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About AIRAH
The Australian Institute of Refrigeration, Air Conditioning and Heating (AIRAH) is an industry-led
organisation that represents the entire heating, ventilation, air conditioning and refrigeration (HVAC&R)
value chain, from the tradesperson on site through to university-educated engineers, researchers and
business leaders. This overarching perspective – and reach to more than 25,000 industry participants –
positions AIRAH well to develop and promote a safe, sustainable, healthy and comfortable built
environment for Australia’s future.
The 21st century imperatives of emissions reduction and energy productivity present our nation with
significant change, challenges and opportunities. It is important that all stakeholders from the built
environment and refrigeration sector come together to meet these challenges, because all of us have a
part to play in achieving low emissions and in ensuring that technical challenges are met and risks are
mitigated.
AIRAH is keen to work with all levels of government to improve the environmental performance and
safety considerations of existing and new HVAC&R systems. We envisage a collaborative effort to get and
keep positive action firmly on the agenda. AIRAH appreciates that it is important for all stakeholders to
understand not only the vital role the HVAC&R industry has in the wider economy, but also the role the
industry can play in helping Australia achieve its environmental aspirations, and international and national
commitments.
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Executive summary
Future foresight in the context of this report involved industry experts thinking about likely
changes in the built environment and how these trends could affect the future of HVAC. Foresight
can help an industry navigate change by giving an early warning of the barriers and opportunities
ahead.
This report is based on a foresighting workshop that was facilitated during the 2016 Future of
HVAC conference. At the workshop a variety of experts and practitioners from the HVAC, building
services and associated industries considered what HVAC will look like in the net-zero building
sector of the future.
The experts were posed the question, “How can our currently energy-intensive approach to HVAC
in buildings be further developed, refined and changed to help deliver the net-zero buildings of the
future?”
•
•
•

What will net-zero buildings mean for HVAC?
What kind of regulatory landscape will evolve in a net-zero world?
What changes will be needed to get the industry, the sector and the country from where we are
now to where we need to be so that we can deliver on Future HVAC?

By tasking a group of experts and practitioners to develop a credible picture of future buildings
and future HVAC, AIRAH has been able to start the conversation on the strategies that can be
used and the changes to industry, technology and practice that will be needed.
This paper provides a snapshot of future HVAC in a net-zero world, and outlines some of the main
themes from the workshop discussions such as:
•
•
•
•
•

The changing relationship between occupants and buildings;
A shift in the approach and objectives for town planners;
A move to low energy HVAC technologies including step changes in controls;
A regulatory focus on building performance rather than construction;
Extension of government regulation into operational energy use.

Following an analysis of the most likely changes that are needed and the most common barriers
that may be encountered a series of recommendations or actions have been developed to help
government and industry understand how the HVAC and property sectors can best transition to
delivering and managing net-zero energy buildings.
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Key findings:
• Building regulations must assess true performance and target net-zero
energy over time;
• A renewed focus on existing buildings is required, including mandatory
energy disclosure, incentives for energy efficiency maintenance, and upgrade
assistance and support;
• Training and education initiatives should help all stakeholders understand
the risks and opportunities of a net-zero building, including the development
of a Net-Zero Building Retrofit Toolkit and behaviour change programs for
building users;
• Increased research into low-emission HVAC and better support for innovative
technology and approaches are needed, including an HVAC research
roadmap and improved research/industry communications pathways;
• Increased investment in Australian research for Australian innovations in
HVAC is required to counteract the conservatism of the industry.
Government and industry should support innovation and commercialisation
of low-emission HVAC technologies by supporting demonstration projects.
To develop industry capacity AIRAH wants to:
• Collaborate with industry partners and CSIRO to create the PRIME Heating
and Cooling Innovation Hub, or iHub;
• Continue to lead industry change by ensuring the implementation of the
PRIME whole-of-HVAC&R industry strategy for the transition to lowemissions;
• Advocate for energy policy changes to incentivise the design/delivery of netzero buildings and low-emission HVAC;
• Quantify and document the efficacy or cost benefits of energy efficiency for
maintenance for small scale refrigeration and air conditioning systems;
• Continue to advocate for the development of new technical resources and
training for all low-GWP refrigerants.
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1 Future foresighting HVAC
1.1 Introduction
This report is based on foresighting workshop discussions, consultations and debates that were facilitated
during the AIRAH 2016 Future of HVAC conference.
Future foresight involves thinking about likely changes in the external and built environment and how
these trends could affect HVAC. This future foresight report has been produced to help AIRAH, the HVAC
industry and its trainers and regulators understand the likely changes in a net zero built environment and
how these changes will affect the design, delivery and management of HVAC. Foresight can help an
industry to identify the changes expected and consider what the next steps should be to navigate them.
AIRAH has a strong track record of supporting the industry and working with government to address
critical issues and will lead a number of actions.
Practitioners and experts from the HVAC, building services and associated industries collectively
considered what HVAC would look like in the net-zero building sector of the future. The participants also
considered what building regulations would cover in this net-zero world and finally what changes would
need to be made to get us from where we are today to this brave new net-zero world.
The workshop discussions covered the following topics:
•
•
•

What will building HVAC look like in a net-zero world?
What will building regulations look like in a net-zero world?
What needs to change for the industry to get there?

This report provides a snapshot of what our industry experts think a net-zero property sector will look like
and how HVAC will fit into it. The major future trends are identified, and the key themes from the
discussion are highlighted. Following analysis of this information, a series of observations are made
leading to a range of recommended actions that are designed to solve at least some of the major issues
identified.

Why future HVAC is so important to achieving net-zero
buildings
But first we need to explain why future HVAC is so important to achieving net-zero buildings.

1.2 HVAC energy consumption
Heating, ventilation, and air conditioning are energy intensive services that are embedded into every
contemporary Australian building. In 2013, total emissions from the commercial and residential building
sector accounted for 127 MtCO2e, nearly one quarter (23 per cent) of Australia’s annual national
greenhouse gas emissions that year (ASBEC 2016). The grid-supplied electricity consumed by buildings
was responsible for 86 per cent of the sector’s emissions.
Reducing emissions in buildings could help Australia meet over half of our energy productivity target and
more than one quarter of our 2030 national emissions target. However, between 2005 and 2015, building
energy intensity has only improved by 2 per cent across the commercial sector and 5 per cent across the
residential sector (ASBEC 2016). There is considerable scope for improvement in all property sectors.
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Across the economy, HVAC&R is responsible for consuming more than 22 per cent of all generated
electricity, and generating more than 11 per cent of all Australian emissions (DSEWPaC 2013).

Targeting HVAC energy use … key to decreasing a building's
energy consumption
Commercial and residential buildings have different energy-use profiles, but in the majority of buildings
most of the operating energy budget is consumed by HVAC&R, hot water and lighting systems. Although
energy use is highly variable across the sector, and dependent on the specific building use and design, on
average 70 per cent of the energy used within a commercial building is consumed by the building services,
with HVAC the major consumer at 40 per cent, see Figure 1 (ASBEC 2016).

Figure 1: Commercial building energy breakdown by end use (% of total energy consumption) Source (ASBEC 2016)

This fact underscores the importance of targeting HVAC energy use as a key to decreasing a building's
energy consumption.

1.3 Net-Zero Energy Buildings (NZEB)
The Australian government has committed to reducing national emissions by 5 per cent (below 2000
levels) by 2020 and by 26–28 per cent (below 2005 levels) by 2030. Australia, as a signatory to the 2015
Paris Climate Change Agreement, has also now committed to the global transition to net-zero emissions,
and to reaching net-zero emissions nationally around 2050.

Australia … reaching net-zero emissions nationally around 2050
All levels of government in Australia have also committed to improving the sustainability of buildings and
cities and improving energy productivity more generally within the Australian economy. The issue of
national energy use, national emissions and the sustainability outcomes of Australian buildings, cities, and
the entire economy cannot be addressed without also addressing HVAC&R energy use, emissions and
sustainability; the two are deeply interlinked.
The building services sector can significantly reduce energy use by incorporating energy-efficient
strategies into the design, construction, and operation of new buildings, and undertaking retrofits to
improve the efficiency of existing buildings.
The property sector can further reduce dependence on fossil-fuel-derived energy by increasing the use of
on-site and off-site renewable energy sources, and by integrating energy storage solutions into buildings
to help smooth out electrical, heating and cooling energy supply and demand curves.
A net-zero energy building (NZEB) is one that produces as much energy as it uses.
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What is a net-zero energy building?
Net Zero Energy Buildings are highly energy-efficient buildings that use, over the course of a year, renewable
technology to produce as much energy as they consume from the grid. There are several definitions of “Net Zero”
buildings (or campus, precinct, portfolio or community) – based on where the boundaries for the energy balance
are placed including;

•
•
•
•

Net-zero site energy
Net-zero source energy
Net-zero energy costs
Net-zero emissions

The key to designing net-zero energy buildings is first to reduce energy demand as much as possible, then
optimise all energy using systems and finally offset any energy or carbon deficit, while still meeting all the
functional, aesthetic and financial requirements of the building asset. The main conceptual steps when designing
net-zero buildings are:
1.
2.
3.
4.
5.
6.

Reduce heating and cooling energy loads
Optimise design for passive strategies
Optimise the design of active systems
Recover energy on site
Generate low-carbon energy on-site
Buy energy/carbon offsets.

Source (DOE 2015)
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2 The 2016 Future of HVAC conference workshop
2.1 Workshop format
At the Future of HVAC 2016 conference three workshop sessions were facilitated where the 146
conference delegates were tasked with exploring the following questions:
•
•
•

What will the zero-energy HVAC of the future look like?
What will the zero-energy NCC of the future look like?
What support, changes or transformations will need to get there?

Facilitated by Dr Paul Bannister, F.AIRAH, delegates were allocated sufficient discussion time for each
session or topic to develop responses based on their lived experience and technical expertise.
The responses and observations made during the discussions were captured by AIRAH, and this
information has been used to develop this report.
These three discussion streams have been brought together to collaboratively paint the picture of what a
net-zero property sector will look like in the future and consider how the design, delivery and
management of building HVAC must change, to meet the needs of this net-zero world.

Participants at the AIRAH Future of HVAC workshop, Brisbane, 2016

2.2 Who participated?
There were 146 people at the conference, almost all of whom participated in the workshop discussions.
Participants in the workshop included those who are:
•

Building services design engineers
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•
•
•
•
•
•
•
•
•
•
•
•
•

Building designers and building physics experts
Building control and management specialists
Business development managers
Building industry researchers and academic professionals
Building simulation and modelling experts
Energy efficiency specialists
Energy and carbon management consultants
Equipment manufacturers and suppliers
Facilities, assets and infrastructure managers
Industry trainers and students
Installation and commissioning contractors
Local, state and commonwealth government representatives
Service and maintenance contractors.

Participants at the AIRAH Future of HVAC workshop, Brisbane, 2016

2.3 Where were they based?
Participants came from all over the country, predominately from NSW, but most states and territories
were represented in the discussions.
Participants included those who work in the following industry sectors:
•
•
•
•
•

Building development
Commercial HVAC
Energy retail
Facilities management
Healthcare
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•
•
•
•

Research
Residential air conditioning
Sales
Training and education.

2.4 The 2017 Future of HVAC Conference
The conversation continues at the AIRAH Future of HVAC 2017 Conference.
AIRAH’s Future of HVAC 2017 Conference will be held in Sydney (Pyrmont NSW) on September 13–14,
2017.
In the fifth year of the conference industry leaders will explore the advances, ideas, and innovations that
are driving our industry’s future. The discussion will encompass not only new HVAC technologies and
materials, but advances in future design processes, HVAC and smart grids, net-zero buildings, big data, and
several other topics.
AIRAH’s Future of HVAC 2017 two-day event will provide all attendees insight into the issues, practices,
technologies, regulation and design approaches affecting the HVAC industry now and into the future.
For further information visit the AIRAH website here The_Future_of_HVAC_2017

Participants at the AIRAH Future of HVAC workshop, Brisbane, 2016
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3 HVAC in a Net-Zero world
3.1 Snapshot – What does building HVAC look like in a net-zero world?
Buildings will be very different in the net-zero future; they will be designed differently and they will be
used differently.

Buildings will be more modular and flexible, integrated and
automated
Buildings and precincts will be designed to better manage heating and cooling loads as passive design
strategies and climate appropriate architecture re-assert themselves as dominant design drivers.
Buildings will be more modular and flexible, integrated and automated. They will be built with better
materials; phase change and thermal storage will be normal, and all building envelopes will be thermally
efficient and well-sealed.
Buildings will become important energy generators and energy storage infrastructure due to their
integrated renewable energy technologies, energy recovery and energy from waste technology.
Renewable energy, heat recovery and energy storage will all be part of the net-zero HVAC solution
including wind, solar electric and solar thermal energy inputs as well as more innovative clean energy
approaches. Buildings will also be water harvesters and storm water management tools.

Free running buildings, free heating and free cooling when
possible
HVAC systems will become more efficient and targeted to occupant needs, all powered by a combination
of renewable energy, battery storage, and thermal storage. Integrated services systems will hybridise
allowing free running buildings, free heating and free cooling when possible. Ventilation is key in net-zero
buildings and natural cross ventilation, hybrid ventilation, ventilative cooling and evaporative cooling all
have roles to play. Refrigerant based systems will be efficient and low GWP but alternatives to vapour
compression refrigeration will also be common.
Buildings will be managed differently in a net-zero world with integrated building systems controls that
both inter-communicate and are interrogatable. These systems provide automated data collection, meta
and micro data analysis, resulting in automatic fault detection and correction protocols that allow a
building to self-manage and self-heal. Interfaces with controls will be intuitive and organic as buildings
develop artificial intelligence capabilities.
Building owners, users and occupants will have undergone a significant culture change. Expectations will
have changed because of a better understanding of comfort and indoor environment quality. Occupant
behaviours will also be different, dressing for the climate and with a better understanding of individual
comfort preferences and the energy/cost/emission implications of individual choices.
Building energy use and service delivery will be monitored and validated against defined targets and all
buildings will be rated for energy and comfort.
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3.2 Key themes for future HVAC
3.2.1 Occupants
Occupants of net-zero energy buildings will need to be far more engaged with the building and with the
consequences of their own activities than is currently the case. There is a need for the culture of
occupants (as individuals and as institutions) in buildings to change and their expectations of building
services to change. This includes issues like dressing for the season and accepting broader indoor
temperature bands.

Buildings will need to become more flexible … which may create
further challenges and opportunities
In turn, buildings need to become more directly responsive to occupants, with higher levels of
personalisation of comfort and direct responsiveness to occupancy; this could be integrated with
personalised building controls that provide behavioural economics-based messages rather than selling
service as a cost-free expectation. Buildings will need to become more flexible to cope with a more
decentralised workforce, which may create further challenges and opportunities.

3.2.2 Town planning
There is a need to move away from the idea of buildings as stand-alone assets, with town planning playing
a significant role in ensuring, for instance, that waste heat can be used. A practical example would be
planning a swimming pool next to a data centre. Multi-use developments can provide greater ability to
utilise waste heat due to simultaneous heating and cooling requirements. Solar access to sunlight, which
is particularly important for increased levels of on-site renewable solar electricity generation, is also a
town planning issue, as is building orientation and configuration.

3.2.3 Technology

Many technologies available today … can significantly reduce
building HVAC energy consumption
There are many technologies available today that can significantly reduce building HVAC energy
consumption. Major items include better facades, smart (active) facades, better building sealing, solar
cooling, greater use of evaporative cooling technologies, building-integrated photovoltaics, batteries and
energy storage, larger ducts and pipes, natural and mixed-mode ventilation systems, non-vapour
compression chillers, phase-change materials to stabilise building temperatures, moving to all-electric
buildings running from a decarbonised grid, better use of waste heat within and between buildings,
seawater cooling, and heat recovery.
Regardless of the technology used, post-construction verification is critical to ensure that the buildings
and their systems are performing as intended, and as best as they are able to.
Beyond operational greenhouse emissions, the global mandate to move to low-GWP refrigerants will also
be a critical transition in the air conditioning and refrigeration sector.
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3.2.4 Smarter controls
Building controls are an area where major innovations are expected, as they are very much in the
“mainframe” age of computing and not yet advanced to the “app” age. This analogy is also relevant in
terms of how we see buildings – either as externalised objects that occupants passively receive services in,
or as interactive environments. There is an expectation that building controls offer the largest
opportunity for disruptive technologies to emerge and take over our perception of what a building is and
how we relate to it as occupants.
Building controls are expected to become more interactive with occupants, both in terms of detection of
presence and in terms of direct interaction and user adjustability. Controls that can adapt and predict in
terms of dynamic thermal parameters to actively manage load are also being projected (currently controls
are almost entirely reactive). Much greater use of multiple data sources is also expected to help gain a
better idea of occupant behaviours and needs – where big data meets building management and control.
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4 Building regulations in a net-zero world
4.1 Snapshot – What do building regulations look like in a net-zero world?
In a future net-zero property sector, planning will be more integrated and buildings will be considered as
energy generators and as major sources of heating and cooling loads, that must all be integrated into the
precincts and communities in which they are located.

Zero net CO2 equivalent will be the overriding performance
requirement
Regulations for new buildings will be performance based and specify maximum heating and cooling load
allowances for buildings and systems to drive better building design. Zero net CO2 equivalent will be the
overriding performance requirement. Compliance will be mandatory, verification will be strict and will
extend beyond the design and construction phases into the operational phase of the building and across
its full operating life.
Any deemed-to-satisfy regulation will be stringent and conservative, requiring high thermal performance
and minimal air leakage in both the HVAC systems and the building fabric.
Regulations will address specific aspects of the building design/delivery process, including performance
targets, grid interactions, stakeholder consultations and building commissioning and verification.
Regulations may encompass a penalty-based system if a building does not meet its defined performance
requirement; a building performance-bond approach could be used to impact this.
Regulations will require all buildings to meet minimum natural ventilation capabilities and free running
performance requirements, to incorporate waste heat recovery, and incorporate rainwater harvesting
and waste-water management provisions. Regulations may mandate minimum temperature-control dead
bands for thermal comfort based on individual climate zones
Almost all buildings will be required to incorporate active or passive low-carbon renewable energy
generation, energy metering systems and intelligent building management controls. Ultimately,
regulations will require carbon-neutral buildings and will define the type and extent of carbon offsetting
that is allowed.
Regulations for existing buildings will set minimum energy/carbon performance targets (for each building
type and climate zone) that must be validated in operation. Regulations will also require full disclosure of
building performance in terms of energy, water and indoor environment quality. Buildings will be
required to offset to achieve carbon neutrality, with a weighting for local offset. Assistance and incentives
will be provided to help existing buildings meet their targets. Buildings that generate more energy than
they consume may be financially rewarded.
Parallel incentive programs will operate to remove or reduce the risk associated with innovative
approaches.

Page 16

Future of HVAC in a Net Zero World

4.2 Key Themes for future building regulations
4.2.1 Regulating true performance
The largest expected change is that building regulations will need to extend beyond their current domain,
which covers construction only, into building operation.

Penalties for non-performance in post-construction are needed
to make code requirements enforceable
Building regulations will need to define what “net zero” actually means in a manner that is measurable
both in design and construction and in the post-construction phase – net-zero energy, net-zero CO2 or
some other performance parameter. This requires changes to the entire regulatory structure, as penalties
for non-performance in post-construction are needed to make code requirements enforceable. This may
require bonds on developers or direct penalties for building owners or operators.
Regulations need to move away from deemed-to-satisfy requirements towards performance-based
requirements and verification methods. Existing deemed-to-satisfy type requirements cannot reliably
deliver good building performance under all scenarios of classification and use.

4.2.2 Increased stringency
Clearly, the concept of “net zero” comes with a need for increased stringency and a broader base of
coverage for technical requirements, including, for example, building and HVAC air leakage testing, use of
waste heat and energy recovery, requirements around maximum service levels, and requirements for
“Passivhaus” design-type features.

4.2.3 Offset standards
Net-zero buildings will require energy or carbon offsets, because it is not realistic for all buildings to be
net zero within the boundaries of the site all the time. This means that building regulations will need to
identify what constitutes an acceptable offset, for both on-site and off-site application.

4.2.4 Operation and control parameters

Create behaviour change through application of smarter
control technologies.
Part of defining net zero is also a change in the way that occupants are expected to interact with
buildings. This requires some reconsideration of the key parameters that buildings are required to
operate within, making these smarter, more adaptive and more flexible to end-user needs. These
parameters then need to be reflected in building regulations and modelling protocols.
The way occupants interact with buildings and HVAC can also be leveraged to create behaviour change
through application of smarter control technologies.
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5 What needs to change to get us there?
5.1 Snapshot – Future changes discussion summary
Attitudes to buildings need to change so that they are considered as part of the wider energy and water
infrastructure. Buildings need to be viewed, designed and integrated as part of the precinct or landscape
in which they are located rather than individual stand-alone assets.

Understand and consider the energy and carbon implications of
different design decisions
Building owners and developers, building operators and end users all need to be educated on how their
building is intended to work, including the real-world expectations they should have when operating in a
net-zero environment. This needs to become business as usual for the delivery of new and refurbished
buildings.
The drivers of all stakeholders in the building project need to be better understood so that solutions for
common goals can be developed and integrated. Clients and building developers must be educated to
evaluate, understand and consider the energy and carbon implications of different design decisions.

Risks inherent in new technology and innovative approaches
need to be mitigated
The design process needs to be more collaborative including meaningful engagement between clients,
designers, builders and end users. Design teams need to be incentivised to produce buildings with good
energy performance. Integration is key, at all stages of the process. Designs should be reviewed and
construction audited and verified.

Actual performance of all new buildings needs to be measured
and ... periodically validated during operation
The requirements of the National Construction Code and associated building design/performance
regulations need to be extended into the operational phase of a building’s life. Actual performance needs
to be measured and compared against the approval standard, and if the building does not perform as
intended then changes need to be made. This will require a change in the way building regulations are
legislated in Australia at state and commonwealth levels. The actual performance of all new buildings
needs to be measured initially and then continuously or periodically validated during operation. This
information needs to create a feedback loop to the building designers and builders. The risks inherent in
new technology and innovative approaches need to be mitigated.
Engineers responsible for the verification of building compliance and performance must have suitable
qualifications and continued professional development to ensure competence.
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A strong, focused and collaborative government policy
approach to net-zero buildings and net-zero communities
Regulation is ineffective in the absence of enforcement. The regulations for both new and existing
buildings need to be properly enforced, with real financial penalties and mandatory corrective actions
imposed for non-compliance. Overall, the sector would benefit from a strong, focused and collaborative
government policy approach to net-zero buildings and net-zero communities. Government has a large
role to play developing and supporting pathways towards net-zero buildings, including:
•
•
•
•
•

Developing and enforcing regulations appropriate for a net-zero property sector, including
communications and engagement to encourage and assist the sector on the journey of change.
Provide the tools to rate the energy, water and indoor environment quality performance of all
buildings and mandate energy disclosure across the commercial and residential property market.
Providing investment in research to promote the development of new innovative approaches in
key technical areas;
Providing incentives and guarantees to help remove or reduce risks associated with innovative
approaches.
Providing funding and infrastructure to help train all technical service providers on low energy
building solutions, integrated design practices, building control and automation technologies,
tuning and commissioning.

Promote the role and status of the engineer
Universities must also engage new undergraduate engineers, architects and building professionals in
innovative approaches to low-energy-building construction and servicing.
Professional bodies have a responsibility to promote the role and status of the engineer in building
delivery and building management.

5.2 Key themes for future changes
5.2.1 Changing the profession
The HVAC/building industry is traditionally conservative and heavily siloed and needs to “get with it” to
be able to deliver on the net-zero-energy building agenda. AIRAH can assist with this by pushing harder on
policy, research and education, and providing new information materials that help drive the HVAC
industry forward. Engineers need to become better advocates for their professions rather than accepting
a ‘’second string’’ status.

Closing the building design loop on continuous improvement
and user experience.
Engineers, and building designers more generally, also need to get much more engaged with the postconstruction operational phase of a building to be able to understand what it is that they do in design that
is – or is not – successful, an essential process of closing the building design loop on continuous
improvement and user experience.
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Innovation is seen as risk by many stakeholders in the construction industry. This attitude is destructive
for any change agenda and needs to be addressed. Incentives may need to be provided to de-risk the
process of innovation and help change attitudes. Information, education, continuing professional
development, and skills maintenance are all important enablers of innovation.
Universities can play a role by providing more post-graduate education, backed up perhaps by systems
within the professions that force industry participants to continuously update their skills.

5.2.2 Educating clients

This is a complex and multi-tiered issue…
The whole concept of “net-zero” requires a massive level of education to be delivered to the marketplace. Net zero means people need to change their relationship with buildings. This is a complex and
multi-tiered issue that involves everyone in the building design, construction and operation chain, from
the user to the owner, from the industry and from government. As part of this, the industry needs to
better understand the motivations of building end-users and adapt our thinking and approaches to better
address their needs, or introduce incentives to change their position.

Ultimately, we want net zero to be a desirable commodity
Building and HVAC rating systems have a role to play in this, as these simplify building performance
indicators to a level where market signals change from being technical to being a commodity. Ultimately,
we want net zero to be a desirable commodity within the property sector for buildings.

5.2.3 Understanding needs

Control our buildings to reflect these real-world parameters
Given the importance of thermal comfort and productivity, it’s essential that we gain a better
understanding of what the true interactions between these are. Preferably we want to control our
buildings to reflect these real-world parameters rather than the simplified and somewhat blunt measures
that are currently in place.
Universities have a significant role to play in this area, through driving research that furthers a net-zero
agenda. With good research findings in place, it should be easier to convince building users to change
behaviour or to better understand how to incentivise their change.

5.2.4 Policy

Building regulations and energy policy needs to change
Australian government building regulations and energy policy needs to change significantly for a net-zero
agenda to take root, given the major changes in technology and culture that are needed. Incentives are
needed to induce change, either by motivating the end goal or by motivating key steps towards that end
goal. A strong, harmonised, and coordinated approach by commonwealth, state, territory and local
governments leading in this area will also assist in achieving a cultural change whereby efficiency and
environment are seen as important core societal values rather than being peripheral to growth and
production.

Page 20

Future of HVAC in a Net Zero World

6 AIRAH observations
For net-zero buildings to become a reality:
•

•

•
•
•

Buildings must become more energy efficient and more energy productive. This includes higher
standards for fabric thermal performance and building sealing, as well as performance
benchmarks for ongoing operation and maintenance.
HVAC systems must be designed, installed, operated and maintained for high efficiency and low
emissions. Measurement, monitoring and ongoing maintenance is the key to improving energy
efficiency and productivity of existing HVAC systems.
The energy used to run high-efficiency HVAC&R in highly efficient buildings must come from a
clean low-carbon source.
The relationship between buildings and building occupants must change to become more flexible
and interactive – in both directions – than it is at present.
Governments and HVAC industry stakeholders must commit to the net-zero buildings goal by
implementing a range of supporting data, information, training and education measures to enable
informed consumer choice, innovation, commercialisation and deployment of new technologies
and business models.

AIRAH advocates for low-emission HVAC systems, which means:
•

•

•
•
•
•

•

The envelope of the building or container, its thermal performance and the air-sealing
characteristics must all be optimised to ensure that the minimum amount of climate control
energy is required.
Systems are accurately sized to meet documented realistic operating requirements, and are
installed, controlled, commissioned, monitored, operated and fine-tuned to ensure optimised
energy and water consumption rates.
Systems are designed to have a reduced environmental impact, measured over the entire lifecycle of the system.
Low-energy high-productivity systems that utilise energy recovery where practical, either within
the system or within the building or facility.
Low-GWP working fluids and tight system construction standards, minimising leaks and
maintaining an optimum refrigerant charge.
Real-time monitoring of electrical, water and refrigerant inputs and outputs, system selfdiagnostics and alarms, free-running systems and free-running buildings or processes when
outdoor conditions allow.
Optimising ventilation, thermal comfort and indoor environment quality outcomes in buildings,
with controls that are adaptive to external climate conditions and internal occupant needs.

Low-emission HVAC costs more to procure than the industry standard, but costs much less to operate and
generates better long-term outcomes for businesses, owners, and environment.
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7 Workshop findings and recommendations
Based on the Future of HVAC 2016 industry foresighting discussions and deliberations, AIRAH has
developed the following findings and recommendations for the HVAC industry and its stakeholders.

7.1 Future building regulations
Industry should advocate for the following end-goals for building regulation:
•

•
•
•

Performance-driven building regulations based on energy or emissions requirements that
explicitly target a net-zero outcome over time. Within this change is a recognition that deemedto-satisfy energy requirements may be a barrier to achieving increased energy performance in
buildings.
Coverage to include building performance in operation rather than just construction.
Coverage of all areas of building energy consumption.
Recognition of the role of buildings in providing comfortable and productive environments, with
consequent impacts on performance requirements for design and operation.

7.2 Existing buildings/existing HVAC
Strategies to advance the performance of existing HVAC infrastructure should include:
•
•
•
•
•

•

Research to better quantify the current baseline of building demographics and performance.
Expansion of building energy policies requiring measurement, benchmarking and disclosure of
building and HVAC energy use.
Development of a Net-Zero Building Retrofit Toolkit to cover a range of potential energy
improvements for existing building.
Enhanced focus on the operation and maintenance of existing HVAC to optimise life-time system
performance.
Development of better economic data to enable technical service providers to be able to “upsell” the “design, operation and maintenance for energy efficiency” message to system owners
and operators.
Increased use of HVAC optimisation, building tuning and retro-commissioning practices to deliver
enhanced outcomes for existing buildings.

Targeted cost-benefit data, standardised industry practices and improved technical knowledge will all help
service providers offer improved energy-efficiency services to their clients.

7.3 Training and education
Industry should advocate for and/or provide training and education for a net-zero future through:
•

Development of training and behaviour-change programs for building users to help change the
service relationship between buildings and their occupants.
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•
•
•

Lifting the profile of HVAC through schools and universities in order to attract high-quality
passionate students and entrants into the industry.
Development of dedicated graduate courses covering HVAC, for both the TAFE/VET sector and for
universities.
Development of self-education tools to assist industry move away from reliance on deemed-tosatisfy certification methods towards performance-based verification methods.

7.4 Research needs
Industry must provide leadership to improve the focus, quantity and dissemination of research in the
HVAC sector, and should:
•
•
•

•

Advocate for the development of an HVAC research roadmap to help drive forward research into
low-emission HVAC and associated building technologies.
Support additional work on the continuing extension of performance for the existing building
stock through better technologies, control and diagnostics.
Develop a research/industry communications pathway that enables industry and researchers to
find each other and match skills and needs, and that can help digest and disseminate new
research findings (both local and international) to the Australian industry.
Work with industry to improve investment in Australian research for Australian innovations in
HVAC.

7.5 Innovation agenda
A culture of innovation in the industry should be developed by:
•
•
•

•

Seeking the creation of incentives for HVAC projects to innovate, to counteract the conservatism
of the industry.
Advocate to government to support innovation and commercialisation of low-emission HVAC
technologies by supporting technology demonstration projects.
Facilitate the development and distribution of independently verified case studies of actual
delivered innovative HVAC&R solutions, providing the industry with detailed benefit and cost
analysis of real installations and construction methods.
Advocate to government to facilitate the delivery of demonstration/training technology to all
TAFE/VET colleges and universities that provide training and education in the sector, so that
industry entrants are more technology and innovation aware.
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8 Next steps in the journey
8.1 Let the conversation continue
This report has been produced to help AIRAH and the industry consider and prioritise the next steps
towards future HVAC. A plan or strategy should be developed to consider how all of the issues and
barriers in the entire building/HVAC supply chain can best be addressed.
AIRAH proposes that the conversation continues, and has developed a range of positions on resilience,
sustainability, compliance, refrigerant transition, innovation and research.
For further information visit the AIRAH website here

AIRAH Advocacy

AIRAH wants to work in collaboration with all stakeholders to implement these initiatives.

8.2 What AIRAH plans to do
8.2.1 Affordable Heating and Cooling Innovation Hub
AIRAH, will collaborate with industry partners and CSIRO to create the PRIME Heating and Cooling
Innovation Hub or iHub. The Innovation Hub for Affordable Heating and Cooling (iHub) will facilitate the
HVAC&R industry’s transition to a low-emissions future, stimulate jobs growth, and showcase HVAC
innovations in buildings.
The Innovation Hub will provide virtual and physical spaces where a community of industry innovators,
designers, and educators can easily access knowledge and research infrastructure to incubate ideas and
reshape industry practice to the needs of the 21st century.

The Innovation Hub will enable Australian SMEs to accelerate product development through access to
cutting-edge intellectual property, independent technology validation, and interfaces with venture capital
investment.
The iHub provides clear low-emission and emission-reduction development pathways for the HVAC&R
industry and is consistent with the National Energy Productivity Plan (NEPP) and as range of government
policies.
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8.2.2 PRIME
AIRAH will continue to lead industry change by ensuring the implementation of the PRIME whole-ofHVAC&R industry strategy for the transition to low-emission HVAC&R. Putting the correct information into
the correct people’s hands at the right time is a fundamental tenet of the PRIME initiative. In particular,
AIRAH will facilitate PRIME to make progress on projects for:
•
•
•
•

Building commissioning;
Energy efficiency maintenance;
Discussions around a preferred national licencing model; and
Development of an industry position around training.

8.2.3 Changes in energy policy
AIRAH will continue to advocate for changes in energy policy to incentivise the design and delivery of netzero buildings incorporating low-emission HVAC, including requiring the measurement, benchmarking and
disclosure of building and HVAC energy use for all buildings.

8.2.4 Research
AIRAH will continue to work with ASBEC and will strongly support the formation of a high-level research
group within ASBEC. AIRAH will be the voice of HVAC&R on the ASBEC research group.
AIRAH would like to collaborate with Australian universities and centres of learning to develop an HVAC&R
research roadmap.

8.2.5 Maintenance for energy efficiency
AIRAH has proposed some research to examine, quantify and document the efficacy or cost benefits of
energy efficiency for maintenance for small-scale refrigeration and air conditioning systems. This includes
documenting fault diagnostics and energy-efficiency maintenance routines for SMEs in the industry and
validated cost-benefit data for end users/clients.

8.2.6 Low-GWP refrigerants
AIRAH will continue to advocate for the development of new technical resources and training for all next
generation refrigerants and their associated technologies. AIRAH has advocated for publicly available
transparent design, installation and refrigerant-handling guidelines to be developed for all types of lowGWP refrigerants, including CO2, NH3, HC, HFO and new refrigerant blends, and an update for existing HFC
refrigerant resources.
AIRAH will continue to educate the industry on the safe practices for flammable refrigerants.
AIRAH will continue to work with Standards Australia to ensure that updates to important industry
standards such as AS/NZS 5149 Parts 1 to 4 (Refrigeration safety) are communicated to industry.

8.2.7 Training and education
AIRAH will continue to provide leading-edge training and continuing education programs to support all of
our low-emission HVAC efforts.
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AIRAH will work with ABCB and state building administrations to explore how AIRAH can contribute to
improving building/HVAC compliance systems.
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Appendix 1 – AIRAH achievements and capabilities on
low-emission HVAC
•
•

•

•

•

•

•

•

•

•

The Institute has been intimately involved with the development of ASBEC’s Low Carbon High
Performance report, and we support its recommendations.
AIRAH is the driving force behind PRIME, the HVAC&R industry’s blueprint for a successful
transition to a low-emissions future through Professionalism, Regulation, Information,
Measurement and Emission abatement. As Australia comes to grips with its national and
international emission reduction commitments, it is becoming clearer that the built environment,
including the refrigeration sector, is a critical point of focus, particularly for emission reductions.
See PRIME website www.primehvacr.com.au
AIRAH has had an Environmentally Sustainable Design Special Technical Group (ESD STG) in
operation for many years. As well as informing regulation and policy, this group has developed
and published the AIRAH Building Simulation Procurement Guide.
The AIRAH Refrigeration STG developed and published the AIRAH Method of Calculating Total
Equivalent Warming Impact (TEWI) Guide – a method to estimate the complete economic and
environmental life-cycle costs of a refrigeration or air conditioning system. The method allows
competing systems to be compared on a common basis and the most efficient and least life-timecost system chosen.
AIRAH have collaborated with the NSW government to develop the HVAC Optimisation Guideline
to promote and facilitate HVAC energy savings in existing buildings and open up the industry to
better participation in the NSW Energy Saver scheme (ESS) and other state-based energy
certificate schemes. The Guide provides information for building owners, facility managers and
technical service providers on 20 common intervention options for the optimisation of a building’s
existing HVAC systems.
AIRAH continues to work with Sustainability Victoria and a range of industry stakeholders to
develop the Calculating Cool HVAC rating tool, which is PRIME endorsed, evolving and gaining
traction within the facilities space.
To support industry in the transition to low-GWP refrigerants AIRAH published the Flammable
Refrigerants Safety Guide – a comprehensive practical guide on how to manage the health and
safety risks associated with the full life-cycle of refrigeration and air conditioning systems that use
flammable refrigerants.
AIRAH published the Management Guideline for the Phase-out of Refrigerant R22 to provide
information for building owners, facility managers and technical service providers on the four
options for the management of existing refrigeration and air conditioning systems that contain
the refrigerant R22.
AIRAH published a series of information sheets for cool room owners and managers on potential
energy efficiency interventions and system upgrades for typical cool room and cold store
operations and a complementary information sheet for technical service providers.
AIRAH highlights HVAC energy and emissions issues in our industry and publishes skills workshops
to address these issues through our publications Ecolibrium and HVAC&R Nation.
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Appendix 2 – Working with AIRAH
AIRAH Membership
A membership with AIRAH opens the HVAC&R professional to a world of knowledge and opportunity.
AIRAH exists solely to further the interests of its members and provides a range of member benefits.
We invite you to view AIRAH’s story on the About AIRAH page.
Joining AIRAH means aligning yourself with the industry's brightest individuals, and the most respected,
nationally recognised HVAC&R organisation. AIRAH is affiliated with international HVAC&R associations,
and works closely with a range of Australian government and industry bodies.
We aim to make the HVAC&R industry visible, and to celebrate the incredible contribution it makes. We
also aim to lead a smarter workforce to implement sustainable and resilient projects, enable successful
careers, and ensure our future stays bright.
As we work towards these goals, we'd like to have you working alongside us.

Working with AIRAH
AIRAH has been representing the HVAC&R industry in Australia for almost a century, since 1920. AIRAH
has a strong history of working with government and industry stakeholders to create a safer sustainable
built environment.
AIRAH is recognised as the pre-eminent source of the HVAC&R industry training information. AIRAH has
developed a range of technical manuals, and delivered a range of training and accreditation courses
relevant to the trade and engineering design sector. AIRAH frequently engages with the whole supply
chain through industry trade nights, conferences and forums, industry training and accreditation
programs, and industry exhibitions. AIRAH is recognised within the industry as a trustworthy source of
technical information. AIRAH regularly collaborates with government and non-government organisations
(e.g., Australian Building Codes Board, Standards Australia) to deliver information seminars, conferences
and industry-based training to the HVAC&R industry.
AIRAH will be able to access the relevant audience through its own membership base, through its
collaboration partners, and through its alignment with the with the following industry and government
organisations:
•
•
•
•
•
•
•
•
•
•
•

Air Conditioning and Mechanical Contractors Association (AMCA)
Air Conditioning and Refrigeration Equipment Manufacturers Association (AREMA)
Air Conditioning and Refrigeration Mechanics Association (ARMA)
Australian Fire and Emergency Service Authorities Council (AFAC)
Australian Refrigeration Association (ARA)
Australian Refrigeration Council (ARC)
Chartered Institute of Building Services Engineers (CIBSE)
Consumer Electronics Suppliers Association (CESA)
Department of the Environment and Energy
End user associations – e.g. the Australian Grocers Association
Facilities Management Association of Australia (FMA Australia)
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•
•
•
•
•
•

Property Council of Australia (PCA)
Refrigerants Australia (RA)
Refrigeration and Air Conditioning Contractors Association (RACCA)
Refrigerated Warehouse and Transport Association (RWTA)
Standards Australia
State licensing bodies – e.g. Victorian Building Authority
End of report
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Australian Refrigeration and Air-conditioning
Volumes 1 and 2
AIRAH is delighted to bring one of Australia’s foremost
resources for training in the refrigeration and air conditioning industry
to the education sector: Australian Refrigeration and Air-conditioning,
Volumes 1 and 2, authored by Graham Boyle, M.AIRAH.
The completely revised fifth editions have brought a new
dimension to this highly regarded resource, with a new full-colour format,
hundreds of updated and upgraded images and improved text,
which make for easier reading and understanding.

For more information, go to www.airah.org.au/ARAC
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