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3
A Critical Juncture

3.1  Introduction

In Chap. 1, we explored the benefits of sustainable housing for individual 
households and for society. We also discussed why, as a global commu-
nity, we need to transition to sustainable housing for a low carbon future. 
As Chap. 2 outlined, many jurisdictions have made improvements to the 
design, quality, and performance of new and existing housing over recent 
decades, primarily driven by the creation of minimum performance 
standards.

Despite this progress, we are at a critical juncture for what type of future 
we are creating. If low carbon and broader sustainability outcomes are to be 
achieved by the middle of the century, we know that the time before 2030 
is going to be critical, with potentially even less time than this. The most 
pressing issue in the wider sustainable housing debate relates to climate 
change and the ability of the housing sector to contribute to a low carbon 
future. This is not the only reason why there is an urgency for change 
though, with an increasing range of social and financial drivers challenging 
traditional thinking, policy, delivery, and use of housing.

This chapter explores why we are at this critical juncture where we 
need to make urgent changes (Sect. 3.2). This applies to both new hous-
ing and the need to address existing housing. If done right, a transition to 
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sustainable housing will not just be about improving design, materials, 
technologies, and construction methods, but will also be a way to help 
address a range of other social justice and equity issues that have been 
exacerbated by rapidly worsening housing unaffordability and access issues 
around the world. We discuss this through innovations in sustainable 
housing as pertaining to the wider sustainable housing transition (Sect. 
3.3). We return to the ideas and case studies of sustainable housing inno-
vation in Chaps. 6 and 7.

3.2  An Urgency for Change

Globally, there has been increasing tension between the impact that 
humans are having on our natural climate and the way we are responding 
(or need to respond). While, for many decades, the housing construction 
industry and some policy makers have expressed intentions to deliver 
‘sustainable development’ (as defined by Brundtland in 1987), there has 
been very little change to overall practices in many jurisdictions. This is 
especially concerning given that there has been a significant increase in 
population and consumerism since these ideas emerged, as well as related 
ideas from the 1970s (e.g., Limits to growth report and the establishment 
of the United Nations Environment Program), that makes the challenge 
of achieving a U-turn on relatively unchecked emissions growth a signifi-
cant challenge. Cohen [1, p. 174] states there is ‘growing recognition that 
the greenhouse gas reduction targets of the Paris Agreement and the 
objectives of the United Nations 2030 Agenda for Sustainable 
Development will be unachievable if policy initiatives continue to be 
predicated on incremental adjustments that only superficially mollify the 
most egregious aspects of contemporary norms’.

While there have been a range of mechanisms, such as minimum 
building performance requirements, introduced over recent decades, they 
have tended to be incremental and have been generally disconnected 
from what is considered best practice by the community of sustainable 
housing researchers and advocates [2]. The type of sustainable housing 
that will be required to achieve a low carbon future is housing that 
achieves significantly improved environmental, social, and financial 
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outcomes. In this book, we define sustainable housing as dwellings with 
a zero carbon impact that, where possible, contributes to regeneration 
initiatives that support wider sustainability. Sustainable housing is hous-
ing which significantly reduces its life cycle impacts and engages with 
concepts of the circular economy (e.g., design for disassembly). However, 
it is more than just physical elements; sustainable housing improves 
health and well-being, reduces living costs, and connects to other sectors 
such as transport, food, and energy networks. Sustainable housing draws 
on a variety of design, material, technology, and construction innova-
tions to build housing that will perform well now and into the future. 
This is not just performance from a technical perspective but also in terms 
of resiliency against a changing climate (e.g., resilient to extreme weather 
events).

These elements should be the minimum considerations for sustainable 
housing moving forward and we can achieve them right now (see Chaps. 
6 and 7 for case studies). Innovations will likely mean our definition of 
sustainable housing will change in future years but will also likely lead to 
improvements in how sustainable housing can be provided. This dynamic 
consideration of sustainable housing means it is hard for a global defini-
tion, and a definition will also be dependent on context specific factors 
such as local climatic conditions. An increasing number of examples over 
the past two decades have demonstrated that there are no design, mate-
rial, technological, and construction method reasons why we are not 
delivering these types of dwellings already.

While much of the broader policy discussion around the world has 
been on how the housing sector can achieve low carbon outcomes by 
2050, the transition could happen much faster if the housing construc-
tion industry and other key stakeholders voluntarily engaged. We can see 
this voluntary change currently happening with electric vehicles. Since 
2017, there has been a plethora of car manufacturers announcing their 
plans to transition to only selling electric vehicles. These manufacturers 
are setting even more ambitious timeframes than many government poli-
cies and pathways for increasing the uptake of electric vehicles, demon-
strating that change can happen quite quickly when there is a desire 
to do so.
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3.2.1  Locked In

Housing is infrastructure with a long life, lasting many decades if not 
100 years or more. In relation to sustainability, the decisions made around 
design, materials, technologies, and construction methods are critical for 
determining a dwelling’s quality and performance outcomes and the way 
it will be used by occupants. An old rule of thumb suggests that 80% of 
a dwelling’s impacts are locked in during the first 20% of the design pro-
cess, but the early considerations around land use and planning can also 
impact the future opportunities for improving design, quality, and per-
formance. Once a dwelling is built, it can be costly to retrofit to improve 
design, quality, and performance and the options to improve outcomes 
are limited by the existing building. For example, if the dwelling is not 
orientated the right way there is little that can be done to improve orien-
tation, potentially reducing the benefits that could be achieved via passive 
solar design.

Data from the UK indicates that it is likely to cost £20,000 or more to 
retrofit many existing dwellings to achieve a low carbon future [3]. 
Housing performance in the UK is arguably starting from a higher base 
level than many other countries given the high uptake of some more 
costly retrofits for various sustainable housing elements such as double- 
glazed windows (over 80% uptake) [4]. Conversely, in Australia, there 
has been a low uptake of double glazing meaning that any retrofit becomes 
significantly more expensive with the need to undertake more disruptive 
work. Research from Australia has found the cost of deep retrofits to be 
in the range of AU$25,000–$50,000 [5–8].

As noted by researchers across several countries, the housing that 
already exists will make up most of the residential building stock in 2050 
[7, 9, 10]. Addressing the existing housing stock will take a significant 
effort and there are different challenges to achieving sustainability out-
comes compared to new housing (e.g., ease of work). Therefore, we must 
make sure that whatever new housing we add to the current stock is 
delivered to the highest design, quality, and performance standards pos-
sible to ensure we are not locking in future housing and households to 
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poor sustainability outcomes and the need to undertake expensive retrofit 
in the coming decades.

The challenge for the housing sector is how to provide the type of 
housing that is required now and into the future. This is not a straightfor-
ward proposition when what we want from housing, or the way we use it, 
may change. We have seen this occurring over recent decades with some 
developed countries, such as the USA and Australia, seeing rapid increases 
in the average floor area of detached housing as part of the perception 
that consumers wanted more (more bedrooms, more bathrooms, more 
hobby rooms). However, this increase in floor area occurred while aver-
age occupant numbers were decreasing, creating an odd paradox. 
Incremental improvements to energy efficiency technology are often 
being outstripped by a rapid overall increase in energy consumption. This 
is referred to as the rebound effect and it occurs because of the increasing 
number of appliances and changes to their use [11, 12]. These changes 
have created mixed results related to the sustainability of new and retro-
fitted housing, even though minimum performance requirements have 
steadily been improving.

What we want, or need, in our housing can shift quite quickly. For 
example, the emergence of COVID-19 resulted in many cities experienc-
ing periods of lock down to try to control the spread of the virus. This 
meant people spent more time in their homes. For those who could work 
from home, the home became a blurred line between where people 
worked (or studied) and where they lived. It also resulted in people creat-
ing makeshift work-at-home spaces that were not designed for such use. 
Many people who had to spend more time at home realized that their 
housing is hard and expensive to heat and cool, or that there are a range 
of defects that impact liveability [13]. This is for those who are lucky: 
renters or those on low incomes have found that the pandemic exacer-
bated many of the pre-existing issues around housing quality and afford-
ability. Additionally, during COVID-19, people who were homeless, 
who were in shared housing, or who lived in informal housing faced far 
more serious problems which were exacerbated by their access (or lack of 
access) to safe and reliable housing.

Because of climate change, we have seen more frequent and more 
extreme weather events such as extreme heat, flooding, and bush/forest 
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fires since the early 2000s. These climate change impacts and related 
events inevitably impact housing. Higher temperatures lead to increased 
use of mechanical cooling systems to stay cool. Flooding can seriously 
impact the structural integrity of property and can damage homes and 
their contents. Bush and forest fires can completely decimate homes and 
infrastructure. This kind of weather related property damage impacts 
housing affordability and household finance. Research in the USA found 
that homes in California sold for an average 3.9% lower in wildfire prone 
areas compared to lower risk regions [14]. The cost of insurance has also 
gone up, and in some locations, homes have become uninsurable due to 
increased risk of flooding or fires. For example, between 6–10% of homes 
in Canada are not eligible for flood insurance because the locations have 
been deemed too high risk by insurance companies [15].

Every year that a sustainable housing outcome is delayed, it will con-
tinue to lock in households and the housing sector into less efficient 
housing. Research in Australia has calculated that the cost for delaying 
regulatory minimum performance requirements for new housing from 
2019 to 2022 would impact 500,000 new dwellings built across the three 
years and result in AU$1.1 billion of unnecessary energy bills for house-
holds by 2050 [16]. The impacts were found to be wider than just indi-
vidual households, with research estimating that the delay in improving 
minimum performance requirements would lock in AU$530 million of 
unnecessary energy network investment. If these figures are extrapolated 
to other jurisdictions, the global cost for inaction in delivering sustain-
able housing will run into many tens of billions of dollars each year, if not 
hundreds.

3.2.2  Timeframes and Targets

In relation to broader sustainability goals, there is global consensus that 
we are facing a climate emergency and must achieve greenhouse gas emis-
sion reductions of at least 80% by 2050, if not sooner [17]. Many coun-
tries have, after decades of avoiding significant action, set out interim 
targets to ensure a pathway towards this goal. This 2050 greenhouse gas 
emissions reduction target is considered the minimum of what must be 
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done by many in the scientific community, and even if it is achieved, it 
does not guarantee that there will not be significant changes to our cli-
mate. Realizing the urgency, an increasing number of countries have 
revised their time frames and targets in recent years. This has also been 
seen in the business space where a number of companies have announced 
their own environmental targets. However, there remains a significant 
number of countries who have been reluctant to make such commit-
ments or to adhere to calls for higher targets across a shorter time frame, 
making global progress towards a low carbon future challenging.

As discussed in Chap. 1, the built environment is a significant con-
tributor to overall greenhouse gas emissions. This is both through the 
consumption of materials during the construction and through con-
sumption of energy during the dwelling’s use. As a reminder, the housing 
sector is responsible for 17% of the world’s greenhouse gas emissions and 
19% of its final energy consumption [9, 18]. This impact is even wider if 
we include transportation impacts from housing location.

However, the good news is that the housing sector has been identified 
as low hanging fruit by a range of researchers, industry stakeholders, and 
policy makers. This means we can cost-efficiently deliver sustainable 
housing right now. This is demonstrated in established and emerging 
examples of new housing from all around the world. This is also the case 
for retrofitting existing housing where significant improvements in per-
formance can be achieved cost-effectively, such as through sealing all gaps 
and cracks and installing insulation, delivering improved sustainability 
and social outcomes, not just for the occupants but for society.

Prior to climate emergency declarations, in 2015 the UN announced 
their Sustainable Development Goals which are also driving change in 
the housing sector. These 17 goals aim to address a range of inequity and 
justice issues across the world. Several relate specifically to energy and the 
built environment such as goal 7 (Affordable and Clean Energy), goal 11 
(Sustainable Cities and Communities) and goal 13 (Climate Action). 
These Goals demonstrate that a transition to sustainable housing is not 
just about housing in developed countries switching from fossil fuel to 
renewables. There are significant parts of the world where even the provi-
sion of basic housing is an ongoing challenge such as the 1 billion people 
who currently live in slums or informal settlements [19]. A transition to 
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a more sustainable, affordable, and safe housing future for these popula-
tions means the provision of safe and decent housing, with quality and 
sustainability outcomes helping to improve a range of financial and social 
impacts. The timeframe set by the UN to achieve these outcomes is 2030, 
which at the time of writing this book is less than a decade away.

Typically, the development of minimum design, quality, and perfor-
mance requirements has happened in small increments. This ensures that 
progress is being made but that the change is not so large that it adds 
unreasonable costs or burdens to consumers or the housing construction 
industry. However, there have been several examples where there has been 
a shift to longer term policy development as it relates to housing perfor-
mance regulations. As discussed in Chap. 2, there are several jurisdictions 
that have made more significant progress towards sustainable housing by 
setting out longer term policy pathways for how it can be achieved. In 
California, policy makers set out a ten-year pathway to improve housing 
design, quality, and performance requirements in stages. This provides an 
example of how long it can take policymakers, and the construction 
industry to transition to a sustainable housing outcome. In British 
Columbia, the government introduced the BC Energy Step Code, a vol-
untary tool that provides an incremental approach to obtaining energy 
efficient buildings that go above the base requirements of the BC Building 
Code. The Energy Step Code also provides a pathway for ensuring all 
buildings province-wide are Net-Zero Energy Ready by 2032. Most 
countries, however, have not yet introduced requirements to achieve such 
housing outcomes, with current minimum performance still falling short 
of what is required for a transition to a sustainable housing future. Even 
when such outcomes are intentionally set, there is still a lack of pathway 
development to achieve them [20–22].

Several other locations, such as Australia, have recently developed, or 
are in the process of developing, longer term policy pathways to deliver 
sustainable housing and wider low carbon outcomes. These longer term 
pathways are important for a range of reasons, including that they pro-
vide more certainty for the housing construction industry and associated 
stakeholders about what the future holds. This provides an incentive for 
the housing construction industry to find a way to innovate and deliver 
the improved performances, while also providing time between each step 
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to allow the industry to adapt. It also helps provide a clear reason for 
those who want to innovate to do so.

While globally there is a range of longer term sustainability goals relat-
ing to reducing greenhouse gas emissions by 2050, there has been a lack 
of specificity around housing’s role in reducing these emissions in many 
jurisdictions. As a global society, we must aim to address this and move 
to delivering sustainable housing outcomes as soon as possible.

The jurisdictions that are already doing this, or are close to, are show-
ing that this is not a pipe dream and that it can be done now if the politi-
cal and industry will is there. While some jurisdictions will be coming 
from a low base for housing quality and performance, it is not unrealistic 
to think that the majority of new housing (and buildings more broadly) 
can be delivered to such outcomes no later than 2030. This would not 
only align to the wider UN Sustainable Development Goals, but would 
help to reduce the impact of all new housing from 2030 onwards to try 
and achieve the 2050 sustainability goals.

The retrofit of existing dwellings is more challenging [3, 7, 23, 24]. 
As part of the push towards a low carbon future, the UK Climate 
Change Committee stated that the residential stock needed to be 
nearly completely decarbonized by 2050 [3]. Based on their dwelling 
performance rating scale of A (best) to G (worst) in 2018–2019, there 
were around 19 million dwellings across the UK that had a rating of D 
or worse. With calls to lift these dwellings to at least a performance of 
C over 10–15 years, this would mean that homeowners would need to 
complete almost 2.5 retrofits every minute for 15 years [3]. To achieve 
this, it has been estimated that retrofitting existing housing would 
require more than £70 billion in total investment, although different 
estimates put the costs at 3–4 times this amount depending on the 
level of retrofit and the number of hard-to-treat homes [3, 23]. To 
achieve the nearly zero emission outcomes would require even deeper 
retrofits and include more of the housing stock. Similarly, high num-
bers of retrofits will be required in other jurisdictions, presenting a 
major challenge for how this will be delivered.
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3.2.3  Green New Deals

The issue of how to deliver sustainable housing is not just about the 
design, materials, technology, and construction methods; it is also about 
having a housing construction industry that can deliver these outcomes. 
There are concerning labour shortages in both the new and existing 
dwelling sectors in many jurisdictions [25, 26]. This has been a bubbling 
issue in many countries for several years, resulting in constraints over the 
number of new dwellings that can be constructed, dwellings that can be 
retrofitted, and the capacity to scale up changes. It also limits the oppor-
tunities for any additional industry requirements, such as training for 
how to deliver improved design, quality, and performance, given the 
industry is already over stretched. While we generally have the knowledge 
to deliver sustainable housing, there is still a need to educate the vast 
majority of the industry about the practices they would need to change 
or modify in order to deliver sustainable housing.

The ongoing labour shortage issue has led to a chronic undersupply of 
housing in countries like Australia, which has contributed to worsening 
housing affordability due to less supply than demand. This in turn plays 
a role in discussions around design, quality, and performance. As the 
argument goes, improving design, quality, and performance will add 
costs to a dwelling which makes it even less affordable. This kind of think-
ing prevents improvements from happening, locking in the poor sustain-
ability performance of a dwelling for decades (or until the household or 
homeowner undertakes a costly retrofit), creating a perpetual cycle where 
key housing issues are never properly addressed.

In response to the global financial impact of the COVID-19 pan-
demic, there has been an increasing number of research and policy analy-
sis reports that have outlined how economic recovery should have a 
greater focus on sustainability. In fact, this research argues that more jobs 
will be created through a sustainability focus than any attempts to return 
to a business-as-usual approach. It should be noted this is not the first 
time such a plan has been put forward, with similar calls made after the 
Global Financial Crisis in 2008–2009.
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In their Sustainable Recovery Plan analysis, the International Energy 
Agency outlines how a focus on a green recovery would save or create 
more than 9 million jobs a year from 2020–2023 [27]. The report esti-
mates that 9–30 jobs would be created for every million dollars invested 
in energy efficiency measures for buildings. The report, as with others 
noted below, takes a more holistic approach to the call for a green recov-
ery, highlighting the significant benefits related to lower energy bills, 
reduced energy poverty, and improved health and well-being outcomes. 
This is not just about improving housing quality and performance of 
developed countries, with the plan identifying a need to provide access to 
clean cooking to the more than 2.5 billion people that still have to cook 
with inefficient and polluting fuels like biomass and coal. This is about 
addressing polluting energy sources as well as improving health outcomes 
for such households. The broader impacts would not just be from provid-
ing jobs but also from a recovery that would be better for the environ-
ment. The recovery from the 2008–2009 Global Financial Crisis saw 
greenhouse gas emissions rebound as the global economy started to grow 
again. In contrast, the Sustainable Recovery Plan aims to reduce green-
house gas emissions by 5% while creating jobs.

Major research in other parts of the world has identified similar bene-
fits. McKinsey estimates that a green recovery will not only reduce emis-
sions by up to 30%, but also create 3 million more jobs over the coming 
years than traditional employment would [28]. The authors estimate that 
for every million dollars in spending, 7.5 renewable energy jobs or 7.7 
energy efficiency jobs would be created, compared to only 2.7 jobs in the 
fossil fuel sector. In total, they estimate up to 1.7 million jobs could be 
created to retrofit housing for energy efficiency.

In the UK, Greenpeace estimate that for every million pounds invested 
in the sustainable building sector, 23 jobs would be created for a total 
potential of 400,000 new jobs [29]. These jobs are to be created across 
the entire sector, but the retrofit of existing housing and provision of new 
sustainable housing is noted as a key driver of these jobs.

The retrofit of existing housing is a key theme in these green recovery 
plans. In France, there are plans to scale up retrofit to undertake 500,000 
energy efficiency retrofits per year, half of which will be low-medium 
income households [30]. To achieve this outcome, funding will be 
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provided by the government to train new and existing housing construc-
tion industry employees. Similar benefits from a green recovery have 
been put forward in Australia where a significant focus on retrofit of 
existing housing could make 2.5  million existing homes more energy 
efficient across a 5-year period [31]. At an estimated cost of AU$25,000 
per home, the deep retrofits delivered would significantly reduce utility 
bills and improve liveability outcomes for occupants. This retrofit pro-
gramme would create up to 500,000 jobs across the five years and help 
kick-start a longer term retrofit programme in Australia. In addition, 
there could be another 440,000 jobs in the new housing space through a 
focus on delivering an increased number of social housing units. This 
programme would also lead to significant environmental improvements 
with an estimated 20 million tonnes of greenhouse gas emissions avoided.

3.3  Innovations in Sustainable Housing

We are at an urgent junction in time where significant steps must be 
taken by 2030 if the housing sector is to address a number of critical 
issues: not just the broader environmental challenges, but also those relat-
ing to equity and justice in the housing space. In Chaps. 6 and 7, we will 
explore some case studies of what is currently being done in different 
regions of the world as it relates to sustainable housing. Below is an over-
view of some examples of innovations that have emerged in recent years 
that show us what we could be doing in relation to sustainable housing.

Related to rapid improvement of sustainability outcomes at the dwell-
ing scale, one of the most widespread examples we have seen around the 
world is the uptake of residential solar PV since the early 2000s. Countries 
like Germany, Spain, and Australia have seen residential uptake of PV 
skyrocket. In Australia, in just over a decade, the percentage of dwellings 
that now have PV went from less than 1% to around one third of all 
dwellings [32]. While very much a technical sustainability fix, and argu-
ably, not the first priority to consider when delivering sustainable hous-
ing, the fact is PV has shifted ideas and thinking around energy and 
housing. This shift has helped create a narrative around high cost of living 
and the options to address it (i.e., sustainable housing) with households 
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able to make a direct link between having PV and the impact on their 
energy bills.

The success of PV has been created through various policy develop-
ments, government rebates, and industry innovation which have resulted 
in higher performance at a lower cost. Once the financial tipping point 
was reached, the floodgates opened in some countries and PV panels 
went from being a niche sustainability item for hippies living off the gird, 
to being normalized across the wider housing public [32]. PV panels have 
shown what can be achieved in a relatively short period of time. This 
rapid uptake has also laid the groundwork for future technology develop-
ment and roll outs such as battery storage and electric cars, which are 
attempting to draw on the successful pathway of PV panels.

PV and battery storage are not without issues. These include questions 
on the environmental and social impact of mining the raw resources used 
in the technologies, poor quality products, dodgy PV retailers and install-
ers, issues with intermittent energy loads on energy networks, and ongo-
ing arguments about why governments are continuing to provide financial 
support (through rebates for capital costs and/or feed-in-tariffs). Despite 
these challenges, PV continues to grow in popularity as evidenced by 
evidenced by the ongoing uptake in countries like Australia when finan-
cial rebates have been removed1 [32].

PV panels are seen as an easy “bolt on” sustainability solution, which 
means households get the benefit of reduced energy bills without having 
to change the way they use their housing. Outside of environmental and 
affordability benefits, PV panels are also critical to rapidly improving 
quality of life for the 733 million people without access to electricity or 
the 2.4 billion people who still use inefficient and polluting cooking sys-
tems [34]. The provision of even a small number of PV panels can not 
only improve quality of life for people, but can improve wider financial 
markets for communities [35, 36].

Double-glazed windows are another example, where in select regions 
of the world there has been significant uptake. In the UK, Europe, and 

1 While the topic of rebates to help deliver sustainability technology or to shift the industry is often 
a political tension point, often overlooked is the US$5900 billion of subsides provided to fossil fuel 
energy generators each year [33].
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Canada, performance requirements mean most new housing has double 
glazing at minimum, with trends moving towards triple glazing. In 
British Columbia, the use of double or triple glazing is often dependent 
on the region; the south coast uses double glazing more regularly while 
colder regions are more likely to look for higher performance outcomes 
and choose triple glazing. As stated earlier, more than 80% of housing in 
the UK now has double glazing [4]. The uptake of double-glazed win-
dows began in the 1970s when the industry started to establish itself. 
However, the role of policy and performance regulations is clear with 
government analysis stating that ‘This [recent uptake] is mainly because, 
since 2006, Building Regulations have stipulated that all windows in new 
dwellings and most of those that are replaced in older dwellings should 
be double-glazed’ [37, p. 30].

Policy makers have generally struggled with how to deal with existing 
housing in terms of how much direction governments can impose onto 
households and their dwellings, especially if such dwellings have been 
built, bought, or rented prior to the introduction of any sustainability 
improvement requirements. In addition to regulations for double-glazed 
windows, there are other examples of where regulation has been able to 
create improved outcomes. For instance, in 2014, the City of Vancouver 
introduced Canada’s first bylaw with energy upgrade requirements for 
existing buildings. The City required housing renovation projects to 
acquire a demolition permit with obligations to re-use and recycle some 
of the materials. There have also been other notable developments in the 
retrofit space including the German Energiesprong programme, which 
now operates in Germany, France, the Netherlands, and the UK and 
leverages private financing to deliver affordable zero energy retrofits with 
the borrowed money repaid through the energy savings [22].

For rental units, an increasing number of countries are setting various 
improved minimum performance requirements any time a dwelling is 
listed for rent. For example, since 2019, the UK has required landlords to 
invest up to £3500  in rental properties that have Energy Performance 
Certificate ratings of F or G in order to improve the quality and perfor-
mance of the dwelling to at least an E rating when it is next up for lease 
[38]. It is estimated that this requirement will impact just over 6% of 
dwellings in the UK. If this approach is successful, it is likely that these 
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minimum requirements could be lifted to capture a wider proportion of 
the housing market, much like how new housing requirements have been 
periodically increased. This type of policy aims to address the issue that 
rental housing tends to be in poorer quality, older, and less sustainable. 
This is not true for everywhere but is prevalent in countries that have 
lower amounts of rental stock and do not have incentives for landlords to 
improve the performance and quality of rental housing (e.g., Australia).

In recent years, there has been more development of alternative mech-
anisms to improve design, quality, and performance of housing that goes 
beyond minimum building code requirements. These include “good 
design guidelines” that set minimum requirements for elements not typi-
cally considered within the building code. In Australia, there has been 
ongoing challenges with delivering good quality design, usability, and 
performance in the higher density dwelling space. Examples of poor 
design in apartments in Australia include bedrooms with no windows 
and poor ventilation. In an evaluation of recently built apartments in 
Melbourne, researchers found that no high rise apartments (over 16 sto-
reys) met good design requirements, and only 11% of medium rise apart-
ments (6–15 storeys) did [39]. In response to wider issues with apartment 
design and quality, New South Wales introduced the State Environmental 
Planning Policy No 65—Design Quality of Residential Apartment 
Development and associated Apartment Design Guide, and Victoria 
introduced the Better Apartment Design Standards. These standards set 
out requirements for things such as minimum requirements for certain 
room types, minimum amounts of storage, access to certain number of 
hours of daylight, and even things such as requirements for commu-
nal spaces.

Additionally, good design guidelines and regulations are increasingly 
engaging with requirements around life cycle thinking. This is reshaping 
how we consider the materials used within our dwellings, moving it away 
from just the construction phase and towards thinking about designing 
for longer life, ease of maintenance, and disassembly and re-use at the 
dwelling’s end of life. For example, prefabricated housing is a newer con-
struction technique that is improving material efficiency through preci-
sion construction and the ability to have greater control across the 
construction process. It has been reported that prefabricated housing can 
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reduce the amount of materials/waste in a dwelling and result in shorter 
construction times which can potentially help to address the undersupply 
of housing [40].

As part of this increased focus on design, there is a section of the hous-
ing market that is demonstrating that you can get improved function 
from housing without having to increase a dwelling’s floor area. At the 
extreme, the tiny house movement is demonstrating what can be done 
with very little space. While this is not for everyone (with spaces as small 
as 7m2 and up to 40 m2), it does demonstrate what a focus on design and 
function can do to help deliver improved functionality in a smaller foot-
print. This has many benefits such as reducing initial construction costs 
and the costs from ongoing maintenance and use (such as reducing the 
need for heating and cooling a larger area). Part of the challenge is that 
the housing construction industry in many locations is not required to 
engage with people who have the skills to be able to deliver these types of 
outcomes. Architects in particular have a critical role to play in a transi-
tion to a sustainable housing future [41, 42]. For example, an architect in 
Melbourne presented a case study of two similar detached houses that 
were built for a single client on two similar blocks of land in the same 
location [43]. One of the houses was designed by a draftsperson with the 
other designed by the architect. The architect argued that their own 
design improved the function of the dwelling and reduced construction 
costs; they reduced “wasted” hallway space by 5% which resulted in 
reduced construction and labour costs by around AU$18,000. Another 
benefit of using the architect was that the house received approval for 
construction quicker than the draftsperson’s design.

Another trend emerging to improve the design, quality, and perfor-
mance of housing is smart homes [44–46]. A smart home typically will 
use a range of internet and wireless connections between devices and 
appliances to control certain things within the home. This could range 
from delaying the start of a washing machine until there is sufficient sun 
to cover the energy required for operating the machine, through to auto-
matically opening/closing windows and blinds and turning on/off heat-
ing and cooling systems. Smart homes promise a range of benefits, such 
as improved energy and indoor air quality performance, lower energy 
costs, extending the life of appliances, automatically organizing 
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maintenance, and identifying and fixing issues of underperformance [47, 
48]. For example, if a PV system is not working or underperforming, a 
smart home can alert the owner to have the PV system checked. There are 
examples where people have not realized their PV system was not con-
nected or working for multiple months due to not having the ability to 
access performance information in real time (or being unable to interpret 
the data of information they could access) [49]. Some reports cite people 
missing out on six months or more of renewable energy because they (or 
someone else) only realized their system was not working after several 
quarterly energy bills had been issued.

But the potential benefits implications of a smart home go beyond the 
boundary of the home itself. Energy policy makers in particular are 
increasingly looking towards what opportunities there may be to control 
energy loads at a household and neighbourhood scale during certain 
energy events such as peak energy during a heatwave. By regulating how 
many air conditioners are operating, energy network operators believe 
there will be less costs associated with generating peak energy and a 
reduced amount of blackouts. It is also potentially a way to distribute 
energy restrictions more evenly across a larger range of households for a 
smaller period of time, which could avoid rolling blackouts. Recent years 
have seen notable energy challenges with large scale energy network 
blackouts during extreme weather events (e.g., Texas, USA). However, 
there are technical and ethical issues around the smart home (e.g., how 
does a house operate if the internet go down? or, what happens to your 
data?) and around allowing energy companies control over what you do, 
or do not do, within your home. As Maalsen [44, p. 1545] states ‘[t]he 
increasing ways in which smart is reconfiguring housing and home means 
that we need to pay greater attention to the smart home’s political, mate-
rial, social and economic mechanisms and the way these produce and 
reshape the world’.

In contrast, some innovations are directly pushing back on more tech-
nology or a smart home driven approach, and are re-engaging with older 
ideas of housing design, quality, and performance. For example, the shift 
towards mechanical heating and cooling has been a more recent shift, 
with occupants previously taking a more active role in managing heating 
and cooling on their own. Practices such as opening and closing windows 
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and blinds or sleeping out on porch on a summer evening were key meth-
ods to managing warmer months in many parts of the world [50–52]. As 
we move from active to passive housing, we are losing many of these ways 
for managing our homes. Oral history research has shown how peoples’ 
practices, especially as they relate to heating and cooling, have changed 
over time; however, this research also shows that there are increasing 
examples of occupants re-engaging with active home management prac-
tices [53]. Additionally, research has shown that ideas like adaptive ther-
mal comfort show people can be quite comfortable in a much wider 
range of temperatures [50–52, 54]. There are an increasing number of 
examples where these more passive thermal comfort options are being 
prioritized over more active systems. General improvements to design, 
quality, and performance allow for these types of outcomes.

The role of sustainable housing is starting to move beyond traditional 
framings of housing and is engaging in the social benefits which such 
housing can provide. For example, in the UK and New Zealand, there 
have been various programmes where doctors were able to prescribe 
energy efficient retrofit to address health and well-being issues for vulner-
able people [55]. Or Finland’s housing first principle which argues that 
you give a homeless person a contract to a home, a flat, or a rental flat, 
with no preconditions. This is arguably a more holistic way of thinking 
not only about health and well-being but also about housing. For hous-
ing, we are increasingly able to measure the social and health improve-
ments such as reduced trips to doctors, less sick days off work, or the 
ability to tackle chronic conditions. Once measured, we can include these 
social and health improvements in the wider analysis on the costs and 
benefits of sustainable housing.

3.4  Conclusion

As a global society, we are facing a critical juncture. Not only do we 
urgently need to address the climate emergency, there is also a range of 
growing societal challenges that are negatively impacting a growing per-
centage of the population. Sustainable housing offers an opportunity to 
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not only make a significant contribution to a low carbon future but also 
address issues such as poverty and health inequities.

For too long, the push towards sustainable housing has been diluted 
and challenged by vested interests within current housing regimes around 
the world. The industry has largely been wanting to continue business-as- 
usual operations, and would prefer less government intervention and for 
the “market” to decide what design, quality, and performance outcomes 
are desired. However, this approach has largely failed, and a new approach 
is needed if we are to avoid locking in millions more households, and our 
wider society, into a sub-optimal housing future.

While there are a range of challenges in trying to deliver sustainable 
housing, the innovations and examples presented in this chapter, and the 
increasing number of real-world case studies, demonstrate that we have 
the design, materials, technologies, and construction methods to be 
doing much more related to improving the design, quality, and perfor-
mance for new and existing housing. In the next three chapters, we will 
explore the idea of a sustainable housing transition in more detail and 
present a range of case studies demonstrating various sustainable housing 
outcomes.

References

1. Cohen, M., New Conceptions of Sufficient Home Size in High-Income 
Countries: Are We Approaching a Sustainable Consumption Transition? 
Housing, Theory and Society, 2021. 38(2): p. 173–203.

2. Moore, T. and Holdsworth, S., The Built Environment and Energy Efficiency 
in Australia: Current State of Play and Where to Next, in Energy Performance 
in the Australian Built Environment, P. Rajagopalan, M.M. Andamon, and 
T. Moore, Editors. 2019, Springer: Singapore.

3. UK Government. Energy Efficiency of Existing Homes. Achieving net zero. 
2021 [access date 3/12/2022]; Available from: https://publications.parlia-
ment.uk/pa/cm5801/cmselect/cmenvaud/346/34605.htm.

4. Ministry of Housing Communities and Local Government, English Housing 
Survey. Headline report 2019–20. 2020, Ministry of Housing, Communities 
and Local Government: London.

3 A Critical Juncture 

https://publications.parliament.uk/pa/cm5801/cmselect/cmenvaud/346/34605.htm
https://publications.parliament.uk/pa/cm5801/cmselect/cmenvaud/346/34605.htm


80

5. Sustainability Victoria, Comprehensive Energy Efficiency Retrofits to Existing 
Victorian Houses. 2019, Sustainability Victoria: Melbourne.

6. BZE, Zero Carbon Australia: Buildings Plan. 2013, Beyond Zero Emissions, 
Melbourne Energy Institute, University of Melbourne: Melbourne.

7. Fox-Reynolds, K., Vines, K., Minunno, R., and Wilmot, K., H2 Fast Track. 
Pathways to scale: Retrofitting One Million+ homes Final report. 2021, RACE 
for 2030: Australia.

8. Whaley, D., O’Leary, T., and Al-Saedi, B., Cost Benefit Analysis of Simulated 
Thermal Energy Improvements Made to Existing Older South Australian 
Houses. Procedia Engineering, 2017. 180: p. 272–281.

9. IEA, Net Zero by 2050. A Roadmap for the Global Energy Sector. 2021, 
International Energy Agency,: Paris.

10. Eames, M., Dixon, T., Hunt, M., and Lannon, S., Retrofitting cities for 
tomorrow’s world. 2017: John Wiley & Sons.

11. Tainter, J., Energy, complexity, and sustainability: A historical perspective. 
Environmental Innovation and Societal Transitions, 2011. 1(1): p. 89–95.

12. Sorrell, S., Gatersleben, B., and Druckman, A., The limits of energy suffi-
ciency: A review of the evidence for rebound effects and negative spillovers from 
behavioural change. Energy Research & Social Science, 2020. 64: p. 101439.

13. Oswald, D., Moore, T., and Baker, E., Post pandemic landlord-renter relation-
ships in Australia, AHURI Final Report No. 344. 2020, Australian Housing 
and Urban Research Institute Limited: Melbourne.

14. Ellis, T. In areas at high risk for wildfires, relative affordability lures homebuy-
ers. 2020 [access date 3/12/2022]; Available from: https://www.redfin.com/
news/home- prices- rise- slower- wildfire- risk/.

15. Al-Shibeeb, D. Up to 10% of Canadian homes are uninsurable for flooding: 
Here’s what you need to know. 2022 [access date 28/11/2022]; Available from: 
https://financialpost.com/moneywise- pro/up- to- 10- of- canadian- homes-  
are- uninsurable- for- flooding- heres- what- you- need- to- know.

16. ClimateWorks Australia, The Bottom Line. The household impacts of delaying 
improved energy requirements in the Building Code. 2018, ClimateWorks 
Australia and the Australian Sustainable Built Environment Council: 
Melbourne.

17. IPCC, Summary for Policymakers. Climate Change 2021: The Physical Science 
Basis. Contribution of Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change., V.  MassonDelmotte, et  al., 
Editors. 2021.

18. IEA, World Energy Outlook 2020. 2020.

 T. Moore and A. Doyon

https://www.redfin.com/news/home-prices-rise-slower-wildfire-risk/
https://www.redfin.com/news/home-prices-rise-slower-wildfire-risk/
https://financialpost.com/moneywise-pro/up-to-10-of-canadian-homes-are-uninsurable-for-flooding-heres-what-you-need-to-know
https://financialpost.com/moneywise-pro/up-to-10-of-canadian-homes-are-uninsurable-for-flooding-heres-what-you-need-to-know


81

19. UN. Make cities and human settlements inclusive, safe, resilient and sustain-
able. 2021[access date 3/12/2022]; Available from: https://unstats.un.org/
sdgs/report/2019/goal- 11/.

20. Moore, T., Horne, R., and Morrissey, J., Zero emission housing: Policy devel-
opment in Australia and comparisons with the EU, UK, USA and California. 
Environmental Innovation and Societal Transitions, 2014. 11: p. 25–45.

21. Berry, S., The technical and economic feasibility of applying a net zero carbon 
standard for new housing, in School of Engineering, Division of Information 
Technology, Engineering and the Environment. 2014, University of South 
Australia: Adelaide.

22. IEA, Building Envelopes. 2022: Paris.
23. The Institution of Engineering and Technology, Scaling up retrofit 2050. 

2020, The Institution of Engineering and Technology,: London.
24. Timperley, J. UK homes need ‘deep efficiency retrofit’ to meet climate goals. 

2018 [access date 3/12/2022]; Available from: https://www.carbonbrief.org/
uk- homes- need- deep- efficiency- retrofit- meet- climate- goals/.

25. Sweeney, N. Construction costs soar amid labour and material shortage. 2021 
[access date 3/12/2022]; Available from: https://www.afr.com/property/resi-
dential/construction- costs- soar- amid- labour- and- material- shortage- 20211
110- p597q9.

26. Pertusini, G. Is there a labour crisis in the construction industry? 2021 [access 
date 3/12/2022]; Available from: https://ww3.rics.org/uk/en/modus/built- 
environment/construction/is- there- a- labour- crisis- in- the- construction- 
industry- .html.

27. IEA, Sustainable Recovery. 2020, International Energy Agency: Paris.
28. McKinsey Sustainability. How a post-pandemic stimulus can both create jobs 

and help the climate. 2020 [access date 3/12/2022]; Available from: https://
www.mckinsey.com/capabilities/sustainability/our- insights/how- a- post-  
pandemic- stimulus- can- both- create- jobs- and- help- the- climate.

29. 3Keel LLP, Jobs and the green recovery. 2020, Greenpeace: London.
30. Sebi, S. and Schleich, J. France: The road to a low-carbon building sector by 

2050 will be a long one. 2017 [access date 3/12/2022]; Available from: 
https://theconversation.com/france- the- road- to- a- low- carbon- building-  
sector- by- 2050- will- be- a- long- one- 103485.

31. BZE, The million jobs plan. 2020, Beyond Zero Emissions, Melbourne 
Energy Institute, University of Melbourne: Melbourne.

3 A Critical Juncture 

https://unstats.un.org/sdgs/report/2019/goal-11/
https://unstats.un.org/sdgs/report/2019/goal-11/
https://www.carbonbrief.org/uk-homes-need-deep-efficiency-retrofit-meet-climate-goals/
https://www.carbonbrief.org/uk-homes-need-deep-efficiency-retrofit-meet-climate-goals/
https://www.afr.com/property/residential/construction-costs-soar-amid-labour-and-material-shortage-20211110-p597q9
https://www.afr.com/property/residential/construction-costs-soar-amid-labour-and-material-shortage-20211110-p597q9
https://www.afr.com/property/residential/construction-costs-soar-amid-labour-and-material-shortage-20211110-p597q9
https://ww3.rics.org/uk/en/modus/built-environment/construction/is-there-a-labour-crisis-in-the-construction-industry-.html
https://ww3.rics.org/uk/en/modus/built-environment/construction/is-there-a-labour-crisis-in-the-construction-industry-.html
https://ww3.rics.org/uk/en/modus/built-environment/construction/is-there-a-labour-crisis-in-the-construction-industry-.html
https://www.mckinsey.com/capabilities/sustainability/our-insights/how-a-post-pandemic-stimulus-can-both-create-jobs-and-help-the-climate
https://www.mckinsey.com/capabilities/sustainability/our-insights/how-a-post-pandemic-stimulus-can-both-create-jobs-and-help-the-climate
https://www.mckinsey.com/capabilities/sustainability/our-insights/how-a-post-pandemic-stimulus-can-both-create-jobs-and-help-the-climate
https://theconversation.com/france-the-road-to-a-low-carbon-building-sector-by-2050-will-be-a-long-one-103485
https://theconversation.com/france-the-road-to-a-low-carbon-building-sector-by-2050-will-be-a-long-one-103485


82

32. Moore, T., Strategic niche management and the challenge of successful out-
comes., in Urban Sustainability Transitions. Australian Cases—International 
Perspectives., T. Moore, et al., Editors. 2018, Springer: Singapore.

33. Parry, I., Black, S., and Vernon, N., Still Not Getting Energy Prices Right: A 
Global and Country Update of Fossil Fuel Subsidies, in IMF Working Paper. 
2021, International Monetary Fund.

34. UN. Sustainable Development Goals. 2022 [access date 3/12/2022];  
Available from: https://www.un.org/sustainabledevelopment/sustainable-  
development- goals/.

35. Gameau, D., 2040: A Handbook for the Regeneration. 2019: Macmillan 
Publishers Aus.

36. Hawken, P., Drawdown: The most comprehensive plan ever proposed to reverse 
global warming. 2017: Penguin.

37. DCLG, English Housing Survey. Energy efficiency of English housing 2013. 
2013, Department for Communities and Local Government: London.

38. Energy Saving Trust. Minimum energy efficiency standards in the private rented 
sector. 2019 [access date 3/12/2022]; Available from: https://energysaving-
trust.org.uk/minimum- energy- efficiency- standards- private- rented- sector/.

39. City of Melbourne, Understanding the Quality of Housing Design. 2013, City 
of Melbourne: Melbourne.

40. Gad, E., Kumar, S., Pham, L., Lee, J., Amirsardari, A., Croft, S., Brookfield, 
K., and Adler, M., Regulatory barriers associated with prefabricated and modu-
lar construction. Interim Report. 2022, Swinburn University of Technology: 
Melbourne.

41. Fisher, J. and Guy, S., Reinterpreting regulations: Architects as intermediaries 
for zero carbon buildings, in Shaping urban infrastructures. Intermediaries and 
the governance of socio-technical networks., S.  Guy, et  al., Editors. 2011, 
Earthscan: London.

42. Iyer-Raniga, U. and Dalton, T., A Holistic View for Integrating Sustainability 
Education for the Built Environment Professions in Indonesia, in Handbook of 
Theory and Practice of Sustainable Development in Higher Education. 2017, 
Springer. p. 355–376.

43. Megowen, C. The value of good design: A case study. 2012 [access date 
04/11/2013]; Available from: http://www.christophermegowandesign.com/
clients/the- value- of- good- design- a- case- study/.

44. Maalsen, S., Revising the smart home as assemblage. Housing Studies, 2020. 
35(9): p. 1534–1549.

 T. Moore and A. Doyon

https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://energysavingtrust.org.uk/minimum-energy-efficiency-standards-private-rented-sector/
https://energysavingtrust.org.uk/minimum-energy-efficiency-standards-private-rented-sector/
http://www.christophermegowandesign.com/clients/the-value-of-good-design-a-case-study/
http://www.christophermegowandesign.com/clients/the-value-of-good-design-a-case-study/


83

45. Tirado Herrero, S., Nicholls, L., and Strengers, Y., Smart home technologies 
in everyday life: do they address key energy challenges in households? Current 
Opinion in Environmental Sustainability, 2018. 31: p. 65–70.

46. Gram-Hanssen, K. and Darby, S.J., “Home is where the smart is”? Evaluating 
smart home research and approaches against the concept of home. Energy 
Research & Social Science, 2018. 37: p. 94–101.

47. Pears, A. and Moore, T., Decarbonising Household Energy Use: The Smart 
Meter Revolution and Beyond, in Decarbonising the Built Environment. 2019, 
Springer. p. 99–115.

48. Wilson, C., Hargreaves, T., and Hauxwell-Baldwin, R., Benefits and risks of 
smart home technologies. Energy Policy, 2017. 103: p. 72–83.

49. Whaley, D., Berry, S., Moore, T., Sheriff, G., and O’Leary, T. Resident’s Issues 
and Interactions with Grid-Connected Photovoltaic Energy System in High- 
Performing Low-Energy Dwellings: A User’s Perspective. 2019. Cham: Springer 
International Publishing.

50. de Dear, R., Thermal comfort in practice. Indoor Air, 2004. 14: p. 32–39.
51. Indraganti, M., Thermal comfort in naturally ventilated apartments in sum-

mer: Findings from a field study in Hyderabad, India. Applied Energy, 2010. 
87(3): p. 866–883.

52. Nicol, J.F. and Humphreys, M.A., Adaptive thermal comfort and sustainable 
thermal standards for buildings. Energy and Buildings, 2002. 34(6): 
p. 563–572.

53. Sherriff, G., Moore, T., Berry, S., Ambrose, A., Goodchild, B., and Maye- 
Banbury, A., Coping with extremes, creating comfort: User experiences of ‘low- 
energy’ homes in Australia. Energy Research & Social Science, 2019. 
51: p. 44–54.

54. Strengers, Y. and Maller, C., Integrating health, housing and energy policies: 
social practices of cooling. Building Research & Information, 2011. 39(2): 
p. 154–168.

55. Carrington, D., ‘Boiler on prescription’ scheme transforms lives and saves NHS 
money, in The Guardian. 2014, The Guardian: London.

3 A Critical Juncture 



84

Open Access  This chapter is licensed under the terms of the Creative Commons 
Attribution 4.0 International License (http://creativecommons.org/licenses/
by/4.0/), which permits use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence and 
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to the material. If material is not included in the chapter’s Creative Commons 
licence and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copy-
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