017). Solar
energy, whether from solar thermal collectors or PV panels,
is well suited to replace fossil fuels in thermal energy end
use applications in the built environment. These solutions
provide a viable path towards minimising both energy use
and its related costs.

Table 1. Motivation for installing SHC systems in built
environment

The use of residential air conditioners during the
afternoon hours of hot summer days is seen as the main
contributor to network peak demand periods (Smith et al,
2013). Electricity supply utilities invest in maintaining and
expanding infrastructure that gets used for only few days in
a year. Demand response initiatives such as ‘PeakSmart air
conditioner’ programs have been used to avoid expensive
network upgrades and the addition of peaking power
2

6

Table 1 provides a summary of factors driving various
stakeholders to consider SHC technology in their premises.

STAKEHOLDER

MOTIVATION

Government
(state and federal)

• Reduce carbon emissions, meet
international commitments
• Manage increasing gas and electricity
prices
• Manage peak demand in networks
• Encourage sustainable communities

Commercial building
owners, property
developers

• Operating cost saving benefits of SHC
systems
• Improving building energy rating
and value of the building, attracting
premium clients
• Avoiding network upgrades
• Land acquisition for development,
obtaining permits in certain council
jurisdictions

Residential building
owners, commercial
building tenants

• Operating cost saving benefits of SHC
systems
• ‘Guilt free’ operation

Technically mature solutions in the context of this document refers to technologies that can be procured in the open market. It is likely that they carry minimal
technical risk to the owner as operational faults and issues associated with this technology have been removed through long-term development and testing.
Promoting the Use of Solar Cooling and Heating in Australian buildings (PUSCH)

1.3 Solar heating and cooling market
uptake
There are two basic pathways for utilising energy from
the sun for building services. Market uptake of these
technologies is driven by various factors. Historically, solar
thermal collectors have been the technology of choice,
particularly for water heating applications. Key advantages
of thermal collector-based systems are their much higher
efficiency (50 to 60% for domestic flat plate collectors
versus 15 to 20% for solar photovoltaic panels), and, at least
in the past, lower cost. On the other hand, photovoltaic
systems may be simpler to install and offer the flexibility
of providing electricity for other services. When combined
with heat pumps (for example reverse cycle air-conditioners
and heat pump water heaters), which typically have
thermal efficiencies of between 2 and 4, the solar-to-heat
or -cooling efficiency of PV-based solutions is significantly
improved.
A key distinction between the two technologies is
that the PV systems generally offset a portion of the
entire electricity used on the site. They elicit no specific
preference for building air conditioning or hot water
services. In contrast, solar thermal systems are dedicated
services, typically designed to meet a large fraction of
the building’s thermal load (e.g. hot water). In residential
buildings, the ability of PV to be used for other building
services is seen as an advantage, both in the context of
improving self-consumption of site-generated PV and for
home owners, who only have to install a single solar energy
collection device on their rooftops.
A second important difference between PV systems
and thermal systems is their integration with storage.
Despite their partial alignment with cooling energy needs,
achieving a high solar fraction (contribution of solar energy
to meeting the building heating, cooling and hot water
energy needs) will require the use of a storage device.
Traditionally, solar thermal system designs are optimised
for a given building energy use along with a storage tank.
Thermal storage tanks using water as a storage medium
are seen as reliable for most of the built environment
applications and contribute only a small fraction of the cost
of the solar thermal system. On the other hand, most of the
existing PV systems operate without a storage component,
primarily limited by the high initial cost, life and reliability
of the electrical storage systems.

Lack of storage and direct coupling between solar PV and
the cooling energy demand may deliver no benefit in terms
of reducing peak demand. This will particularly be the case
for locations where the peak energy use happens after
6pm. It has been reported (Figure 4) that the installation
of rooftop PV (without storage) has not impacted the
peak demand experienced by the networks due to air
conditioning usage during late afternoon hours.
Direct coupling is required between onsite PV generation,
and heating/cooling loads and storage to maximise the
benefits of solar PV-driven heating and cooling solutions.
Thus, in this report, solar heating and cooling solutions
that use some form of coupling between the energy source
and the end use device are considered to be solar heating
and cooling solutions. For example, controllers that enable
PV-generated electricity for hot water heating is a solar
heating system, whereas a rooftop PV system that delivers
electricity to a building including the hot water loads is not
a solar heating system. However, unless the ‘true cost’ of
delivering peak cooling and heating loads is seen by the
consumer, residential consumers will most likely be driven
by solutions that offer lower capital costs with simpler
installation and low maintenance features.
The maturation of electrical storage is likely to increase
the market uptake of PV for residential rooftops. Once
economically viable, electrical storage systems could be
optimally sized to meet the building’s cooling, heating and
hot water needs, with or without a smart controller. The
ability of these systems to be 100% solar driven depends
upon factors such as roof availability. Considering the
time frame of implementation of this roadmap (5 years),
opportunities for maximising the benefits due to PVdriven (direct coupled) heating and cooling solutions for
residential applications have been included in this analysis.
In the case of commercial buildings, the situation is more
complex and varies between applications. As a rule,
thermal loads are likely to be more consistent, and for
some applications there may also be a better coincidence
with solar irradiance. However, site-specific issues such
as installation details, the relative magnitudes of cooling,
heating and hot water loads and the scheduling of these
loads are likely to make system selection and system
design complex. The HVAC and mechanical services
industry predominantly deals with commodity (de-risked)
technologies. As a result, it is a competitive and relatively
low profit margin industry. Industry’s lack of experience
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Load

Time of Day

Figure 4. Impact of solar PV and air conditioning on daily energy consumption and peak demand (from ENA, 2014)

with larger-scale solar thermal heating/cooling installations
drives costs and the perceived risk. That is, the clear
economic benefits of such systems in these specialised
markets is mitigated by high risk perceptions and resultant
installation costs. This situation is further exacerbated
if the technology under consideration (e.g. multi-effect,
high efficiency solar thermal cooling solutions) is still
progressing through the technology maturity cycle.
From a technology perspective, despite large scale interest
in use of PV systems in commercial buildings, due to their
efficiency and storage cost benefits, thermal systems
are likely to be attractive particularly when there are
constraints such as the roof space, the load profile are
considered. As a result, technologies that offer the best
solutions are likely to be application dependent.

8

The market barriers for solar thermal and solar photovoltaic
systems are not necessarily the same. Whilst many of
the underlying components of photovoltaic based space
heating, cooling and hot water systems are largely
technically mature, these components are only in the
early stages of being developed into systems that can
operate effectively, reliably and economically over the long
term. As a result, there is less awareness of the barriers
to widespread uptake of these systems, whereas the
knowledge of market barriers for solar thermal heating
and cooling systems is based on implementation and
operational experience spanning more than a decade.

Promoting the Use of Solar Cooling and Heating in Australian buildings (PUSCH)

1.4 Scope and objectives of the
roadmap
In the context of the complex factors in play, this industry
roadmap analyses the status of the Solar Heating and
Cooling (SHC) market in Australia, that is suitable for built
environment applications. Space heating, space cooling and
hot water heating opportunities, as well as technologies
based on rooftop solar thermal collectors and rooftop
solar photovoltaic (PV) collectors have been considered.
Dedicated solar fields that deliver energy for large-scale
heating and cooling solutions have also been included in
this analysis.
In addition, we investigate the barriers involved in the
implementation and expansion of SHC technology within
the building sector, and identify measures that would help
to remove these barriers. Due to a lack of operational
experience with PV-based heating and cooling systems,
the predominant part of this document evaluates the
potential for improving solar thermal energy use for
heating and cooling applications. However, while making
recommendations, new opportunities related to PV-driven
heating and cooling solutions have been included.

This roadmap is intended to improve the market uptake
using technologies that are already available in the market
as well as those that require incremental improvements.
Hence the implementation time frame is five years.
Considering the technology disruptions happening in this
field (e.g. projected cost reduction trajectories for battery
systems, Hayward et al., 2017), the five-year timeframe is
considered to be optimal.
The objective of this roadmap is to help the industry,
government and end users by providing the following
inputs:
• defining the status of the industry in Australia from the
built environment and SHC industry perspectives
• detailing the current deployment potential of SHC
technologies
• identifying existing barriers to market development and
market access
• identifying specific measures required to improve the
market uptake of these technologies in the next five
years

An Industry Roadmap
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2 Solar heating and cooling –
Global market overview
Globally, solar heating and cooling has a vast potential for
meeting built environment needs. IEA estimates that solar
heating (hot water and space heating) will deliver 9.3 EJ of
solar heat and 1.5 EJ of solar space cooling annually by 2050
(IEA, 2012). Many countries in Europe and Asia have taken
the lead over the past two decades in the implementation
of solar heating and cooling solutions. Hence it is
instructive to understand the status of the global market
before discussing the Australian market.
By the end of 2016, the cumulative installed solar thermal
capacity across the globe for heat was 456 GWth (652
million square meters), a growth of 640% over the installed
capacity of the year 2000, and 5% over the 2015 operational
capacity (Weiss et al, 2017). The worldwide turnover of the
solar thermal industry in 2015 was estimated to be US$19.4
billion.
By the end of 2015, approximately 108 million water-based
solar thermal systems were in operation. Figure 5 shows
the distribution of these installations according to the
application. As shown in the figure, the solar thermal
market for water heating is dominated by two categories;
i) small-scale water heating systems for single family houses
and residential buildings; ii) large-scale solar water heating
systems for applications such as multifamily houses, hotels,
and hospitals.
Multi-use heat delivery systems, known as combi systems,
deliver space heating and hot water to buildings, and
constitute 2% of installed systems. Applications such as
district heating, thermal cooling and industrial process

heat represents a niche market at 1% of installed systems.
It is notable that 300 large-scale solar thermal systems for
district heating and 18 systems connected to district cooling
systems were in operation in 2016.
Figure 6 shows the annual global trend in operating
capacity of all solar thermal, wind and photovoltaic
generating capacity. Despite an increase in installed
capacity, the solar thermal market is showing signs of
market maturity, driven by various factors. Reduced market
uptake of small-scale solar thermal systems in large markets
such as China (nearly 70% of installed capacity) and Europe
(nearly 10% of installed capacity) has been attributed to this
trend (Weiss et al, 2017). Increasing market pressure from
heat pumps and photovoltaic systems has been cited as
the reason for this trend (Weiss et al, 2017). However, it has
been noted that large-scale district-level solar heating and
cooling applications are attracting increased attention, with
close to 500,000 m2 of collector area added in 2016 for
Megawatt-scale heating systems in Europe.
Solar thermal cooling still represents a niche market (Figure
7). Although continuing to grow, widespread deployment
has been limited due to relatively high system costs, space
requirements and the complexity of solar thermal-based
cooling, especially for small-capacity systems. As a result,
most installations are relatively small demonstration
systems or commercial proof-of-concept deployments.
Absorption and adsorption chillers dominate the solar
thermal cooling market, accounting for approximately 71%
of the capacity in operation.

Figure 5. Solar thermal heating system installations
worldwide: distribution by applications (data from
Weiss et al, 2017)
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Solar Thermal Heat
Wind Power
Photovoltaic
Growth rate - ST
Growth rate - Wind
Growth rate - PV

Figure 6. Global solar thermal, wind power and photovoltaic capacity and market growth (Weiss et al, 2017)

No. of solar cooling installations (–)

Europe

World

Figure 7. Market development of solar air conditioning and cooling systems (Weiss et al, 2017)
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Interest in small- and medium-scale PV-driven cooling
systems has been growing recently, primarily due to the
reduction in the cost of PV systems and the installation
simplicity associated with these systems. This is
demonstrated through the number of publications related
to solar PV cooling systems and market-ready products
under development. For example, participants in the
International Energy Agency Solar Heating and Cooling (IEA
SHC) Task 53 project have documented commercial and R&D
activities related to PV-driven cooling and heating products
(Figure 8).
Market numbers for residential and commercial solar PVassisted cooling systems are not yet available. This could
be due to two reasons: i) from a technology perspective,
components of a PV air conditioning system are available in
the market and it could be integrated by end users and local
suppliers; ii) End users with rooftop PV systems could be
construed as having PV heating or cooling systems despite
lack of direct coupling.

2.1

Market overview Asia

China is the single largest market in the solar thermal
industry (Weiss et al, 2017), representing nearly 71% of the
total installed capacity of 435.9 GWth. China still has one of
the highest market penetrations of solar thermal capacity
per capita, with 226 kWth/1,000 inhabitants.
During 2016, large-scale non-domestic solar collector
installations contributed 68% of newly installed solar
thermal systems by area in China (Solarthermalworld, 2017).
In contrast to most other markets worldwide, around 87%
of China’s newly installed collectors in 2015 were evacuated
tube collectors. Europe’s ratio of collectors was nearly the
opposite, with 72.3% of all solar thermal systems installed
in 2015 being flat plate collectors. In 2015, 89% of the newly
installed systems in China were thermosiphon systems,
while pumped systems only accounted for 11% (Weiss et al,
2017).
India has 6.25 GWth capacity, and its growth was also
predominantly in evacuated tube collectors. Positive
development was visible in India in 2016, with 31.8% growth
in the solar thermal market (Weiss et al, 2017).
Asia is also the location of one of the largest solar cooling
installations in the world. It started operation in Singapore
at the United World College in August 2011 and has a
total capacity of 2.73 MWth (3,900 square meters). The
roof-mounted solar thermal collector field is hydraulically
connected to a 1.76 MWth absorption chiller and supplies
hot water and cooling to approximately 2,900 students who
live and study at the 76,000 m2 campus.

12
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Figure 8. New developments in solar cooling and heating systems (PV and thermal driven). Non-exhaustive data collected by IEA task 53 (Mugnier, 2017)

2.2

Market overview Europe

Except for China, the European market still dominates the
installed solar thermal capacity worldwide, with a capacity
of more than 49 GWth (over 70 million square meters) in
operation at the end of 2016. Similarly, Europe leads the
world in new installations, with 3.4 GWth new capacity,
eclipsed only by China. This compares with a total installed
PV capacity at the end of 2016 of 103.8 GWel, a growth of 6.7
GWel over the previous year.
However, the European market is not homogenous. Some
countries boast very high solar thermal penetration rates
(glazed and unglazed collector installation) – such Austria,
Cyprus, Greece, Turkey and Germany, with well more than
150 kWth per 1,000 inhabitants.
Large-scale solar thermal heating plants feeding to district
heating grids in Denmark, Germany and Austria have
contributed disproportionally to the growth in solar thermal

heat delivery systems in Europe (Figure 9). Denmark’s
success with the commercial solar district heating market
is attributed to national taxes on fossil fuels, sufficient land
for cost-effective ground-mounted collector fields, and
the existence of non-profit, user-owned co-operatives that
operate local district heating systems (solarthermalworld,
2017b). Austria, another key player in Europe, operates 28
solar thermal systems of more than 500 m2 collector area
that feed into district heating networks, micro grids or
other heating networks (Weiss et al, 2017). In turn, Germany
runs 29 large-scale demonstration plants, with renewed
interest in large-scale solar thermal heating (REN21, 2017). In
Europe, other large-scale solar thermal heating plants are
operated in Sweden (24 plants), France (17 plants), Greece
and Poland (14 plants each) and Switzerland (9 plants)
(Weiss et al, 2017).

Figure 9. Solar district heating and cooling worldwide; annual and cumulative deployments (Weiss et al, 2017)
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3 Technology benefits
and opportunities
Australia is in a globally unique position with regards to
solar energy resource availability. Most of its landmass
boasts an annual average solar radiation of more than 19
MJ/m2 per day (Figure 10), or 58 million Petajoules (PJ) per
year. This is nearly 10,000 times the national annual energy
consumption.
Australia has the highest proportion of households with PV
systems on their rooftops (Australian Energy Council, 2016).
Currently, 23.2% of all households own solar panels (Roy
Morgan, 2017). Solar thermal domestic hot water systems
are installed in 10.29% of Australian households (Australian
Bureau of Statistics, 2017; Clean Energy Council, 2017).

The interim Australian Standard AS5389-2016 Solar heating
and cooling systems— Calculation of energy consumption
(Standards Australia, 2013) nominates six representative
climate zones covering locations with similar climatic
characteristics for the purposes of evaluating the annual
energy performance of solar heating and cooling systems.
Figure 11 depicts the distribution of the climate zones in
Australia. Table 2 lists typical weather conditions for each
zone and representative space heating, cooling and hot
water usage details for residential buildings in these climate
zones.

Figure 10. Average daily solar exposure (Bureau of Meteorology, 2017)
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Figure 11. Climate zones in Australia as per AS5389-2016

Table 2. Australian climate zones, comfort space conditioning requirements and representative annual residential heating,
cooling loads
CLIMATE ZONE

SPACE CONDITIONING
REQUIREMENTS

REPRESENTATIVE
HEATING LOAD
(MJ/M2)3

REPRESENTATIVE
COOLING LOAD
(MJ/M2) 4

REPRESENTATIVE
HOT WATER GAS
USAGE (MJ/YEAR)5

SC1: Warm humid
summer, mild winter

Little heating requirement, cooling
requirement for 3 to 6 months per year.

20 - 40

150 - 300

11686

SC2: Hot dry summer,
warm winter

Heating requirement for 1 to 2 months,
cooling requirement for 3 to 6 months
per year.

50 - 150

150 - 300

11668

SC3: Warm temperate

Heating requirement for 1 to 2 months,
cooling requirement for 1 to 2 months
per year.

50 - 180

45 - 150

15224

SC4: Mild temperate

Heating requirement for 3 to 5 months,
cooling requirement for 1 to 2 months
per year.

280 - 360

30 - 50

16848

SC5: Cool temperate to
alpine climate

Predominant heating requirement, with
heating needs for 8+ months per year.

450 - 570

15 - 40

15448

SC6: High humidity
summer, warm
winter

Predominant cooling requirement for
most of the year.

0

400 - 570

11686

3
4
5
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Data from DEWHA, 2008, Energy use in the Australian residential sector 1986 -2020, part 2.
Data from DEWHA, 2008, Energy use in the Australian residential sector 1986 -2020, part 2.
Estimated using a medium load size residence with usage profile according to AS4324.
Promoting the Use of Solar Cooling and Heating in Australian buildings (PUSCH)

3.1

Technology overview

Various options exist for delivering heating and cooling
using solar energy. A brief introduction of solar heating and
cooling technologies for the built environment are provided
below. The reader is referred to the appendix (Appendix
I – Solar cooling and heating technologies: an overview) for
more details on technology options for solar cooling and
heating.

3.1.1

SOLAR HEAT FOR BUILDINGS

Solar energy can be converted to heat using solar
air collectors or liquid collectors and can be used for
space heating or hot water heating applications. Nonconcentrating collectors capable of delivering less
than 100oC temperature at the outlet are suitable for
predominant heating applications in the built environment.

A combination of factors in the last decade, such as a
significant drop in the price of PV, along with an increase
in its efficiency, have made PV-based heat delivery a
commercially attractive solution, that is easy to install and
maintain. Solar thermal systems still retain the energy
conversion efficiency benefit compared with PV systems.
This reduces the roof area required for the delivery of
the same quantity of heat7 - a critical factor for rooftop
installations. Integration of heat pump systems with PV is
seen as an option for the use of solar energy in an efficient
way for delivering heat, however this adds to the capital
cost of the heat delivery system. End user technology

Estimated annual gas savings (kWh)

Traditionally, solar energy has been used for hot water
applications through solar thermal collectors. This is due to
the relatively high solar-to-thermal conversion efficiencies
of these collectors and their initial cost. This results in a
relatively low cost of heat delivery in comparison with other
solar energy options. Local R&D and the commercialisation
of solar thermal hot water systems in Australia dates to the
1950s (CSIROpedia, 2017). As a result, Australia has a mature

solar hot water supply chain for residential hot water
delivery. Australian Standard AS4234 is used for estimating
the annual energy performance of solar and heat pump
hot water systems and obtaining installation cost rebates
(small-scale technology certificates, discussed in Chapter
4). A two-collector, one tank system is considered sufficient
to meet most hot water needs (over 70% solar fraction) for
residential buildings across the country. Figure 12 shows
typical annual gas saving estimates for a medium-sized hot
water usage house (according to AS4234) across various
climatic zones in Australia. Considering these energy
savings, the payback period for a typical solar hot water
system is calculated to be fewer than 5 years6.

Figure 12. Annual gas saving estimates from a standard residential solar hot water system for various climatic zones in Australia
6

7

A fixed value of $4000 for installation costs for all the zones. System components: 3.9 m2 flat plate collectors, 300 l tank, forced circulation system. STCs
according to the gas saving delivered by the system considered in the analysis. 18c/KWh of gas price, 35$ per STC used in the analysis.
Solar thermal flat plate and evacuated tube collectors operate with 50 – 70% thermal conversion efficiencies at temperature ranges required for delivering
hot water. PV modules typically have 15 – 20% conversion efficiencies. Thus thermal energy delivery from hot water systems is nearly three times as efficient
as delivering heat through PV systems.
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choice is driven by economics and other metrics such as
system reliability and ease of installation. The withdrawal
of feed-in tariff benefits has resulted in users adopting
ways to self-consume their site-generated PV. Storing
excess PV generation as heat in storage tanks is a means
to improve the self-consumption of PV. Optimal system
design and energy management strategies are required to
maximise the self-consumption and energy cost benefits of
PV systems that are used for meeting residential hot water
requirements (e.g. E O’Shaughnessy et al).

Incident radiation

3.1.2

SOLAR COOLING FOR BUILDINGS

The alignment of solar availability with the cooling
requirement has generated large-scale interest in the
development of solar assisted comfort cooling technologies
across the world. For example, Figure 13 and Figure 14
show daily and seasonal alignment of solar availability with
cooling load for an office building in Sydney8. As a result,
these technologies have the potential to reduce the peak
electricity demand experienced by electrical networks on
hot summer days.

Cooling load

Figure 13. Daily alignment of solar availability with cooling load in a commercial building

Figure 14. Monthly alignment of solar availability with cooling load in a commercial building
8

18

An office building with a foot print of ~1000 m2 with 100 people occupancy. Air conditioning operating time is set between 7 am to 7 pm.
Indoor temperature of 26oC is used as set point for cooling. Further details can be found in Pintaldi et al, 2017.
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A wide variety of options is available for the delivery
of cooling using solar energy (Figure 15). Technologies
and components that have progressed to Technology
Maturity Level 6 (TRL6 prototypes tested under relevant
conditions) have been included in this chart. Solar cooling
systems that use heat as the energy source have been
undergoing continuous development and improvement
for over 20 years. As shown in the figure, cooling delivery
options range from low temperature collector heatdriven absorption/adsorption/desiccant cooling systems
to multi-effect chillers that use high temperature heat
from concentrating collectors. Further details about these
technology options are available in Appendix I.
Double effect or triple effect absorption chillers can
operate with high heat-to-cooling conversion efficiencies
(COP > 1). However, they require high temperature
concentrating collectors and careful system design to
reduce heat losses. Despite their thermal COP benefits,
high investment & maintenance costs (due to system
complexity and limited expertise) have resulted in limited

operational installations. Single effect absorption cooling
systems driven by non-concentrating collectors is the most
prevalent solar cooling technology installed across the
world. Predominant operational installations are for largesized residential or commercial applications. The initial cost
of the chiller and installation costs have been the barriers
for market adoption of small-sized (< 20 kWc) residentialscale solar thermal cooling solutions.
Residential PV-assisted cooling systems have drawn
considerable interest in the last few years due to PV selfconsumption benefits. Compared with a solar thermal
cooling system, PV-assisted cooling systems can take
advantage of the high cooling efficiency (energy input to
cooling output) benefits offered by compressor-driven air
conditioning systems. Grid-independent (off grid) PV-driven
cooling solutions will have no impact on the electricity
network while delivering cooling. However, their cooling
and comfort delivery depends upon the building thermal
design (Goldsworthy, 2017).

Figure 15. Solar-assisted comfort cooling generation pathways
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3.2

Technology opportunities

Various solar heating and cooling technologies for built
environment applications are already available in the
market, with varying levels of technology maturity and
commercial readiness. While some technologies such
as water heating are market-ready, some technologies
require customisation for demonstration in particular built
environment applications. Their market uptake is limited
only by the commercial viability and the barriers identified
later in the document (Chapter 5). Utilising the Technology
Readiness Level (TRL) and Commercial Readiness Index
(CRI) for the renewable energy sector, as proposed by the
Renewable Energy Agency (ARENA, 2014), the following
table (Table 3) provides indicative maturity and commercial
readiness of various solar heating and cooling solutions
in the Australian context. Commercial readiness has been

estimated based on Australian demonstrations. Commercial
readiness of some of these technologies could be different
for other regions.
As shown in the table, various technology solutions for
delivering solar heating and cooling are at different levels
in the technology maturity cycle. Hot water delivery using
solar thermal collectors is a well-established technology
that can be used to reduce gas usage in various built
environment applications, provided financial viability
can be established. Similarly, solar thermal cooling using
single effect absorption chillers is a technically mature
solution despite its efficiency limitations and high initial
cost. This table shows that, except for residential-scale
solar hot water systems, there are not enough commercial

Table 3. Solar heating and cooling technology options9
RESIDENTIAL

LARGE-SCALE BUILT ENVIRONMENT

Solar water heating with thermal
collectors

Technically mature, CRI6

Technically mature, CRI3

Solar water heating with PV systems and
PV-assisted heat pumps

Components technically mature,
optimal integration with household
loads required, CRI3

Components technically mature, optimal design
required for chosen application, no known
commercial scale-ups

Solar air heating

Technically mature, CRI6

Technically mature, no known commercial scaleups

Solar thermal cooling: single effect
absorption and adsorption systems (flat
plate, evacuated tube collectors)

Technically mature, CRI2

Components technically mature, optimal design
required for chosen application, CRI2

Solar thermal cooling: Double effect and
triple effect chillers (concentrating and
non-concentrating collectors)

No known technology development at
smaller scale

TRL7, CRI2

Solar desiccant cooling

TRL7, CRI2

Components technically mature, optimal design
required for chosen application, CRI2

Solar PV cooling (partly grid connected,
off grid)

Many components technically mature, optimal design required for meeting end user
objectives, lack of available data on commercial systems

Solar combi-systems (multiple uses of
heat)

TRL7, CRI2

9
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Components technically mature, optimal design
required for chosen application, CRI2

Technically mature – refer footnote # 2; TRL7 –technology demonstration carried out, system under development; CRI2 – small-scale commercial trials; CRI3 –
commercial scale-up after small-scale commercial installations; CRI6 – bankable asset
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demonstrations of other technologies despite the
availability of components. It is particularly startling to note
there are no known PV-assisted large-scale solar heating
or cooling demonstration systems. Continued technology
development and operational experience is required for
progressing other technologies listed here towards the
commercial readiness index.
An additional key factor in the decision to deploy a system
using solar generated thermal energy is the climate zone.
This often has a strong influence on both the load (i.e.
the heating/cooling or hot water requirement) as well the
generation. For example, monsoonal high cloud cover
during the summer months in SC1 (and parts of SC6) is
likely to result in low solar yield. Similarly, solar heat-driven

desiccant chillers will have limited value in SC2 because of
predominantly arid summers.
Table 4 provides a qualitative comparison of the suitability
of various SHC technologies for selected built environment
applications. Bold symbols represent a good fit, whereas
light symbols represent that further investigation is
required before identifying a suitable technology. For
example, whereas solar PV or thermal hot water is a good
fit for residential applications in all climatic zones, the
use of solar heating and cooling for restaurants requires
further investigation. Empty cells indicate no suitability.
Further details of the symbols are provided below the chart.
While this table can be used as a screening tool, detailed
energy modelling and cost estimation is required before
identifying a technology choice for a given application.

Table 4. Suitability of SHC technologies for various built environment applications based on climate zones
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Technology advancements can help overcome some market
barriers (e.g. high initial cost) for large-scale uptake of
solar heating and cooling solutions. Preparing a definitive
and exhaustive list of suitable technology development
opportunities is beyond the scope of this roadmap.

Considering the technology readiness level (Table 3)
and suitability of various technologies (Table 4), the
authors suggest the following technology evaluation,
development and deployment opportunities (Table 5)
for near-term evaluation. A roadmap implementation

Table 5. Near-term technology evaluation, development and deployment opportunities
TECHNOLOGY
Precinct-level heating
and cooling systems
(commercial)

RATIONALE
• In space constrained urban environments,
centralised cooling and heating networks are
suitable for renewable integration. They also
provide opportunities for large-scale seasonal
storage integration.
• University level (non-solar) heating and cooling
systems exist in Australia. Australian cities10 (e.g.
Brisbane) considering precinct level heating and
cooling networks.

TIMELINES, ACTIVITIES
Suitability evaluation: year 1.
If suitable, develop a pilot project
(installation in year 3). Involve international
experts with prior implementation
experience.
Projects can include only hot water
systems/heating/cooling or integrated
systems

• Other markets in the world (e.g. Europe, China)
are installing and expanding their precinct level
heating and cooling networks.
Challenges: Economic viability of building
infrastructure, project management complexity due
to scale and multiple stakeholder involvement
Large-scale direct coupled
PV-assisted solar heating
and cooling systems
(commercial)

Despite component availability, there are no largescale PV-assisted heating and cooling systems in
operation. Enough systems need to be installed
to establish the operational benefits of this
technology for various commercial built environment
applications.

Include PV heating and cooling systems
as an option while implementing
recommendations (for exemplar projects)
in Chapter 6 (year 1).

PV-driven heat pump
solutions for residential
& commercial hot water
heating (commercial and
residential)

The use of heat pumps for water heating provides
an energy efficient means to utilise solar energy.
Moreover, heat pumps controlled according to PV
availability may aid in self-consumption and reduce
the storage size. However, climate dependent heat
pump efficiencies, their initial cost and longevity
require consideration before choosing a design.
Optimal system configuration and operational
strategies can deliver energy savings without
increasing the system cost.

Suitability evaluation: year 1, followed
by inclusion in exemplar projects

PV air cooling for
residential applications
(residential)

Grid-independent PV-driven air conditioning
solutions. Due to their grid-independent operation,
these systems can reduce the network peak demand
during hot summer days. Moreover, these systems
can operate whenever there is radiation availability,
resulting in a ‘guilt free’ cooling solution.

Product development and testing by
industry partners

10 Brisbane citysmart initiative

22

• Ventilated cooling systems and non- refrigerant
based cooling systems (e.g. indirect evaporative
cooler) can deliver comfort cooling while using
a fraction of electricity used by air conditioners.
As a result, two or three PV modules may be
sufficient (depending on the system size) to
operate these systems during summer days with
or without electrical storage
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timeline of 3 to 5 years has been considered while
identifying these opportunities. Additionally, continuous
investment and support for research and development
activities (TRL2 to TRL6) will enable solar heating and
cooling to become more competitive in the long term.

Various international studies have identified technology
pathways for making solar heating and cooling more
competitive. Some of these recommendations relevant to
the Australian market are listed below (Table 6).

Table 6. Long-term technology development opportunities (IEA, 2012; ETP -RHC, 2014)
LONG-TERM TECHNOLOGY DEVELOPMENT
OPPORTUNITIES

ADDRESSED MARKET BARRIER

Alternative materials and manufacturing technologies for
collector cost reduction and performance improvement
(IEA)

Initial cost of solar heating and cooling solutions for all built
environment applications

Development of cost effective collectors and suitable

System-level cost of high efficiency solar thermal cooling systems

storage technologies for 100 – 250° C (IEA)
Building integrated solar thermal collectors

Commercial viability of residential, commercial solar heat delivery
systems

Development of small-scale thermal chillers (IEA)

Solar cooling for residential, small-scale commercial applications

Compact solar system kit (ETP -RHC, IEA)

Initial cost and risks associated with solar heating, cooling and hot
water delivery systems for residential applications

Heat pump technology development to improve the COP
and reduction in cost (IEA)

Commercial viability of PV driven hot water, heating and cooling
systems
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4 Solar heating and cooling for
built environment applications
in Australia: Market status and
market opportunities
In Australia, solar thermal and PV installers have been
adding capacities that target applications in the built
environment. The solar PV market grew by 7% in 2016, with
small-scale (< 10 kWe) solar PV rooftop systems making up
more than 90% of the national installed solar PV generation
capacity (Clean Energy Regulator, 2017; Australian PV
Institute, 2017). In 2016, the average size of newly installed
small-scale solar PV rooftop generation surpassed 6 kWe
(Figure 16, Australian Energy Council, 2017). Overall, there is
more than 5 GW installed solar PV capacity in the
< 10 kWe range and 800 MW in the 10 to 100 kWe range,
with the remaining generation capacity made up of
commercial projects larger than 100 kWe.

Table 7 provides annual installation details of solar hot
water systems (from Clean Energy Council, 2017). With an
average installed market price of A$4,000, the Australian
2016 rooftop solar hot water market was just under A$200
million p.a.
A range of policies from both federal and state
governments have resulted in a significant uptake of
small-scale solar hot water systems in Australia. Spurred
by federal and some state subsidies for the installation
of solar hot water systems and the national phase-out of
electric resistance hot water systems (announced in 2010,
this has only been partially implemented in some states),

Figure 16. Typical PV system size and installations per month in Australia (Australian PV Institute, 2017)
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growth in the solar thermal market was strong through
2010, increasing by 10.6% p.a. over the previous ten
years (Department of the Environment and Energy, 2017).
New installations for the domestic solar thermal market
have been declining continuously in the last few years
(Figure 17). An increase in solar PV rooftop installations
is a contributing factor to the decline in solar thermal
installations, as both systems vie for the same roof space.
Moreover, these systems compete for the limited additional

capital investment the home owner is willing to make on a
green technology installation. An analysis of current solar
hot water system sales indicates that the new installations
market has been steady over the last nine years (40 –
50,000 installations per year). However, the replacement
market (replacement of electric or gas heaters) that peaked
in 2009 has significantly dropped due to the lack of rebates.
(Green energy markets, 2017).

Table 7. Annual installations of solar hot water heaters (Clean Energy Council, 2017)
YEAR

ACT

NSW

NT

QLD

SA

TAS

VIC

WA

NAT’L

2006

INSTALLED
BASE
161,446

2007

453

8,765

1,414

16,830

2,869

350

9,157

11,139

50,977

212,423

2008

1,001

20,203

1,236

23,330

5,103

906

21,208

12,398

85,385

297,808

2009

1,974

85,456

1,731

36,659

8,794

2,269

42,120

15,692

194,695

492,503

2010

960

38,525

1,303

34,262

6,812

1,433

27,733

16,065

127,093

619,596

2011

1,038

25,331

1,267

30,937

5,444

1,725

26,446

12,862

105,050

724,646

2012

734

10,810

1,171

18,973

3,473

899

21,594

11,812

69,466

794,112

2013

453

9,145

884

13,410

2,983

827

19,608

10,989

58,299

852,411

2014

451

9,641

1,026

13,433

1,930

962

20,613

10,672

58,728

911,139

2015

572

8,609

1,063

11,799

2,557

803

23,019

10,205

58,627

969,766

2016

497

6,963

660

9,793

1,914

822

20,514

8,390

49,553

1,019,319

Figure 17. Annual and cumulative residential solar thermal hot water installation details
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Commercial-scale solar hot water systems represent a
small fraction (8%) of total solar hot water installations
in Australia11. Studies commissioned by the Clean Energy
Regulator (CER) indicate the number of Small-scale
Technology certificates (STC) created for commercial hot
water systems may drop from 131,000 in 2016 to 34,000 in
2019 (Parisot, 2017a).
Solar thermal cooling is still a niche product in the
Australian built environment, with fewer than 20 active
installations. With very few exceptions, these installations
are demonstration plants, research and development
systems or proof-of-concept installations.
Solar thermal air heating has been used extensively in a few
colder climatic conditions (e.g. North America). However,
space heating with solar thermal collectors is a relatively
small market in Australia, likely due to moderate daytime
temperatures in many parts of the country and a lack of
market awareness of its benefits.
Due to the availability of commercial-ready products in
the market, it is likely that the market for PV-driven (direct
coupled) cooling and hot water installations for residential
applications is slowly growing in Australia. However, there
is currently no reliable market data available. There are
no known large-scale (commercial built environment) PVdriven systems in which solar PV generation is specifically
designed for maximising self-consumption to meet the
thermal energy needs of a building.

4.1 Solar energy for the built
environment: the ecosystem in
Australia
Solar R&D and commercial applications in Australia date
back to the 1950s. With some of the first solar thermal
companies worldwide originating in this country, Australia
has a long solar history. To date, Australia has significant
local solar thermal collector manufacturers, although most
production is now carried out overseas. In addition, local
universities and research organisations are world-leading
in solar photovoltaic and thermal research. In general,
manufacturers, consultants and the industry are well versed
in dealing with smaller-scale, simple deployments. While
willing to engage with larger, more complex projects, the
depth and maturity of available talent is commensurate
with the small market size. The HVAC industry body AIRAH
runs a Special Technical Group (STG) on solar heating and
cooling. This forum enables various practitioners of solar
heating and cooling technologies to share their experience
and increase their awareness (AIRAH, 2017).
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The Australian Renewable Energy Agency (ARENA) was
established in 2012 by the federal government to improve
the competitiveness of renewable energy and increase
the supply of renewable energy in Australia. ARENA has
identified reducing energy costs and emissions in the
building sector as one of its investment priorities and has
been supporting R&D and demonstration programs in this
area (ARENA 2017).
The Clean Energy Finance Corporation (CEFC) is a statutory
authority established by the Australian Government in 2012
for financing large renewable energy, energy efficiency and
low emissions technology projects. One of these investment
programs is the Sustainable Cities Investment Program,
which aims to invest $1 billion over 10 years in clean energy
and energy efficient technology solutions in cities and the
built environment (Clean Energy Finance Corporation, 2017).

4.1.1
KEY POLICY MECHANISMS TO SUPPORT
SOLAR UPTAKE IN THE BUILT ENVIRONMENT
In line with other countries, Australia introduced several
measures to make renewable energy use more affordable.
These measures include feed-in tariffs, where a subsidised
fixed rate is paid for all small-scale renewable energy
producers based on the energy fed back to the grid from
renewable sources. Attractive state feed-in tariffs for new
installations were discontinued between 2011 and 2015.
There are no current national feed-in tariff mechanisms,
prompting consumers to self-consume onsite-generated
power.
The Renewable Energy Target (RET) is a national
government scheme designed to reduce emissions of
greenhouse gases in the electricity sector and encourage
additional generation of electricity from sustainable
and renewable sources. It is a market that encourages
installation of renewable energy systems.
Since 2011, it provides both large-scale generation
certificates (LGC) for large-scale power stations and smallscale technology certificates (STC) for owners of smallscale systems. Certificates are then purchased by electricity
retailers and submitted to the Clean Energy Regulator (CER)
to meet the retailers’ legal obligations under the Renewable
Energy Target. Small-scale technology certificates are
created based on the estimated amount of electricity a
system produces or replaces (that is, electricity from non-

11

Data from Parisot, 2017b. STCs are used here to estimate the size of
commercial scale solar hot water systems deployed. In the context of solar
hot water systems, one STC represents 1 MWh of electricity displaced over
a ten-year period.
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renewable sources) over the life of the renewable energy
system. One STC is equivalent to 1 MWh of electricity
generated or replaced over a 10-year period. The scheme
creates a financial incentive for individuals and small
businesses to install eligible small-scale renewable energy
systems, including: solar PV panels, solar hot water systems,
air source heat pumps, wind turbines and hydro systems.
The market for certificates ceases in 2030.
Solar hot water installations were eligible for various
state wide rebates, many of which have now ended. The
Victorian Energy Efficiency Target (VEET) scheme currently
provides rebates for solar installations that replace gas or
electric heating hot water systems (VEET 2017).
On a federal level, the National Construction Code (NCC)
Volume 1, Section J defines energy efficiency requirements
for commercial buildings (class 3 to 9). While it is a national
code, it is individually modified and enforced by state
law. The NCC specifies the minimum level of performance
which must be met for all relevant building materials,
components, design factors, and construction methods.
This code is currently undergoing changes that will come
into effect in May 2019. These changes are likely to provide
improved consideration for onsite renewable generation
(ABCB, 2017).
The National Australian Built Environment Rating System
(NABERS) is a national rating system that measures the
environmental performance of Australian commercial
buildings and tenancies. It rates buildings according to their
measured operational performance over the preceding year
in terms of energy and water use, waste handling and the
indoor environment. Research suggests that offices with
high NABERS Energy ratings tend to offer higher investment
returns, whilst offices with low NABERS Energy ratings tend
to offer lower investment returns (Slow, 2013). On-site solar
generation for heating and cooling helps to improve the
NABERS rating for the buildings, as it reduces the building
energy use and improves its carbon footprint.
Relying significantly on NABERS is the 2010 Building Energy
Efficiency Disclosure (BEED) Act, which requires anyone
selling or leasing office buildings or space greater than
1,000 m2 to obtain a Building Energy Efficiency Certificate
(BEEC). BEECs are only valid for 12 months and include a
NABERS Energy for Offices star rating. The program, called
Commercial Building Disclosure (CBD), aims to improve
the energy efficiency of Australia’s large office buildings
and to ensure prospective buyers and tenants are informed
of the energy efficiency of the buildings. Since inception,
more than 72% of the Australian national office market

has received an energy rating (McMahon, 2016). Buildings
with at least two consecutive NABERS Energy ratings
demonstrated an average reduction in energy use of 8.7%
and a reduction in greenhouse gas emissions of 11.5%
(Ernst & Young, 2015). These are significant reductions,
particularly since building owners are not required to
improve their star rating but only to rate and disclose
it to the public when transacting space over 1,000 m2.
This demonstrates that disclosing the NABERS rating of
the building may act as an incentive to owners of lowerperforming buildings to improve their energy efficiency.
Indeed, over the first four years the program has been in
place, the percentage of office floor area lower than 4 stars
has almost halved, from 60% of the total floor area rated in
2010/11, to just 32% in 2013/14. Most of these changes have
been achieved by tuning and modernising existing HVAC
infrastructure, not by deploying renewable technologies.
A similar program for the federal government is the Energy
Efficiency in Government Operations (EEGO) Policy, which
aims to reduce the energy consumption of government
operations with an emphasis on building energy efficiency.
EEGO mandates the use of Green Lease Schedules (GLS) to
form part of the lease documentation (or MOUs where the
Government owns the building). The GLS is designed to
ensure that buildings are operated at the required level of
energy efficiency, including a required minimum 4.5 stars
NABERS Energy for the Based Building rating. Contractual
language in the GLS is usually coached in “best effort”
terms, with little recourse for the tenant in the case of a
breach of the energy efficiency terms. All state governments
in Australia except for Tasmania have similar requirements
- a minimum 4.5 stars NABERS Energy for Offices rating for
all new buildings and fit-outs, and a minimum 3.5 stars for
existing buildings and fit-outs. However, anecdotally there
are still many inefficient Government buildings that require
upgrading.
The National House Energy Ratings Scheme (NatHERS)
is aimed at promoting energy efficiency in residential
buildings. It provides a modelled estimate of the thermal
performance of a residential building design on a scale
from 1 to 10. A software tool uses a thermal model with
inputs such as the climate zone, orientation, building
materials and insulation to estimate its annual energy use.
Under the NCC energy efficiency provisions (i.e. specified
minimum level of performance), every new home or
renovation needs to have at least a 6-star NatHERS rating
(Nathers, 2017). The software tools do not consider the
efficiency or energy source used for heating or cooling
appliances. Appliance level performance and energy
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efficiency is regulated by Minimum Energy Performance
Standards (MEPS). MEPS specify the minimum level of
energy performance that appliances, lighting and electrical
equipment must meet or exceed before they can be offered
for sale or used for commercial purposes. This includes
HVAC, lighting, hot water, refrigeration and appliances.
States and municipal governments provide local incentives
and funding schemes to drive building energy efficiency
and the use of renewable energy. Details of two of these
schemes, namely the Environmental Upgrade Agreements
(EUA) and On Bill Finance have been provided in Chapter 6.
Outside of government measures, the Green Building
Council of Australia (GBCA) manages the Green Star
rating system, a voluntary sustainability rating system
for buildings in Australia. It assesses the sustainability of
building projects at all stages of their life cycle. Ratings can
be achieved in the planning phase for communities, during
design, construction or fit-out of buildings, or during the
ongoing operational phase. The system ranges from one
star (minimum practice) to three stars (good practice) and
six stars (world leadership). Energy efficiency outcomes for
Green Star rated buildings have been positive. On average,
such buildings use 66% less electricity and produce 62%
fewer greenhouse gas emissions than average Australian
buildings (Green Building Council of Australia, 2013). The
rated buildings tend to be Premium and Grade A buildings
(Ernst & Young, 2015), with limited investment going to
the mid-tier market. This market makes up more 50% of
the Australian commercial office stock (Ernst & Young,
2015) and is typically comprised predominantly of smaller
buildings, often better suited for solar energy use due to a
larger proportion of roof space to lettable floor space.

4.1.2

DEVELOPMENT OF STANDARDS FRAMEWORK

Interim Australian Standard AS5389 (Standards Australia,
2013) provides a standardised methodology for assessing
the annual energy and comfort performance of solar
heating, cooling and ventilation systems for residential and
commercial buildings. It is anticipated that the standard will
provide the basis from which:
1. regulators and conformity assessment bodies can
develop incentive-based schemes aimed at increasing
market uptake, or to help understand the impact of
increasing uptake of new technologies on the electricity
network and/or greenhouse gas emissions reductions
2. consumers can compare products, assess the suitability
of products or technologies for a given application, and
gain an understanding of likely running costs
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3. manufacturers can better understand product
performance and improve product design and
integration, for example across different climates and
end-use applications
4. retailers can provide consumers with greater surety and
confidence to invest in new technologies.
The standard is based on the Component Testing System
Simulation (CTSS) method, in which specific defined system
components, for example a solar collector or a thermal
storage tank, are tested under controlled conditions. This
results in a performance parameter or set of parameters
that can be used to represent the performance of that
component over a range of conditions. Existing national
and international standards are called upon for the
individual component testing procedures.
AS5389 describes the method of combining the individual
component performance data in a mathematical simulation
model of the entire system including; i) the components
that make up the space heating, cooling or ventilation
system including the control algorithm, ii) a building
model that provides the ‘load’ on the equipment, and iii)
representative typical year weather data. Weather data
corresponding to 6 different climate zones across Australia
are provided. The model simulates the actual operating
behaviour of the heating/cooling/ventilation system at
intervals of 3 minutes or less over an entire year. The
simulation may be performed using any suitable modelling
software, although the standard was developed using the
TRNSYS simulation program.
Product performance evaluations are based on a
comparison of:
1. the annual energy use of the representative building
with a conventional heating/cooling appliance and the
same building with the nominated appliance(s)
2. the indoor comfort levels when using the nominated
appliance in a representative building as compared with
the comfort in the building without any conventional
appliance.
The conventional appliance used for comparison is either
a reverse cycle vapour-compression air conditioner
with a performance equivalent to the Minimum Energy
Performance Standard (MEPS), or a gas space heater,
depending on the case. A scaling procedure is applied
so that heating/cooling or ventilation equipment of any
capacity can be assessed with an appropriately sized
building load to achieve a realistic response.
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A revised version12 of the standard applies to:

Currently AS4234 does not include PV-driven solar water
heating systems. As a result, there is no independent way
to assess the energy saving benefits of these systems.
Extending AS4234 to include solar PV hot water systems
will provide confidence to buyers about the energy saving
potential of PV hot water systems.

1. desiccant wheel-based space heating and cooling
systems
2. solar air heating systems
3. occupied space and roof ventilator systems
4. direct and indirect evaporative cooling systems.
The possibility exists to include other technologies in
future revisions of the standard. For example, adsorption
or absorption chillers, dedicated photovoltaic-vapour
compression air conditioners, hybrid air conditioners or
others. The methodology described in the standard could
also be used with alternative building models, occupancy
patterns or usage profiles appropriate to other end-use
applications, for example if these were provided by a third
party.
This methodology also integrates with the Australian
Standard AS4234, which is used for estimating the annual
energy performance of solar and heat pump hot water
systems. Thus, any of the included technologies may also
provide water heating functions and these can be assessed
using a combination of the two standards.

4.2 Solar heating and cooling:
Representative large scale operational
installations
There are very few large-scale solar thermal systems
servicing the hot water, heating and cooling needs of a
commercial built environment. The following are examples
of five large-scale solar-assisted heating, cooling and hot
water delivery systems operational in Australia (Table 8).
These systems have been installed despite the high initial
costs of these technologies. Motivation for installation of
these solutions vary from network capacity limitations to
reduction in annual gas usage.

Table 8. Example large-scale solar heating and cooling system installations for built environment applications in Australia
SHC INSTALLATION
LOCATION, DATE

MOTIVATION

SOLAR ENERGY GENERATION

SOLAR ENERGY UTILISATION

Echuca Regional Hospital
Victoria, 2010 (phase I)

Network capacity
limitations, peak
electricity prices

406 m2 of evacuated tube
collectors (phase I)

Solar-assisted cooling system with
excess energy for hot water usage:
500 kW single effect absorption chiller
(phase I)

Echuca Regional Hospital
Victoria 2016 (Phase II)

820 m2 single axis tracking
Fresnel collectors (phase II)

1500 kW double effect absorption
chiller (phase II)

Charlestown Square
shopping centre,
Charlestown, NSW, 2011

High peak electricity
prices

Australian National
University, Canberra, 2012

Reduce fuel costs

392 m2 evacuated tube
collectors

Domestic hot water and space heating

TAFE Institute, Hamilton,
NSW, 2013

Fresh air supply for
teaching and kitchen
areas combined with
fuel cost reduction

400 m2 flat plate collectors

Pre-heating of domestic hot water,
space heating and solar assisted
desiccant cooling.

Avoid gas boiler use
during summer months

Evacuated tube collectors

Monash University, Clayton,
Victoria, 2017

350 m2 parabolic trough
collectors

Solar-assisted cooling system and
space heating
233 kW double effect absorption
chiller

15,000 m3/hr of air handled by the
system, 9000 litres hot water storage
Heating system integrated with
facility’s space heating system
500 kWth output

12

March 2018: revised version pending approval

An Industry Roadmap

29

4.3 Solar heating and cooling –
market opportunities
Heating and cooling requirements are substantially
different depending on building use and the local climate
zone of the building. In general, Australian building
occupants have a high tolerance for cool buildings in
winter and low tolerance for warm buildings in summer.
Historically, Australian residential buildings have little
insulation and building envelopes that are not air-tight.
Minimum energy efficiency standards have been part of
the NCC since 2006 and are mandatory for new buildings.
Nevertheless, a large proportion of residential and midtier commercial building stock uses significant energy for
active heating and cooling to reach appropriate occupancy
comfort levels. Even new buildings have, on average,
only the minimum legally required energy efficiency
features, making a functional active heating and cooling
system essential for some level of thermal comfort. A brief
overview of various built environment applications is
provided below.

4.3.1

RESIDENTIAL SECTOR

As shown in Figure 18, contribution of electricity to
residential energy consumption is predicted to be over 50%
in 2020, with natural gas use expected to be 35% of energy
use. Wood use is expected to decrease over the years to 8%
by 2020.

4.3.1.1 High and medium density residential (NCC
class 2)
With the ongoing population growth in Australia, the
density of Australia’s largest cities has continued increasing.
According to the ABS 2016 Census data, Australia currently
has 2,667,532 flats/apartments, of which 1,769,161 are in
medium density and 898,371 in high density environments13.
There is little solar thermal technology in use in the
medium to high density residential built environment.
In most cases, space conditioning is provided through
decentralised split system air conditioning. Domestic hot
water is provided by centralised systems or decentralised
systems, with developer-specific preferences. With the
emergence of community involvement in new buildings
design, uptake of solar heating and cooling technologies
in the medium and high density residential sectors is likely
to improve in the near future. Modelled along the lines
of the private ownership approach in Germany known as
‘Baugruppen’ (building groups), this model involves owners
acting as developers and having a larger role to play in
the future buildings in which they live (Raynor et al, 2017).
Environmental sustainability is given high priority in these
designs. Integrating renewables such as solar in buildings
naturally aligns with such approaches. A few Australian
initiatives are already attracting attention (Palmer, 2016).

4.3.1.2 Low density residential (NCC class 1a & b)
The ABS 2016 Census data recorded that there were
7,042,759 independent houses in Australia. Most solar
thermal systems deployed in the residential environment
are rooftop solar thermal hot water systems in low density
housing. Alternatively, solar PV-driven heat pump or
electrical resistance heaters provide domestic hot water.
The predominant domestic hot water systems are gasdriven or electrical resistance heaters. Space conditioning
in low density residential areas is predominantly delivered
through split system air conditioning.

Figure 18. Fuel mix of residential buildings (trend analysis
carried out for 2020, DEWHA, 2008)
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13

The categories used by the ABS are subject to systematic misinterpretation
by Census collectors, particularly in determining the difference between
semi-detached/townhouses and blocks of flats in 1-2 storey blocks. For
this reason, to maintain consistency over time, the categories used here
combine these two categories as ‘medium density’.
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4.3.2

COMMERCIAL SECTOR

As shown in Figure 19, electricity is the key energy source
for commercial buildings, with the use of gas contributing
17% of energy use.

4.3.2.1 Office buildings (NCC class 5)
The Property Council of Australia Office Market Report
from July 2017 tracks over 5,300 buildings with 25,282,151
m2 lettable area. (Property Council of Australia, 2017). This
compares with 43,403,000 m2 of office floor area in 2017 as
projected by BIS Shrapnel (DCCEE, 2012)14.
As shown in Figure 20, predominant electricity usage
in office buildings is due to heating, ventilation and
air conditioning (HVAC), with low domestic hot water
requirements. Due to the small roof spaces, relative to the
lettable area, very few solar thermal systems are in use in
office buildings. The domestic hot water technologies that
are primarily used are gas and heat pump systems. Space
conditioning is provided through centralised or packaged
air conditioning systems, with split systems used for smallscale offices.

4.3.2.2 Health care (Clinics, Hospitals, NCC class 9a)

Figure 19. Fuel mix of commercial buildings 2009 (DCCEE, 2012)

Australia has 1,331 hospitals, of which 701 are public
hospitals (of these, 122 are classified as ‘very small’ and
22 as psychiatric hospitals) and 630 are private hospitals
(AIHW, 2017)
Due to very high hot water requirements, natural gas
usage in hospitals is nearly 50% of total annual energy use,
predominantly used for space heating and water heating
(DCCEE, 2012). Space conditioning is delivered through
centralised air conditioning, with some split systems used
on a small-scale for rural hospitals.

4.3.2.3 Retail (NCC class 6)

Figure 20. Office electricity end use shares 2009 (DCCEE, 2012)

Total retail space in Australia is about 50 million square
meters of GLA, of which 37% is shopping centres (Shopping
Centre Council of Australia, 2017). Small retail spaces
predominantly use split system air conditioning systems
for space conditioning. Medium to large retail spaces rely
on packaged units or centralised air conditioning systems.
With very little need for hot water, the technologies used
are often residentially-sized systems and technologies with
little to no solar thermal heating in place. Because of this,
supermarkets and retail outlets use electricity for close to
100% of their energy needs.

14

This report indicates the difference between net lettable area and floor
area could be 25% in CBD regions. For further details of assumptions
used in this report, the reader is referred to the original document.
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4.3.2.4 Accommodation (NCC class 3)

4.3.2.7 Aged care (NCC class 9c)

There are 4,445 hotels, motels and serviced apartments
with 15 or more rooms in Australia (Australian Bureau of
Statistics, 2016a). Nearly 65% of energy use in hotels is
electricity. Space and hot water heating, along with kitchen
use constitute nearly 50% of the gas usage in hotels (DEECC,
2012). Electric heat pumps are used for water heating in
some of the hotels. Space conditioning is provided through
split systems for smaller buildings and centralised air
conditioning for larger buildings.

The Australian Government Department of Social Services
states that in 2016, 2,669 aged care facilities provided
199,449 residential aged care places (Department of
Health, 2016).

4.3.2.5 Schools (NCC class 9b)

Typical aged care facilities have high hot water
requirements and high space conditioning needs. In most
cases, hot water needs are met with gas or heat pump
systems. Solar thermal is used in a very small number
of locations. Space conditioning is usually delivered via
split systems for the individual rooms and central air
conditioning systems for the public spaces.

Australia has 9,414 public and private, primary,
secondary, combined and special schools (Australian
Bureau of Statistics, 2017b).

4.3.3 SUITABILITY OF SHC SOLUTIONS FOR
VARIOUS BUILT ENVIRONMENT TYPES

These schools have low hot water requirements, primarily
delivered through residential-scale gas or heat pump
hot water systems. Very few schools have solar thermal
hot water systems. If at all, space conditioning is usually
delivered through split system air conditioning. Electricity
use is expected to be nearly 90% of the fuel mix in schools
(DEECE, 2012).

4.3.2.6 Tertiary education (NCC class 9b)
According to Austrade, there are 43 universities in Australia
(Austrade, 2017). In addition, 4,542 Registered Training
Organisations (RTO) are registered by ASQA (or, in some
cases, a state regulator) to deliver vocational education and
training (VET) services.
Tertiary education institutions have low or medium hot
water requirements, except in areas such as their cafeteria,
gyms and pools that may use heating. These needs are met
with gas hot water or heat pump systems. It is seen that
some of the tertiary educational institutions have solar
thermal systems for partial coverage of their heating and
domestic hot water needs. Space conditioning is usually
delivered by central air conditioning systems for large
buildings and split systems for smaller buildings.
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Once a property owner identifies an interest in a solar
heating and cooling solution, requirements for installing
an SHC system in a building depend upon various
considerations. These include sufficient solar radiation,
appropriately located roof and plant space, load match with
solar availability and existing heating and cooling usage
cost. Considering these major factors, key opportunities
for SHC technologies in the built environment sector are
summarised in Table 9. This table provides a qualitative
comparison of suitable applications. Green symbolises a
good fit for a given parameter, orange might need more
due diligence and red symbolises that a technology is
unlikely to be suitable for SHC technology without detailed
analysis. For example, solar hot water systems are a good
fit for reducing gas or electricity that is used for water
heating in applications such as hospitals and hotels.
Solar cooling solutions are a good fit for hospitals due to
continuous cooling energy usage and the relative cost of
the implementation of incumbent technology. This table,
along with the table on technology suitability for various
climate zones (Table 4) can provide initial recommendations
to the end user about the suitability of SHC solutions for
their application. Location-specific criteria such as the
roof space access, shading and local constraints will apply
when deciding whether to install a solar heating or cooling
technology in a building.
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The evaluation parameters used for the comparison are as follows:
Typical cooling, heating
operating hours

Building operation time with set space conditioning parameters. Green if good diurnal load match, orange
if 25% to 50% outside of typical sunshine hours, red if more than 50% outside of typical sunshine hours.
Good diurnal load match could result in reduced storage size, resulting in better financial returns.

Operating days

Number of operating days in a year using SHC solution. Green if 200 or more, orange if 100 to 200, red if
fewer than 100. A higher use per annum provides better financial return on capital-intensive systems such
as solar-generated thermal systems.

Comfort tolerance

Classified as the willingness of the building occupants to tolerate building temperatures marginally outside
the comfort band. Green if high willingness, orange if low or medium willingness. If building occupants are
more willing to accept fluctuations in set points within limits, solar-generated thermal energy systems are
better capable of delivering a high solar fraction with better financial return.

Roof space availability

Roof space availability in proportion to the conditioned space. In the cities, high-rise buildings are
likely to have low roof space availability to meet a significant proportion of cooling or heating needs
of the building. Green coding indicates hot water or cooling/heating is in commensurate with roof size
availability.

Relative hot water use

Domestic hot water use by the building occupants/users. Green is high, orange is low or medium.
Combining heating/cooling and domestic hot water use increases the financial viability of SHC systems.

Fresh air requirement

Fresh air requirements by building occupants. Green is high and medium, red is low. Technologies such as
solar desiccant cooling can meet the needs of such applications.

Latent load

Level of indoor humidity in the air. Green is above average, orange is average. Active humidity control
technologies such as solar dehumidification can provide functional benefits and energy saving in such
applications.

Incumbent technology,
relative cost of
implementation

Typically deployed incumbent technology. Red if the incumbent technology can be easily installed, green
for technologies that require careful design and planning.
Due to the inherent complexity of solar thermal heating/cooling systems, high implementation costs
associated with incumbent technology increase the financial return of the solar thermal system.
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Table 9. Opportunities for the deployment of solar-generated thermal energy systems in the built environment in Australia:
operational suitability
RETAIL

APPLICATION

UNIVERSITIES
& VET

OFFICE

8am-9pm

8am-7pm

PUBLIC
BUILDINGS

SHOPPING
CENTRES,
EXCL.
SUPERMARKET

HOSPITAL

SUPERMARKET

RETAIL
STRIP

7am10pm

8:30am6pm

8:30am-6pm

24 hours

310-360

360

310

360

365

Low

Medium

Medium

Low

Low

Low

Average

Average

Above
average

Average

Average

Average

Above
average

AC,
ducted/
package,
central
plant

AC,
ducted/
package,
central
plant

AC,
ducted/
package,
central
plant

AC, split,
ducted/
package

AC,
ducted/
package

Medium

Medium

Medium

Medium

Low to
Medium

Medium

Low

Medium to
High

High

Medium

Low

Low

High

High

Medium

Low

Low

High

RESIDENTIAL

SCHOOL

Typical
space
cooling or
heating
operating
hours

2pm-11pm
(cooling)

9am3pm

Cooling (or
heating)
operating
days

50 - 150

50 -200

100 - 240

100 -240

100 -240

365

High

High

Medium

Low

Low

Latent load

Average

Above
average

Average

Average

Incumbent
cooling
technology

AC, split

AC, split

AC, ducted/
package,
central
plant

Complexity
of
incumbent
technology

Low

Low

Relative hot
water use

High

Low

9am –
5pm

HOTEL

RESTAURANT

24 hours

8am-10pm

5 -10 pm,
5 -9 am
(heating)

24 hours
(chain)

Roof space
availability
Comfort
tolerance

4.4 Solar heating and cooling –
operational benefits
Cost saving benefits of a solar heating or cooling system
depend upon the total installed cost of the system and
the annual cost savings delivered by the system under
operating conditions. Annual operating cost savings
delivered by these systems are dependent on the building
type, operational hours and the electricity and gas tariff
structures.
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4.4.1

AC, split, ducted/
package

AC, ducted/
central
plant

SOLAR HOT WATER SYSTEMS

As discussed in an earlier section (Chapter 3), residentialscale hot water systems using thermal collectors represent
a technically mature solution that is known to provide large
energy saving benefits. Various installers are available in
the market to assist with installation and commissioning
of this equipment. Similarly, rooftop electricity generation
using PV is a mature technology. Commercial solutions
that use PV electricity for hot water heating have started
appearing in the market. Policy mechanisms such as Smallscale Technology Certificates (STCs) are available to obtain
initial cost rebates for solar thermal and PV hot water
systems.
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Many of the commercial (large-scale) built environment
applications, despite their high hot water use, do not
use solar water heating. The authors have carried out
a simplified analysis to illustrate the economic benefits
of solar-assisted water heating systems for large-scale
commercial applications. Solar thermal and solar PV
hot water systems have been used in this analysis for
comparison. The cost saving benefits of these systems
are compared with a gas-heated hot water system and
an in-tank electric heated hot water system, respectively.
The benefits of adding a heat pump has been included in
this analysis. Table 10 provides a summary of the solar hot
water system configurations evaluated. Further details
of the system configuration used in the analysis and
the assumptions are provided in the Appendix. Payback
estimates are presented for Melbourne (zone 4).

Figure 21 shows a simple payback period for various
technologies with increasing solar fraction. PV or thermal
collector area values for various solar fractions have been
shown along with the plots. The results show that for the
chosen load profile, solar thermal heating systems can
have a payback of fewer than 4 years, while operating with
over 50% solar fraction. Although larger collector areas
improve the solar fraction, this also leads to an increase
in the payback period. Unlike a PV heating system, the
excess heat collected in the thermal system is not utilised
for other purposes. Design optimisation of the system (e.g.
increasing the tank size) and the use of solar heat for other
applications could improve the benefit delivered by larger
collector area.

Figure 21. Payback estimates for various solar water heating systems (thermal collector size in m2, PV panel capacity in kWp
shown in the plot)
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Table 10. Details of solar hot water system configurations used in the analysis
LOAD PROFILE : FIXED HOT WATER DRAW OF 300 KG/HR FOR 9 HOURS DURING THE DAY (8 AM TO 5PM)
TYPE OF SOLAR
HOT WATER SYSTEM

SYSTEM CONFIGURATION

MAJOR ASSUMPTIONS

Solar thermal

Flat plate collectors with hot water storage.
Instantaneous gas backup

Gas tariff: 12 cents/kWh
Excess heat not used.

Solar PV

Grid connected PV system. PV output used for
in-tank electric boosting, excess electricity
exported to grid.

Electricity tariff: 12 cents/kWh
Excess electricity exported to the grid (same
tariff as electricity imported from the grid).

Solar PV with heat pump

Heat pump driven by PV or grid heating a
storage tank

Electricity tariff: 12 cents/kWh
Excess electricity exported to the grid (same
tariff as electricity imported from the grid).
Control technologies that maximise PV usage
not evaluated.

Thermal heating systems driven by PV (via in-tank heating)
have a payback period of over 6 years. This is can be
attributed to the lower efficiency of PV collectors. Heat
pump integrated hot water systems have a payback of
4.7 years. PV system capacity values (kWp) in these plots
show a significant reduction in PV system size (nearly 66%
reduction) for heat pump systems. Optimisation of the
system design (e.g. tank size) based on heat usage, heat
pump characteristics and the PV generation profile is likely
to further improve the payback of PV-driven systems.
This simple analysis has been used as an example to
illustrate that large-scale solar-driven hot water delivery
systems are commercially viable for the given heat usage
scenario. The authors are aware of the sensitivity of various
parameters such as gas and electricity prices, capital cost
parameters, climatic conditions and the load profile that
can significantly alter these estimates. Optimisation of the
system design can improve the benefits delivered by these
systems.

4.4.2

SOLAR COOLING SYSTEMS

Various approaches have been used to estimate the energy
savings and cost benefits of solar cooling systems. These
range from payback calculations that assume a fixed
cooling load (e.g. Kohlenbach, 2010, Otanicar et al, 2012)
to detailed modelling that considers hourly variation in
cooling load (e.g. Fong et al, 2010, Eicker et al, 2014). The
results presented in these studies are sensitive to the cost
and operational parameters used in the studies. However,
these studies carried out for typical office buildings have
similar conclusions for the following aspects:
i.

primarily due to the higher COP of the electrical chiller,
solar PV cooling solutions will deliver more primary
energy savings compared with a single-effect thermal
chiller-based solar thermal cooling system

ii. from a cost perspective, a large reduction in the thermal
chiller system cost is required for solar thermal cooling
solutions to be competitive with PV cooling systems
Due to the application-specific nature of operational
benefits and the yet-to-mature component supply chain, it
is not possible to establish the cost benefits of solar cooling
systems for all built environment applications. However,
once exemplar systems are built and operating, these
numbers can be used to estimate the economic benefits of
these solutions.
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5 Solar heating and cooling –
Australian market barriers
Analysis in the previous Chapters (3, 4) reveals a large
potential for incorporating solar heating and cooling in
Australian buildings. However, this potential has not been
realised despite the availability of mature technologies.
The authors have been working with the Australian Institute
of Refrigeration, Air conditioning and Heating (AIRAH)
to identify the market barriers for improving the uptake
of solar cooling and heating in Australian buildings. As
part of this effort, inputs were received from various
industry stakeholders towards the technical and nontechnical barriers for the adoption of these technologies.
International experts’ inputs were also received during
this exercise. These details are available in the Appendix
(Appendix III – Barriers). These findings can be summarised
as below.

5.1.1

INITIAL COST

It is well known that renewable energy technologies have
high initial costs that are compensated by the reduced
operating costs. Improving the system efficiency, large
market uptake (mass production of components) and
optimising the system design are some of the global
practices in place to improve the cost competitiveness of
solar heating and cooling technologies.
Due to Australia’s small market size, local production of
solar heating and cooling components is limited. Importing
such equipment results in relatively large logistic costs due
to the distance from the manufacturing countries. This
is further exacerbated by other barriers (discussed here)
such as the limited experience of consulting engineers,
contractors and installers with new, custom-designed SHC
installations. To mitigate potential risks, these projects
are often quoted with high risk margins that make them
financially unviable.
The use of capital subsidies for renewable projects is a
globally proven approach to helping the end users reduce
the initial cost burden of installing these technologies.
Australia has many policy mechanisms (discussed elsewhere
in this document) to help reduce the initial cost of solar
heating and cooling technologies. It is likely that the
stakeholders are often not aware of appropriate local,
regional or federal support measures. Bureaucratic hurdles
to participation in these programs can also be too onerous
for the program to be useful.

5.1.2
LACK OF AWARENESS OF BENEFITS &
UNREALISTIC EXPECTATIONS
While there is a strong general interest in renewable
energy technologies, most of the stakeholders including
architects, engineers and building owners do not have
sufficient information on the capabilities and benefits of
solar-generated thermal energy and its use in the built
environment. This leads to a typical cause and effect
dilemma (‘chicken and egg situation’). Consequently,
SHC solutions are either not considered for a project, or
poorly planned and designed. These badly designed and
commissioned systems result in a negative reputation of the
technology, further limiting market growth.
Unrealistic expectations also exacerbate the negative
reputation of the technology. These expectations range
from an expected payback of less than two years, delivery
of complete comfort during all periods of the day to
maintenance-free operation and more. Often the endusers would not have had similar expectations with the
incumbent technology and may be more forgiving of any
performance deficiencies of the incumbent technology.
Other barriers such as the initial cost and improved
expertise from consultants and trade exacerbate this
barrier.

5.1.3
SUPPLY CHAIN AND WORKFORCE
COMPETITIVENESS
SHC systems are not covered in the standard training
repertoire of architects, engineers and installers.
Compounded by the lack of sufficient installations of
large-scale solar-generated thermal energy systems in the
built environment, this has resulted in a limited availability
of appropriately skilled engineers and installers. Due
to the lack of market demand, experienced personnel
often move to markets with high demand, both locally
and internationally. This skills gap has led to expensive
variations in design or site preparation costs. This is
further compounded by the limited number of component
suppliers and installers.
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Consultant fee models are often predicated on providing
standard systems design with only small variations. The
business model does not allow for the provision of a
bespoke solution capable of leveraging SHC technology for
the best outcome. In addition, most engineers and installers
are unsure of the appropriate use of the technology
because of the abovementioned skills gap. As a result,
the costing of the project is often inflated to mitigate
‘unknown’ risks, leading to the high initial cost of the
project.

5.1.4

TECHNICAL AND FINANCIAL RISKS

Project owners are often worried about the risks associated
with SHC technology installations. These risks can be
related to performance, maintenance or commercial
benefits. Negative risk perception is fuelled by the lack
of suitable local reference installations and access to
historical data. Badly designed and underperforming SHC
deployments add to this perception.
To support a wide deployment of solar-generated thermal
technology in the built environment, such systems need to
provide inexpensive, reliable and maintainable heating and
cooling services to the respective buildings. Only then will
the institutional investors be interested in financing such
installations. For a project to be bankable, the following key
risks need to be addressed:
1. technology risk – the potential for losses due to the
failure of the underlying technology. For mature
technologies the technology risks are minimal.

It has been observed that specialised international SHC
vendors often approach the Australian market with
insufficient focus and funds, partnering with small, local
companies for commercial representation. These small
companies do not have the reliability of major vendors,
resulting in real execution risk with the associated risk of
losing warranty and maintenance options if such a small
company were to change direction or enter liquidation.

5.1.5

Not unique to solar-generated thermal energy systems,
split incentives are a barrier to the high initial deployment
cost of any energy efficiency measures in buildings. So
far, the additional capital cost of an SHC installation is not
always offset by a commensurate increase in sales or lease
price. The tenant or final building operator would reap the
rewards of the efficiency measure and the entity, meaning
that the capital investment would have foregone possible
higher profits. Given the higher initial cost of SHC systems,
split incentives result in landlords often not motivated to
install such systems in their buildings.
Split incentives often also exist within large organisations.
Financial groups responsible for the asset side of the
business have internal ownership and decision processes
different from those groups responsible for the liability
side of the business. Decisions affecting both sides of the
balance sheet of a property owner require convincing both
financial groups; aligning decision criteria will often result
in decisions favouring the lowest common denominator
and a resultant deployment of traditional, standard systems.

2. deployment/construction risk – the potential for losses
associated with the physical (construction) phase
3. output risk – the potential for losses associated with the
quantity and quality of the yield of thermal energy
4. lifecycle costs and income risk – the potential for
lifecycle cost escalation due to maintenance, ownership
issues and losses due to beneficiaries not paying for
energy services.
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6 Recommendations & Next steps
It is evident that the barriers discussed in the previous
section (Chapter 5) are interrelated. Solutions that address
issues related to one barrier can have a multiplier effect
and help remove other barriers as well. It is known that
stakeholders can have varying influence and capacity to
address these barriers. Working with the most influential
stakeholder groups can have expected benefits. For
example, an initial
cost barrier is best addressed by financing mechanisms that
can reduce the cost of these installations.

While suggesting new recommendations, the authors
have considered the existing policy mechanisms, relevant
technology maturity (solar energy systems, heat pumps),
the price evolution and the likelihood of success. It is
expected that these recommendations can be adapted
by various stakeholders immediately and can deliver
impacts within the next three to five years. Hence these
recommendations are considered near-term.
The approach proposed below is intended to deliver an
impact in fewer than 5 years (Table 11).

The authors acknowledge the various efforts by the
industry and the government in the last decade to advance
the market for solar heating and cooling technologies.

Table 11. Near-term recommendations for addressing identified market barriers

DEVELOP

Standardisation &
best practice designs
Performance guarantee
contracts, large projects
contract framework

SUPPORT

Energy Performance
Contracts (EPCs)
Environment Upgrade
Agreements (EUA),
On-bill finance

IMPLEMENT

Exemplar projects with
performance guarantee

Standardised way of
estimating energy
savings from SHC
installations

INFORM
Share best practice designs, upskill workforce,
disseminate lessons learnt from exemplar installations
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6.1 Develop - standardisation & best
practice designs
We recommend the development of tools and processes
for the standardisation of the introduction of solar heating
and cooling technology for various built environment
applications. Standardisation of design will include systemlevel guidelines such as piping and interconnections, as
well as component-level aspects such as mounting of
collectors in typical Australian built environment settings.
This approach is likely to include specific guidelines for
the design of low-temperature heat usage (e.g. less than
100°C) and medium-temperature (100 to 250o C) heat usage
scenarios, as well as the use of thermal and PV systemsbased designs.
Standardised design activity must be complemented by
the development and implementation of a standardised
approach for the estimation of energy savings from these
designs. The extension of interim standard AS5389 to
incorporate various solar heating and cooling technologies
is one typical example. Similarly, extending AS4234 to
include PV-based solar hot water systems will help in
estimating the energy saving benefits from these systems.
Standardised design and best practice recommendations
can be incorporated into a tool suitable for consultants and
implementation project managers and be provided for their
use while designing new systems. The tool can incorporate
design requirements based on Australian standards and
identify suitable technology options based on the location
and the intended end use.
Various international organisations such as the IEA
SHC have developed standardisation guidelines and
best practice recommendations for solar heating and
cooling systems. We recommend a detailed review and
customisation of global best practices for Australian built
environment applications.
Confidence in solar heating and cooling installations can
be improved by providing commitments to the energy
yield delivered by these systems. The Guaranteed Solar
Results scheme (GSR) implemented in Europe is a typical
example of this performance contracting mechanism that
has resulted in a reduction of investment risks (e.g. Keizer et
al, 2011). These agreements are usually between the facility
owner and the contractor. They commit to a long-term
energy delivery goal (5 years) and have penalty clauses for
deviation from the target. We recommend the development
of a performance guarantee framework for solar hot
water, heating and cooling applications in Australia. For
40

a typical solar hot water installation, this framework will
likely involve the following three steps: i) estimate monthly
energy benefit based on site-specific weather parameters
and the hot water usage profile; ii) monitor energy
delivered by the installation and inform the user on monthly
basis, iii) develop a mechanism for charging penalties when
there is a large deviation (over 10%) between projected
savings and operational data.
Once standardised designs are implemented, consultants,
designers and installers will be confident about
guaranteeing the performance from these designs. In
addition to reducing the financial risks from solar heating
and cooling technologies, performance guarantee contracts
will also result in the development of a competitive
component supply chain locally.
The development of standardised contract structures will
further minimise any risk perceived by the stakeholders.
These contract structures can lower the transaction
cost and time related to the execution of contracts.
We recommend an evaluation of various contracting
frameworks suitable for renewable energy introduction and
the development of a standardised structure. The global
solar energy standardisation initiative (IRENA Terrawatt
Initiative 2017) which is intended for PV-based electricity
generation is one typical example.

Recommended actions:
1. Develop standardised design and best practice
design for small to medium (less than 1 MWth) solar
thermal heating and cooling systems for various built
environment applications.
2. Develop standardised design and best practice design
for the integration of solar PV and electrical heating
and cooling systems for small- to large-scale built
environment applications. Incorporate near-term
technology development opportunities (Table 5).
3. Extend the standardised approach for estimating
energy savings from solar heating and cooling solutions
(interim standard AS5389). Extend AS4234 to include PVdriven solar hot water systems.
4. Develop or adapt software tool(s) intended for use by
consultants, designers and installers.
5. Develop a performance guarantee mechanism for solar
heating and cooling installations.
6. Evaluate options and develop standard contracting
templates for large scale solar heating and cooling
installations.
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6.2

Support

We believe there are various successful operational models
and renewable energy support mechanisms already
available for supporting high capacity (over 1 MWth) SHC
technology implementation in the built environment sector.
However, some of the following approaches have been
largely overlooked or have not been deployed consistently
across Australia. We suggest a reinvigorated approach
towards these policies.

6.2.1 ENERGY PERFORMANCE CONTRACTING (EPC)
THROUGH ENERGY SERVICES COMPANIES (ESCOS)
Energy Performance Contracting (EPC) is a universally
accepted model for enabling greater uptake of energy
efficient technologies. In simple terms, it uses the cost
saving from energy efficiency measures to repay the initial
cost of implementing an energy efficiency measure. An
Energy Services Company (ESCO) is engaged to carry out the
energy upgrades and guarantee energy savings. The ESCO
bears the financial risks associated with the technology
implementations.
Although already established in Australia, it is
acknowledged that the EPC model through ESCOs is less
mature in Australia relative to the market in North America
and Europe (Zhang et al, 2015). Various studies have
identified factors that may limit a broader adoption of
this model (e.g. Kellett and Pullen, 2012; Zhang et al, 2015).
These include the complexity of the EPC model, payback
periods, policy and regulatory issues, lack of suitable
technologies and lack of sufficient financial incentives.
Industry bodies such as the Energy Efficiency Council (EEC)
have initiatives in place to address some of these barriers
(e.g. Best practice guide to energy performance contracts,
(EEC, 2000)).

Considering the ongoing costs associated, the EPC model
through an energy services company is likely to be viable
for large-scale solar heating and cooling projects (e.g.
greater than 1 MWth). We recommend the following
measures to build awareness and confidence in this
approach:
• identify financially viable cases (size and application
specific) for ESCO involvement and carry out heating and
cooling demonstration projects involving ESCOs
• involve reputed international ESCOs who have
successfully implemented large-scale solar heating
and cooling projects around the world in these
demonstration projects and implement projects
involving national ESCO partners and international ESCO
partners
• leverage financial schemes not well utilised/published
before. The authors have identified two existing support
mechanisms that can specifically address the split
incentive barrier. Details of these schemes are discussed
below.
The availability of a performance guarantee mechanism for
small- and medium-scale installations (recommendation #4)
and the EPC model for large-scale projects is likely to greatly
reduce the financial risk associated with these projects and
deliver guaranteed savings to the facility owners.

6.2.2 ENVIRONMENTAL UPGRADE AGREEMENT
(EUA)
An Environmental Upgrade Agreement (EUA) is a
contractual agreement between a building owner, an
energy services company (ESCO), a finance provider and a
local council. The ESCO agrees to undertake environmental
upgrades to a building on behalf of the building owner
and the finance provider agrees to advance capital to the
ESCO to fund the works. The money is repaid to the lender
through council rates. This environmental upgrade charge
is collected quarterly as a line item on top of the normal
council rates. Once payments are completed, the ESCO
owns all capital equipment covered by the agreement. In
addition, environmental upgrade charges can also include
metered energy consumption charges. The building owner
can alternatively undertake the work without an ESCO in
place. For all cases, the overall charges to the beneficiary
(tenant or building owner) need to provide a guaranteed
cost saving when compared with the non-upgraded energy
cost.
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Figure 22. Environmental Upgrade Agreement (top), on–bill finance (bottom) operational mechanisms
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An EUA allows an ESCO or building owner to access capital
at a significantly lower rate over a longer term than a
conventional bank loan. EUAs also allow some or all of the
costs of the upgrade to be shared with tenants, where the
tenant also benefits from the cost saving delivered by the
upgrade. Furthermore, it minimises financial risk to the
lender, as the loan is attached to the land/property. Figure
22 depicts the EUA operational mechanism.
EUAs are currently only available in Victoria (Department
of Energy, Land, Water and Planning, 2015) and New South
Wales (Office of Environment & Heritage, 2016) and are
planned for South Australia. The Australian Renewable
Energy Agency (ARENA) has been supporting partners in
the large-scale implementation of this mechanism (ARENA,
2016b). Extending these agreements further to other states
and nationally consolidating their contractual structure,
commercial and technical prerequisites based on the above
best practice design would remove financial risk and
address the problem of split incentives.

6.2.3

ON-BILL FINANCE

On-bill financing is an alternative way of obtaining access
to capital to fund energy efficiency upgrades. Under this
system, repayments are made through an electricity utility
as part of the energy bill. The energy utility will typically
aim to make the monthly payments equal to or less than
the energy savings achieved through the upgrade works.
As with EUAs above, building owners can access capital at a
lower rate over a longer term than a conventional bank loan
and costs can be shared with tenants, lowering financial
risk and mitigating split incentives.
In Australia, on-bill financing is currently offered by AGL
and Origin Energy for medium to large customers only
(Office of Environment & Heritage, 2016a). On completion
of payments, the building owner owns all capital equipment
covered by the contract, i.e. it is a balance sheet item. We
recommend extending standard demand management
practices of all electricity utilities to include on-bill
financing for solar-generated thermal energy projects,
adhering to the above standards and leveraging the best
practice design to mitigate technical risk.

Recommended actions:
7. Identify suitable opportunities for EPC model
implementation, leverage EUA and on-bill finance
schemes while implementing large-scale solar heating
and cooling demonstration projects.

6.3 Implement – Exemplar projects
with guaranteed performance
Despite broad market uptake of small-scale (residential)
solar water heating systems, there are very few large-scale
solar heating and cooling systems in the country. This
clearly underlines the need for more exemplar projects
that could be used as good example installations. However,
the objectives of these demonstration projects need to
be defined with clear end goals and financing must be
available until completion. As has often been realised
through various national and international projects, poorly
implemented projects bring a negative reputation to the
technology and can severely impact its market uptake. In
this context, the authors recommend a two-stage approach
towards building of exemplar projects.
Stage I will identify a minimum of two suitable solar
heating and cooling solutions for every built environment
application (e.g. hospitals, schools, offices as shown in
Table 9). This process should include the evaluation of
technology opportunities identified in Table 5.
Once the potential implementation opportunities
for various built environment applications have been
identified, detailed design analysis for each opportunity can
be taken up in order to choose exemplar demonstration
projects. To deliver the required impact and generate
sufficient market buzz, we recommend commissioning
a minimum of ten exemplar projects. Project design and
implementation will occur using the standardised design
practices and project implementation approaches as
discussed in the previous sections. A guarantee of returns
from these installations will be the cornerstone of these
installations. Based on the project size (installed capacity),
this could be a contract between the project contractors
and facility owners (small- or medium-scale projects) or EPC
(large projects). ARENA and CEFC can act as investors for
these projects. National and international industry players
with demonstrated experience should be involved in
project design and implementation.
Experience suggests that many of the demonstration
projects do not operate beyond the initial few years
due to a lack of careful planning for maintenance after
the commissioning period. Minor issues with system
operation often go undetected for months, resulting in
reduced energy yield from these installations. Thus, we
highly recommend detailed measurement and verification
activities for five years to guarantee annual savings to the
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site owner and the tenant. A team that comprises building
facility managers and representatives from the installation
contractors, as well as an independent M&V entity should
be assigned the task of monitoring the operational systems
to ensure timely remedy of identified issues and participate
in knowledge sharing. Funds for M&V and subsequent
system optimisation activities should be planned during the
project execution stage. We recommend reserving of no
less than 20% of project funds for post-installation system
optimisation activities.

Recommended actions:
8. Identify two exemplar project opportunities for each
built environment application and deliver a detailed
feasibility study for each demonstration project.
9. Build and commission at least 10 exemplar projects.
These projects will be designed according to best
practice designs (recommendation #1,#2).
10. These projects will guarantee energy delivery from
these systems (recommendation #5). These projects will
have 5 years of measurement and verification as part of
the commissioning. We recommend reserving no less
than 20% of project funds for post-installation system
optimisation activities.

Plumber’s association, AIRAH). These learnings should be
available in an easily accessible form. The large-scale solar
thermal systems design handbook that was developed by
the Master Plumbers’ association and Sustainability Victoria
is one example of best design practice document (Master
plumbers, 2009).
Once developed, it is suggested that the best practice
design and standardisation guidelines are integrated into
an existing process (e.g. the GBCA process, providing
additional points for Green Star certification). It is essential
that the document be regularly updated, at least every two
years. The updates will include lessons learned, life cycle
cost analysis, any changes in standards and regulations as
well as technology and knowledge advancements. Exemplar
project operational experience shall be utilised to build
lifecycle cost estimates for these technologies.
Additionally, we strongly encourage the organisation of
information sessions once a year across the country that
are designed for consultants, engineers, architects and
tradesmen. These sessions should cover a broad range
of topics ranging from technology introduction, state
and federal financial support mechanisms and lessons
learnt. Once the exemplar projects are operating, these
information sessions can include site visits.

11. For large capacity projects (over 1 MWth), implement
projects using the EPC model (#7).

Recommended actions:

6.4

12. Incorporate standardised design and best practice
learnings as part of curricula and CPD activities for
architects, engineers and trade. Embed these guidelines
as part of an existing process.

Inform – Training & upskilling

Ongoing market education, industry training and
upskilling activities are required during the exemplar
project monitoring period. This will ensure the market is
sufficiently seeded with a skilled workforce and design
expertise. We propose the following recommendations for
sharing the knowledge developed from the activities (1 to
11) with various stakeholders.
We recommend concerted efforts towards incorporating
best practice design, standardisation and pilot project
learnings as a part of curricula for engineers, architects
and the trades. Continuing Professional Development
(CPD) training programs for respective specialities should
incorporate these learnings. These can be endorsed and
supported by appropriate industry associations (e.g. Master
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13. Update best practice documents every two years
based on lessons learnt from operational installations,
incorporate lifecycle cost analysis and include
technology and knowledge advancements.
14. Organise information sessions once a year across the
country on solar heating and cooling technologies,
financial incentive mechanisms, and lessons learnt from
operational facilities. Include data from existing case
studies and organise site visits.
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6.5

Next steps

Industry, government, R&D organisations and the financing
community need to work together to make the roadmap
a reality. One approach is to create an entity consisting
of interested stakeholders that co-ordinates activities
related to the implementation of these action items. An
appropriate structure needs to be implemented, consisting
of a steering committee with representatives from each
stakeholder group. This entity will have the following
objectives: i) oversee the development of standardisation
and best practice guidelines, ii) coordinate activities related
to exemplar project implementation, iii) be a custodian
of all the data and learnings from exemplar project
installations. Funding support for roadmap implementation
needs to be identified and committed so that the steering
group can progress with a focussed implementation of the
recommendations.

The authors propose a time plan (Figure 23) for
implementation of these recommendations.
• We suggest setting up an entity before mid-2018 to
implement the recommendations.
• The development of standardised design and best
practice design guidelines for all the built environment
applications is the highest priority as this would underpin
any future design and installations. When developed,
they will be a certifiable reference design that can
be referenced for planning, designing, installing and
commissioning solar-generated thermal energy systems
in the built environment. The standardisation document
can be published in early 2019. Standardisation activities
shall include industry representatives, installers, ESCOs as
well as R&D organisations.

Standardisation and Best
Practice Design Document
Development

Develop &
Support

Development of
software tools to aid in
Best Practice Designs

Development of
Performance Guarantee
Frameworks

Identify small/medium
exemplar projects

Deploy small/medium
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Lessons
Learned
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sessions, curricula for
Engineers/Architects/Trades

Revise
and
Update

Operate and Monitor large
scale exemplar projects

Lessons
Learned

Revise
and
Update

Figure 23. Implementation timeframe for recommendations
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• Identification of suitable opportunities using best
practice guidelines is the recommended next step.
Feasibility studies should be carried out on various built
environment application opportunities to identify the
potential pilot project opportunities.
• A contract framework for performance guarantees, as
well as large-scale contracting framework activities
should be completed before exemplar project selection.
This will ensure that the site owners are comfortable
with the operational benefits delivered by the
installations.
• It is expected that commissioning activities related to
small- and medium-scale (less than 1 MWth) exemplar
projects will start in 2019. Large-scale projects will
progress after suitable opportunity identification and
establishment of the EPC framework. Commissioning
activities of large capacity projects is likely to occur from
2020 onwards.
• Updating and revising of information to include lessons
learned from exemplar projects will progress over the
monitoring period of five years.

Recommended actions:
15. Constitute an entity that incorporates various
stakeholders and implement the recommendations
according to the timelines suggested.
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6.6

Impact

Implementation of these recommendations is likely to
provide the necessary confidence to project owners,
and assurance to financiers, about the viability of SHC
systems for built environment applications. In addition
to creating the awareness, exemplar installations with
a performance guarantee mechanism will provide the
required competition in the market and lower the barrier
for subsequent projects. New players, national and
international installers and technology providers are
likely to use this opportunity once they are familiar with
the returns. Reasonably sized exemplar installations will
lead to more installations in the coming years, due to the
cascading effect. As a result, the market will have a more
competitive supply chain and a competent workforce. In the
near term, hot water installations equivalent to 5 MWth can
reverse the declining growth trend in commercial solar hot
water systems that has occurred over the past few years. In
the medium term, in addition to creating new jobs in the
Australian renewables sector, availability of expertise in
the workforce is likely to help Australian industries garner
overseas markets, specifically the fast-growing markets in
Asia and South America. In the long run, these initiatives
will help the Australian built environment sector transition
to a low carbon economy.
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Table 12. Recommended Actions Summary
RECOMMENDATION

Develop

Support

Implement

Inform

ACTION

TIMELINE

1 Development of standardised design/best practice
design for solar thermal heating and cooling systems
with a modular component approach (less than 1 MW
scale) for various built environment applications

Publish in 2019

2 Development of standardised design/best practice
design for solar PV heating and cooling systems with a
modular component approach (less than 1 MW scale)
for various built environment applications

Publish in 2019

3 Extend standardised approach for estimating energy
savings from solar heating and cooling solutions
(interim standard AS5389). Extend AS4234 to include
PV-driven solar hot water systems.

Available in
2019

4 Development or adaptation of design support tool(s)
for use by consultants, designers and installers

Available in
2019

5 Develop a performance guarantee mechanism for
solar heating and cooling installations

Available in
2019

6 Evaluate options and develop standard contracting
templates for large-scale solar heating and cooling
installations

Available in
2020

7 Identify suitable large-scale exemplar project
opportunities for EPC model implementation, leverage
financing mechanisms available for installation

Opportunities
identified in
2019

8 Identify two pilot project opportunities for each built
environment application and deliver detailed feasibility
studies for each

Available in
2019

9 Install and commission a minimum of ten exemplar
projects (part financing through ARENA or CEFC) based
on feasibility studies. These will be in the capacity
range of 100 kW to 1 MWth.

Commission in
2019-2020

10 Implement performance guarantee mechanism, and
five-year monitoring procedure for exemplar projects.
We recommend reserving of no less than 20% of
project funds for post installation system optimisation
activities.

Monitoring
period:
2020 - 2025

11 Install and commission exemplar projects for largescale (over 1 MWth) heating and cooling applications

Deployment
in 2022

12 Incorporate standardised design and best practice
learnings as part of curricula and CPD activities for
architects, engineers and the trade. Embed these
guidelines as part of an existing process.

2021 - 2022

13 Update best practice documents every two years
based on lessons learnt from operational installations,
incorporate lifecycle cost analysis and include
technology and knowledge advancements.

Update and
revise in 2021,
2023

14 Organise information sessions once a year across the
country on solar heating and cooling technologies,
financial incentive mechanisms, and lessons learnt
from operational facilities. Include existing case
studies data and organise site visits.

Annual event

15 Constitute an entity for implementation of these
recommendations. Involve all stakeholder groups.

Before mid
of 2018

MARKET BARRIERS
ADDRESSED
Initial cost, workforce
competitiveness, technical
and financial risks

Split incentives, initial cost
technical and financial risks

Initial cost/lack of awareness
of benefits & unrealistic
expectations/ inexperienced
and untrained consultants and
trade/technical and financial
risks
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7 Summary
In this roadmap, we have analysed the status of the solar
cooling and heating (SHC) industry in Australia for built
environment applications, both from a market and a
technology perspective. We further identified the potential
barriers for large-scale market uptake of these technologies
and provided specific near-term recommendations
for improving their uptake in the built environment. A
summary of findings from the report is listed below.
In Chapter 1 we identified the drivers for installing solar
heating and cooling solutions in Australian buildings. These
drivers vary based on the type of stakeholder. These are:
• rising electricity and gas prices (an annual residential
price increase of more than 5% in the near future and
an increase of more than 40% in wholesale gas price
projections in the next ten years) have prompted
building owners to look at options to reduce their
operating energy costs
• Australia has committed to achieving a 26 -28% reduction
in greenhouse gas emissions below 2005 levels by 2030
• the use of air conditioners during hot summer
afternoons is the main contributor to network peak
demand. Taking cooling and heating loads off the
grid can help networks avoid investment in expensive
infrastructure upgrades that are operates for only a few
hours per year.
There are two pathways for utilising energy from the sun
for building services. Solar thermal collectors convert
incident radiation into heat, whereas solar PV systems
convert incident radiation into electricity. While thermal
systems are dedicated solutions, energy generated from
PV can be used for applications other than heating and
cooling. In this document, only direct coupled PV-driven
heating and cooling solutions have been considered. The
market barriers for solar thermal and solar photovoltaic
systems are not necessarily the same. Residential and
commercial buildings have different drivers for installing
solar in their premises.
In Chapter 2 we analysed the status of the SHC market from
a global perspective. The overview of the solar heating and
cooling global market shows that:
• the global solar thermal market is dominated by smallsized hot water systems (63%), followed by large-scale
hot water installations (28%). The solar thermal market
has shown a 5-6% market growth in the last two years.
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Most likely due to the market pressure from heat pump
and PV installations, the small-scale solar thermal
system market has shown a decline in its growth rate.
Large-scale solar thermal heating systems (in Denmark,
Germany and Austria) feeding to a district-wide heating
grid have contributed to the large solar thermal capacity
in Europe in the last few years
• solar thermal cooling still represents a niche market.
Although continuing to grow, the widespread
deployment is yet to pick up momentum
• interest in PV systems for heating and cooling has been
growing in the recent past. However, market numbers for
PV-driven (coupled) heating or cooling systems are not
available. IEA (SHC task 53) data collection shows there
are likely to be over five suppliers of PV-driven cooling
system providers across the world.
In Chapter 3 we focussed on the technology options and
benefits of various SHC solutions for the built environment.
• Table 3 provides a summary of technology maturity and
the commercial readiness of various solar heating and
cooling solutions. The suitability of SHC technologies for
various built environment applications based on climatic
zones has been listed in Table 4.
• Annual energy saving benefits from a typical residential
solar thermal hot water system for various climatic
zones in Australia have been provided. These systems
can have a payback period of fewer than 5 years while
operating with over 70% solar fraction. It has been
noted that the components of a PV heating system are
technically mature and products have started appearing
in the market. Despite component availability, more
installations are required for advancing the commercial
maturity of residential-scale solar thermal and PVassisted cooling systems.
• Further progress is required to advance the commercial
readiness of heating and cooling technologies for largescale (commercial building) applications.
• Acknowledging that market barriers for SHC technology
uptake can be addressed by technology, this report has
identified the following near-term (less than 5 years)
technology evaluation opportunities: i) precinct-level
heating and cooling, ii) PV-coupled heating and cooling,
iii) PV-driven heat pumps for hot water heating, iv) gridindependent PV cooling.
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In Chapter 4 we focussed specifically on the market in
Australia. Key highlights of this analysis are:
• similar to the global trend, and despite adding capacity,
the solar thermal market is experiencing negative
growth in Australia. Australia had over 1 million solar hot
water installations in the year 2016. New installations
constitute the main market for hot water systems, and
lie at about 50,000 installations per year. Commercialscale solar hot water systems constitute less than 10% of
total solar hot water installations in the country. Solar
thermal cooling is still a niche, with fewer than 20 active
installations
• the rooftop PV (<10 kWe capacity) market has been
growing and this constitutes over 90% of the national
installed generation capacity. Due to the availability of
commercial-ready products, it is likely that the market
for residential PV-driven hot water and cooling (direct
coupled) systems is slowly growing in Australia. However,
there are no reliable market data available right now
• Australia has a favourable ecosystem for improving
the uptake of solar heating and cooling in buildings.
The Federal Government has set up agencies such as
ARENA and CEFC, with the main intention to promote
the use of renewable energy in various sectors including
the built environment. The Renewable Energy Target
(RET) is a national scheme that is designed to provide
capital subsidies for the installation of solar heating and
cooling technologies. Details of various state and federal
programs that promote energy efficiency in buildings
have been discussed in the document
• the interim Australian standard AS5389 provides a
standard methodology for assessing the annual energy
consumption details of solar heating and cooling systems
for residential and commercial buildings
• a list of large-scale operational solar heating and cooling
installations across the country has been provided in this
report (Table 8)
• the suitability of a particular type of solar heating and
cooling system for a built environment application
depends upon various factors that are applicationspecific (e.g. operational hours, operational load and
comfort tolerance) and location-specific (e.g. climate
zone, roof availability). Using details of typical built
environment applications, a qualitative suitability
evaluation has been carried out. These details are
available in Table 9.

• operational benefits delivered by solar heating and
cooling systems have been ascertained. In addition to
the payback estimates for residential solar hot water
systems, a simplified payback analysis has been carried
out to establish the economic viability of large-scale
(commercial) hot water systems. Results indicate that
solar thermal and PV technologies can have a payback
period of fewer than 5 years with over 50% solar
fraction. Published studies show that the benefits
delivered by a solar cooling system depend upon the
initial cost of the system and the operational parameters.
Primarily due to the high COP of electrical chillers, PVdriven cooling solutions will deliver more energy savings
than single effect thermal chiller-based solutions.
In Chapter 5, Australian market barriers for large-scale
uptake of solar heating and cooling systems for built
environment applications have been listed. These barriers
are based on interviews with various stakeholders in
the country. International expert inputs have also been
considered. The main barriers are:
– higher initial cost
– lack of awareness of benefits and unrealistic
expectations of benefits
– supply chain and workforce competitiveness
technical and financial risks
– split incentives.
In Chapter 6, specific recommendations for addressing
these barriers have been provided.
While suggesting new recommendations, the authors
have considered the existing policy mechanisms,
relevant technology maturity (solar energy systems, heat
pumps), price evolution and the likelihood of success.
Only recommendations that can deliver impacts in the
near-term (fewer than 5 years) have been included.
These recommendations are provided in Table 12. An
implementation timeframe for these recommendations
has been provided. We suggest that an entity that includes
various stakeholders should be set up to implement the
recommendations according to the timelines suggested.
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8 Appendix I – Solar cooling and
heating technologies: an overview
This section is intended to provide an overview of
technologies and system configurations. There is
a wealth of information published on these topics
over a period of two decades that will provide a
more thorough review. The reader is referred to the
literature cited in this section for further details.

8.1

Solar cooling

Commercially mature technologies for the production of
cooling using solar energy can be achieved in two ways;
1. systems that convert incident solar radiation into heat
and use this heat to generate cooling. Heat is generated
through thermal collectors. Cooling is generated
when this heat is used in sorption cycles (absorption,
adsorption), or used in a desiccant cooling system

Figure 24. Coefficient of performance as a function of the heat
source temperature of single-, double- and triple-effect LiBr-H2O
absorption chillers (Grossman, 2002)

2. systems powered by photovoltaic panels (PV) that drive
vapour compression chillers.
The predominant solar cooling systems that are installed
and functional across the world are thermal cooling
systems. Thermal absorption chillers use a combination
of refrigerant and a sorbent in a closed cycle. Instead of a
mechanical compressor, these systems use heat to move the
low-pressure refrigerant from the evaporator and deliver
it as high-pressure refrigerant in the condenser. Water –
lithium bromide, ammonia – water is typical refrigerant
sorbent combination used in these chillers.
Absorption chillers are divided into three categories based
on the temperature of the heat input required to drive
them:
1. single-effect absorption chillers: hot source inlet
temperature in the range of 65-95°C
2. double-effect absorption chillers: hot source inlet
temperature in the range of 155-185°C
3. triple-effect absorption chillers: hot source inlet
temperature >200°C
As shown in Figure 24, these chillers operate with a higher
coefficient of performance (ratio of cooling delivered to
heat used) when using a high temperature heat source.
Single effect chillers are prevalent across the world and
they use hot water in a stratified tank as a storage medium.
Double effect and triple effect chillers use water under
pressurised conditions or in the form of steam.

Adsorption chillers use solid materials such as silica gel
as the sorbent. They have an evaporator and condenser
chamber and an adsorber/desorber. They operate in two
stages. During the first stage, the refrigerant (water) is
evaporated in the evaporator chamber and is adsorbed
by the sorbent (silica gel) in the adsorber. The heat of
adsorption is removed by rejecting the heat to ambient.
Once the adsorber is saturated, it is regenerated using an
external heat source. The water released during desorption
is cooled down in the condenser and is fed into the
evaporator. Two chambers, one for adsorption and one
for desorption, are normally used to make this process
continuous. Adsorption chillers normally require 50°C to
85°C of heat and operate with 0.2 to 0.6 COP (Henning, H.,
2007).
A typical solar thermal cooling system layout with an
absorption chiller is represented in Figure 25. This system
consists of thermal collectors to generate heat from
incident radiation and an absorption chiller to generate
cooling using heat as energy input. Thermal collectors
capable of delivering heat from 60°C to 250°C are used
for solar cooling applications. These range from nontracking flat plate collectors, evacuated tube collectors and
compound parabolic collectors (CPC) to tracking parabolic
trough collectors, linear Fresnel-type collectors and dish
collectors. A review of solar collectors is provided in
Kalogirou, 2004.
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A cooling tower is an integral part of the chiller and
performs the function of heat rejection to the atmosphere.
A thermal storage system with a backup heat source is
integrated between the collector and chiller to compensate
for solar radiation intermittency and run the chiller during
periods of no solar availability. The storage medium in
these systems can store heat in the form of sensible heat,
latent heat and in the form of reversible thermo-chemical
reactions. Details of various thermal storage system
options and control approaches of a solar cooling plant are
provided in Pintaldi, et al, 2015.
Desiccant air conditioning systems control the latent
heat load in the building by actively removing moisture
from the incoming air. They dehumidify the incoming air
stream by forcing it through a desiccant material and then
cooling the outlet air to the desired indoor temperature.

To make this system work continually, the adsorbed
moisture is driven out of the desiccant material using high
temperatures. Thus, a desiccant cooling system consists of
desiccant material, a regeneration source and a cooling
unit. The desiccant material can be a solid or a liquid. In
solid desiccant systems, the desiccant bed is normally
used as a rotary wheel and alternates between the process
air stream and the regeneration air stream. In liquid
desiccant systems, the solution flows from the dehumidifier
section to the regenerator section. To cool down the air
after dehumidification, heat recovery wheels or indirect
evaporative cooling systems are used downstream of the
desiccant system. A typical system configuration for a solid
desiccant air conditioning system is shown in Figure 26.

Figure 25. A generic solar thermal cooling system configuration (Pintaldi et al, 2015)
Heat source

Ambient air

Desiccant
wheel

Heat
recovery

Ambient air

Indirect
evaporative
cooler

Exhaust

Figure 26. A typical solid desiccant air conditioning system with heat recovery configuration
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Supply air

a) A standalone (off grid) PV air conditioning configuration (Huang, 2016)

b) Partially grid connected PV air conditioning configuration (Liu et al, 2017)

c) Partially grid connected PV air conditioning configuration (Aguilar et al 2017)
Figure 27. PV cooling system configuration examples
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There has been considerable interest in PV-driven solar air
conditioning systems in the recent past due to the drop in
PV system costs and improvement in their efficiencies. Due
to the higher COP values of the electrical chiller, PV-driven
air conditioning systems can operate with higher solar to
cooling efficiency ratios than single stage solar thermal
technologies. PV air conditioning systems can be fully offgrid, partially grid-connected (Figure 27) or part of a gridconnected PV system configuration supplying electricity to
different loads in the building including air conditioning.
There is ambiguity related to what constitutes a PV air
conditioning system. For example, rooftop PV installations
in residential and commercial buildings offset the electricity
required for space cooling even though there is no “one to
one” coupling of solar energy generation with the cooling
generation device.

8.2

Solar heating technologies

A typical solar thermal domestic hot water system consists
of solar collectors that deliver heat to a storage tank. The
heat is drawn from the tank based on the daily usage. The
tank and collectors are sized appropriately to meet the
annual load demand. These systems are normally designed
to meet over 50% of hot water energy use in the building
and contain an electric or gas auxiliary heater to deliver
heat at desired temperatures. Active (systems that use
a pump to circulate the water from the collector array)
and passive designs in various system configurations are
available in the market. The reader is referred to various
review literature available on this topic and manufacturer
brochures.

The use of heat pumps for water heating is a well-known
approach. An air source heat pump water heater operates
like a refrigerator, but in a reverse cycle to deliver heat
energy using the ambient as the source. These systems
use electricity as the energy input to the compressor to
deliver heat as the energy output. There are two ways of
augmenting solar energy to a heat pump. Similar to a PV air
conditioner, PV-generated electricity can be used to drive
the heat pump and hence reduce the grid electricity usage.
Various research groups are evaluating designs that use
solar thermal heat to augment the performance of a heat
pump (e.g. Kamel 2015, Buker, 2016). These designs will not
be discussed here.
Although not an energy efficient approach, heating hot
water using excess PV generation from a building is a
means to self-consume on-site generated electricity and
result in energy savings.

8.3

For commercial building applications, hydronic heating is
often used to meet space heating needs. A centralised solar
heat collection and storage system can be used for meeting
the cooling, hot water and heating needs of a building.
These systems, often called solar combi-systems in Europe,
are suitable for commercial and residential applications
(Hands et al, 2016). These systems are designed for meeting
a significant portion of the domestic hot water requirement
of the application. During summer months, the reduction in
the heat usage for heating and excess heat produced from
the collectors is used for delivering cooling.

Figure 28. Typical solar hot water system configuration
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9 Appendix II – Cost saving
benefits of solar heating and
cooling systems
In this section, we carry out a simplified analysis to establish
the benefits of solar-assisted water heating systems for
large-scale hot water usage scenarios. Solar thermal hot
water systems and solar PV hot water systems have been
used in this analysis for comparison (Figure 29). The cost
saving benefits of these systems are compared with a gas
heated hot water system and an in-tank electric heated hot
water system, respectively. The schematic below shows
the solar thermal and solar PV hot water system details.
Controllers maintain the tank middle temperature at 65°C to
75°C. Hot water delivery temperature is maintained at 45°C.
Solar thermal systems deliver heat using flat plate
collectors. If sufficient heat is not available in the tank, an
instantaneous gas backup is used to meet the heat delivery
requirements of the system. The solar loop pump operates
based on the tank mid temperature set points.
A PV heating system has been modelled as a gridconnected system that delivers PV output to the tank and
excess electricity to the grid. The tank uses an in-tank
electric boosting system to deliver heat at required
temperatures in the outlet. If the output from the PV is not
sufficient to meet the heating requirements, the system

uses electricity from the grid. The benefits of adding a
heat pump have been included in the analysis. The energy
source for the heat pump can be PV-generated electricity
or grid electricity. The control aspects that optimally use PV
output to deliver maximum heat from the heat pump and
the storage system have not been included in this analysis.
Heat delivery and COP characteristics of a commercial heat
pump for various operating conditions have been included
in the analysis.
A fixed hot water draw of 300 kg/hr for 9 hours per day
(between 8 am to 5pm) has been considered. The analysis
considers various solar heat collection device sizes (PV
or thermal) to increase the solar fraction. A tank size
equivalent to daily hot water draw has been used in this
analysis. The solar fraction is defined as the ratio of the
solar energy to the total energy used in the system. Total
energy used in the system is the sum of solar energy and
the gas or net grid electricity used in the system.
Typical cost details of solar collectors and PV modules
have been used for economic benefit estimations. Costs of
the storage tank, piping and installation costs have been
included in the analysis. Small-scale Technology Certificates
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(STC) for these systems have been applied according to
the current policy framework. The commercial-scale heat
pump capital cost has been scaled down based on the heat
delivered by the heat pump for the chosen load profile. A
fixed rate of 12 cents/kWh for gas and electricity has been
used for economic benefit estimations. Net electricity used
from the grid (difference between electricity imported
from the grid and exported to the grid) has been used for
economic estimates. A simple payback has been estimated
as the ratio of capital cost of the system to the annual
energy cost savings.
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Figure 29. Solar thermal water heating, PV – electric
water heating and PV – heat pump water heating system
configurations
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10 Appendix III – Barriers
The project team circulated a set of questions to the
industry expert group. These are:
1. What are the barriers for large-scale heating and
cooling technologies deployment?
2. How could these barriers be addressed?
3. What opportunities do you see for solar heating and
cooling in the building industry in Australia?
4. Personal experience with deployment of solar heating
and cooling technologies.

Responses from the industry expert group are listed
below:
• major drivers: zero energy buildings, green buildings,
aspirational building owners, government policy (GHG
reduction), economic benefits
• parallels exist between the solar thermal industry and
the co-generation or tri-generation industry that uses
waste heat for heating & cooling. Learnings from the
growth of the co-generation/tri-generation industry
should be revisited.
• installers of solar thermal systems have unreasonable
expectations e.g. 1 year payback
• installation costs of solar thermal systems is not
competitive
• simple guidelines for a non-technical audience do not
exist – e.g. how to choose between solar thermal or
solar PV for a given application

• existing projects are bespoke, resulting in high labour
costs and project management costs. How do we
commoditise the technology?
• do more projects, build more awareness, train specialist
project managers
• build a case based on the life-cycle benefits of solarassisted systems vs conventional systems
• lack of awareness of, or reluctance to apply for
government rebates
• how do we adopt this technology so that this can be a
retrofit kit
• motivation for building clients: green star ratings.
Engage green building council
• could the roadmap include other technologies that
are solar-ready – e.g. solar-driven ventilation, indirect
evaporative cooling
• appropriate financing models - the EPC model has not
taken off in Australia.
• take inputs from the biogas pre-approval model for
financing
• sustained government policies, long-term outlook will
help
• policy support for training, upskilling (e.g. green
plumbing certification in Victoria)
• similar incentives for solar thermal and solar PV

• these technologies should address additional valueadd (e.g. enhanced comfort) in addition to energy or
emissions. Create a value proposition map

• local manufacturing helps to adapt the product to
local requirements. This is a key requirement for viable
deployments

• more efforts should be focussed on creating industry
awareness

International expert inputs were obtained during the
IEA SHC Task 53 meetings in 2016 and 2017. Additionally,
relevant literature (e.g. Fuller 2011 , Lovegrove et al, 2015)
was reviewed and those findings have been incorporated
while identifying key market barriers.

• technology niche: regions with network constraints and
gas infrastructure constraints
• suitable applications: large buildings, schools, hospitals,
universities
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