
our decarbonisation  
trajectory?

Could innovation in  
buildings help change



Innovative technologies and new 
ways of doing things will enable and 
strengthen the rapid shift required 
for transformative action.

THE ROLE OF BUILDINGS 

The buildings sector is the driver of about a 
fifth of Australia’s greenhouse gas emissions1 

(including both direct and indirect emissions, 
such as electricity) giving it an important role 
in achieving net zero emissions. Furthermore, 
emissions reductions from buildings are 
recognised as a key component of global 
scenarios that limit warming to 1.5°C2. 

Recent analysis suggests that while this sector 
has the potential to reduce emissions by 69 per 
cent below 2005 levels by 2030, it is on track to 
just an 11 per cent reduction under current and 
proposed Australian policies1. 

THE ROLE OF INNOVATION 

A pathway to reaching net zero emissions 
requires reducing the emissions intensity of  
the economy at a rate of about 6 per cent  
per year on average – 1.6 times higher than the 
rate achieved from 2005 to now1. Innovative 
technologies and new ways of doing things  
will enable and strengthen the rapid shift 
required for transformative action.

ClimateWorks Australia is analysing the 
abatement potential of a range of innovations 
in a new report, Decarbonisation Futures.  
This document is based on initial insights 
gained through research and consultation 
undertaken during development of the full 
report. It provides a sample of some of the 
potential innovations in the built environment 
that could accelerate our transition to net 
zero emissions. And it identifies the potential 
benefits from these innovations, along 
with the drivers of change that already are 
delivering, or could deliver these benefits.

A more detailed picture exploring the 
economy-wide abatement potential of 
technology and innovation to change our 
decarbonisation trajectory will be presented  
in the full Decarbonisation Futures report. 

The science is clear that we must get to 
net zero emissions if we are to limit global 
temperature rise to well below 2 degrees 
and avoid the worst impacts of climate 
change. For developed countries like 
Australia, a 2 degree trajectory is generally 
accepted as requiring net zero emissions by 
2050, while the pursuit of a 1.5 degree limit  
requires an earlier date, hence a more 
ambitious decarbonisation effort. 



 IMPACT AT A GL ANCE
Here are just a few promising innovations for buildings - 
and their potential benefits.

Energy savings 
from total building 
optimisation in 
commercial buildings 
could amount to 
around 14PJ  

if implemented in all office 
buildings today4.

Less research is available  
on the widespread impact of 
electrochromic windows, however, 
even when assuming these only 
reach 10% penetration across  
all commercial buildings,  

this would result in 
about 7PJ of energy 
savings.

10%
PENETRATION ACROSS 
ALL COMMERCIAL 
BUILDINGS

ENERGY 
SAVINGS

7PJ

97 PJ of net energy 
savings by 20503. 

Research has shown that 
residential energy savings from 
air source heat pumps in new 
houses and as retrofits could 
contribute 

2.5 
MILLION  
HOUSEHOLDS

 all of  
the houses  
in Victoria  
substantially reducing 
emissions, particularly if paired 
with renewable energy.

Combined, these 
technologies could 

save enough energy 
to power around:

THE SOCIETAL CO-BENEFITS OF OPTIMISATION ARE PARTICULARLY VALUABLE, SINCE 
IT IS ESTIMATED THAT EVERY 1KW OF PEAK DEMAND REDUCTION EQUATES TO $1,000 
SAVED IN ELECTRICITY NETWORK INFRASTRUCTURE INVESTMENT - A SAVING WHICH 
CAN ULTIMATELY REDUCE THE ELECTRICITY PRICES CHARGED TO CUSTOMERS.



Both solar photovoltaic (PV) systems and 
efficient lighting show that innovation can 
deliver both gradual as well as step-change 
benefits for energy use and emissions in  
the building sector. 

LED LIGHTING 

Innovation in LED lighting has driven increased 
energy efficiency and significantly reduced the 
energy needed for residential and commercial 
lighting11, which accounts for around 12 per cent 
and up to 40 per cent of energy use in these 
sectors respectively12. LED lights now account 
for around 15 per cent of total lamp stock13, 
and have recently hit an inflexion point where 
declining costs and improving efficiency mean 
they have become extremely attractive, even  
in the absence of subsidies.

The growing penetration of LEDs into the 
lighting market has been enabled by both 
technology and policy drivers. Continuous 
improvements in performance and cost 
reductions have built a compelling case for 
choosing LEDs over conventional lighting 
options, while increasing applicability for 
non-lighting purposes (e.g. mobile phones 
and televisions) has further expanded the 
production scale of LED manufacturing14. 
Recognition of the benefits of LED lighting 
by governments and industry has driven 
increased R&D flows, and further  
market opportunities14.

SOL AR PV 

The adoption of solar PV in Australia has surged 
in recent years, with installations on more than 
1.6 million homes as of 20185. This has been 
enabled by falling costs of solar PV systems, 
which have declined by more than 70 per cent 
since 20106, and are set to halve again by 20207.  
Prices have been falling much faster than 
experts predicted. By the second half of 2018, 
prices had already fallen to around the lower 
end of price projections to 2035, as forecast  
by the IEA back in 20108. 

This trajectory of cost reductions has 
been enabled through increased scale of 
production9. It was initially driven by policy 
decisions such as rebates and subsidies that 
have spurred consumer demand globally. 
Other factors, such as rising retail electricity 
prices and the emergence of new financing 
models, have further encouraged consumers 
to seek decentralised options for electricity 
generation10. As a result, small-scale solar 
PV rose to 3.43 per cent of total electricity 
generation in Australia in the second half  
of 2018; nearly triple the total from just  
5 years ago, lowering total electricity  
demand and emissions5. 

 KEY INNOVATIONS THAT CAN 
REDUCE BUILDING EMISSIONS 



HE AT PUMPS 

Heat pumps are a known technology that can 
be deployed in residential space and water 
heating. By employing the same fundamental 
technology used in fridges, this system transfers 
heat from outside to inside a building, or vice 
versa, and is much more energy efficient than 
traditional electric resistance or gas-fired 
heaters. The same principle can also be used to 
generate hot water, reducing energy used by 
around 60 per cent15. As hot water accounts for 
around 25 per cent of energy use in Australian 
homes10, this would deliver a large overall 
curtailment of energy use and emissions.

In some instances, heat pumps for water 
and space heating are already cost-effective 
substitutes3 for traditional heating processes. 
While heat pumps can be cost-effective over 
their entire lifetime, higher upfront costs of 
the unit and installation compared to less 
efficient systems may be a barrier for some 
buyers. A number of other barriers such as 
split incentives (between owner and tenant)10, 
installation times and individual perceptions 
about environmental impact and reliability may 
limit adoption. Further, as heat pumps will most 
likely be installed in new dwellings or to replace 
failed systems, their uptake might be moderated 
compared to other more ‘discretionary’ 
innovations such as solar PV or LEDs10. 

What might be next? To illustrate the 
potential of innovation to further reduce 
building emissions, we’ll highlight several 
promising innovations uncovered through  
our research and consultation with experts.

 INNOVATIONS TO SPUR 
BUILDINGS EMISSIONS TOWARDS NET ZERO

Heat pump 
technology can 
reduce the energy 
needed to generate 
hot water by 
around 60%

While most easily deployed in new 
builds, heat pumps are also suitable for 
replacing old units, and can also be used in 
commercial buildings and industrial heat 
applications. Increased installation of heat 
pumps is likely to be driven by technological 
factors like efficiency improvements11 and 
cost reductions, as well as market drivers 
such as rising gas prices. Any future policies 
targeted at lowering energy use in buildings 
or reducing barriers to uptake, such as 
buildings and equipment standards may 
help increase adoption, further lowering 
costs of this technology. 



ELECTRO CHROMIC (EC) 
WIND OWS 

Electrochromic (EC) windows, or ‘smart glass’, 
refers to windows coated with a thin film that 
darkens when voltage is applied, reducing 
light and heat penetration. Boeing utilises this 
technology to provide a ‘virtual’ window shade 
in their 787 Dreamliners. Smart glass is not yet 
widely used in buildings, but it has been proven 
to reduce energy needs for artificial lighting by 
up to 60 per cent and reduce HVAC requirements 
by up to 25 per cent16. It is expected this 
technology could be applied in all building types, 
augmenting or replacing traditional means of 
shading, and that it would also be suitable for 
upgrading existing buildings. 

Current costs of electrochromic windows are 
prohibitively high with longer payback periods 
relative to insulated glass16. However, prices are 
expected to come down in the near term as the 
cost of electrochromic materials fall. EC windows 
can provide an alternative design advantage 
and can be integrated through Internet of Things 
(IoT) technology as part of smart, connected 
buildings, in order to reduce energy costs and 
increase the functionality of buildings. 

TOTAL BUILDING OPTIMISATION 

Total building optimisation is a technology-
enabled system innovation that can be applied 
in commercial buildings, leveraging computing 
technologies to optimise building equipment  
and appliances. An example of this is BuildingIQ; 
a cloud-based software tool that ‘intelligently’ 
adjusts how a building’s HVAC control system 
operates according to settings that manage cost 
savings, occupant comfort and energy efficiency. 
This technology has been found to deliver 
between 12 per cent and 30 per cent reductions 
in energy consumption17. Systems such as 
this could be applied to offices, government 
buildings, shopping centres, hospitality  
facilities, universities and hospitals.

It is feasible that future technological 
development in fields such as cloud computing, 
automation, real-time analytics, and integration 
with utilities and city infrastructure could help 
make this technology even more effective18. 

Importantly, while significant decarbonisation 
from the building sector may be delivered 
by future breakthroughs in the application 
of technologies such as heat pumps and 
EC windows, we don’t need to wait: There is 
already enormous yet unrealised potential 
through capitalising on existing opportunities 
that offer favourable benefit-cost ratios now,  
as well as through leveraging systems that 
make better use of existing technologies 
innovations (like total building optimisation).

This technology has been  
found to deliver between  

12% - %  
reductions in total building 
energy consumption17



NOW?
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There is an urgent need to better plan for, 
better develop and better enable these,  
and other innovations if we are to realise  
their potential. This requires complimentary  
actions from governments, businesses, 
investors and entrepreneurs. 

Currently, despite the very real potential for  
major innovations to disrupt incumbent industries 
or create new markets, they are generally not 
incorporated into planning processes. This often 
means that risks as well as opportunities 
around disruption are not captured. 

 + Emissions reductions in buildings are 
currently not on track. The longer we wait to 
decarbonise the sector, the more we’ll have 
to do later - with the burden potentially 
falling on other parts of the economy.

 + It is not an option to wait for costs  
to decrease, as we risk missing 
opportunities and becoming more 
vulnerable to disruptions. 

THERE ARE COMPELLING 
REASONS FOR THE URGENCY:

 + As buildings and much of their  
infrastructure are long-lived assets,  
any delay in implementing low emissions 
innovations risks ‘locking-in’ emissions 
for the duration of building or equipment 
lifetime, or the imminent need for  
costly retrofitting. 

 + Innovation is not an easy process, and  
many great ideas fail for a variety of 
reasons, so it is essential to allow for the 
natural process of trial and error. Innovation 
requires a number of enabling factors that 
can assist its establishment. These include 
access to finance and knowledge, market 
conditions, entrepreneurial capabilities and 
culture, and regulatory frameworks, many 
of which require planning and lead times.

 + In a dynamic global market where  
other nations and states are striving  
for competitive advantage, the window  
of opportunity to develop and launch 
building sector innovations with  
worldwide potential, may be small.



ClimateWorks Australia is an expert, independent adviser, committed to helping Australia and our region 
transition to net zero emissions. It was co-founded through a partnership between Monash University 
and The Myer Foundation and works within the Monash Sustainable Development Institute.

ABOUT US

ClimateWorks Australia is an expert, 
independent adviser, acting as a bridge 
between research and action to enable new 
approaches and solutions that accelerate  
the transition to net zero emissions for 
Australia and our region. 

We were co-founded in 2009 by The Myer 
Foundation and Monash University and work 
within the Monash Sustainable Development 
Institute (MSDI), which convenes experts 
for a multi-disciplinary approach to the 
Sustainable Development Goals.

ClimateWorks Australia 
Level 16, 41 Exhibition St,  
Melbourne, Victoria 3000  
Australia

Phone: +61 3 9902 0741

climateworksaustralia.org

This summary provides just a taste of the decarbonisation 
potential within emerging technologies across the built 
environment. A comprehensive, economy-wide analysis  
will be presented in ClimateWorks Australia’s coming 

 report.

As part of the broader Decarbonisation Futures 
project, this Buildings report was produced  
with support from ClimateKIC. 

Climate-KIC Australia is a Knowledge Innovation Community 
dedicated to identifying and supporting innovation that  
helps society address climate change.


