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INTRODUCTION 

Retrofitting is the process of upgrading existing physical 
systems to improve their performance (Eames et al. 2014, 
Sayce et al. 2022, Wilkinson 2011). It is an approach that can 
future-proof Australian cities, improving the buildings, 
infrastructure, and landscapes that already exist. Retrofitting 
can be employed across many sectors, at many scales; from 
energy efficient light upgrades in a suburban dwelling to 
precinct-wide energy, water and waste system improvements  
(Drosou et al. 2018). This paper outlines a comprehensive, 
systems approach to retrofitting, stressing that integrated 
urban retrofits can provide effective development of 
sustainable and resilient cities. This is increasingly important 
for the range of global environmental issues that are rapidly 
changing the way cities function. In adopting retrofit, cities can 
simultaneously reduce embodied and operational emissions, 
resource consumption, and waste, whilst adapting to new 
requirements that the future communities of Australia need.

Changing Australia's approach toward buildings, infrastructure, 
and landscape development is urgent. The UNFCCC describes 
climate change, pollution, and biodiversity loss as the triple 
planetary crisis. Australiaʼs actions will determine how resilient 
it will become as these environmental crises develop. 

Australia's existing buildings are made of an estimated 3.8 
billion tonnes of material, which emitted 1804 million tonnes of 
CO2e, consumed 24,218 terajoules of energy and used 31.5 
million m3 of water when created. Projections to 2060 indicate 
Australia will require almost twice this amount to replace 
buildings that reach the end of their life (Soonsawad et al. 
2022). Another projection indicates if Australia continues at the 
current rate of constructing new detached dwellings, by 2050 
the life cycle emissions they emit will accumulate to to 3.6 
billion tonnes of CO2e, greatly exceeding Australia's climate 
commitments (Schmidt et al. 2020).

These projected requirements are echoed across the world, 
despite insufficient global resources or carbon allocation to 
account for such demands (International Resource Panel 
2018). Australia requires a shift away from the linear model of 
demolition, landfill, and new construction toward retaining, 
improving and extending the life of existing buildings according 
to circular economy principles.  

Urban retrofit can shift business as usual practices toward 
resilience and circularity, helping to achieve Australia's updated 
goal of 43% greenhouse gas emissions reduction from 2005 
levels (Commonwealth of Australia 2022). Reducing the fifth of 
Australiaʼs yearly emissions that buildings contribute or the 
70% of yearly emissions that infrastructure enables will require 
significantly different mindsets, prioritising reuse and retrofit 
over rebuild (Climate works 2018; Climate works 2022). 

The most recent 2022 IPCC Mitigation Report stresses 
'established cities will achieve the largest GHG (greenhouse gas) 
emissions savings  by replacing, repurposing, or retrofitting the 

building stock, strategic infilling and densifying, as well as through 
modal shift and the electrification of the urban energy system.ʼ 

Retrofitting Australian buildings, infrastructure, and landscapes can 
increase resilience to the shocks and stresses cities continue to 
face, drastically reduce emissions and resource consumption, 
while also providing numerous other environmental, health, and 
economic benefits to urban communities (Eames et al. 2014). This 
Issues Paper addresses Australian cities, their buildings, 
infrastructure, and landscapes, highlighting challenges and 
opportunities for larger retrofiting at the scale required to meet 
current targets and future needs.

IMAGE OF HIGH-RISE BUILDINGS IN MELBOURNE CBD. IMAGE BY DANIEL CLARK VIA 
PEXELS 
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URBAN RETROFIT: 
BUILDING, INFRASTRUCTURE, 
AND LANDSCAPE SYSTEMS 

The practice of retrofitting implies a broad set of methods which 
are performed differently in different contexts. Refurbishment, 
renovation, adaptive reuse, repair and restoration are adjacent 
terms that are used in similar ways to describe  alterations to 
pre-existing systems.

To develop effective resilience to the global issues that cities 
now face, retrofitting must deal with the interrelated physical 
systems of buildings, infrastructure, and landscapes, 
comprehensively, at the precinct and city scale. This is 
understood as urban retrofit (Eames et al. 2014). Each of these 
systems have varied stakeholders, human and non-human, 
which require different retrofitting practices. They are also 
interconnected and complex, meaning retrofit opportunities lie 
not only in each isolated system, but also in the connections 
between them. Building, infrastructure, and landscape systems 
each differ in requirements, skills, business types, policies, and 
innovations, and are distinguished as different disciplines, but 
they are nevertheless interconnected.   

In all three cases, retrofitting provides possibilities for the 
mitigation and adaptation of climate change, increase 
biodiversity and create healthy cities. Combining these systems 
through bio-integration, the integration of natural elements and 
systems into existing inorganic-built environments, can restore 
and drastically improve depleted ecosystems at the city scale 
(Hyde et al. 2012). Region-sensitive retrofitting of green 
infrastructure to existing urban systems creates such 
possibilities. Whole street green wall and green roof retrofitting 
can provide a primary benefit of reduced energy requirements 
and shading to buildings, and secondary benefits by reducing 
urban heat-island effect to streets, health improvements and 
increased biodiversity for the human and non-human 
communities that use them, which is crucial for urban resilience 
(RICS 2016). Approaching projects in isolation often results in 
missed opportunities outside the property boundary, when 
broader collaboration for climate mitigation and ecological 
rehabilitation are needed more than ever.   

The reasons and benefits for retrofitting are abundant. 
Modifications for energy efficiency and thermal comfort that pay 
for themselves through operational cost savings is a common 
reason to retrofit buildings. Decisions to perform infrastructure 
retrofits and landscape improvements vary depending on 
project scope. Other reasons may include:

• mitigating urban heat island effect, 
• changing accessibility or aged care needs, 
• adapting to and mitigating climate change,
• increasing green jobs,
• shifting to a bike friendly city,
• home improvement,
• lowering bills,
• diversifying flora, 

• creating resilient habitats for fauna, 
• electrifying buildings,
• applying ESG in the commercial property sector,
• increasing rent yield and higher paying tenants,
• increasing the lifespan and functionality of a project,
• maintaining local communities.

A single retrofit project can provide multiple economic, 
environmental, and social benefits which can be more effective 
at the scale of an urban retrofit. Many other reasons and benefits 
for retrofitting are expanded on in the subsequent section.  

Retrofitting approaches vary dependent on the project type, but 
all effective retrofits begin with an initial baseline assessment 
(Ma et al. 2012). This assessment provides verification of the 
effectiveness of any alteration to a building, infrastructure, or 
landscape asset. Baseline assessments document any relevant 
information about an existing asset, depending on what will be 
upgraded and why. The following section outlines current 
building, infrastructure and landscape practices of retrofit, 
assuming all projects perform an initial baseline assessment to 
measure their improvements. 

RETROFITTING BUILDINGS 

Building retrofitting is the improvement and reuse of pre-
existing structures and elements (Che Husin et al. 2019). Carl 
Elefante, ex-President of the American Institute of Architects, 
states ‘the greenest building is...one that is already 
built’ (Elefante 2012). Elefante highlights the shift toward new 
green construction in the United States, which, while a step 
towards more sustainable cities, does not address the 
‘overwhelming vastness of the existing building stock’ (Elefante 
2012). In the context of the climate, biodiversity, and health 
crises, improving what already exists through sustainable 
retrofitting is crucial for future populations in Australian cities 
and the planet (Prasad et al. 2021). The embodied materials of 
the existing Australian building stock have already greatly 
impacted the environment. If Australia continues business as 
usual, by 2060 it may require as much as twice the materials 
currently used in Australia's buildings (Soonsawad et al. 2022).

Distinguishing between    Deep and Light retrofits is useful in 
capturing degrees of disruption from a building upgrade. The UK 
Green Building Council uses these categories in its current Net 
Zero Retrofits (2022) guide which presents these classifications 
and their subsequent trade-offs (UKGBC 2022). Deep retrofits 
provide large savings for operational systems but disrupt 
building operations. Major refurbishments, and some adaptive 
reuse projects can also be considered deep retrofits.

4
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Such deep retrofits require larger upfront costs and disrupted 
tenancies but result in large long-term savings and benefits. A 
Deep Energy Retrofit (DER) can be any building works that 
reduce fossil fuel usage by at least 50% from a pre-renovation 
baseline, but usually requires significant disruptions when 
changing glazing units, facade elements and insulation types 
(UKGBC 2022, Zhivov and Lohse 2020). Such energy upgrades 
commonly correspond to improvements in indoor 
environmental quality, productivity and thermal comfort. These 
benefits must offset the lost rental income from disruptions for 
building owners to considered it a viable choice. 

In contrast, Light retrofits can be as small as changing to energy 
efficient light bulbs, radiators, fan coil units or installing a new 
Building Management System (BMS) for greater control of 
operations. There is often little to no occupant disruption and 
are small short-term investment options with short payback 
periods, though they often require follow-up improvements, 
and can miss opportunities for greater benefits. 

Retro commissioning is an adjacent light retrofit concept. It is 
distinguished by focusing on pre-existing technological systems 
of a building. Rather than construction work, commissioning is 
the tuning, adjusting, and calibrating of a building system for 
optimal operation. This may include refining BMS settings, 
resetting control sequences, or reducing equipment over usage. 
An American study of 224 office buildings indicated a median  
payback period of 8.5 months, a return on investment in under a 
year from simply retro-commissioning (Mills et al. 2005).

Deep and light retrofits are most effective when considered from 
an integrated systems perspective. Building systems can be 
interconnected, leveraging savings at several points in the  

retrofit process (Zhivov and Lohse 2020). Approaching retrofit 
with a systems perspective can provide significant emissions 
reductions and capital cost reductions to building owners.  The 
Australian Sustainable Built Environment Council recommends 
‘project-based methodologies that reward deeper 
retrofits’ over specific product replacements are more effective 
in the long term (ASBEC 2016).  For example, upgrading to 
energy-efficient light bulbs with sensors and a green facade of 
an office building can be simultaneously integrated with a 
radiant cooling system. Together, these modifications drastically 
lower energy requirements and operational carbon, increase 
biodiversity and thermal comfort simultaneously, which would 
not be achieved through solely replacing light bulbs (Olgyay et 
al. 2010).

RETROFITTING INFRASTRUCTURE: 

Retrofitting infrastructure is the upgrading of existing transport, 
energy, communications, water, and waste systems. 
Infrastructure assets are understood under these categories  
(Climateworks 2020):

Transport: roads, footpaths, cycle paths, airports, railways.  

Energy: transmission and distribution lines, large-scale energy 
storage, substations  

Communications: mobile transmission towers, internet and 
phone lines, data centres  

Water: dams, water pipelines, sewers, treatment plants, 
stormwater drains  

Waste: landfills, resource recovery centres  

AERIAL VIEW OF MELBOURNE CBD. IMAGE BY PAT WHELEN VIA PEXELS 
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TRAM IN MELBOURNE AUSTRALIA. IMAGE BY PAT WHELEN VIA PEXELS 

Retrofitting infrastructures can also occur at many scales. 
Infrastructure upgrades range from greening urban fabric 
through additional flora, decarbonisation through local 
renewable power generation, creating cycle paths to reduce 
transport emission, changing to energy efficient streetlights, or 
water sensitive urban development like improving walkway 
water penetration. Of particular importance is the adaptation of 
infrastructure to the increasing frequency and intensity of 
extreme weather events. Increasing heatwaves, flooding, fires, 
coastal inundation will mean modifying existing infrastructure 
(Australian Academy of Science 2021). Though large-scale 
projects are driven from the top-down, there are also bottom-
up infrastructure retrofits that are participatory and 
community led moving to more resilient and ethical practices 
(Johnson et al. 2021).

RETROFITTING LANDSCAPES: 

Landscapes are biophysical systems of interconnected flora, 
fauna, fungal and microbial life, biogeochemical flows, water, 
and soils which function across many scales. Landscape 
retrofitting branches across concepts of ecosystems, green 
infrastructure, and nature-based solutions, contributing 
towards more resilient, low-carbon cities through a wide range 
of improved functions or ‘ecosystem services’, including 
cooling, stormwater management, carbon sequestration, air 
purification, localised food production and biodiversity habitat 
provision. A robust conceptual framework by the IPBES is a 
model of interactions between the natural world and human 

societies, important when considering nature and its 
increasing integration with cities (Oke et al. 2021):

‘Nature for nature’ – nature has intrinsic value, as biodiverse 
ecosystems which are required for life.  
‘Nature for society’ – nature has utilitarian value, providing 
goods and services including climate resilience, air and water 
quality.   
‘Nature for culture’ – nature has cultural value, supporting 
physical and mental wellbeing and social connectedness to 
communities.  

Ecological restoration  can be considered a form of landscape 
retrofitting, insofar as it is a process of repairing and enhancing 
existing landscape elements (Aronson et al. 2006). Landscape 
retrofit practices may include the improvement and restoration 
of these biophysical systems and are not necessarily financially 
driven. Ecosystem retrofits can provide improved services to 
urban environments when integrated into existing built forms. 
Restoring, revegetating, and improving green spaces like parks, 
gardens, urban forests, waterways and creating stormwater 
retention ponds and wetlands can all be considered retrofits to 
existing systems (Elmqvist et al. 2015). In addition to retaining 
existing lands dedicated to ecosystems and their inhabitants, 
integrating natural elements and landscapes into building and 
infrastructure projects is becoming more commonplace as ESG 
is adopted and is crucial for urban resilience.   

ADVANTAGES AND OPPORTUNITIES 
OF RETROFITTING  

Retrofitting buildings, infrastructure and landscapes provides 
multiple advantages and opportunities, including positive 
impacts on the climate, health, biodiversity, and significant 
economic benefits. The degree to which projects will create 
value depends on multiple factors, the level of investment and 
scope of retrofit are key drivers, with integrated approaches 
yielding more positive impacts.  

Retrofitting can provide positive economic impacts through the 
creation of green jobs. As demonstrated by the Million Jobs 
Plan, an Australian low-carbon economy has the potential to 
provide 1,778,000 job years over 5 years. Retrofitting buildings 
and transport, land regeneration, and subsequent training 
accounts for 713,500 job years in this estimation (BZE 2020).

Residential, commercial, and industrial buildings, account for 
one fifth of Australiaʼs annual greenhouse gas emissions (Yu et 
al. 2017, Climateworks 2020). If Australia is to reach net zero by 
2050, the existing construction industry must shift toward more 
sustainable practices that retain existing materials and improve 
energy performance. Retrofitting existing buildings and 
upgrading building services is estimated to save a potential $17 
billion and 171Mt of greenhouse gas emissions over a 15-year
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period (ASBEC 2016).  Such financial and subsequent ecological 
benefits from retrofitting buildings would also provide a 
healthier, more resilient built environment. 

Obsolescence of older buildings will also need addressing, the 
diminishing usefulness or performance of an asset is not always 
due to technological inefficiencies, but also financial impacts 
that modifications can help avoid such as the changing 
requirements of Central Business Districts after the Covid-19 
pandemic (Buitelaar et al. 2021).

ASBEC estimates Australia's building sector can deliver up to 
28% of Australiaʼs 2030 emissions reduction target, whilst 
creating healthier, more productive cities if strategic action and 
policy is implemented (ASBEC 2016). Infrastructure assets 
further contribute 15% of total greenhouse gas emissions to 
Australiaʼs annual total. These assets further enable 55% of 
annual emissions through activities they facilitate 
(Climateworks 2020). Retrofitting infrastructure presents 
opportunities to increase performance and extend the life of 
assets whilst adapting to and mitigating ecological crises. 
Creating such resilience in the built environment means 
modifying infrastructure and buildings to work better together, 
to deal with new social and ecological challenges. This is most 
effective at a precinct scale.

CLIMATE BENEFITS: 

• Net zero or reduction of carbon emissions, both 
embodied and operational, which mitigates the 
climate crisis (Olgyay et al. 2010).

• Adaptation of the built environment for pandemics, 
flooding, fires, heatwaves and other extreme weather 
events (VBA 2014).

• Improving energy, waste and water management 
systems for efficient resource reduction, usage and 
circularity (Muhammad et al. 2017).

• Sequestration of carbon through increasing green 
infrastructure as nature-based carbon sinks. 
(Ariluoma et al. 2021).

HEALTH BENEFITS: 
• Improving Internal Environmental Quality (IEQ) 

(Camacho-Montano et al. 2019).
• Urban heat island effect (UHI) mitigation through 

green infrastructure (Baldwin et al. 2020, Douglas et al. 
2021).

• Changing the functional requirements of buildings for 
aging populations and people with disabilities (AHRC 
and MADA 2022).

• Increased thermal comfort (Eames et al. 2014).
BIODIVERSITY BENEFITS: 

• Increased biodiversity through green retrofits of 
buildings or infrastructure that increase urban habitats 
for species of flora and fauna (Williams et al. 2014).

• Pollution reduction (Elmqvist et al. 2015).
• Habitat restoration and creation (Elmqvist et al. 2015). 
• Urban Heat Island Effect mitigation (Baldwin et al. 

2020, Douglas et al. 2021).

ECONOMIC BENEFITS: 
• Providing high quality jobs (Jagger et al. 2013).
• Increasing productivity (UKGBC 2022).
• Quality of assets  (Wilkinson 2013).
• Significant reduction in building and infrastructure 

operational costs (ASBEC and Climateworks 2016).
• Improving rental yield through increased building 

ratings and higher paying tenants (Wilkinson 2018). 
• Less labour and material costs (Sayce et al. 2022).

OTHER BENEFITS: 
• Avoiding Obsolescence e.g adapting offices to flexible 

working or commercial to residential conversions.
• Opportunities for improving social infrastructure such as 

ventilation and energy sources in schools, pools, and 
hospitals. 

• Empowering communities and preventing displacement.
• Retaining historical buildings whilst improving 

environmental performance (Mazzarella 2015).
• Export potential to growing cities around the world, 

particularly ASEAN markets (McKinsey 2021).

KING STREET BRIDGE OVER THE YARRA RIVER. IMAGE BY: ROBERT STOKOE VIA PEXELS 
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CHALLENGES FOR RETROFITTING 
AUSTRALIAN CITIES  

Key challenges facing retrofit uptake can be understood through 
three interrelated frameworks: Skills and Education, Policy and 
Business, and Research and Innovation. Main challenges of each 
framework are discussed below and are often consistent across 
buildings, infrastructure, and landscape systems. These 
challenges are wide ranging, and the majority of construction 
activity remains  centered on new buildings and infrastructure. 
The knowledge and technology to perform effective retrofits of 
buildings and infrastructure already exists, but is not currently 
prioritised.  Below are some of the important challenges that, if 
overcome, will refocus toward a retrofit-first mindset. 

SKILLS AND EDUCATIONAL CHALLENGES 

Preparing the Australian workforce with skills for retrofit requires 
education and training. Broadly, skills are defined as abilities 
and competencies of someone to undertake their required roles 
(Jagger et al. 2013, Bevon et al. 2020). Green and low-carbon 
skills like sustainable retrofitting focus on manufacturing, 
installing, and operating new low-carbon technologies 
(Infrastructure Australia 2021), with additional challenges in 
retrofitting building components that have been manufactured 
off-site. Such skills will require training across the supply chain, 
presenting new challenges for the workforce. 

In the domain of buildings and infrastructure, skill gaps and 
shortages take several years for industries to ‘catch up’ to learn 
new technical skills as industries and market demands change. 
Emerging skills over the last five years in the construction sector 
have been increasing technical skills around brownfields and 
software across occupation groups (Infrastructure Australia 
2021). Brownfields, being land previously built with varying 
amounts of existing development, require differing skills to 
empty greenfield developments. Skills such as surveying existing 
conditions of structures using innovative technologies make 
these processes easier but require new specialised technical 
skills (Bevon et al. 2020) which take time to learn and implement. 
Newer education in several countries cover these skills such as 
UK-accredited building surveying courses by the Royal 
Institution of Chartered Surveyors (RICS 2016).  

Innovative technologies and processes are emerging rapidly 
across occupation groups and so require new skills training for 
widespread implementation. Project management professionals, 
engineers, scientists, architects, trades, sustainability 
consultants and labourers increasingly require specialised skills 
implementing technology across supply chains.  As industries 
move to widespread implementation of innovative technologies 
like design and manufacturing automation, digital twins, 
product platforms, and NZE retrofits, obsolete skills will 
eventually be replaced (Infrastructure Australia 2021). 

8

Along with technical skill challenges, general communication 
and data skills hinders the decision to retrofit. A lack of 
accessible information, resources, and training to understand 
the value of green building and retrofitting leads to misinformed 
assumptions about the effectiveness of a retrofit approach. 
Particularly at points of sale, without extensive knowledge of 
financial and other benefits , marketing approaches lack 
adequate understanding and communication of low-carbon 
upgrades, designs, and technology (Rauland et al. 2015). 
Additionally, retrofits understood as only a ‘return on 
investment’ rather than a triple bottom line approach 
undervalues the full impacts of projects. These knowledge and 
communication skill gaps result in poor pricing, concealing 
significant added value which go unnoticed by consumers. (Ma 
et al. 2012) It is expected that the increasing implementation of 
Environmental and Social Governance will lead to certification 
tools and awareness that will help quantify and promote retrofit.  

Such communication tools already exist, and are driving demand 
for green projects, but remain largely focused on new 
developments. There are important labelling and certification 
schemes that exist in Australia (such as NABERS, natHERS, Green 
Star, Energy Efficiency appliance ratings and Infrastructure 
Sustainability [IS] ratings as well as internationally (LEED, ISO, 
GRESB, WELL) which intend to highlight the value of green 
projects and practices, however they require more widespread 
uptake and prioritisation of material retention and reuse. 
(Rauland et al. 2015, ASBEC and Climateworks 2017)   

Stakeholders across the whole supply chain require new 
technical and communication coordination, training, and skills 
for retrofitting uptake to increase. Professional services, 
Suppliers, Installers, Educators, Membership bodies and 
Chambers of Commerce all require new skills so retrofitting can 
become desirable; varied types of educational programs will play 
a key role.  

POLICY AND BUSINESS CHALLENGES 

Retrofit must be economically viable to be considered successful 
from a business perspective, but in some cases, a portion of 
economic costs can be traded for social and environmental 
benefits (Wilkinson 2013).This is largely dependent on the 
stakeholders of a given retrofit project and the driving decision-
making processes behind it. The main financial challenges for 
investment in retrofits are not having sufficient funds for the 
project, high upfront costs with long return-on-investments 
(ROI), or lower profit margins and earning potential than new 
builds (Alam et al. 2016). Policy incentives, new tools and 
business coordination are required if retrofitting is to become 
sustainable best practice and
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appealing for investors. Circular economy principles must also 
be implemented to avoid material intensive practices that do 
not consider deconstruction and reuse.   

There are increasing rates of energy efficient retrofitting globally, 
with federal and state programs that are improving building 
performance, however measures are not deep enough for 
complete decarbonisation. To achieve building stock 
decarbonisation by 2050, the IPCC assumes ‘deep’ retrofit rates 
between 2.5% to 10% of a country’s building stock per annum. 
(IPCC 2022) The current EU28 renovation rate (2019) is 
approximately 1%, with little variation between members 
(European Parliament 2016). In the City of Melbourne, 7 
buildings are retrofitted per year when 77 per annum are needed 
to achieve net zero by 2040 (City of Melbourne 2022). 

The knowledge and technology to decarbonise buildings
 already exists and there are also proven innovative policies and 
incentives to promote a low-carbon shift (Rauland et al. 2015). 
However, implementation of such policy and business 
incentives are not yet business as usual, nor is acknowledging 
retrofit as a frequently more sustainable option to 
redevelopment. ASBEC and Climateworks highlight energy 
efficiency has been limited to a small number of market 
segments. Namely, market leaders, some developers of 
premium and A-grade office buildings and boutique 
sustainability-focused developments (ASBEC and Climateworks 
2017).
In the Australian building context, policy and regulations for 
environmental sustainability were only legislated in the BCA 
(now NCC) in 2006, (Wilkinson 2013) meaning a large portion of 
the existing building stock of Australia performs poorly on 

 energy efficiency and other measures. In 2010, the Commercial 
Building Disclosure program was put in place requiring 
commercial buildings over 2000m2 to disclose their energy 
efficiency information, which was lowered to 1000m2 in 2017.

While changes like these in policy drive businesses toward 
retrofitting, progress in improving Australian buildings, 
particularly energy performance has been limited. It is estimated 
by 2050 that 7 million existing homes and a third of commercial 
buildings will not being subject to improved energy efficiency 
measures in the National Construction Code (Commonwealth of 
Australia 2019). Recent updates to the NCC are set to curb this 
estimate, but standards remains lower than required to achieve 
net zero and embodied carbon is unenforced. ASBEC estimates 
improvements of only a combined 7% in energy intensity were 
observed across commercial and residential building stock from 
2010-2017 (ASBEC and Climateworks 2017).

The ‘vicious circle of blame’ around green projects prevent 
uptake of green building practices, as stakeholders blame others 
for continuing business-as-usual, often leading to lower profit 
margins for stakeholders that do go ahead with retrofit projects 
(Rauland et al. 2015). Constructors claim developers don't 
commission environmentally conscious approaches to building. 
Developers claim investors don't require them. Investors claim 
users don't demand them. Users do not demand them because 
they claim they are not offered to them (Sedlacek and Maier 
2012). This perpetuates existing, environmentally intensive 
building practices and reluctance to retrofit. It is also tied to the 
challenges of competing requirements and lack of collaboration 
when retrofitting.   

IMAGE OF MELBOURNE SKYLINE. IMAGE BY PAT WHELEN VIA PEXELS 
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Low carbon or carbon-neutral upgrades require numerous 
stakeholders with significant collaboration and alignment if the 
retrofits are to be successful (Rauland et al. 2015). Collaborative 
difficulties arise due to competing requirements known 
commonly as split incentives.  Building owners looking to retrofit 
tenanted buildings are often reluctant to improve energy 
efficiency or other environmental upgrades because they are not 
the ones who see immediate benefits. For example, Australian 
rental property upgrades that lower energy, water, or gas bills 
benefit tenants, but are paid for by landlords who do not see 
financial benefits (Lang et al. 2022). Conversely, renters (making 
up 30.6% of Australia's dwellings)(ABS 2021) are unlikely to pay 
for improvements to a building they do not own. These 
challenges are currently being addressed through strategic 
policy in Victoria by the Victorian Energy Upgrades program. 
Introduced as an extension to the Victorian Energy Efficiency 
Target Act in 2007, 2018 saw the creation of state-wide rebates 
on energy efficient products for homes and businesses, 
incentivising building owners to upgrade.    

Occupancy barriers also prove challenging for retrofit uptake. As 
discussed along with a deep retrofit approach, large savings and 
benefits come at the cost of losing tenancy while the retrofitting 
is taking place. In the case of buildings, owners and tenants are 
reluctant to relocate, perceiving short-term financial losses 
(Drosou et al. 2018) over long-term savings. This may occur 
during a deep retrofit or even smaller upgrades to a bathroom or 
kitchen where occupants’ activities are disrupted.  One solution 
to this issue is the use of prefabrication, the Energiesprong 
program has achieved net zero housing retrofits in as little as ten 
days (See Case Studies).

Large building projects, infrastructure projects, and green 
infrastructure often have long lifespans that, if not developed 
correctly or retrofitted, lead to stranded assets and lock-ins 
(Climateworks 2020). An asset is stranded when capital 
expenditure does not yield expected returns due to changes in 
use, environment, or decarbonisation. Coal and gas power 
plants, coal mines and other energy infrastructure are most at 
risk of becoming stranded by the low carbon transition. 
Furthermore, large infrastructure projects such as these require 
large capital investments, with many stakeholders, and 
generally operate for 50-100 years. Developing such projects 
lock in patterns of infrastructure making retrofitting both 
buildings and surrounding infrastructure difficult and more 
costly when they become stranded (Climateworks 2020).

Difficulty in confirming assessment effectiveness of sustainable 
upgrades leads to a lack of credibility. Australian rating systems 
are important in driving demand for sustainable retrofits. 
Differences in the methods they use make comparisons and 
verification between projects challenging environmental 
retrofitting and construction, particularly carbon accounting 

(Mirabella and Allacker 2021). Environmentally sustainable 
design(ESD) ratings also require scrutiny. Nature Based Cities 
not-for-profit research group which states 8 ESD Rating tools do 
not have mandatory vegetation, retention or nature-based 
landscaping (ARK Resources 2022). This results in the possibility 
of achieving a high sustainability ratings without having any 
landscaped area. Whole Life-cycle Carbon (WLC) calculations, 
considering both embodied and operational impacts of a 
project, are not widely reported or enforced, concealing points 
of large carbon emitting. Most policies and regulations in 
Australia’s construction sector centers around reducing 
operational emissions from buildings and infrastructure, 
however more attention is required toward the embodied 
emissions of the whole sector across the supply chain, as these 
can take between 10% and 97% of the whole life-cycle carbon 
emissions (Yu et al. 2017). This often perpetuates demolition 
and rebuilding of projects, despite high upfront greenhouse gas 
emissions of construction as they are not accounted for.   

RESEARCH AND INNOVATION CHALLENGES 

The Australian construction sector, with growing 
implementation of digital 4.0 technologies, is providing more 
efficiencies for retrofitting buildings and infrastructure. Despite 
these efficiencies and opportunities for retrofitting practices, 
innovation remains largely focused on new construction.

Construction companies are already performing low-carbon 
retrofits integrating 3D scanning, AI supply chain optimisation 
and Digital Twins (real time virtual representations of an objects 
or systems) to survey and digitise existing structural elements, 
design and build (ARUP 2019) as well as calculating embodied 
carbon using digital platforms. As innovative technologies and 
products like these develop and mature, retrofitting will shift 
toward adaptable, prefabricated, and repeatable processes for 
complex in situ challenges, as is the case with Energiesprong. 
Aggregate projects such as these which retrofit multiple 
buildings can more easily achieve economies of scale.

Innovation in retrofitting is hindered by the costs faced by first 
movers of new practices. The creation of innovative practices 
and products creates economical and logistical disadvantages, 
often requiring innovators to ‘jump through regulatory hoops’ to 
get approvals and delaying other processes (Rauland et al. 
2015). Only after they have taken the fall, can other followers 
benefit and decrease innovative technology costs. This is further 
hindered by a lack of data sharing between projects and 
stakeholders. Regulatory sandpits for testing, regulatory 
frameworks, exemptions, and fast-tracking approval processes 
can overcome this issue if strategically implemented. 
Integrating several sectors is another challenge within retrofit 
projects. ‘Sectoral Silos’ often cause further expenses and less 
innovation. This can be between stakeholders of retrofit projects
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between industry and researchers at universities, between 
planning and production teams and sometimes between 
operational staff and planning staff (Liu 2014). Poor 
communication between parties also often leads to 
inefficiencies and missed opportunities (Rauland et al. 2015).  

The energy performance gap, the disparity found between 
predicted energy consumption in the design stage of buildings 
and their actual operational energy use after construction.
(SBEnrc 2019). Providing evidence of a successful retrofit 
requires a comprehensive baseline analysis and comparative 
assessment after the retrofit has taken place. 

CONCLUSION 

Retrofitting, as a practice of improving what already exists rather 
than demolishing and starting anew, can provide countless 
benefits to Australian cities. These benefits are not solely 
financial, they make cities more sustainable, resilient, climate 
conscious, circular, healthy, and biodiverse. They are needed 
more than ever, as global climate, biodiversity, and pollution 
emergencies continue to shock Australia's systems.  Australia is 
continually modifying buildings, infrastructure, and landscapes 
as city requirements change, today’s requirements call for 
retrofitting, toward a resilient future. 

Retrofitting's challenges in domains of skills and education, 
policy and business, and research and innovation need to be 
addressed if Australia is to make retrofitting effective and 
common practice. An urban retrofit approach that is integrated 
and systematic is required to bring the greatest benefit to 
Australian cities. Retrofitting cities means a commitment to 
ecological responsibility, a sustainable economy, and the future 
human and non-human communities of this continent. 

IMAGE OF MELBOURNE. IMAGE BY FINN WHELEN VIA PEXELS 
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ENERGIESPRONG NET ZERO RETROFIT IN NOTTINGHAM, UK, 2019 - ENERGIESPRONG 
 INTERNATIONAL, VIA FLICKR  

AGGREGATE RETROFIT PROGRAMS 

THE NETHERLANDSʼ ENERGIESPRONG INITIATIVE 

Overview: Launched in 2013, The Energiesprong is a market-
led initiative for retrofitting homes to net zero energy using 
prefabricated elements and innovative technologies. 
Prefabrication allows for these retrofits to be installed in an 
average of under 2 weeks. Typically, a retrofit through the 
Energiesprong model uses insulated facades and modules 
integrated with renewable heat sources and PV panels. 

Dates of Retrofit Program: 2013 - Ongoing

Objectives: Energiesprong retrofits emphasise
aesthetics, health and comfort which in turn improves 
property value, and optimise designs for repeatable 
manufacturing and installation of specific building typologies.

Main Benefits: Net Zero Carbon over a 30-year period (with a 
set allowance of hot water and electricity consumption) 
Carbon reduction through energy efficient whole
house upgrades, innovative business and policy model. 
Average energy use reductions of 150 kWh/m2 and 70% 
reduction in total energy consumption (20,000kWh to just over 
6,000kWh). Speed of retrofit that avoids occupancy difficulties 
and provides benefits rapidly for tenants.

Shortcomings: The project still requires public subsidies, 
meaning the cost of retrofits per unit is not low enough to be 
financially self-sustaining. It is estimated that 40,000 EUR per 
retrofit would mean the business model could sustain itself 
in a privatised context.

CASE STUDIES 

The following case studies are divided into two types, aggregate retrofit programs that facilitate many retrofits driving policy and 
incentives, and singular exemplar retrofit projects often a building, or piece of infrastructure.  

HAMMARBY SJÖSTAD, STADSPARTERREN, SWEDEN - HANS KLYBERG, VIA WIKICOMMONS

SWEDEN'S HAMMARBY SJÖSTAD PRECINCT

Overview: Hammarby Sjöstad translated as Hammerby Lake City, 
located in Sweden is a sustainable precinct located in 
Stockholm's inner city on the shores of Lake Hammarby Sjo. It 
was originally intended to be the Olympic Village for the 2004 
Olympics but became a regeneration project after losing the bid 
to Athens. The precinct comprises 12 sub-neighbourhoods 
across 200-hectares, residential and commercial areas, and open 
green spaces commended for it's integrated systematic 
approach to urban retrofit/renewal. 

Dates of Retrofit: 2004 - Ongoing

Objectives: The goal of Hammarby Sjöstad is to create a 
sustainable precinct. Aim is for 80% of residents to commute to 
work using public transport, walking, or biking. The Hammarby 
Model, inspired by the Bo01 project in Malmö, was developed to 
achieve effective precinct scale sustainability. It includes features 
like a centralised waste management system, 100% renewable 
energy generation, and a storm water remediation system.

Main Benefits: Hammarby Sjöstad prioritises urban green areas, 
including parks, green corridors, and nature reserves. It also 

protects valuable natural areas and compensates for 
development by creating biotopes. The project promotes urban 
biodiversity conservation and features eco-friendly infrastructure 
like planted viaducts and green roofs. Pedestrian-friendly green 
corridors and accessible public transportation options 
encourage low-carbon transport. The transformation of 
Hammarby Sjöstad led to a quick rise in property values, which 
has been criticised for social exclusion and unaffordability.
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THE SCHUYLKILL RIVER LOOKING SOUTH TOWARD THE PHILADELPHIA SKYLINE 
BY ED YAKOVICH, VIA FLICKER

PHILADELPHIA’S STORMWATER GRANTS PROGRAM

Overview: An exemplary case presenting benefits of 
infrastructure retrofitting is Philadelphia Water Department’s 
competitive grant program:  The program, initiated in July 2014 
as Greened Acres Retrofit Program (GARP, provided incentives 
for the development of green infrastructure on private property. 
Government subsidies provide finance for rain gardens, green 
roofs, trees, and porous pavements retrofits.. Stormwater 
Grants Program encourages contractors and design/
construction firms to bundle green infrastructure projects and 
compete for limited public grant funding, thereby incentivising 
lowest-cost retrofits on private land. Currently, the initiative 
provides $15 Million in funding each year for accepted 
proposals. Importantly, property owners are required to agree 
to a 45-year Operations and Maintenance agreement with the 
Philadelphia Water Department to certify retrofits are 
maintained to fulfill regulatory requirements. 

The program provided improved property values for owners, 
reduced storm water fees, local green infrastructure 
maintenance opportunities for contractors, and reduction in 
flooding and water pollution. In part, this initiative responded to 
the estimated 10 trillion gallons per year of polluted flows into 
local waterways. 

Dates of Retrofit Program: 2014 - Ongoing  
Objectives: Stormwater management to reduce flooding in 
Philadelphia and increased biodiversity and green 
infrastructure.   
Costing: $90,000 maximum per acre. $15 Million dedicated per 
year.  
Main Benefits: Shared prosperity for surrounding land. Reduced 
flooding, increased biodiversity and competitive financing 
between government and landowners. Reduced property 
damage, reduced monthly stormwater charges, and increased 
marketability of assets are also incentives for investment.  
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THE YARRA RIVER LOOKING NORTH TOWARD MELBOURNE CBD
BY FELIX HAUMANN, VIA PEXELS

MELBOURNE’S 1200 BUILDINGS PROGRAM 

Overview: The 1200 Buildings Program attempted to retrofit two 
thirds of Melbourne’s existing building stock. Retrofits ranged 
from energy efficient and indoor air quality technologies to 
waste and water management upgrades. Retrofitting two thirds 
of the municipality’s commercial stock would eliminate 383,000 
tonnes of greenhouse gas emissions each year. It was further 
estimated $2 billion-dollar economic uplift and 8000 green jobs 
would be created.  From 2010 to 2015, 541 buildings were 
retrofitted under the program.   

Several policy drivers helped the process of retrofitting in 
Melbourne. Competitive financing of retrofit projects through the 
Sustainable Melbourne Fund and Environmental Upgrade 
Agreements both influenced building owners' actions. The 
government did not specify or recommend companies to 
perform these retrofits, this was organised by the building 
owner.   

Dates of Retrofit Program: 2010 – 2015 (last survey)  
Objectives: To retrofit 2/3 of the existing office buildings in 
Melbourne city (1200 buildings of 2,256) for energy efficiency.   
Costing: EUA- Environmental Upgrades Agreement, a financing 
mechanism that allows building owners to pass retrofit costs 
onto next owners if sold as well as paying off using lower 
electricity bills.  
Rating System: NABERS  
Main Benefits: Lower energy bills, affordable improvements, 
staff productivity increases, lower greenhouse gas emissions.  
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RETROFIT PROJECTS 

QUAY QUARTER TOWER IN 2023 AND 2014, SYDNEY - KGBO AND JASON TONG  

QUAY QUARTER TOWER, SYDNEY

Overview: The Quay Quarter Tower in Sydney was created 
using 98 percent of the original structural walls and core of the 
existing building, retaining approximately 12,000 tonnes of 
embodied carbon. It is a multi-functional building offering 
work, retail and social spaces. It integrated building services 
with comprehensive reuse of existing riser shafts, using a range 
of smart building technology and facade design elements to 
reduce energy consumption.

Date of Initial Construction: 1976

Date of Retrofit: 2022

Rating System: 5.5 Star NABERS Office Base Energy Rating, 4 
Star Base Water Rating, WELL Platinum certification, 6 Star 
Green Star Office Design.

Main Benefits: Emissions reduction to meet climate emergency 
requirements attending to embodied and operational carbon. 
healthy working environments, efficient energy management 
using smart building technology.
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THE AUSTRALIAN CONSERVATION FOUNDATION'S 60L GREEN BUILDING, CARLTON, 

MELBOURNE - ELEKHH

THE 60L BUILDING, VICTORIA 

Overview: The 60L Building, retrofitted in 2002, was a front 
runner in sustainable retrofitting. The undertaking of the 
commercial retrofit took a ‘wholistic environmental approach.’ 
It considered sustainable measures for materials, design, HVAC, 
Water, Energy and People whilst maintaining commercial 
viability.   

Date of Initial Construction: 1877  

Date of Retrofit: 2002  

Objectives: Use of sustainable materials with low embodied 
carbon, integrated design of building systems, HVAC upgrades, 
Water management upgrades, Energy upgrades with PVs and 
Tenancy agreements for proper maintenance and use of the 
building.  

Main Benefits: Highly sustainable and integrated building 
systems. Green lease holding tenants accountable for 
sustainable practices. Average 80 kWh per sqm. 65% energy 
savings per year equating to $50,000 energy savings associated 
with 358 tonnes of CO2 every year.  
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ACRONYMS 

ASBEC – Australian Sustainable Built Environment Council  

ASEAN – Association of Southeast Asian Nations  

BAS – Building Automated System  

BAU – Business-as-usual   

BMS – Building Management System  

CRC – Cooperative Research Centre   

EEC – Energy Efficiency Council  

ESD – Environmentally Sustainable Design  

EUA – Energy Upgrades Agreement  

GBCA – Green Building Council Australia   

GHG - Green House Gas  

IEA – International Energy Agency  

IEQ – Indoor Environmental Quality  

IPBES – Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services  

IPCC – Intergovernmental Panel on Climate Change  

IS – Integrated Systems   

NABERS – National Australian Built Environment Rating System  

NatHERS – Nationwide House   

NCC – National Construction Code  

NZEB –Net Zero Energy Building 

PVs – Photovoltaic Cells  

RICS – Royal Institution of Chartered Surveyors  

SBEnrc – Sustainable Built Environment National Research Centre  

SDGs – United Nations Sustainable Development Goals  

UHI – Urban Heat Island Effect  

UNFCCC - United Nations Framework Convention on Climate Change 

VEU - Victoria Energy Upgrades 
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