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1 Introduction

This chapter considers residential construction in Australia and the need for reform if
the sector is to deliver affordable housing in the future and deliver the targets
established by the Australian Government. It provides an introduction to the broad-
scale dimensions of the sector and the policy environment within which it operates.

1.1 Purpose and focus of the research

In common with many other developed economies, Australia has been confronted by
high and unaffordable housing costs, and this problem has persisted for more than 40
years (Rossiter and Vipond 1985). There is increasing evidence that this phenomenon is
not simply an outcome of cycles within the housing market, but is an entrenched
structural condition (Galster and Lee 2021) that cannot be resolved through established
policy mechanisms.

There is a pressing need to find new housing solutions, including the capacity to deliver
more affordable housing through a better performing residential construction sector.
The AHURI Inquiry into Overcoming construction constraints for the supply of new
detached and high-rise housing (Sharam, Zolghadr et al. 2026) is a step towards this
objective, with this paper examining the lessons that can be taken from international
experience.

The overarching Inquiry sets out to answer this question:

e How can the construction of detached and high-rise housing in Australia be
improved to increase the supply of housing and speed of delivery, subject to
other social, environmental, and economic goals?

The development process for housing is often characterised as a ‘pipeline’ involving
many sequential steps (Healey 1991), including land subdivision and development,
infrastructure provision, dwelling construction, marketing, financing and consumer
acceptance. Construction is a distinct phase, comprising two stages: the design element
and the construction process, with the latter the focus of this Inquiry. The Inquiry and
its supporting projects reference the construction sector—rather than the construction
industry—as housing delivery is the function of multiple industries that have greater or
lesser exposure to housebuilding, and this has significance for policymaking.

The aim of this supporting project is to address the following research question:

What innovation is occurring in residential construction internationally and
what are the lessons from leading international practice?

In addition, there are three discrete but interrelated sub-questions examined through
this Final Report:

1 What lessons can be learnt from other nations about the nature, pace, and direction
of successful innovation in residential construction?

AHURI Technical Paper: Innovation for a more efficient, resilient and responsive housing construction industry 1



2 How are construction subsystems organised to support productivity and innovation in
leading-edge international cases?

3 Which international innovations might offer the greatest potential gains for
addressing construction constraints in Australia and improving productivity and
costs?

This research has focussed on North America, the UK, Europe and Asia, as well as New
Zealand. Countries in these regions provide both analogous and contrasting housing
delivery regimes when compared with Australia—and this diversity allows for an
examination of diverse innovations and permits exploration of the influence of
contextual factors, such as the nature of the wider economy, urban form and consumer
preferences in shaping outcomes

1.1.1 Australia’s residential construction sector and the challenge of
housing affordability

In Australia, as in much of the developed world, the housing construction sector has
seen limited improvements in efficiency and productivity over the past 40 years (Greig
1992; NHS 1991), which has contributed to housing that is expensive to build and
unaffordable for tenants and home purchasers alike. Key dimensions of the sector have
remained unchanged from the 1980s, and this has occurred despite national (NHS
1992) and state-level agendas for reform.

Australia’s housing construction sector is characterised by the following.

e A substantial reliance on long-established methods of working, including the
construction of single-storey homes on greenfield sites using subcontracted
labour.

e A residential construction workforce with high rates of departure, as many are
moving out of the sector for more secure employment.

e Slow and insufficient recruitment of specialist labour with apprenticeships into
trades such as carpentry, plumbing and electricians taking four years, and
there is a substantial dropout rate.

o Low wages paid to apprentices exacerbate this challenge.

o Smaller builders may be reluctant to take on trainees because of volatility
in the sector.

o There is some evidence that fewer individuals seek to work in the industry,
and the sector has a poor record of recruiting women.

e Much of the work is undertaken onsite, adding to cost and raising demand for
specialist labour.

e The sector is reliant on imports for many building products, and breakdowns in
national or global supply chains can place construction at risk:

o External shocks such as COVID-19 have adversely affected supply chains
on a global scale.
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e There is limited standardisation across building sites:

o Customisation is a feature of newly built homes, and this is especially
evident with cottage construction, where even ‘off the shelf’ packages are
frequently modified.

e The quality of the work undertaken by the sector is variable, with remediation
adding to costs for consumers and builders alike.

e Dwelling construction is often wasteful of significant resources, frequently
creating a built-form legacy of high operating costs and environmental
externalities.

There is scope to improve the performance of Australia’s housing construction sector,
and there is unambiguous evidence that some other nations have a better record in key
dimensions of their performance. Other nations have actively pursued innovation in the
residential construction sector in order to achieve national priorities—which include
economic and political priorities, as well as social and sustainability goals. International
comparisons furnish insights that both broaden the range of potential solutions
considered and offer an evidence-base on the strengths and weaknesses of the
alternatives (Hantrais 2008). Such comparisons enable the conceptualisation of new
lines of enquiry and policy formation, while also providing opportunities for policy
experimentation.

1.2 Policy context

The residential construction sector is affected by overlapping policies and programs. At
one level it is shaped by the formal housing affordability initiatives put in place by
Australian governments. At the same time, its operations and delivery are determined
by the regulatory frameworks and associated initiatives that set building standards.

Critically, there is no policy framework in Australia that encompasses all dimensions of
the housing construction sector, or even the housing industry. Individual government
entities, and their associated policies, provide oversight of tightly defined elements of
the housing-supply process, making the development of a more comprehensive
framework difficult.

Regarding housing affordability, the 2022 National Housing Accord set an aspirational
target of delivering 1 million new, well-located homes between 2024 and 2029. In
addition, the proposed Housing Australia Future Fund (HAFF) is scheduled to deliver
30,000 social and affordable dwellings. Critically, the HAFF is a financing initiative rather
than a supply or construction measure, with the potential to add to demand but not
supply. More broadly, there are grounds to examine all affordability measures more
closely, with AHURI research suggesting that under current market conditions, these
metrics represent challenging targets (Rowley, Brierty et al. 2023). Industry
commentators have also noted an ongoing imbalance between supply and demand (JLL
2024).

While many supply factors are reasonably well understood, the capacity of the
construction sector to deliver socially and economically desired outcomes remains
largely unexplored. The impact of planning on housing supply and price has been the

AHURI Technical Paper: Innovation for a more efficient, resilient and responsive housing construction industry 3



subject of previous AHURI research (Cook, Taylor et al. 2012; Davison, Gurran et al.
2012), as has multi-residential development (Rowley 2022; Rowley, Costello et al.
2014). However, evidence on the impact of construction on housing costs is limited. The
only previous research—by Dalton, Hurley et al. (2013)—into detached house building
raised fundamental questions about the way the industry is organised, which have
remained unanswered. No equivalent research has been carried out in relation to high-
rise construction. It can be argued that the responsiveness of housing supply to demand
in Australia has been constrained for a considerable period. For example, Gharaie
(2011) suggested that historically the supply of detached housing has not increased
during periods of increased demand; instead, surplus demand has been absorbed by
longer completion times. This strategy has allowed building firms to take on more work
and, to a degree, smooth out fluctuating market conditions.

Housing supply has changed post COVID-19. The National Housing Supply and
Affordability Council (NHSAC) is responsible for monitoring and forecasting housing
demand. In its 2024 report, NHSAC noted that:

The supply of housing is not keeping pace with demand. Low completions and
approvals in part reflect the challenges associated with achieving adequate
investment returns in respect of projects that deliver new housing. Project
income profiles are unable to keep pace with elevated construction costs due to
shortages of materials and skilled labour, and elevated interest costs. (NHSAC
2024: 66)

The NHSAC (2024) reported the completion of just 42,081 dwellings in the final quarter
of 2023, a rate 11% below the 10-year average, while approvals were 20% below the
decade mean. There has also been an increased rate of abandonment of dwelling-
construction projects, on top of a backlog of more than 222,000 dwellings sitting
incomplete.

The NHSAC (2024) observed that the average time from approval to finalisation for
cottage construction has fallen to just over 10 months, but this remains approximately
20% greater than the long-term average. At the same time, townhouse construction
times sit at 15 months (up from 12 months in 2012-2013), while apartments have, on
average, been completed in just under 30 months, a figure less than six months prior,
but well above the 2012-2013 duration of 20 months.

It is clear from this discussion that Australia’s post-COVID housing supply is confronted
by unusual conditions. Approvals have not been translated into commencements, which
is an indicator of severe industry constraints across materials, labour and some
regulatory processes. Moreover, rising construction costs have placed additional stress
on the housing-supply system as builders have felt the impact of fixed-price contracts
alongside escalating expenditures, with a number of builders forced into closure (Francis
2024). While the apartment sector operates differently from many other parts of the
construction sector (with a delay in commencements typically reflecting a loss of
confidence in future demand), rising costs have a negative impact on profitability and
discourage businesses from continuing with construction. Each of these processes adds
to the mismatch between supply and demand. Importantly, although NHSAC monitors
these developments, there is no single authority with the capacity to act.
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It is important to acknowledge the various building codes that regulate dwelling
construction and guarantee that minimum standards are met:

e The National Construction Code is Australia’s primary set of design and
construction provisions for buildings. As a performance-based code, it sets the
minimum required level for the safety, health, amenity, accessibility and
sustainability of buildings, and was adopted nationally in May 2023.

e The Australian Building Codes Board produces and maintains the National
Construction Code on behalf of the federal, state and territory governments.
The Board writes the standards and is responsible for the National Construction
Code, WaterMark and CodeMark Certification Schemes, as well as regulatory
reform in the construction industry. The Board is a joint initiative of the federal,
state and territory governments, together with the building and plumbing
industries. While there is a national building code, other elements of the supply
system are regulated by individual states and territories. This includes the
licensing of builders and many trades—such as plumbers, gasfitters and
electricians—while policies relating to the growth of the building workforce sit
with education and labour portfolios, such as the federal Department of
Education and Workplace Relations.

Finally, it is important to acknowledge that while the regulatory and policy-making
bodies discussed above need to account for innovation in the residential construction
sector, they are not focussed on promoting new technologies or processes. Innovation
policies reside within industry portfolios, with residential construction just one of many
sectors supported.

1.3 Conclusion

This chapter has set out the research questions that inform this project, and the context
within which the project is being undertaken. This has included discussion of:

o the low levels of innovation and productivity gain in the construction sector
e the changing focus on housing affordability across Australia.

It has briefly introduced the fragmented governance shaping housing supply, including
the absence of an overarching agency that promotes innovation and advances building
volumes.

Chapter 2 considers the methods that have been deployed through this project, with
Chapter 3 focussing on the conceptual framework that underpins this research, plus
insights from the international literature. This is followed by a discussion of the
outcomes of in-depth interviews in Chapter 4, with key informants drawn from Asia,
Europe, North America and New Zealand. Chapter 5 features a discussion of policy
development priorities and the research conclusions.
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2 Methods

This chapter sets out the methods used to answer the research questions underpinning
this project.

The development of policies and programs to boost innovation in the Australian housing
construction sector requires an international perspective. The Productivity Commission

(2025) noted that low productivity in the construction sector is a global challenge, with
some nations taking an active role in advancing new technologies and ways of working.

There is already an established body of work examining housing across national
boundaries, with Paris (2007) considering issues of planning and affordability globally;
Jacobs (2019) focussing on cross-national similarities in the setting of housing policies;
and Jones, White et al. (2012) focussing on international housing-market dynamics.
Construction economists have also applied an international comparative approach to the
study of housing industries (Steinhardt, Manley et al. 2020).

More broadly, there is a wider literature on the role of comparative research and the use
of qualitative methods in housing research. Our research adopted an international
perspective to housing construction innovation. This chapter discusses the methods
used to collect information and develop solutions around the research questions. It
discusses the methods used to triangulate the findings (Hussein 2009), and draws out
the implications for future policy.

2.1 Research methods

Innovation in housing construction, and the associated growth in productivity, is a
product of wide range of factors, including social, environmental, economic policies and
programs, as well as the actions of the sector of a whole. This broad scope has required
a set of methods that are wide-ranging, but also able to provide a depth of insight into
critical questions.

2.1.1 Methods, data gathering and analysis

As noted earlier, the central question addressed through this project is:

e What innovation is occurring in residential construction internationally and
what are the lessons from leading international practice?

In addition, the three discrete, interrelated sub-questions are:

1 What lessons can be learnt from other nations about the nature, pace, and direction
of successful innovation in residential construction?

2 How are construction subsystems organised to support productivity and innovation in
leading-edge international cases?

3 Which international innovations might offer the greatest potential gains for
addressing construction constraints in Australia and improving productivity and
costs?

AHURI Technical Paper: Innovation for a more efficient, resilient and responsive housing construction industry 6



The research examined housing construction through the lens of six domains:
o Supply chain: the procurement of construction materials and inputs
o Workforce: training and supply of skilled labour

o Systems of work: organisation of processes, procedures and practices at
project, company, and industry levels

o Policy and regulation: formal industry specific regulation of the construction
industry, e.g. National Construction Code, construction permits, safety
legislation

o Technology: use of technological inputs for design and construction

e Market context: market factors that influence the construction—housing
demand, supply and affordability, etc.

Our research was tailored to answer these questions through the following methods.

The review of relevant academic and grey literature on innovation in construction in
Australia and internationally. Through an extensive literature review, we sought to
establish an evidence-base across a broad range of knowledge domains in an effective
and timely manner: policy settings, emerging technologies, workforce developments,
industry structure, legal relationships between participants in the sector.

The documents reviewed were drawn from construction engineering, social theory,
housing studies, policy analysis, architecture, and supply chain management. We also
examined a significant humber of publications produced by industry participants
committed to boosting the productivity of the construction sector, including:

e Build Skills Australia, the European Construction Sector Observatory, AHURI,
the European Union (EU), the US National Institute of Building Sciences.

e The literature review was comprehensive, with priority afforded to publications
from developed economies with a track record of innovation in construction
innovation or comparable housing affordability and sector productivity
challenges.

The conduct of 23 semi-structured interviews by investigators working on the project
with key international informants. Drawing on contemporary practice for comparative
research (Berg-Schlosser and De Meur 2009; Rihoux 2006) we identified four broad
regions of research interest: North America, Europe, Asia and New Zealand. These
regions were identified on the basis of their history of innovation in construction, the
level of challenge evident in the delivery of affordable housing, and current policy
settings aimed to address sector productivity.

Within these regions, interviewees had knowledge of construction sector processes in a
range of nations, including:

e Austria
e Belgium

e China (Hong Kong)
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e Germany

e India

e Japan

e New Zealand

e Singapore

e Sweden

e United Kingdom
e USA.

Our informants were practitioners or firms working across government, regulatory
bodies, construction companies, consultants, academia, research sectors, local
governments and social-housing providers. Many interviewees had worked across a
number of elements of the construction sector, and were chosen because of their
discipline-specific expertise, as well as their knowledge of broader policy settings. Some
were drawn from the researchers' networks, while many were approached for their
standing in the industry and the key expertise they brought to this research.

Table 1: Description of interview participants

Role/Expertise Code Number
Builder/construction manager/consultant A4, P1, A3 3
Construction academic F1, A2 2
Construction sustainability C4, s1 2
Planning K1 1
Policy Al, C3 2
Standards R1 1
Social housing M1, F1, G1 3
Architect K2 1
Digitalisation T2, D1 2
Offsite manufacturing H1, T1 2
Supply chain C2, C1 2
Workforce L1, M2 2
Total 23

Source: authors.
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Semi-structured interviews were undertaken using a schedule for which Ethics Approval
(#022-2024) was received in May 2024.

Interviews took approximately 30-60 minutes. The transcripts were then coded using a
double-blind protocol, with the coding undertaken by the researchers.

In keeping with the ethics approval, the hames and employers of the participants were
anonymised, with individual respondents referred to in the document using an
alphanumeric system.

The interviews proved to be a rich source of data. Once saturation (Hennink and Kaiser
2022) was achieved, the recruitment of respondents from that nation ceased.

Finally, we made use of the Delphi method (Humphrey-Murto, Wood et al. 2020) to
draw together the key findings of this phase of the project, while also bringing in
insights from other parts of the Inquiry. The Delphi method is a structured
communication technique that is frequently used in forecasting and other environments
where there is considerable complexity. It relies on a panel of experts to reach
consensus. It involves a series of questions and controlled feedback rounds, with the
experts providing their feedback and having the opportunity to modify their
assessments based on the feedback of others. It is an iterative process that refines
expert opinion and encourages convergence to a common set of conclusions. It enables
the identification of the most likely set of outcomes, or the most significant conclusions.

The Delphi method was applied through a half-day online workshop with all researchers
engaged on this project invited to attend, as well as researchers involved in the Inquiry
but engaged on other projects. The international collaborators on this project were
included in the Delphi exercise.

Through this combination of methods, we were able to generate new insights and draw
out key findings of value to the Inquiry, which are discussed below.

In substantive terms, the intent of the Delphi exercise was to review how system
improvements and technological innovations in residential construction may offer
benefits to Australia, including:

e the maturity of that innovation and its potential for further development

e scalability—the potential to expand beyond a limited market segment

e capital requirements

e potential application to both low-density and high-rise construction

e minimum thresholds—what size project is required for use of this innovation?
e skills and training regimes.

The meeting took place in late November 2024, with the project design keeping faith
with the iterative nature of Delphi through the use of two rounds of discussion. The
agenda for the meeting comprised:

e establishing the expectations and purpose of the Delphi exercise

e addressing any concerns about the method and its outcomes with participants
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e the review of one key piece of the relevant literature

e an open discussion of the project’s research questions and how the work
undertaken to date had addressed those issues

e a pause in proceedings as the leader of the exercise drew out the key points
that emerged in the first half of the meeting:

o these findings were then presented back to the group, with subsequent
debate on these and other issues then emerging

o discussion of the relative importance of each potential solution and its
priority in meeting the objectives of this research discussion.

o the development of a summation of the second round of discussions and their
contribution to this project

e conclusion and discussion of how the findings will be applied to this Final
Report.

2.2 Conclusion

This chapter has outlined the research methods used to develop answers to the
research questions that inform this project. It has established the need for an
international perspective with the capacity to inform deliberations on how best to
improve the productivity and performance of Australia’s residential construction sector.

It is a wider assessment of Australia’s residential construction sector that is best
developed through the review of the international literature—both academic and sector-
produced. The chapter also argued for an analysis informed by the experience of
nations facing construction-sector challenges that are comparable to those evident in
Australia, and documented the regions and nations that have informed our analysis. In
consequence our research has targeted primary data collection from a limited number of
regions and nations, and these interviews provided substantial insights that were then
analysed using thematic reviews.

Finally, the Delphi method was used to establish a common understanding among the
researchers engaged on this project and the wider Inquiry of the priority issues and
implications for policy. This step was seen as essential for drawing out those matters
most likely to bring about substantive change.
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3 Insights from international literature

This chapter draws out key insights from the global literature on residential construction
and the barriers to—and enablers of—greater levels of innovation and productivity.

Insights have been drawn from three global broad regions, North America, Europe, Asia
and Australasia, with insights drawn from nations such as the UK, Hong Kong, Austria,
New Zealand, Japan, the USA and Sweden. As a group they have implemented a wide
range of strategies, some of which are similar to those evident in Australia, while others
have not been attempted here.

3.1 System of systems and residential construction

A system of systems (SoS) is a heterogenous and complex integration of autonomous
interrelated subsystems (Keating, Padilla et al. 2008), which stands in contrast to
purposefully designed systems that operate under a central management structure
(Gorod, Sauser et al. 2008). The independently managed and operated subsystems of
an SoS may work towards an agreed goal (Maier 1998) but participants will also pursue
diverse and potentially conflicting interests (Bahadorestani, Naderpajouh et al. 2020),
which may mean the goal of the SoS is compromised.

The Inquiry report (Sharam, Zolghadr et al. 2026) argues that there is a significant
number of emergent behaviours that can be observed in housing construction. Of
interest here is that an SoS can be regarded as having what Sharam, Zolghadr et al.
(2026) describe as ‘distances’:

e ‘Near distance subsystems’: supply chains, workforce, technology, industry
regulation and policy, and the system of work.

e ‘Middle distance subsystems’: market structure and market conduct.

e ‘Far distance subsystems’: broader systems that shape housing construction,
including national economic management, housing policy and property cycles, as
well as sustainability and climate-resilience requirements.

Residential construction operates with a distinctive business model that reflects the
interactions between multiple systems and structures of provision (Ball and Harloe
2007). In turn, these systems and structures impact how individual companies operate
and are organised. In broad terms, the nature of the housing construction sector in any
nation affects the housing system more broadly.

Housing systems can be categorised as either dualist (Kemeny 1995) or unitary
systems.

Dualist housing systems such as the UK and US are increasingly marked by low levels of
social-housing provision, and firm concentration reflecting horizontal and vertical
integration—which means that land development and construction are brought together,
enabling large firms to achieve substantial returns (Ambrose and Peek 2008; Colenutt
2020). Increasingly these firms are listed companies with greater capital intensity,
which is used to capture uplift in land value rather than improving construction
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efficiency. Dualist systems are subject to greater property-market volatility—such as
booms and busts—than unitary systems, which reflects the financialisaton of housing. It
is this characteristic that defines the productivity and innovation issues in housing
construction in these countries.

Unitary housing systems have stronger social-housing provision and this element of the
housing market acts ‘as a buffer against wild and extreme swings’ (Kemeny, Kersloot et
al. 2005: 871) with land markets heavily regulated (Moore and Adams 2012). Many
nations with unitary housing systems also have a long tradition of corporatist relations
with labour or unionisation (Folkerts-Landau and Schneider 2016). Importantly, the
construction of social housing rules out the land-value-dependent construction model
evident in dualist systems (Norris and Byrne 2018), as housebuilders in unitary systems
are:

pushed onto the road of making profit through increasing labour productivity
and through product improvement. The result is controlled construction costs,
improving housing quality and the capacity for sustained output. (Duncan
1986: 22)

Kemeny (1995) identifies English-speaking countries including the USA, Canada,
Australia, New Zealand, the UK and Ireland as dualist systems, and Germany, Sweden,
the Netherlands, Switzerland, Austria, Denmark and France as examples of unitary
housing. However, in recent years many unitary systems have undergone
financialisation, which has resulted in less stable markets.

Residential construction sits within this broader framework of unitary and dualist
systems, and can be considered a system comprised of subsystems that interact with
other systems.

The SoS approach highlights the fact that behaviours—and therefore outcomes—emerge
out of the dynamic interactions between the various subsystems. Innovation needs to
account for how subsystems and subsystem dynamics and interactions accommodate
change (or not), and this has clear implications for policymaking.

It is important to acknowledge that systems theory and systems-based approaches
provide an important interpretive tool for better understanding complex human-created
phenomena (Caldwell 2012). However, systems thinking has been critiqued for
assuming complexity can be better understood by understanding its individual
components (Langlois 1983) and for providing few insights into how to bring about
positive change. Recent research has begun to address this challenge through a focus
on change agency (Beer, Baker et al. 2025; Grillitsch and Sotarauta 2020), which
highlights the critical roles of:

e technological innovation—focussed on particular industries, time periods or
places

o |eadership—public-sector led, private-sector led or community led

e narratives of change—a discourse of public good, market dynamism or
partnership in the reform of complex economic, social and policy systems.
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The remainder of this chapter examines residential construction internationally through
six domains:

1 Supply chains

2 Workforce

3 Systems of work (SoW)
4 Policy and regulation

5 Technology

6 Market context.

Each domain has a profound impact on the housing construction sector and housing
outcomes.

3.2 Supply chains

The residential supply chain encompasses the procurement of building materials and
other inputs, including labour. There is now a substantial body of work focussed on the
supply chain, with most analyses focussed on:

e broader economic conditions or technical issues around new technologies
(MacAskill, Mostafa et al. 2021)

e the need to move to more sustainable outcomes (Yu, Wiedmann et al. 2017)
o the impact of climate change (Hurlimann, Warren-Myers et al. 2019).

Supply chains in the residential construction sector often appear to be fragmented, as
construction projects are short term (Dubois and Gadde 2002), and contractors and
subcontractors make the decisions regarding material purchase and machinery hire.
Contractors and their subcontractors tend to focus solely on price when making
purchasing decisions, which constrains innovation (Hardie 2010).

Supply chains are vulnerable to risks such as breakdowns in logistics, material
shortages, financial crises (Thangaraj and Chan 2012) and unforeseen disruptions
(Ekanayake, Shen et al. 2021). Globalisation of the supply chain reflects the drive to
reduce costs (Hudson, Sutrisna and Chawynski 2020).

However, globalisation of supply chains inherently introduces new risks.

e International shipping is highly vulnerable to disruption, with the COVID-19
pandemic exposing considerable fragility (Ndukwe, Liu et al. 2021).

e Customs clearance and regulations for supplying construction materials add
another layer of complexity, causing further disruptions and cost inflation
(Abidin and Ingirige 2018).

e Lack of standards (or multiple standards) and poor compliance testing is a key
risk. For example, flammable cladding on buildings has imposed additional
costs on government and the industry (Oswald and Moore 2022).
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e The reliance on international suppliers has increased cost volatility as exchange
rates fluctuate (Liu, Chan and Hu 2021).

Also, Abernathy, Baker et al. (2011) argue that supply chains in the US have
experienced change with the consolidation of builders in the US between 1994 and
2005, which enabled larger builders to negotiate directly with manufacturers through a
new distribution channel, the ‘pro dealers’.

Supply chains face growing pressure as projects increase in size and complexity, as
these larger projects call for enhanced coordination of material supplies to avoid delays
and ensure quality (Nguyen, Do et al. 2020). Solutions can be found through the
adoption of unified software solutions that enhance risk management and resilience,
and it is also possible to integrate data sources, streamline communication, and
facilitate real-time decision-making (Yevu, Ann et al. 2021).

However, the implementation of these practices is imperfect due to industry
fragmentation and an ingrained reluctance to adopt new technologies. For example, the
use of artificial intelligence (AI) has been hindered by cybersecurity risks, high costs, a
lack of trust, and uncertain performance (Shishehgarkhaneh, Moehler et al. 2024).
Moreover, the introduction of ‘lean’ principles in residential construction (Meng 2019;
Lam, Chan et al. 2023) is driven by a desire for efficiencies—but just-in-time delivery
introduces new risks and associated costs.

3.3 Workforce

The housing workforce is often an object of innovation rather than a driver of innovative
processes and products. Product and process directly impact the workforce by changing
the organisation of work, which means that innovation matters for the workforce.

The quantity and quality of workforce skills across the residential building industry are a
major factor in determining innovation and key aspects of economic performance (Toner
2011: 3). Three points can be made in relation to residential building workforces.

1 Innovation tends to be incremental. The implication is that generation, adaptation
and diffusion of technical and organisational change in the industry means that the
demographic composition, skills profile and employment arrangements of the
broader workforce must be considered.

2 An educated and trained workforce provides the potential to engage productively and
positively with innovation.

3 For a workforce to engage actively with innovation, specific work organisation
practices are critical. In this context, there are vast differences in the acquisition and
realisation of innovative practices and arrangements across nations (Toner 2011).

The Australian construction workforce has relatively little experience in dealing with
innovation in a direct and immediate way, while employers also lack experience in
introducing innovative products and processes. In Australia, construction has the lowest
propensity to introduce a process innovation of all 17 ABS-defined industries. Overall,
75.5% of all construction firms introduced no process innovation compared with 69% of
all industries on average. The rate of process innovation was 26.5% lower than for all
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other industries that introduced a process innovation. Other industries have a
significantly higher propensity for process innovation—and thus have experience and
understanding of what innovation means.

Skill development is beneficial for innovation across the sector. However, this link is
more nuanced than is often assumed, and innovation does not always require new
skills. At the same time, innovation takes a number of forms, ranging from the technical
to the organisational, from sharp shifts in practice to more incremental processes.
Innovation can prompt reskilling as well as deskilling, depending on the occupations and
forms of work in place. The skill impacts of technical change may be more varied than
often assumed, and will be affected by the employment arrangements in place.

3.4 Systems of work

Systems of work (SoW) refer to the organisation of processes, procedures and practices
at project, company and industry levels. It includes project planning, design and
engineering, procurement, logistics and project management. Problems with the SoW
for housing construction have long been evident (see for example Ball 2012; Farmer
2016).

In both dualist and unitary housing systems, construction firms tender for work using a
cost-plus pricing formula, rather than marginal cost pricing (Gruneberg and Francis
2018). This reflects the difficulties in estimating the number of future projects and how
overhead costs will be recouped. The low-profit margin is:

at the centre of understanding how the construction industry works ... there is
a constant and high risk of a small profit turning into a loss. Every contract is
both an opportunity to make a profit and a threat to the very survival of the
firm. (Gruneberg and Francis 2018: 41-42)

Low margins constrain profitability, working capital, and create the risk of cashflow
shortages. Cashflow frequently dominates firm behaviour as negative cashflow risks
insolvency (Gruneberg and Francis 2018), and this in turn encourages avoidance of
non-essential expenditures and casualisation of the workforce. Low profitability reduces
opportunities for growth and investment in people, management and innovation.

Firms commonly respond by:
e taking on multiple projects in order to diversify payment streams
e delaying payments to subcontractors and other creditors.

Both strategies bring risks, including litigation and reputational damage. Growth is a
major financial risk as it brings additional cashflow challenges and may delay project
completions. Low margins mean that small- and medium-sized enterprise (SME)
builders are ‘particularly susceptible to financial crises’ (Gruneberg and Francis 2018:
134; Ambrose 2009).

Detached housing (or ‘single family housing’) and apartment construction involve
distinct systems of provision across technology, capital requirements, workforce
capabilities, supply chains and materials. Nevertheless, there are commonalities, with
small and large building firms mostly providing project management services while
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relying heavily on subcontractors for the construction (Dalton, Dorignon et al. 2023).
The builders, suppliers and subcontractors are operationally and managerially
independent actors who collaborate within ‘temporary organisations’ (Miozzo and
Denwick 2004: 46) formed around each project. Projects are typically characterised by
poorly aligned interests, adversarial relationships and communication, and a lack of
transparency. These pose barriers to innovation and productivity in the long-term
(Andriof and Waddock 2017; Ayuso, Rodriguez et al. 2014; Jagtap and Kamble 2020;
Waligo, Clarke et al. 2013).

In the past, detached housebuilding was considered highly competitive, with volume
builders complemented by independent ‘custom’ builders (Thorpe, Ryan et al. 2009).
Small firms are encouraged by low capital requirements and long-established systems
of work (Dalton, Dorignon et al. 2023), but transience (exits) is high because of the
intensity of competition, and cycles of adverse conditions (Buzzelli 2005). Apartment
construction is undertaken by construction companies which tender for work allocated
on cost, with competition in both sectors working to reduce margins.

The extensive use of subcontracting means that both small and large building firms are
limited to the provision of project management (Dalton, Dorignon et al. 2023), with
costs and risk pushed onto the supply chain (Gruneberg and Francis 2018), housing
consumers (Bradley 2023) or government. Thus, the business model involves making
relatively small margins on material purchases and work completed by subcontractors
(Dalton, Dorignon et al. 2023). Subcontracting has negative implications for investment
in innovation or knowledge that could serve as a competitive advantage (Goh and
Loosemore 2017). Subcontracting also limits the opportunities for workforce training,
organisational learning, and innovation diffusion (Crespin-Mazet, Goglio-Primard et al.
2021).

Gibb, McGregor et al. (1997) observe that uncertainty means housebuilders make a
choice between a smaller return with higher prospects of success and a larger margin
but greater uncertainty. Moreover, contractors underprice tenders ‘leaving money on
the table’ to secure the work (Green and Duman 2023; Gruneberg 2023). A concern
with survival accordingly acts as a profit constraint (Barlow and King 1992).

Project profitability frequently requires short-term cost reductions, and this can impact
a firm’s reputation, re-work (the need to repairs faults) and warranties (Mills, Love et al.
2009). Cashflow concerns dominate firm behaviour, with banks reluctant to extend
credit when negative cashflow risks insolvency (Gruneberg and Francis 2018). Ambrose
(2009), Gruneberg and Francis (2018) and Ball (2012) note that small builders often
struggle to raise finance. Chronic undercapitalisation has reflected an inability to
accumulate capital and a lack of imperative to do so as equipment is leased and
subcontracting is the norm (Productivity Commission 2022; Steinhardt, Manley et al.
2020).

Endemic subcontracting is a relatively new phenomenon, a product of restructuring in
the 1980s and early 1990s that aimed to promote competitiveness. The resulting
structural flexibility:

... brought significant advantages in terms of the ability of firms to expand and
contract in accordance with fluctuations in demand. (Green 2023)
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However, Green (2023) argues that this change sacrificed the diverse needs of multiple
stakeholders. In the Netherlands, the risk and costs of such intense competition gave
rise to the Dutch 'Poldermodel’ (Bremer and Kok 2010) aimed at stabilising the industry
through cooperation in tendering, R&D and training. In the latter cases, costs and
governance are shared across the sector and with government. However, cooperation
related to tendering is regarded as anti-competitive and has been challenged in the EU
courts.

3.5 Policy and regulation

Productivity and innovation in the construction sector are currently subject to extensive
policymaking efforts in many countries. This reflects the urgent need to address
sustainability and labour shortages, while also seeking to capitalise on technological
change—especially digitalisation.

A number of nations have sought to reduce housing costs through a clear focus on
innovative construction methods—effectively reducing the cost of supply and placing
downward pressure on housing markets.

Governments have often been leaders of the transition to a more innovative residential
construction sector through:

e regulatory reform
e funding, or the introduction of industry levies to support R&D

e serving as a purchaser of dwellings produced using new technologies or ways
of working

e partnering with industry to facilitate change

e financing major new capital investments, including large-scale factories for
offsite construction

e setting new standards in data sharing and transmission

e linking home building to broader social agendas, including the achievement on
net zero

e utilising and promoting comprehensive training and skills development
approaches.

Policy interest in innovation is not new, with one set of commentators observing policy
instruments meant to support innovation had ‘not been of great use to the construction
sector’ (Seaden and Manseau 2001: 194). Green (2021; 2023) notes that the UK
construction sector has been subject to waves of policy aimed at innovation, but which
have achieved little. In part, these apparent failures reflect an enduring tension:
innovation policy tends to assume a macroeconomic perspective that favours non-
distortionary economic measures (Fox 2024: 251). In contrast, industry policy adopts a
microeconomic approach that is targeted and favours intervention.

There are many regulatory systems in construction, the composition of which depends
on several factors, including:
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e the legal system
o the regulatory system structures (development and implementation)

o the regulation type (e.g. prescriptive, performance, objective, or function-
based).

It also includes the ‘regulatory system infrastructure’, which includes:
e material and product testing

e approval and certification (listing)

building control system (e.g. permitting, plans review, inspections)

licensing schemes
e insurance.

There are costs and benefits attached to each component, attribute, and combination of
system components and attributes (Meacham 2022).

EU policies have harmonised building codes to enhance competition and encourage
sustainable practices. Their codes have been used to promote innovation, including
incentivising or mandating the use of structural timber as a low-embodied carbon
material in building multi-storey apartment buildings across several European countries.
Firms have adopted new business models and production processes to meet these
regulations, promoting environmental sustainability and cost-effectiveness (Tykka,
McCluskey et al. 2010). In addition, European countries have been pioneers in
sustainable construction practices, as reflected in the adoption of Passivhaus standards
in Germany and Austria, which encourage ultra-low-energy buildings that require little
heating or cooling (Rohracher and Ornetzeder 2024). The Netherlands has adopted
performance-based building regulations that encourage innovation by providing
flexibility in meeting regulatory requirements. This approach aims to enhance economic
and social performance in the construction sector (Ang, Groosman et al. 2005). Dutch
energy performance regulations have driven incremental innovations to comply with
stricter standards. However, regulation may not significantly promote radical
innovations, highlighting the need for reconsideration if more transformative innovation
is desired (Beerepoot and Beerepoot 2007).

The impact of regulation of the construction sector and the outcomes it generates is
varied. Hong Kong and Singapore have embedded innovation into construction industry
policy, which in turn is integrated with housing policy, and this set of interconnections
recognises the importance of housing for the national economy (Doling 1999). Strong
government intervention in both countries stands in stark contrast with many other
nations (Bonvillian 2022). The US Partnership for Advancing Technology in Housing
(PATH) program of the early 2000s (O’Brien, Wakefield et al. 2000; Wakefield, O'Brien
et al. 2001; PATH 2003; Cohn 2006) was an effort to develop industry policy for
housing construction, but lost traction with policy makers. Seaden and Manseau (2001)
argued construction-sector policy is hampered in federal systems where the states hold
responsibility for construction. This is evident in the USA where extensive fragmentation
of employment and work practices remains a problem.
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The EU construction sector benefits from industry policy characterised by strong
regulatory frameworks and incentives that promote innovation and sustainability
(European Commission and DG GROW 2023). The European Commission’s lead market
initiative (LMI) focusses on sustainable construction by:

e creating favourable regulatory environments
e enhancing standardisation
e promoting public procurement.

The LMI facilitates innovation in the construction sector by addressing demand-side
factors, which include regulatory improvements, standardisation, and strategic public
procurement. The initiative supports the development and implementation of
harmonised standards for sustainable construction practices, which in turn reduces
barriers to innovation and market entry for new products and technologies. The
Transition Pathway for Construction, published in 2023, is derived from the EU
Industrial Strategy and describes the conditions and actions needed in order to achieve
a resilient, competitive, greener, and more digital construction ecosystem (European
Commission 2023).

Elsewhere, regulatory initiatives have been beneficial. Singapore, Hong Kong and
Malaysia have adopted construction-sector strategies aimed at promoting efficiency
while responding to sustainability and energy security. Malaysia’s Construction 4.0
Strategic Plan (CIDB Malaysia 2020) includes programs to:

e increase stakeholder awareness

e provide workers with training in new technologies

e support R&D

e push for the standardisation of technologies and data-sharing practices.

Additionally, international collaboration is promoted as a way of increasing the
competency of local stakeholders. The MyDIGITAL initiative improves nationwide digital
infrastructure and literacy by increasing the adoption of technology in construction,
alongside industrialised building systems (IBS) that promote prefabrication and lean
production methods (Badir, Kadir et al. 2002).

The Singaporean Government’s Construction Sector Transformation Map (ITM) is aimed
at encouraging stakeholders to collaborate more effectively across the value chain (BCA
Singapore 2022). Current initiatives include the following.

e Integrated Planning and Design, which builds on the existing Integrated Digital
Delivery system, allowing stakeholders to collaborate with one another through
digital platforms over the life of the project.

e Advanced manufacturing and assembly to mainstream design for
manufacturing and assembly (DfMA).

Adoption by private housebuilders is encouraged via planning concessions and tax relief
on new productive construction equipment. Prefabrication facilities are supported by a
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land-intensification allowance, with funding available for integrated robotics and
automation solutions.

These measures apply across construction and are the outcome of strong inter-agency
relationships. The Housing and Development Board (HDB) is a key partner and, as the
majority developer of housing in Singapore, can drive innovation across the value chain.
Regulation, support and incentives in combination encourage the use of building
information modelling (BIM) in Singapore (Jiang, Wu et al. 2022) and cross-stakeholder
BIM collaboration through common standards (BCA Singapore 2022). Singapore created
an accreditation scheme to support digital professionals in this work, encouraging the
adoption of digital practices within a company, coaching stakeholders about these
practices, and ensuring compliance (BuildingSMART Singapore 2022). The widespread
use of BIM in Singapore has resulted in significant improvements in project coordination
and error reduction.

Hong Kong also has an overarching policy aimed at improving the productivity of
construction involving industry—government research, leadership and coordination
mechanisms. Both Hong Kong and Singapore have adopted science-based industrial
development strategies, which have seen convergence between research undertaken by
universities and the technologies used by firms (Wong, Ng et al. 2018). As with
Singapore, Hong Kong’s public housing authority is the test bed for construction
innovation, becoming a global leader in offsite prefabrication and BIM (Wong, Zhang et
al. 2015).

These are among the many initiatives established in Hong Kong:

e Smart City Blueprint, the digitalisation of building and development plans.

e Innovation, Technology and Industry Bureau and Innovation and Technology
Fund.

e Construction Innovation and Technology Fund (CITF), which focusses on
technologies such as advanced construction technologies (ACT), BIM, modular
integrated construction (MiC), prefabricated steel rebar (STB) and manpower
development to enhance the capability of practitioners.

e The Chinese Government’s National Center of Technology Innovation for Digital
Construction (NCTI-DC) is located in Hong Kong and works to address
bottlenecks in construction and introduce innovative solutions, notably for both
traditional and modern methods (Sharon 2024).

e The ConTech Accelerator serves as Hong Kong'’s foremost platform for
accelerating construction technology trials and fostering their integration across
local projects.

e Labour Importation Scheme for the Construction Sector (Development Board
2025) for attracting and developing talent (RICS 2023).

Hong Kong’s construction sector benefits from the work of the Construction Sector
Council whose role is to forge consensus on long-term strategic issues and be the
industry’s voice to the government.
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3.6 Technology

Innovation is essential to productivity growth, market growth, profitability, development
of new or customised products and services to improve the utility of consumers and
business and quality improvement. All national statistical agencies, including the
Australian Bureau of Statistics (ABS), rely on the Oslo Manual (OECD/Eurostat 2018)
developed by the Organisation for Economic Co-operation and Development (OECD) for
their data collection on innovation from businesses, non-profits and governments. A
business innovation is defined as:

A new or improved product or business process (or combination thereof) that
differs significantly from the firm’s previous products or business processes and
that has been introduced on the market or brought into use by the firm.
(OECD/Eurostat 2018)

Innovation differs crucially from ‘invention’, in that an improvement has to be
implemented in production or introduced to a market. Three different types of
innovation are evident, related to the introduction of goods, services and ways of
working. These processes of innovation are varied and introduced in a variety of ways
from the incremental to the radical. There is evidence that innovation practices and
processes are forcefully and positively addressed in some countries, in ways that involve
all partners to the process: designers, planners, employers, workers, self-employed and
directly employed, while in other countries less so.

Residential construction has benefited from a number of new technologies that are
outside the production process but are nonetheless impactful. Most notable, are the
technologies that integrate information systems and automate the collection and
processing of information. For example, barcodes provide an efficient human interface
for data input in the tracing of building products and materials within the supply chain.
Open standards, Open APIs,! and digitisation are being used to support the flow of this
information between construction stakeholders.

Construction has the third-lowest propensity to innovate its goods and services of the
17 ABS-defined industries. Overall, 87.6% of all construction businesses undertook no
innovation in the two years to June 2023 compared with 78.3% of all Australian
businesses. Only agriculture and mining had a lower innovation propensity. Higher
performing industries like manufacturing, and professional, scientific and technical
services were more than twice as likely to innovate as construction.

Martin and McCoy (2019) argue that construction-related innovation is more complex
than in many other industries due to:
e decentralised decision-making, path dependency, supply chain complexity and

uncertainty, as well as risk aversion

o the unique challenges of long product life cycles, fragmented supply chains,
and code compliance

1 A publicly available application programming interface that provides developers with
programmatic access to a software application or web service.
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e an adoption pathway influenced by firm characteristics, supply chain dynamics,
and risk management.

The predominance of small- and medium-sized enterprises (SMEs)—particularly in the
detached-house-building sector—is often viewed as a constraint on the adoption of new
technologies (ECSO 2019).

Much home construction in Australia remains tied to bespoke production, with groups of
contractors and subcontractors collaborating briefly before moving to the next project.
These arrangements can accommodate volatility in demand, but they are not amenable
to new skills acquisition, the retention of the workforce or the adoption of new ways of
working.

Individual SMEs are limited by budget, human resources, and competition with other
SMEs (Papadaki, Moseley et al. 2023). The 2003 examination of innovation uptake in
the USA by Koebel, Papadakis et al. suggests that clients are important with respect to
custom home builds, while firms working at a larger scale emphasised marketability and
profit, along with success through land development. Larger firms also made use of
established processes and avoided the risks of new materials and products. Three
characteristics of more innovative firms were:

e the presence of an internal technology champion
e connection to a university and its technology transfer programs
e the incidence of unionisation.

Housing-construction-sector investment in R&D is low in most countries (Green 2023)
due to the extensive use of subcontracting that places pressure on margins and reduces
the propensity of firms to embrace change. Long-term R&D investment is further
discouraged by cycles within the property market. This failure is addressed by
significant public investment in R&D in many countries, as well as via public sector
subsides that encourage private R&D investment and industry levies. University and
public-research institutes form an important part of successful R&D ecosystems. For
example, Japan has the largest construction-research base in the world, fuelled by the
requirement for the six largest domestic construction corporations to ‘invest some 0.5
per cent of annual turnover on research and development’ (Wing 1993, cited in O'Brien,
Wakefield et al. 2000: 18). While no longer a legislative requirement, the Japanese
government provides significant financial incentives for construction R&D.

Much attention to the modernisation of the construction sector is focussed on modular
and offsite manufacturing (MOSC), especially volumetric and modular production. The
potential benefits are significant, as discussed further in Section 3.8. However, the
adoption of MOSC depends on reform in housing finance, warranties, insurance and risk
allocation, as well as certainty in housing demand (Smith 2023). A trade-off to MOSC,
and to automation in general, is reduced process flexibility and adaptability. This is a
result of the requirement that to automate a process or mass-produce a part, the
processes, designs, and interfaces must be standardised. This standardisation reduces
flexibility and its success requires all users to adopt the same standard.
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3.7 Market context

Ball (1999) argues that the slow rate of innovation in the UK and US is directly
attributable to housing-market volatility. For example, during the global financial crisis
(GFC) builders focussed on ‘expediting cash return’ (Payne 2015: 238) in order to
service debt. Consolidation in the wake of the GFC resulted in a focus on low-risk, high-
return housing markets (Archer and Cole 2021). Returns have grown substantially as
equity holders have sought to recoup losses (Archer and Cole 2021; Haughwout, Peach
et al. 2013) at the expense of investment in the business (Archer and Cole 2021; Payne
2015). Market instability remains a critical problem. As Easthope, Palmer et al. (2023)
note with respect to Australian apartment development, little innovation occurs during
boom periods because productive capacity is fully deployed, while resources are not
available to innovate during downturns.

Property cycles are highly significant for housing construction, with housebuilding trends
following boom-and-bust property cycles (Dalton, Wakefield et al. 2011) which results
in a ‘chronically asynchronous relationship between the demand for and supply’ of
housing (Weber 2016: 591). Property cycles reflect global, national, local, social,
economic and financial changes, and impact the demand for housing and the availability
and cost of capital. In booming markets, increases in housebuilding often result in
delayed completions due to insufficient resources and scheduling challenges (Gharaie
2011). At the top of the cycle, firms will struggle to meet ‘contractual obligations
because labour and material resources cannot be found’, resulting in wage and material
inflation and eliminating profit margins (Gruneberg and Francis 2018: 24), while also
threatening supply chains (Hillebrandt 2000).

Volatile property cycles leave little space for innovation at the top of the cycle
(Easthope, Palmer et al. 2023) and 'no money to innovate during a bust’ (Memari,
Huelman et al. 2014: B4014005-4). Further, busts also result in technical knowledge
being lost along with innovative processes. (Memari, Huelman et al. 2014: B4014005-
6). Barlow and King (1992: 384) argue that 'there is no point in improving internal
efficiency when the external environment is highly erratic’.

Dualist housing systems have greater exposure to housing instability as there is a
higher level of private provision, including construction. Property cycles have become
more volatile since the 1990s as a consequence of financialisation of the economy
(Norris and Byrne 2018). By contrast, unitary systems have larger social-housing
sectors that cater to broad income groups, as well as extensive regulation of private
rental housing. Norris and Byrne (2018) suggest that:

The extent to which social housing acts as a pro- or anti-cyclical intervention in
housing markets is a crucial determinant of its role in this regard ... supply-side
focussed social housing subsidies can help correct undersupply from the
market and thereby moderate house price and rent inflation, whereas demand
side subsidies ... have the opposite effect. (2018: 229)

When markets have subsided, developers and builders are at risk financially as cashflow
is affected by difficult-to-move inventory and the write down of assets (Jones 2023).
Hence, at the bottom of the cycle, building firms downsize or exit because of a reduction
in contracts and non-payment or late payment by developers and homeowners.
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Extensive use of subcontracting ‘push[es] the costs and risk onto the supply chain’
(Gruneberg and Francis 2018: 135).

Some segments of the industry are more likely to survive property crashes than others.
Single home (detached) building is often characterised as a cottage industry in the USA,
UK and Australia. However, the US and UK have seen extensive consolidation since the
mid-1990s (Ambrose and Peek 2008). Listed companies, taking advantage of economies
of scale, use of equity rather than debt, and sophisticated market intelligence,
increasingly dominate production (Ambrose and Peek 2008; Gruneberg and Francis
2018). Land inventories are a factor in survival, as they provide an asset base for
recovery. As Ambrose and Peek (2008) observe, equity reserves permit large firms to
take market share at the expense of SMEs during downturns. During construction
downturns, insolvencies among SME builders are common as access to credit tightens.

3.7.1 Firm consolidation

Slumps in the property market and associated falls in homebuilding result in firms
exiting the industry, which provides an opportunity for sector consolidation. Prior to the
1990s, SMEs in the UK and the US gained market share during upswings, whereas
larger builders gained during downturns. However, this has changed since the 1990s,
with SMEs losing share to larger firms (Prapas 2005) as each financial crisis has driven
consolidation. In the US and the UK, vertically integrated (developer/builders) listed
companies increasingly dominate production (Ambrose and Peek 2008; Gruneberg and
Francis 2018; Haughwout, Peach et al. 2013; Leishman 2001) realising substantially
increased returns (Ambrose and Peek 2008; Colenutt 2020; Haughwout, Peach et al.
2013).

International experience suggests public companies that are land developers are:
e shielded from competition (Barlow and King 1992)
e have less reliance on debt
o develop sophisticated market analysis

e hold land inventories that provide an asset base for recovery (Buzzelli 2005;
Payne 2015).

This model, Gruneberg (2023: 22-23) argues, means that building homes is 'almost a
side effect of their business model’. Put another way, housebuilding (which remains a
low-margin business) is simply a platform for the more profitable activity of capturing
the uplift in land value.

During the GFC, analysis undertaken in the UK suggested that developers/builders in
high-appreciation markets focussed on ‘expediting cash return’ (Payne 2015: 275) to
service debt at the expense of investment in the business (Archer and Cole 2021; Payne
2015). Consolidation in the wake of the GFC saw a 'margins over volume’ strategy
(Foye and Shepherd 2023: 4) that focussed on low-risk, high-return housing markets to
increase returns to equity holders (Archer and Cole 2021; Haughwout, Peach et al.
2013).

Consolidation in the UK has resulted in a very significant loss of SME builders and
comparatively little investment in research and innovation, or in increased production
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(Foye and Shepherd 2023; 2024). In the USA, highly appreciated markets are
increasingly dominated by a small number of firms. However, despite the potential for
economies of scale, vertically integrated companies in the USA have shifted away from
improving the productivity of housebuilding. In some cases, this shift has resulted in
even poorer performance. In contrast, SMEs are more likely to award contracts via
restricted tenders that emphasise quality and value (Abernathy, Baker et al. 2011: 38).

3.7.2 Market volatility

Industry consolidation and the loss of social housing (and non-market housing) in many
countries have resulted in greater market volatility. Market volatility can be described as
a process in which networks, relationships and systems are periodically placed under
enormous stress, often resulting in disinvestment and a loss of corporate knowledge.

The global evidence shows that the public sector and social housing generally play a
critical role in reducing market volatility (Norris and Lawson 2022).

Unitary housing systems (Kemeny, Kersloot et al. 2005) such as those in Germany,
Sweden, Switzerland, Austria, Denmark and France and the Netherlands have held large
social-housing sectors alongside extensive regulation of private rental. These systems
experience less market volatility than nations with dual-structure housing markets
(Norris and Byrne 2018). Nonetheless, as Norris and Byrne (2018) along with Colenutt
(2020), note, the role of social housing in providing stability has been undermined in
recent years by private financing (Norris and Byrne 2018).

Volatility has increased since the 1990s, reflecting the financialisation of housing:

If social housing investment patterns mirror housing market cycles, this can
accentuate booms and busts. In addition, supply-side focused social-housing
subsidies can help correct undersupply from the market and thereby moderate
house price and rent inflation, whereas demand side subsidies, particularly
those focused on subsidising low-income private renting households, have the
opposite effect. (Norris and Byrne 2018: 229)

Further, the role of social-housing providers in the UK is acknowledged by private
builders as providing employment during downturns, maintaining the pool of skilled
labour (Metcalfe 2024).

Inter-organisational relations are a feature of unitary systems. Miozzo and Denwick
(2004) suggest that unitary systems exhibit greater inter-organisation collaboration and
subsidisation of the cost-rent sector (public housing and limited-profit housing). They
also argue there is evidence that regulation of the for-profit rental sector promotes
competitive rents, which in turn means the rental tenure is competitive with home
ownership (Stephens 2020). Heavily regulated land markets (Duncan 1986; Golland
1996) limit the opportunity for capturing uplift in land values and therefore discourage
speculation rather than efficient, and profitable, home construction. In Germany, France
and Denmark, private firms tend to be family-owned (Folkerts-Landau and Schneider
2016; Miozzo and Denwick 2004) which strengthens long-term links between firms.

Another feature of the unitary system is the push towards profitability, as Duncan
(1986: 28) says:

AHURI Technical Paper: Innovation for a more efficient, resilient and responsive housing construction industry 25



Housebuilders in unitary systems are pushed onto the road of making a profit
through increasing labour productivity and through product improvement. The
result is controlled construction costs, improving housing quality and the
capacity for sustained output.

This process can lead to market-driven efficiencies. La Grange and Pretorius (2005)
argue that the size of the Hong Kong public housing authority has resulted in significant
efficiencies in the housing delivery system, with standardised designs and repeat-
contracting enabling industrialisation:

Industry-wide economies were generated in a contracting industry with
members specialising in a narrow range of delivery systems and technologies.
Decades of learning from this industry form have created an industry with few
(if any) international peers in the delivery of such structures. (La Grange and
Pretorius 2005: 2483)

In this context, earnings and practices tend to be transferred to the private sector.

The role of government is important in these circumstances. Singapore’s unitary
housing system involves a near-monopoly public-housing provider and almost full home
ownership (via leasehold using retirement savings). Social-security savings fund
housing construction. The government manages price inflation in various ways, with
demand responsiveness a key measure. The HDB is tasked with delivery, and is a world
leader in innovative housing supply. Chua (2023) argues the responsiveness of HDB
reflects a unique political settlement:

The hold the government has on the citizens is matched by the citizens’ hold
on the government: just as the citizens’ dependency on the state is total, the
obligation or responsibility of the state to provide is equally total ... When
housing needs are not met, the citizens as an electorate can and have
punished the PAP [the ruling party] at the ballot box. (Chua 2023: 105)

This reciprocity between government and the citizenry provides a dynamism to the
focus by governments on the housing sector.

Social housing is a critical part of the housing innovation story. Social housing is
significant, because nations with large public or community housing portfolios are less
vulnerable to volatile property cycles. For example, Austria was largely unaffected by
the GFC. As a near-monopoly provider of housing, Singapore’s socialised housing
system deserves attention. Singapore is well known for housing innovation. It
nationalised land in the 1960s and minimised speculation, and has supported innovation
across the economy. The HDB has been central to these efforts. Chua (2023) argues
that housing in Singapore developed over time into an entitlement and the electorate
has demonstrated a willingness to mobilise on this issue, resulting in a highly
responsive system of supply.

3.8 Modular and offsite construction

MOSC is discussed here as it is widely supported by governments, industry and
sustainability advocates as the solution to reduce costs and improve sustainability (see,
for example, O'Neil 2025), and was a key focus of the research interviewees.
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MOSC refers to the process of manufacturing the components of buildings in factories
offsite, and assembling these components into complete buildings onsite. MOSC can
involve:

e the entire structure being built in a factory—volumetric construction
e the production of flat modules—panelised construction
e the factory production of pre-processed materials and sub-assemblies.

Examples of volumetric construction and panelised construction, respectively, are
bathroom pods and wall panels. This form of production has also been called
‘industrialised construction’, and includes 'prefabrication, modularisation and
standardisation of construction processes and assets within controlled factory
environments’ (KPMG 2016: 12).

Some research has shown that MOSC can reduce the cost of, and time taken for,
construction, while simultaneously improving quality and sustainability (Gao, Wang et
al. 2024; Wong, Zwar et al. 2017; Zhang, Pan et al. 2024). The use of prefabricated
timber frames and modular construction is widespread, with claims that it leads to
efficient and environmentally friendly building practices (Svatos-Raznjevié, Orozco et al.
2022). Innovations in prefabricated building systems and lightweight construction have
also been proposed to speed construction processes. The use of lean construction
techniques has been shown to reduce material waste, improve worker safety, and
increase production efficiency—further decreasing construction time (Du, Zhang et al.
2023; Hu, Chong et al. 2019). Most research investigating MOSC addresses operational
issues, and often focusses on technological advancements such as automation
technology, BIM and digital twins (Xie and Pan 2020).

In the USA, prefabricated housing has been promoted as a way of improving efficiency,
quality and environmental performance (Steinhardt and Manley 2016). MOSC is well-
established in Scandinavia and Germany (especially for single-family dwellings) but lags
in the UK. In some Asian countries, including Japan, Hong Kong and Singapore, there is
a strong market penetration of MOSC in the high-rise apartment sector through public
procurement policies.

While the benefits of MOSC are clear, establishing financially sustainable production is
challenging. Manufacturing relies on high levels of repeatability (standardisation) and
requires a fully pre-established and resolved design, as well as significant upfront fixed
investment in plant and technology. These changes call for the re-engineering of
financing and regulation, and a need for demand stability. Offsite manufacture creates
challenges for transportation and logistics, as there are often limits and constraints on
the delivery of 2D and 3D components—especially in dense urban environments.

Building code regulatory compliance and quality assurance issues hamper the adoption
of MOSC products, especially those ‘which have enclosed structures with one or more
elements associated with fire, thermal, acoustic, and weatherproofing, and/or with one
or more mechanical, electrical, plumbing, or other systems’ that create challenges for
inspection (Gad, Kumar et al. 2022: 2). In many jurisdictions few standards are directly
applicable to MOSC, which means businesses and practitioners are typically required to
design, engineer and manufacture their own systems across standards.
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Currently, building regulations in Australia treat offsite construction as if simply
installing proprietary products such as sanitary fittings or kitchen cabinets (Wong, Zwar
et al. 2017). Building regulators around the world are working towards MOSC-specific
regulation, which requires:

e standardisation of definitions and classes of products
e standards for products
e compliance regimes for quality assurance.

The predominant approach to code compliance in Australia is manufacturer self-
certification. However, third-party certification underpins success in countries such as
Japan and Sweden (Gad, Kumar et al. 2022). Gharbia, Chang-Richards et al. (2023)
argue that third-party certification for products and factories and a chain of custody to
provide traceability is required to address quality concerns and for the fair allocation of
risks and liabilities throughout the supply chain.

MOSC requires capital to build plant, develop intellectual property and engage in
marketing (Masood, Lim et al. 2021; Salama, Figgess et al. 2020). Owners bear the
cost of the plant, material supplies and labour and thus typically require substantial
upfront payments from clients, and full payment prior to shipping. This reverses
traditional builds (Harikrishnan 2019) where progress payments are triggered when
materials are 'delivered to site, fixed, and consequently transferred into the principal’s
possession’ (Boyd, Khalfan and Magsood 2013: 55). The absence of legal possession by
the client upon purchase poses difficulties for project financing, as security over the
assets in traditional building project provides the collateral. Government underwriting,
for example, was required to finance the mixed-tenure Nicholson development in
Coburg, Victoria, that used MOSC (Boyd, Khalfan and Maqgsood 2013).

Volume builders and developers are incentivised to invest in MOSC by the potential for
increased margins, but are unlikely to pass through cost savings to home buyers unless
there is significant competition. In addition, financing hurdles remain a barrier.
Consumers who custom-build their own homes can achieve cost savings if they contract
MOSC companies. However, mortgage financiers are concerned about the lack of
security. The payment requirements are not just the sole challenge for financing; offsite
work is not captured by consumer laws intended to protect homeowners (Gad, Kumar et
al. 2022), making home loans more at risk.

Advanced project planning is crucial for MOSC: a significant risk in a system based on
repeatability is that poor design propagates defects across all units (Rohloff, Uskova et
al. n.d.). Most of the design work and coordination between the parties involved must
be completed before manufacture. Ensuring seamless collaboration between design and
manufacturing/construction teams from the outset is essential. This ‘golden thread’
connects design, manufacturing and installation, ensuring a smooth transition from
concept to completion. An early design freeze is crucial, supported by specialised
knowledge in DfMA.

A 2024 report from the UK Government highlighted the lack of clear ownership and
accountability in many projects, as well as the absence of integration and collaboration
in the procurement and project management of MOSC (Ministry of Housing,

AHURI Technical Paper: Innovation for a more efficient, resilient and responsive housing construction industry 28



Communities & Local Government 2024). As a result, a key issue for offsite construction
is that supply chains and contracting have not evolved to adequately respond to the
nature of the risks involved (Charlson and Dimka 2021; Tennakoon, Chileshe et al.
2024).

In the USA, voluntary standards have been developed specifically for prefabrication,
with that work undertaken by the International Code Council (ICC) in 2024 in
collaboration with the Modular Building Institute (MBI). While the developed standard
for planning, design, fabrication and assembly (Standard 1200) and for inspection and
regulatory compliance (Standard 1205) were not included in the 2024 International
Building Code, they are available for adoption and use by jurisdictions. Greater adoption
of these standards in the USA has the potential to reduce the patchwork of state-based
regulations and promote greater standardisation, which in turn would support
manufacturer’s operations and growth.

Warranties are an important form of insurance and need to be of long duration in
MOSC. A risk-based evaluation of the UK Build Offsite Property Assurance Scheme
(BOPAS) aims to demonstrate to funders, lenders, valuers and purchasers that homes
built from non-traditional methods and materials will stand for at least 60 years. There
is an associated need for long-term data transparency and holding about volumetric
buildings to help ensure confidence among financiers and insurers. In the UK, there is
considerable fragmentation and confusion that points to the need for a single common
standard that can be consistently applied. This standard would help volumetric
assurance schemes, as well as assist inspectors and warranty providers in applying
consistent checks and balances (Ministry of Housing, Communities & Local Government
2024).

BIM systems have multiple benefits for the construction of MOSC, and greater
automation is key to the development and improvement of MOSC into the future. Digital
technologies are used for modular integrated construction (MiC) (Olawumi, Chan et al.
2022). Canada, China and the USA are leaders in implementing digital technologies in
modular integrated construction projects (Olawumi, Chan et al. 2022). Further tools and
technologies such as 3D-laser scanning and radio-frequency identification have been
identified in the literature as having an increased role and potential in manufacturing
and construction in general (Ministry of Housing, Communities & Local Government
2024). Key limitations associated with the use of these technologies in MOSC are the
incompatibility between systems, incorrect use and the fact that these solutions are not
integrated across the project life cycle.

Skill gaps and shortages are a well-documented issue in the broader construction
sector, as well as in MOSC (Brennan and Vokes 2017). International experience has
shown there is a gap in training courses in DfMA, and consequently a shortage of DfMA
designers. Overall, the evidence indicates that broader modern methods of construction
(MMQC) training is crucial to ensure a smooth transition from traditional construction to
MOSC, and that such training should be integrated with computer science, mechatronics
and manufacturing (Ministry of Housing, Communities & Local Government 2024).

The Inquiry Report (Sharam, Zolghadr et al. 2026), using the SoS approach, argues
that the drive behind MOSC reflects a desire to have something more like a centrally
managed system, in which the boundaries of subsystems are redrawn to minimise
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subsystem interface issues. In effect, this was the intention behind the horizontal and
vertical integration of Katerra in the USA. Sharam and Zolghadr et al. (forthcoming)
note the existing housing construction SoS has evolved to provide the flexibility required
to manage market volatility. This is achieved by allowing much of the workforce to be
idle at times. However, capital is not willing to be idle to the same extent. Hence, the
key challenge for MOSC is market volatility.

3.9 Conclusion

This chapter has summarised the extensive literature on residential construction and the
strategies and approaches deployed in other nations to facilitate the adoption of new
technologies and processes. It is clear that many nations have been much more
proactive in addressing productivity in the residential sector in order to achieve policy
objectives around affordability and sustainability, and ensuring the provision of an
adequate supply of housing. These insights both highlight the need for action and
provide important indicators of potential pathways forward.

The chapter has also considered the case of MOSC as an approach to residential
construction that could have potential for Australia. The discussion has shown that other
nations have taken more substantial steps to support the delivery and adoption of
MOSC construction, but that MOSC requires considerable changes to the existing
housing construction SoS, and that market volatility militates against its adoption.
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4 Insights from interviews with global
experts

This chapter adds to the findings from the literature review by discussing key
informants' insights into innovation in residential construction, as well as barriers to
innovation. As with Chapter 3, this chapter explores housing construction internationally
through a focus on six domains:

1 Supply chain

2 Workforce

3 Systems of work (SoW)
4 Policy and regulation

5 Technology

6 Market context.

The learnings were used in the other supporting research projects (Gharaie et al. 2026
and Lee et al. 2026) and the Inquiry (Sharam, Zolghadr et al. 2026) to develop a
deeper understanding of the housing construction SoS.

Our interviewees had strong views on innovation in the residential construction sector
and were able to share insights relevant to all six domains. They observed that
regulation was a significant enabler of—or impediment to—innovation, and that
innovative capacity was unevenly distributed across the sector. For example,
interviewees noted that manufacturers are extensively engaged in innovation and
training, as product performance is reliant on proper installation. The innovations most
likely to succeed were those that directly replace an existing product or process with
few changes in practices. These involving material or labour-cost savings were also
more likely to succeed. The chances of adoption were seen to decline steeply when a
new product or process required a change to the system of work, as one informant
noted:

If it takes no extra work, it can be done with the same technology that you had
before. You don’t need extra training, you don’t need anything else ... this
thing’s gonna make it ... Products that take no time to explain have the
greatest chance of success ... Products that represent an entirely new way of
thinking about things, and that are dependent upon interrelationships with
other people or other suppliers are the hardest things to do. (Interviewee C1)

Transformative products or processes, such as modular or volumetric prefabrication,
were perceived as facing extensive barriers. Moreover, product innovation was
considered to be more likely to be successful than process innovation, as patents
ensured value is captured by the originator. Software, for example, provides a service
into the sector, with its intellectual property (IP) protected (Interviewee S1). However,
process innovations cannot be protected in a similar fashion, which in turn deters
innovation. For example, when industry participants devise a process improvement,
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they often attempt to prevent the loss of this advantage by reducing competition
through the acquisition of rival firms.

In addition, innovation was perceived to be dependent on the dynamics within firms, as
one informant noted:

The only way that construction changes is when there is a visionary leader at
the top of an organisation ... there’s no opportunity to make anything other
than a small-scale change except with a five-year plan coming from the chief
executive and cascading down through the business. (Interviewee H1)

4.1 Supply chain

The supply chain is potentially an important contributor to innovation in residential
construction in two ways:

1 Transforming to deliver goods and services more efficiently and effectively.
2 Establishing conditions that enable innovation to emerge in other subsystems.

Many of the respondents noted that residential construction supply chains have faced
significant disruption over the past five years. The COVID-19 pandemic disrupted global
supply chains (including housing production), causing significant inflationary pressure
and the consequent interest-rate rises adversely affected housing demand. Adverse
changes in the supply chain have made innovation in virtually all parts of the SoS more
difficult. In Europe this impact has been compounded by the wars in Ukraine and the
Middle East, as one interviewee noted:

We are in the midst of the worst crisis that we’ve seen in over 30 years ...
demand is so high, but there’s no order[s]. There’s no money ... the machine is
stalled and we don’t know who needs to move first to get the machine going
again. (Interviewee C2)

This mismatch between demand and supply has meant some manufacturing of
construction materials has stopped. The crisis has been exacerbated by wholesalers who
hoarded materials during the pandemic in the expectation of higher prices, only to
contribute to oversupply as demand collapsed. It has meant that a number of
prefabrication factories have suspended operations, with the EU discussing loans to
member states in order to provide stimulus and sustain production capacity in this time
of change.

Informants from the USA reported a smaller fall in demand compared with Europe. But
supply chains in the USA—and the entire residential construction sector—have had to
adjust to China assuming the role of the world’s factory. A humber of the US-based
informants noted that China’s entry into the market required firms to reconsider their
business strategies and ways of working. For example, one noted that:

[The] conversation I have with firms all the time, product manufacturers ...
they say ... they’re creating a lot of contingency plans. So, there is a sort of
real-time restructuring ... Obviously, you have to manufacture with enough
resources to be able to bargain with China ... It's more of a band-aid than an
actual solution to this long-term supply-chain crisis. (Interviewee C3)
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This quote speaks to the greater complexity now evident in the sector, and the need for
individual businesses to reposition themselves to achieve the best possible outcomes for
their firms and clients.

Interviewee C3 went on to note that efficient inventory management is crucial for
innovation, and that in the USA the reliance on imported components has exacerbated
pre-existing challenges for the sector: it has resulted in both labour shortages and
concerns over quality, both of which have undermined the productivity of the sector. As
with Europe, overstocking during periods of low demand has made instability in the
global supply chain worse, with negative impacts for both manufacturers and builders
(Interviewee C2). Interviewee S1 observed that the sourcing of prefabricated
components globally has added to compliance challenges, especially when navigating
multi-jurisdictional standards. This impediment has slowed the uptake of the
productivity improvements potentially available from global supply, and added to the
costs of implementation.

Extended supply chains have added to the risks associated with construction, with one
interviewee noting that just-in-time delivery was increasingly used in the USA prior to
COVID, but:

One good hurricane screws up your just-in-time pretty badly. (Interviewee C1)

Supply chain disruptions add to costs and erode confidence in global supply. This may
emerge as a more critical consideration in the future as a consequence of climate
change and the resultant increase in the number of adverse weather events.

More broadly, Interviewee A2 from the USA argued that just-in-time systems have an
important although ‘relatively low-tech role’ in driving innovation in residential
construction. They felt that this contribution could be enhanced through greater use of
AI and other enabling digital technologies, which would better predict, track and inform
both demand and supply processes.

Our respondents observed that the growing reliance on global supply of construction
materials in the USA has added to the complexity of local distribution systems, while
also encouraging market segmentation.

Participant C1 discussed the emergence of dual construction material distribution
systems in the USA, with a small handful of intermediatory organisations or 'pro
dealers’, serving the top 10 builders nationally. These builders are then able to benefit
from economies of scale and discounted prices on a per-unit basis. However, scale
comes at a cost, with Interviewee A2 observing that volume-purchasing reduces the
range of options builders can offer—and this can be a critical consideration in a market
focussed on customisation. The next tier of builders, even if they are national
companies, are likely to be served by regional suppliers with consequent higher prices
per item, but a larger range building materials. In both instances, subcontracting may
mean that purchase decisions flow to the local level, thereby limiting economies of scale
and standardisation.

Tiered supply chains complicate construction innovation, while the reliance on
subcontracting pushes risks onto smaller firms, creating inefficiencies and an absence of
accountability. This fragmentation hinders regulatory compliance and innovation, as
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many suppliers lack direct insight into construction needs (Interviewees S1 and T1). On
the other hand, solutions such as streamlined logistics and decentralised databases
offer improved material tracking and procurement efficiency across regions (Interviewee
C2), as do new developments in transport, such as drones. They also offer further
support for just-in-time construction processes by addressing issues, including the
difficulty of managing narrow streets (Interviewees F1 and C3).

It is clear from the discussion in this section that a more integrated and predictable
supply chain is beneficial for innovation in residential construction, and a number of
nations are either experimenting in this area or experiencing notable change. Current
challenges reflect the instability evident in all parts of the global economy, reflecting
external shocks associated with COVID-19 and conflict. In addition, the offshoring of the
supply of materials has added to risk for builders and customers alike, including:

e foreign-exchange-rate risk
e adverse shipping events
e other disruptions distant from the source of demand.

The US experience provides an interesting case study in the way distribution channels
have tended to remain local while production has become global.

4.2 \Workforce

The global experts in residential construction interviewed for this research emphasised
the complex interaction between the workforce innovation and the high level of
innovation evident in the sector, even if it often went unrecognised. For example, one
longstanding commentator noted:

Much of the innovation that occurs in the construction sector goes unnoticed
and is invisible to traditional metrics ... Most firms innovate in response to the
necessity to solve day-to-day problems and it can be argued that although
these companies might not invest in speculative, experimental, and laboratory-
based experimentation, they are actively innovating nonetheless. (Loosemore
2015: 04015012-1)

Involvement in innovation is varied across designers, planners, inspectors and
developers to the trades and unskilled labourers. The outcome is that:

Innovation in construction also tends to be more ad hoc than in manufacturing
firms ... construction is a service-based industry that is inherently labor-
intensive. (Loosemore 2015: 04015012-1 - 04015012-2)

The highly mobile and flexible nature of the workforce in residential construction has
meant the knowledge and ideas required for innovation may remain unexploited. The
project-based nature of work means the composition of those working collaboratively,
even if asynchronously, is constantly changing. Thus, even if onsite innovations happen,
they may be informal, unrecognised and their potential unrealised. In addition, the
sector seeks growth by minimising contractor and subcontractor prices.
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International experience suggests the structure of the construction industry is an
inhibiting factor for productivity growth and innovation, and there is evidence to support
this conclusion also applies to Australia. For example, capital stock per worker in
construction is just 19% of the capital per worker in all other market-based industries
nationally (ABS 2023). In part this is because the self-employed and very small firms
have a much lower propensity and intensity of investment in capital equipment, R&D
and innovation (Toner 2011)—all of which constrains productivity per worker.

The pursuit of labour flexibility is a key driver of the lower productivity in the
construction sector internationally. For example, within the UK construction industry it
has been argued that:

Employers have chosen a very limited way of increasing productivity—work
intensification—over more thorough-going investments in improving work
organisation through capital investment and rationalisation of the production
process. (Winch 1998: 540)

In other words, construction-sector workers are called upon to increase outputs by
working longer hours, instead of investing in capital that would make each hour worked
more productive.

Interviewee G1 observed that this model was deeply entrenched in the UK and would be
difficult to change:

There’s so many ... vested interests around this kind of core strategic model of
structural flexibility. You know, it suits the contractors. It suits the client
organisations.

Arguably, the same conclusion could be drawn for the Australian residential construction
sector.

Some of our global experts observed that the structure of the sector has also made
workforce recruitment more difficult:

Construction industry is probably weighted heavily in favour of the employer
rather than the employee. So perhaps the employer needs to offer a little bit
more flexibility towards employees, particularly if they want to win over a
younger workforce to come and join the construction sector. So that means
improving safety, providing better conditions. (Interviewee C2)

And, of course, the recruitment of workers remains a major challenge globally and in
Australia.

Our informants acknowledged a wide array of ways in which the workforce affected
innovation and productivity growth in the sector. They observed that the residential
construction sector globally has been affected by a more far-reaching engagement with
digitalisation than is evident in Australia.

In some parts of Europe, the introduction of digital practices is comprehensive and
focussed on the development of skills in the labour force. For example, in Denmark the
introduction of digital practices has prompted a sharp examination of the relationships
between the trades, and the interlinkages with offsite activities, such as transportation,
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supply and product development. This elevated level of digitalisation has focussed on all
stages of the construction process, which in turn has resulted in the demand for
increasingly skilled and knowledge-enabled labour, as Interviewee L1 noted:

Particularly with digitalisation and robotisation, there’s even more requirements
for knowledge, a greater knowledge requirement. And so it gets more and
more difficult to actually just throw an apprentice onto a site and say, you
know, 'Get on with it".

This observation highlights the growing demand for well-qualified labour and the
declining role of unskilled or low-skilled workers. This in turn raises questions about
entry into the sector and the adequacy of training systems in equipping the workforce of
the future. In addition, there are questions over the upskilling of the existing workforce
as self-employed workers may be slow, or reluctant, to take on additional training. This
interviewee noted that in many nations technological innovation is accompanied by
policy measures intended to boost the skills of an increasingly fragmented and flexible
workforce. In Denmark, the Netherlands, Ireland and sections of the Canadian industry,
large-scale measures have been implemented to achieve this end, while much more
incremental strategies have been introduced in the UK and the USA (Interviewee L1).

International experience has also shown that a shift to offsite construction (MOSC) may
also call for different skills profiles within the construction-sector labour force. Some
trades such as electricians and plumbers remain in demand, but other components of
the labour force may be reconfigured—and this includes where the work takes place.
One informant from the UK noted that MOSC provided scope for geographic mobility:

I can put those [off the building site] people anywhere and that’s the ... big
difference between construction and offsite manufacturing. We could put that
[unit] in the deprived communities. We can put that in the north of the country
[England], the south of the country. We can put it where it’s gonna create the
least amount of carbon. (Interviewee D1)

And while Interviewee D1 focussed on the potential to address disadvantage and reduce
carbon emissions, other interviewees from the UK acknowledged the potential costs of
these changes:

What you’re actually doing is you’re shifting skills out of local communities. I'm
shipping them off somewhere else and the harsh reality is that something like
48% of the construction sector turnover in the UK ... is repair, maintenance and
improvement. (Interviewee G1)

Clearly, shifts to MOSC generate a range of issues for the sector and the workforce, with
implications for productivity, the acquisition and retention of skills and the ability to
meet housing demand. Some nations have taken up this challenge. US interviewee M1
noted that:

There has been a lot of investment in new training programs, attempts to
create awareness among youth to enter into the trade, and this includes
women and people of colour. (Interviewee M1)

Such steps draw attention to the recognition internationally of the centrality of the
workforce and its place in a sector undergoing change and development.
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Finally, it is important to acknowledge that a number of European nations have
reformed their trade-level training and skills development systems in order to enhance
recruitment into the construction labour force and encourage existing workers to
upgrade their skills. This has included changes to the classroom-based system in
Sweden, as well as the social partnership arrangements in Germany and Denmark. In
the UK, the market-based system has been fine-tuned to better meet emerging needs
(Interviewee L1). It is important to acknowledge that unless training is developed and
provided as a right due to workers, there is very little incentive to develop ongoing
training programs—and this is an area of potential policy impact in Australia.

4.3 Systems of work

As discussed earlier, the SoW relate to the ways in which sector participants interact
with each other over the production cycle. Relative to other sectors, the SoW in the
construction sector is distinguished by the participation of a large number of small
participants and a reliance on subcontracting. Subcontracting elicited extensive
commentary among the informants, and there were a number of critical comments:

One of the big problems of construction is everything is subcontracted. The
main contractor does no work ... everything is subcontracted ... five layers and
too much risk is put on the person at the bottom. They are responsible for risk,
but they have no ability to control the risk ... as long as the construction sector
is salami-sliced into thin layers and subcontracted, we will never be a
productive industry. (Interviewee H1)

In large part, subcontracting is relied upon internationally as many projects are large
and competitively tendered. They are typically awarded on the basis of the lowest cost,
which means there is effectively a:

... race to the bottom [and] ... the tier-one contractors are willing to undercut
everybody below them. (Interviewee S1)

Moreover, as our global experts discussed, a successful tender means the head
contractor is under pressure to deliver on time and on budget, and does so by shifting
risk onto subcontractors:

The risk is just passed down the chain, and it so often has resulted in poor
delivery or companies ending up going under. Or massive overruns on cost and
time. (Interviewee S1)

Participant S1 noted that retention provisions—which are contractual obligations to
ensure work is completed to standard—are often used as a cashflow tool. Payments to
subcontractors may be withheld for long periods with little regard for these small
operators.

Many informants considered that competitive tendering created an adverse, high-risk
operating environment:

[The] absolute ruthless focus on competitive tendering ... exacerbates the
volatility of demand because firms are never quite certain when they’re going
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to win the next project ... so all of these are kind of disincentives to invest in
the things that they should be investing in. (Interviewee G1)

Competitive tendering has also meant that the profitability of housebuilding was widely
considered to be low internationally, with one interviewee noting that industry sources:

... always quote profitability against turnover. They never quote ... return on
capital employed. (Interviewee G1)

Participant C1 argued that ‘productivity measures ... aren’t good for the construction
sector, because it's such a manually intensive sector’ and that most of the labour, being
subcontracted, is not captured in those measures. Moreover, there are extensive
externalities that affect both:

e the efficiency of the sector—for example, skills and training

e housing consumers and society more broadly—for example, regulatory
compliance and carbon emissions.

All of which should be considered in any performance assessment (Interviewee G1).
One respondent suggested there was a need to rethink the notion of productivity to
cover the entire life cycle of buildings, rather than construction alone.

Subcontracting is one of the key choke points for innovation in the residential
construction sector’s SoW—but it is not the only impediment to greater innovation.
Many of the international experts noted that there are challenges with how building
work is managed as it progresses from the design to the construction phase. For
example, apartment developers will engage an architect to prepare plans to secure
planning consent, and these designs will be incomplete but form the basis for tendering.
One interviewee from the UK observed that construction drawings are only 75%
complete when developers go out to tender:

It is [at this] stage they are asking the subcontractors and asking for other
tradies to beat the job, right? (Interviewee D1)

Which means that all involved in bidding for these projects are called on to make
commitments in the absence of all relevant information.

Internationally, this means that the building contractor, and associated subcontractors,
typically enter the process too late to influence project design. It is up to the head
contractor to resolve design problems within the cost and time constraints specified in
the contract. Residential construction would be faster and have fewer defects if design
problems could be resolved as part of the tender process. In addition, design
professionals such as planners, architects and engineers:

e work in silos

e enter the process at different points, leading to problems that contractors must
resolve.

As the informants noted:
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[There is a need for] forward thinking, a different management approach,
perhaps closer collaboration between the stakeholders, being the architects,
designers, construction companies, developers, and so on, to actually bring
about ... a level of accuracy and detail that’s needed to deliver high-rise
projects. (Interviewee C2)

Also:

The architects knew about architectural detailing ... and the engineers
understood their engineering ... what they didn't understand [was the]
information each other needed ... and what happened if they didn’t give it to
them in the format they needed. And they also didn’t really have a good
understanding of the flow requirements of the activity. (Interviewee H1)

Interviewee K1 discussed the processes used by one Swedish local government, which
tackled this problem through intervention in the land market. The municipality acquired,
rezoned and resold land—and in so doing imposed conditions on the sale. They
developed a 'dialogue, dialogue, dialogue’ model that worked with private owners to
ensure compliance with the strategic vision for the city.

Strategies for addressing the inefficiencies of housing construction have been
advocated, with MOSC the overwhelming focus—although some informants were
sceptical. For example, one interviewee observed that:

We rush to do technology and automation now, but I think that’s just going to
help us automate the wrong thing. (Interviewee H1)

Interviewees from both the UK and Hong Kong (H1 and S1) drew attention to a broader
set of questions, observing that skilled trades often approach the same task in different
ways, with impacts on quality and the need for remedial action.

I would say that the hardest thing for me is not actually developing new ways
of doing things. It’s actually getting people to understand them and then use
them. (Interviewee S1)

Interviewee H1 shared the experience of the organisation they worked for, which
overcame this hurdle by standardising each task, with trades then trained and licensed
via a ‘ticket’ system. Task ownership was created through this system and supervision
replaced inspection, empowering tradespersons to ensure tasks are completed to a high
standard. Scheduling, coordination and communication were tightly managed using a
low-tech approach that allowed workers to understand how their responsibilities fitted
within the entire task. Tradesperson’s time on the job was maximised through careful
scheduling and by having exact quantities of all materials required for each task at
hand. This was enabled by a direct contract with a supplier who delivered package kits
tailored to each room so that the first consumable required is at the top, cut to size or
in the quantity needed, with the last at the bottom. The tradesperson, in effect, simply
needed to arrive with their tools and start the tasks. The ratio of working to non-
working time onsite lifted from 30:70 to 70:30 while improved scheduling ensured sites
were never inactive. This step ensured some of the perceived labour shortage was
overcome. Inventory was closely tracked, while relational contracts were used to ensure
payment of subcontractors. The clause for liquidated damages was removed to reduce
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the burden on the head contractor. Psychosocial safety was found to be a significant
impediment to productivity. Bullying, for example, resulted in a very high turnover of
personnel, and this was addressed through focussed workplace safety management.

Finally, a number of informants globally acknowledged that business growth
represented a significant risk within the SoW. For example, Interviewee H1 argued
scaling-up carried considerable uncertainly, and that automation and prefabrication
should only be introduced once the SoW was amenable to change. Interviewee H1 felt
few private firms could undertake SoW innovations because of the reliance on
competitive tendering and that productivity is driven by attention to quality, noting that
the ‘market's quite loose on that’.

4.4 Policy and regulation

Building regulations and standards are central to fostering innovation while ensuring
safety and sustainability. At the same time, regulatory frameworks can present
challenges to innovation if they are outdated, fragmented or inconsistent.

A number of our international informants noted that regulatory hurdles can hinder
innovation. One interviewee observed that this had been an impediment to the use of
mass-engineered timber, and that there needed to be wider adoption of performance-
based testing (Interviewee F1). Inconsistent energy codes across the USA were also
seen to represent local pushback against modernisation (Interviewee C1):

Energy codes that are 15 years old. And some states have no energy code at
all. I mean, the local pushback against modernising yourself based on codes ...
is a consistent fight that you see builders put up in legislatures every legislative
session. (Interviewee C1)

Clearly, across a number of nations broader political and economic concerns impinge
upon the modernisation of regulatory codes. In the EU, fragmented regulations create
barriers to cross-border innovation, delaying the adoption of new products and methods
(Interviewee C2). While national model codes such as those in the USA aim to reduce
jurisdictional variations, the influence of private developers and party politics
complicates adoption, often stalling updates at the state or local levels (Interviewee
C3).

Regulation is used in some nations as a proactive policy tool, advancing broader policy
agendas. These frameworks also contribute positively to the SoS. For example,
sustainability regulations in Singapore and the EU guide developers towards greener
practices, such as reducing greenhouse gas emissions through performance-based
standards (Interviewee C2). Interviewee C4 argued that other nations, such as Hong
Kong, could learn from these two exemplars.

The informants emphasised that an effective regulatory component within the SoS
called for a focus on compliance as well as innovation. Interviewee S1 noted that too
often a concern with innovation overshadows the critical need for compliance—and this
was seen in the aftermath of the Grenfell tragedy in the UK. Attention shifted back to
innovation concerns in the wake of that disaster, and too little attention was paid to
sustaining regulatory reform (Interviewee S1). This resulted in inconsistent
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enforcement, especially for safety measures, including fire-cavity barriers, which added
to long-term risk (Interviewee S1). Ultimately, balancing innovation with clear, unified
standards is essential to addressing inefficiencies and creating an environment that
welcomes innovation.

European-based informants noted that the adoption of higher quality of standards is
best achieved through ongoing communication:

The main way to higher ... quality standards is dialogue, dialogue, dialogue,
dialogue. [Make use of contractual obligations on sale of land but] ... more
broadly dialogue. (Interviewee K1)

Other informants noted that housing subsidies can also interact positively with
regulatory systems and the residential construction sector. Interviewee Al noted that:

Often the system of housing subsidies was a driver. So, this is a top-down
approach ... the government designs those housing subsidy schemes and ...
new technologies should be introduced. For example, passive house standard
was ... scaled up on the entire market ... within only, let's say, five or 10 years.
(Interviewee A1)

Performance assessment was seen to be another potential tool for encouraging
innovation in Europe:

One of the proposals... is that companies are ranked by how many defects
there are in their projects .... companies that are really not performing at an
adequate level could actually be forced ...[to] improve their standards. And of
course, ideally doing that in a way that improves quality and efficiency and
productivity. (Interviewee A1)

Overall, there was strong support for the concept of regulation as a driver of innovation,
with one Hong Kong-based respondent noting:

Building regulations are at the core of facilitating innovation ... It’s not
controversial to say that Hong Kong building regulations don't get revised as
frequently as they could be, and that could be part of what might be holding
innovation in the construction sector back ... From a sustainability point of
view, we probably see more regulations to guide and help property developers
... towards sustainability in other markets outside Hong Kong than we see in
Hong Kong ... Government should be proactively taking a lead in order to
promote innovation, adopting building regulations and policies that support
innovation. (Interviewee C4)

At times, this regulatory initiative was accompanied by organisational change to lead
transformation:

What the government did is, they changed their agencies first. They didn’t
change the regulations first. They just made policies. BIM is an example,
government projects are funded by public money, more than 30 million dollars.
'You have to use BIM in your projects'.... That means they are promoting this,
and then they ask training agencies to train people so that they know how to
do BIM ... They haven't changed the regulations yet. But I think one day they
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will change the regulations [to], 'You have to use the BIM format.'(Interviewee
c4

Several informants referred to low-income tax credits in the USA, and ways in which
they could be applied:

One of the innovations that has actually been very successful here is called the
low-income housing tax credit programme ... Ours in Virginia is very
progressive and very innovative and we work with them to develop a series of
grants. Those grants, they’re up to $500,000, and they go to builders who
have not wanted to try a technology ... this would take the risk out of the
equation and so now they’ll try it and they have to produce it ... So, it kind of
fills that gap, that financial risk that they might have to take. (Interviewee A2)

Here, regulatory initiatives ensure that builders, in this instance, were willing to
experiment with different technologies. More broadly, it is clear that regulation is a
pivotal part of the SoS, and can be used to drive innovation by itself or in combination
with other policies and government programs. It is also clear that other nations have
been willing to use these measures to drive innovation and enhance productivity.

4.5 Technology

New technologies are the most evident form of innovation in the dwelling-construction
sector. There remains a steady stream of innovation, but many of these initiatives are
not adopted because of SoW and other issues discussed earlier. That said, at the global
scale, new technologies exert a profound impact on the sector, often in ways that are
outside the physical production process but still have a positive impact on residential
construction. For example, barcodes provide an efficient human interface for data input
in tracing building products and materials within the supply chain.

Technological innovation in the construction sector continues to emerge and plays a
critical role in driving innovation in the residential construction SoS. Some interviewees
participating in this research focussed on how technology was used currently, while
others considered those in prospect. Interviewees most commonly discussed MOSC with
some identifying it as an opportunity to re-shore building-related manufacturing in their
home nations, but other emerging technologies were also considered important. For
example, the use of barcodes and digitalisation in the US has had a positive impact on
warranties. One-year warranties have been the industry norm (shifting risk onto the
consumer) and in future they may be replaced by five- to 10-year product warranties
(Interviewee M1) as it is now possible to track the product 'from the factory all the way
to the house’ through the use of barcodes (Interviewee C3).

In addition, sensors installed during construction can track movement, humidity and
temperature, alerting owners and builders to potential problems. There is also the
potential to feed these data into a digital version of the building (known as ‘a digital
twin’) (Interviewee T1). Interviewee M1 suggested that this capacity is especially useful
when building managers understand the interaction between a building and its users.
For example, when seeking to understand the relationship between the use of heating
and cooling and the occurrence of mould. In the case of build-to-rent, this can be
beneficial in calculating the rate of depreciation—and hence the value of the building,
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critical in the USA where build-to-rent has emerged as a niche market for MOSC. Such
innovations de-risk the anticipated return on investment, and aid the take-up of this
form of housing supply.

Technological innovation has been used in Europe and elsewhere to address
environmental concerns, energy security and integration with urban systems at the
neighbourhood and regional level. For example, terminally activated buildings (TABs)
use a building’s thermal mass as a heat pump and are an example of a building feeding
the electricity grid:

The company who runs the electricity grid can turn on and off those heat
pumps, and as those TABs are very, very slow in reaction, it is possible to turn
on and off those heat pumps when there is too much electricity in the grid. So,
it could be some kind of a battery ... to level the electricity grid and handle the
challenge with volatility in the electricity grid. (Interviewee A1)

In Austria, TAB heat-pump systems are manufactured as prefabricated components that
can be added, Lego-like, into buildings, and there is the potential for TAB heat pumps to
be incorporated into cladding systems. In Sweden, district heating systems are being
joined via reticulated garbage disposal systems (Interviewees K1 and C2).

Contrasting or competing systems can impede innovation, as material inputs into
construction require interoperability with other inputs, and often there are multiple
systems that sometimes compete. Standardisation could address this but, as one
industry participant noted, measures to ensure consistency are often absent:

There are simple things like standardising grids or floor heights ... If we just
mandated that height, then all of a sudden ... companies making staircases,
could confidently ... get steel moulds. (Interviewee D1)

There was broad consensus that digital technologies such as BIM are important, even if
uptake is challenging:

Traditional construction approaches can still be significantly improved through
better use of digital tools now. (Interviewee T1)

Two areas were identified as failing to attract innovation:

1 Hazard resilience, and the need to build housing in new ways in order to address
natural disasters such as winds, floods, fire and water scarcity (Interviewees H1 and
C2).

2 Limited innovation in the retrofit market.
As one interviewee observed:

When we think about R&D and innovation, technological innovation, it's almost
always for new home construction. (Interviewee C2)

Retrofitting was understood to be vastly more complex as each existing dwelling is
effectively an instance of bespoke production. There was concern that the drive for
MOSC was failing to keep sight of the need for a renovation workforce.
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Finally, system-wide factors were seen to be hugely influential on innovation. Housing
systems vary across countries and, in some cases, across regions and from city to city.
Publicly funded R&D—especially where it is tightly integrated with industry—is as
important for innovation as private investment in R&D as firms seek an almost
immediate return on investment (Interviewee M1). While public funding is highly
important, it was perceived to be 'relatively flighty’ (Interviewee M1):

It’s hot for five years and they want to see some findings from that and then
something else will come up, that is the next issue that they have to solve. So
... then you ... kind of move on. (Interviewee M1)

Governments can encourage technological innovation and its take-up through other
mechanisms. Interviewee Al discussed the efforts of both Swedish local governments
and the City of Vienna to improve the environmental performance of the new housing
stock. They would acquire greenfield land which was then rezoned and sold to
developers who were obliged by the sale contract to deliver promised innovations. In
Vienna this involved assessing bids on the basis of 'five pillars’ of policy priority
(Interviewee Al). An important strategic element was to only offer small lots rather
than super-blocks. This was intended to support SME developers and builders who
would not be able to bid for larger plots.

4.6 Market context

Without exception, our interviewees considered the context of the market to be one of
the most important influences on the adoption of innovation in the residential
construction sector and efforts to boost productivity. These impacts were seen to be
wide-ranging, with cycles in the property market seen to be damaging to the retention
of labour, skills and innovation, while also driving industry consolidation. Market context
was seen to negatively influence the priorities of many in the construction sector,
resulting in reduced housing supply and a disregard for productivity.

Volatility was a key theme in the comments of the interviewees and it was seen to be
responsible for the loss of personnel and the absence of a culture of innovation. As one
respondent noted:

[With] the recession, we just lost so much of our people who said, 'I don’t want
to do this anymore. It’s just too, too risky.' I think what it does is it forces our
industry to be, you know, incremental or not real ... we’re not gonna have a lot
of breakthrough disruptive technologies. (Interviewee A2)

And:

The modernisation momentum that built up in the years prior to 2022 has been
completely reversed, and we basically lost a lot of good ground in that time as
well. (Interviewee A3)

Downturns have been associated with cost-cutting, with subcontractors—and, by
implication, the workforce—bearing the brunt of this impact (Interviewee G1). As a
result, trades and labourers look for other work and often do not return when demand
rises:
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You don’t know how long you’ve been mothballed [for]. So, people are looking
for other jobs, it’s only fair. (Interviewee C2)

Such volatility impacts negatively on the sector and its future. Governments play an
important role in these cycles, with participants identifying the need for public-sector
intervention to provide greater stability:

Countercyclical smoothing of government employment policy [is required] to
put a floor under minimum demand in a housing downturn ... [Then there
would be] more propensity to invest in skills and training and innovation.
(Interviewee A3)

In addition, the low uptake of MOSC was attributed in part to the lack of stable,
sustained demand:

You have to have a market for it. You have to have buyers and buyers over
extended period of time and not peaks and valleys. (Interviewee C3)

Several interviewees lived in jurisdictions with a larger public-housing system that
allows governments to bring forward residential construction during market downturns.
Interviewee C3 noted that some 70% of all housing provision in Hong Kong was by the
public sector, and this created a greater level of stability. In Europe, social housing was
highlighted as having provided ‘a very efficient shock absorber’ in relation to property
cycles (Interviewee Al). In the UK, one informant argued the problem started with:

the government’s withdrawal as a provider ... of state housing [and the loss of
direct labour organisations]. (Interviewee C3)

They also observed that this step had adversely affected housing quality and
productivity:

You can't leave this to the open market [and] you can’t drive land values down
[or] expect housebuilders to sell it cheaper. You need to have some kind of
model, whether it’s through the Housing Association model ... [or] whether it’s
through local municipal authorities. (Interviewee A3)

Property cycle volatility was perceived to be damaging. However, volatility was seen to
have fuelled industry consolidation, which resulted in centralised control over landbanks
and a concentration of market power. This was evident in the UK, where the largest
volume builders control most of the market and are seen to have too much influence
over the supply of new dwellings. Interviewee A3 shared insights into how this market
power is expressed:

Large strategic landowners, if they feel something’s happening due to policy,
that means that their land values [are] worth less, they won't sell it, they’ll sit
on it. (Interviewee A3)

While Interviewee T1 added:

I don’t mind being quoted on it, but it won’t make me popular: housebuilders
in the UK have too much power ... if the government puts in regulation to
encourage, for example, MiC and the housebuilders resist it, the housebuilders
will say, 'Okay, we’ll stop building'. (Interviewee T1)

AHURI Technical Paper: Innovation for a more efficient, resilient and responsive housing construction industry 45



Our informants believed that housebuilding is often no longer about value-adding but
rather a platform for capturing the uplift in land value. Centralised control of regional
land markets provides the opportunity to ‘drip feed ... housing units onto the market’
(Interviewee S1). This is not simply a case of bringing on supply once house prices have
reached the target required in feasibility assessments. Instead, it is argued, house price
inflation could be induced through artificial scarcity with little risk, providing elevated
profits.

You just sit on the land ... and you wait ... the greater public won't get access to
it until it’s financially sound. That happens in all jurisdictions I ever worked [in]
... it’s a play. (Interviewee H1)

Several respondents argued that while economies of scale should be beneficial for MOSC
in the UK, the large housebuilders’ business model of sitting on land and ‘getting
massive profits’ was viewed as a barrier to MOSC:

If anything ... they may deliver less [housing]. (Interviewee T1)

In an industry that is traditionally characterised as being a very low-margin business,
large, vertically integrated public companies achieve very high returns:

A lot of companies [are] making a lot of money. (Interviewee C3)

Interviewee A3 argued the perceived low priority given to affordability and productivity
was a consequence of the disconnect between the cost of construction and house
prices—with the latter being set by the established house market:

So why would they invest huge amounts of time and effort in improving
efficiency when it's not ... central to their business model? (Interviewee A3)

Rising land costs affected construction costs while housing affordability constraints limit
the capacity of the market to absorb new housing. In order to achieve target margins
many firms have shifted their focus:

They’ve focussed on kind of the higher end, larger [homes]. (Interviewee A2)

Participant A3 contrasted the UK situation with Japan, a country synonymous with
manufactured housing, noting the absence of ‘a big speculative large-volume house-
builder sector’. This reflected the absence of greenfield land and a declining population,
with prefabricated housing aimed at households rebuilding their housing rather than
constructing new housing. These market relations and their implications require further
investigation.

4.7 Modular and offsite construction

As with the equivalent section in Chapter 3 (3.8), this discussion considers MOSC as a
case study in innovation in residential construction, with many of our informants deeply
embedded in initiatives to advance its use. It was viewed by the majority of participants
as the key pathway to industrial-scale housing construction, lower housing costs and a
more productive sector. They argued that significant benefits could be unlocked with a
greater proportion of hew housing produced in factory settings, which would realise cost
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and time efficiencies. Many saw multiple workforce benefits stemming from the use of
MOSC. As one interviewee commented:

Hong Kong has a particular problem with this ageing construction workforce, so
the more that is produced offsite in a factory context ... with less need for
construction workers onsite doing complicated and difficult tasks at a high level
from the ground [the better]. (Interviewee C3)

While in the UK a second interviewee commented that:

Brexit [has] massively impacted the workforce ... One of the big drivers behind
[...] product platforms is that if there is less demand on highly skilled labour.
You can really use those skilled people in the right place ... [and] use ... lower
skilled or not specifically skilled labour locally within facilities that are
manufacturing elements for construction. (Interviewee T2)

The potential for labour-force savings were seen to be considerable. Interviewee G1
recounted their experience of visiting a joinery prefabrication factory in China in 2019
and again in 2024. They noted that automation had dramatically reduced the size of the
labour force between visits, and that government subsidies had underpinned the
purchase of capital equipment from Europe. Interviewee G1 argued that new technology
should enable MOSC in developed economies where quality control would be higher and
logistical issues less fraught.

Internationally, prefabrication has been introduced into a number of the construction
domains where significant delays can occur onsite. For example, as Interviewee A2
noted:

Another group that completely hijacks the building process is the elevator
group. So, you're starting to see prefabrication of elevator systems and
circulation systems, stairs, things like that. (Interviewee A2)

Over time MOSC has become more responsive, allowing a degree of flexibility and
benefiting from experimentation. In Sweden, experimentation has been considered a
goal of offsite construction. Interviewee K1 recounted that:

Traditionally the developers in Sweden are extremely big and extremely
efficient ... 10-15 years ago, if you were an architect you were doing houses for
[a] developer, you [would] get your ... guidelines from the developers. Now I
think they are more flexible because it allows more experimentation ... to find
alternative solutions. (Interviewee K1)

As this quote suggests, MOSC has, within boundaries, the potential to deliver
customised designs that better meet customer needs. Experimentation has also been a
feature of the MOSC landscape in the USA because the size of the market and the
decentralised nature of regulation gives scope for experimentation and iteration, which
enables new products and processes to be developed and codified:

One state may try something and it allows for lessons learned, and then being
able to bring those lessons into the model-code development process and
disseminate that more broadly. (Interviewee R1)
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Collaboration and knowledge-sharing was acknowledged as a key factor in the success
and expansion of MOSC:

We had lots of companies saying, 'We really want to be involved, but we’re not
willing to give up any of our IP.' Part of the culture of the industry is quite
bizarre because everybody collaborates on projects when they're delivering
something ... but then they all go their separate ways ... they all protect their
own thing. Across many industries, if you actually collaborate to innovate, it's
less risky, it's more affordable, it reduces the cost and it improves
competitiveness in the market. (Interviewee T2)

In this instance, SoW issues were seen to have impeded the wider adoption of MOSC in
the USA, and this reflects the reality that housing is a complex product with many
constituent parts. The resolution of SoW issues would significantly assist the adoption of
MOSC.

Our informants acknowledged that IP ownership and regulation remained a fundamental
challenge for MOSC. Digital tools can potentially provide a solution for MOSC, with one
interviewee discussing a recently developed mobile app that serves as an auditing tool:

This platform basically controls the production ... at the manufacturing factory
in China. And we can use the application to monitor the quality control ... offsite
or onsite. And the beauty of the platform is [we] used a blockchain kind of
technology such that the data that we have stored cannot be changed [...] So
there’s no way of tampering [with] the data that [has been] installed. Quality
assurance is very important and we believe that, you know, every single step
of the production needs to be checked at a certain stage. And [there is a need]
to get 100% checking every stage, every module and every work step.
(Interviewee G1)

While there is the potential for substantial productivity gains to arise out of digital
quality assurance, not all processes have been introduced seamlessly or at low cost. On
occasion there have been high costs associated with the creation of new data, as well as
questions around its ownership, verification and custodianship. This generates additional
burdens for manufacturers:

Tens of thousands of people come and verify ... I'm a roof-tile manufacturer ...
Do I need to have every single colour tested and verified, or are you going to
just verify my roof tiles as a production? Nobody’s got the answer.
(Interviewee C2)

4.7.1 System-wide limitations

All forms of MOSC, whether at large-scale or more targeted production, are attempts to
redefine the housing construction sector. MOSC is, in large measure, a response to the
shortcomings evident in conventional housing production across the volume of
production, cost, timeliness and the challenge of securing an adequate labour force. Yet
MOSC also faces challenges that reflect system-wide instability. Interviewee A2
focussed on the case of Katerra, a $2 billion Silicon Valley—backed vertically integrated,
volumetric manufacturer, revealing the importance of adequate business models:
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What they did was they tried to consolidate and vertically integrate the
industry. They realised, 'This is way too fragmented.' They had basically
price[d] themselves out of the market and ... had now 2500 employees, when
they really should have [had] 25. (Interviewee A2)

Critically, while Katerra failed in the USA, other businesses that were already active
in MOSC purchased their facilities and equipment to continue MOSC at a more
segmented scale. In part, Katerra’s failure was attributed to its focus on volumetric
construction, which was seen by Interviewee T2 as 'risky’ relative to other 'simpler’
models for offsite fabrication:

I tend to avoid talking about volumetric like, you know, whole rooms, units
being built in a factory, because there's been so many high-scale failures ... a
lot of the time what we’re talking about is actually a much broader supply
chain. (Interviewee T2)

Many informants acknowledged that over-reliance on a stable pipeline of orders was a
key risk:

Many of these businesses ... have failed after two years, and that's because
there is not enough pipeline of work. They do a project, they prove that people
like the solutions and then once the order is complete there isn't another order
following. (Interviewee T1)

When asked about which system of MOSC production would be most beneficial to
manufactured housing—Ilarge-scale or tailored—participants indicated that both needed
to 'coexist’ depending on scale. Interviewee T2 noted that:

You need smaller dedicated, specialised manufacturers who are doing a
product they really believe in and are very good at ... You also need larger
actors because the smaller ones, regardless of intentions will not take on a
larger project because it's too much of a financial risk on their revenue. So, if
you have a project that is half your revenue for a year, the financial risk to go
into that as a small player is just too dire ... So, I believe they need to coexist.

These responses suggest MOSC needs to mature quickly, providing a range of offerings
able to respond to market demands and price points. It also needs to contend with
aspirations around the 'reshoring’ of production. Interviewee K1 from Sweden explained
they encountered financial barriers when trying to rely on local manufacturers:

[We are] trying to make a shift into more local production, but it’s been
extremely economically favourable to ship them in from Poland, Lithuania,
Estonia ... that’s been the standard process. (Interviewee K1)

Finally, a number of our study participants acknowledged the challenges of regulation,
especially internationally:

Multi-jurisdictional compliance, the regulatory system just isn’t kind of catching
up with this kind of game ... you have prefabricated cladding panels made in ...
Shanghai, but they’re subcontracting components to Vietnam and to Cambodia,
they’re coming to Shanghai to be assembled. They’re shipped across the world.
(Interviewee S1)
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Clearly, traceability and standards represent a significant challenge for the global
provision of MOSC. Other manufacturing industries—such as automotive production and
information and communication technologies—have also encountered these challenges
and resolved them through tightly integrated supply chains and production delivered
according to the specification of the assembling firm. This level of maturity is not yet
evident in MOSC internationally.

4.8 Conclusion

This chapter has investigated the residential construction sector globally. It has made
use of in-depth interviews with 23 key informants drawn from Europe, the USA, New

Zealand and Asia to gain additional insights into international practice—both positive

and negative—regarding the promotion of innovation in residential construction.

It is clear from the discussion in this chapter that external shocks—for example, COVID-
19 and armed conflict—have affected global housing production systems, as they have
in Australia. It is also evident that market volatility impedes innovation and productivity
growth. And while many nations are more advanced in the modernisation of their
construction sector than Australia, they all have ongoing issues to resolve.

Our informants were able to provide first-hand accounts of positive steps towards a
more productive and innovative housing sector. This includes the efforts of
municipalities in Sweden and other parts of Europe to reshape the SoW to deliver
affordable housing and achieve a range of other policy objectives. It also includes the
ongoing uptake of MOSC in parts of the USA, Asia and Europe for key parts of the build
process, if not for its entirety. The chapter has highlighted the need for appropriate,
forward-looking regulations, as well as for public-sector investment in the housing stock
so that it is able to assist the residential construction sector during downturns.
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5 Key insights

This chapter considers the broad-scale lessons to be drawn from this research. It draws
out the key insights that emerged from the previous chapters, especially the insights
offered by the global experts interviewed as part of this research. The major themes
and insights from those elements of the report are drawn out, before the chapter moves
on to a discussion of the outcomes of the Delphi method.

The Delphi technique is a strategic management tool first developed in the 1950s to
better undertake forecasts. It uses an iterative process to identify, and then build upon,
group consensus on the most likely outcomes or developments. The Delphi method has
been refined subsequently into a multi-suite tool able to draw firm conclusions in the
face of complexity (Okoli and Pawlowski 2004).

5.1 Policy insights from the literature and global
experts

The insights offered by our international informants, in combination with the material
documented in the published literature, are of considerable value in the development of
strategies for advancing innovation and productivity in Australia’s residential
construction sector.

5.1.1 Supply chains

Our informants and the international literature both acknowledge that supply chains are
a critical part of the innovation puzzle for the residential construction sector. It is also
clear that globalisation, especially the growth in the manufacture of construction
materials in China, has been an important influence on the sector over recent decades.

The policy implications of further reform and innovation in supply chain systems are
somewhat opaque: at the broadest possible level, the increased reliance on imported
construction materials in many nations has both:

e delivered cost savings
e increased the risks of disruption.

These disruptions have significantly added to costs over recent years. At the same time,
supply chains are not efficient at the local or even regional scale. While there has been
consolidation at the national scale in nations such as the UK and the USA, local-level
delivery and storage systems remain fragmented and inefficient, and delivery to
individual building sites is often out of step with progress on construction. This results in
wasted staff time and higher costs.

While more efficient just-in-time systems have been trialled in a number of nations,
they have not been adopted at scale. Policy action to support local-level efficiencies in
the supply chain would likely deliver significant productivity improvements and could be
incorporated into public-sector dwelling construction.
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5.1.2 System of work

Overall, the global experts interviewed in this research were clear in their view that the
SoW is an important influence on the overall performance of the housing construction
sector. It is clear from the comments of the informants and from the review of the
literature that the SoW shapes, and is shaped by, subsystem dynamics and interactions,
which:

determine how contracts are drawn up and delivered against
e influence how projects are set up and commissioned
e mould the employment arrangements of participants in the sector

o affect the profitability of the various participants in the residential construction
sector.

Our interviewees shared the view that process improvements—of which reform to the
SoW is an example—are made more difficult by the inability of individual firms to
monetise the resources—in other words, time and money—they may invest in
developing better ways of working.

International experience has shown that governments are best placed to reshape the
SoW and they have done so via a range of mechanisms, including:

e mandating industry contributions to research institutes charged with innovation
in the construction sector—Hong Kong, Singapore, Malaysia and Japan

e encouraged consolidation in the sector—the UK

e reformed regulatory codes to achieve identified policy objectives—Sweden,
Singapore

e encouraged collaboration between residential construction-sector businesses—
the Netherlands

e taken the role of an innovative consumer, through the assessment of tenders
based on broad policy goals rather than narrow price considerations—Sweden,
Germany, Austria

e intervened in land markets to deliver more affordable housing and encourage
businesses to focus on profits from efficient construction rather than rents from
escalating land values—Sweden, Austria.

It is also worth noting that while there has been significant investment in R&D in many
nations, most of that investment has been directed to technological innovation rather
than system enhancement. Rare exceptions were the PATH program in the USA in the
early 2000s, and legacy research and industry engagement at Virginia Tech.

The adequacy and skills of the workforce have been an important theme in the
discussion of innovation and productivity growth. The construction workforce is a key
part of the sector and both directly:

e enables dwelling completion
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e influences whether innovations are successful.

New processes and products that do not match the skills of the existing workforce are
unlikely to be adopted at scale. Technological innovation, while essential, is frequently
accompanied internationally by a focus on the implications for the fragmented and
flexible workforce already in place. These arrangements range from the comprehensive
shifts in Denmark, the Netherlands, Ireland and sections of the Canadian industry to the
more incremental processes evident in the UK and the USA (Interviewee L1).

The international evidence suggests that digitalisation is one area where enhancing
workforce skills can lead to significant productivity growth. As a number of our
informants noted, an increase in the digitalisation of construction processes, and the
associated acquisition of digital skills by the workforce, will enhance productivity and
innovative capacity. The greater use of digital technologies will enable workers to carry
out tasks in an integrated, rather than fragmented, way, reducing costs overruns and
minimising wasted time and materials.

Our informants commented on the ways in which trade-level training and skills
development systems have been reformed across Europe, including:

e the classroom-based system in Sweden
e the social partnership arrangements in Germany and Denmark
e the market-based system of the UK (Interviewee L2).

These arrangements reinforce the skilled trades in these nations, and have provided
opportunities for workers to benefit from innovation. Unless training is developed and
provided as a right due to workers, there is very little incentive to develop ongoing
training programs—and this is an area of potential policy impact in Australia.

5.1.3 Policy and regulation

The discussion throughout this report has shown that across the globe regulatory
systems and the agencies that administer and drive them have a substantial impact on
innovation in the construction sector. Regulatory reform has a demonstrable ability to
deliver societal aspirations and assist firms in adapting to change and ensuring their
long-term survival.

Greater uniformity in building codes at the national level is beneficial for the uptake of
new technologies, allowing innovations to be applied at scale. Finally, the discussion has
shown that MOSC and associated technologies present new challenges to regulation and
building codes, potentially calling for fundamental reform in order to facilitate the
implementation of new and more productive solutions.

5.1.4 Technology

The international literature and the comments from experts state that ongoing
technological innovation is critical for a productive residential construction system. Many
of the nations discussed in this report—including Sweden, Hong Kong, Singapore, Japan
and the USA—have invested in large-scale initiatives with the goal of delivering a
stream of new technologies that will deliver a more productive residential construction
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sector. In some instances, governments have funded these initiatives directly;
elsewhere, they have mandated industry levies to fund these institutes. In several
instances—the USA and Japan—these institutes have not been sustained, and the
private sector has struggled to continue to innovate in the absence of their leadership.

Social housing in some nations provides an additional leg to this innovation ecosystem,
with client demand for improved performance driving innovation. Increasingly, demand
for a circular economy and regional-level planning are creating a new set of
opportunities, with public-sector authorities taking a leading role.

Finally, it is worth noting that the invention of new technologies has a limited impact if
they are not adopted at scale in the sector. This means that successful innovations need
to look beyond the technologies and also address the other parts of the SoS—especially
the workforce, the SoW and regulation. There is considerable scope to improve the
efficiency of housing provision in Australia through a greater focus on new technologies
and their adoption; a potentially important first step would be the creation of an
enduring institution charged with that objective.

5.1.5 Market context

The insights provided by our informants and the international review reveal that more
volatile housing markets are much less likely to result in an innovative construction
sector. The cycle of booms and busts discourages investment in the ongoing
improvement of the production process, and instead encourages a focus on land-holding
and associated speculation. It also results in builders focussing on higher-cost housing
where margins may be greater and the risks lower. It is evident also that investment in
social housing represents a benefit for households seeking low-cost housing, but also
generates system-wide benefits on the supply side that are not usually considered in
debates on housing provision, especially in Australia.

5.1.6 Modular and offsite construction

This report has considered the potential contribution of MOSC to the residential
construction sector in a number of nations. MOSC was used as an example of
technological innovation, as it is frequently held up as a leading-edge innovation with
considerable potential for Australia and other nations. The discussion of MOSC has
drawn together elements of the discussion undertaken earlier in this report (see
sections 3.8, 4.7).

Our discussion has shown that while MOSC and related technologies offer considerable
potential for the sector and its participants, there remain significant business-model
hurdles to full-scale implementation. As noted by our global experts, MOSC is more
challenging to implement in nations with volatile housing markets as well as those with
a lesser demand for new housing. The application of full-scale MOSC to Australia may
require shifting production offshore, which would generate greater supply-chain risk.
Issues of regulation, certification and financing must also be resolved, meaning that
while individual housing units may be able to be produced efficiently, the system as a
whole carries considerable costs and potential delays.

A much broader adoption of MOSC would require substantial reform of the institutions
that govern housing markets. Such reform includes key dimensions of the building
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codes, certification processes and guarantees for consumers, as indicated by the
Victorian government'’s efforts to clarify regulations around MMC (DTP 2025). A larger
social-housing sector able to generate a substantial and steady demand for new MOSC-
produced housing would assist in the emergence of this technology, and this is a policy
option that should be explored in Australia. It is also important to acknowledge that
there is a middle ground that could include greater use of pre-assembled components
and the offsite construction of panels that are brought together onsite. Both approaches
offer a pathway to incremental change that adds to productivity while falling short of
full-scale volumetric manufacturing.

Our discussions also show that MOSC does not need to be adopted all at once with
large-scale investment. Incremental change towards industrialisation has been
demonstrated possible, and with successful outcomes by, for example, using
prefabricated concrete components and modular flat panels.

5.2 Outcomes of Delphi method

The discussion in this chapter has drawn out key implications for further policy
development for Australia’s residential construction sector. This project has sought to
add to those insights through the application of the Delphi method, as a way of finding
common ground on the most important policy issues to be addressed and, potentially,
the most impactful actions to be undertaken. This group was well-placed to contribute
to this exercise, with the work undertaken for this project ensuring that all participants
were familiar with global developments, while also holding deep knowledge of
Australia’s residential construction sector.

5.2.1 Outcomes of Delphi Phase 1

The Delphi method used in this research was discussed in Chapter 2. As noted there,
the Delphi method was used to draw out the insights gained by the researchers involved
in this project, as well as other researchers participating in other projects aligned with
the overarching Inquiry.

The first round of discussions in the Delphi session produced 16 summative insights on
the key messages for innovation in Australia’s residential construction sector:

e There is a need to address market volatility, and a larger social-housing sector
assists in this aspiration.

e Workforce training is critical to achieving innovation in residential construction
and a larger social-housing sector has an important role to play.

e Regulation can drive and enable innovation, and it performs a critical role in
protecting consumers and helping to build demand for new housing forms.

e Australia’s residential construction sector faces unique challenges with respect
to ushering in transformative change, and this reflects the small size of the
national market and its subdivision into state- and territory-based units.

e Poor communication flows between industry participants hamper innovation.
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e Australian construction companies lack the capability to accept emerging
trends and appear resistant to change.

e There is a need to focus on the development of a more responsive and resilient
industry.

e There is a pressing need for new evidence and metrics that enable the
comparison of alternative versus established construction methods.

e Reform in the residential construction sector appears to be highly
interdependent across a number of domains, which makes it difficult to
prioritise where innovation should commence. It's a case of ‘the chicken or the
egg’: there is an open question around which needs to come first.

e Innovation needs to take place in a context where developers have less power
over outcomes.

e Innovation should not solely focus on increasing productivity. There is a need
for a more holistic approach that values and further enhances already
established areas of excellence.

e No nation has innovation in the residential construction sector completely
resolved, so there is scope to take the best elements of a number of national
systems to produce better outcomes across Australia.

e In reviewing the sector, policy makers need to be mindful of the innovators'
dilemma of getting too far ahead of consumers.

e The introduction of small-scale innovations may not deliver system change
because of feedback loops that reinforce the predominance of established ways
of working.

e Digitalisation of every dimension of construction process is inevitable, and may
deliver productivity gains.

e Engineers are not properly valued or acknowledged as critical within the
residential construction sector.

5.2.2 Outcomes of Delphi Phase 2

Phase 2 of the Delphi exercise consisted of a discussion of the Phase 1 outcomes. This
was undertaken with a goal of either further refining those insights, or achieving
consensus around their priority and impact.

The discussion also focussed on the research sub-questions. The key outcomes are set
out below.

What lessons can be learnt from other nations about the nature, pace, and
direction of successful innovation in residential construction?

A clear outcome of this exercise was an awareness of the dangers of seeking to apply
innovations and new technologies from other nations in a piecemeal fashion. New
technologies in the residential construction sector are inevitably supported by a range of
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governance changes to building codes and certification. Attempts to introduce new
methods without this supporting infrastructure are risky.

Innovation in the residential construction sector calls for a systematic approach with
governments and industry bodies taking a leading role. It must involve elements of the
regulation of the industry, the establishment of predictable demand and comprehensive
training. Reform in the SoW is pivotal to introducing successful change.

How are construction subsystems organised to support productivity and
innovation in leading-edge international cases?

The Delphi exercise concluded that many of the construction sector’s subsystems work
to discourage innovation. This includes how the work is organised, with subcontracted
skilled workers critical to the sector. The reliance on subcontractors limits further
training of the workforce and the take-up of innovation, and also discourages larger
builders from looking beyond the management of building projects. The system of
competitive tendering also operates to reduce innovation in Australia.

By contrast, nations with higher levels of innovation in their residential construction
sector are marked by:

e greater scale of production, which in turn suggests the potential for efficiency
gains through the application of new technologies

e a strong social-housing sector and potentially a substantial commitment by
governments to housing as a social good (Singapore, Austria, Northern Europe)

e ongoing reform of building regulation.

Industry levies play an important role in many nations in encouraging a strong
innovation ecosystem.

Which international innovations might offer the greatest potential gains for
addressing construction constraints in Australia and improving productivity
and costs?

The Delphi exercise identified the following innovations as offering the greatest potential
for Australia:

reducing market volatility by establishing a predictable demand for new
housing products via a larger, growing social-housing sector

e developing strategies and programs for the retention of the workforce

e adopting a perspective that encompasses the entirety of the construction
sector and not just the new-dwelling-construction sector

e developing strategies and protocols for the better transfer of information and
knowledge between industry participants—the NZ experience suggests this can
be a threshold step in transforming the SoW.
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5.3 Conclusion

This chapter has considered the policy implications of this report’s analysis of innovation
in the residential construction sector internationally. It has drawn out the outcomes
from the literature review and the interviews with global experts, and also provided a
prioritisation of insights developed through a Delphi exercise. A number of key themes
have emerged, including:

e the importance of the SoS in its entirety
e the potential role of the SoW as a ‘gatekeeper’ on innovations

e the need to account for the workforce and its characteristics and needs at
every stage of the innovation process

e the critical role of market conditions on the uptake of technological innovations.

This chapter has also introduced a number of recommendations on how best to
transform Australia’s residential construction sector into a more innovative and
productive supplier of the housing that Australia needs. Identifying the need for change
in complex systems inevitably raises questions about how best to implement
transformation in an environment affected by competing pressures and multiple
interests.

Earlier discussion noted the literature on change agency (Grillitsch and Sotarauta 2020),
a body of work focussed on understanding how positive transformation takes place in
complex social, political and economic systems. This perspective has been applied to
one dimension of Australia’s housing system (Beer, Baker et al. 2025), and also offers
perspectives of value to the nation’s residential construction sector. The agency of
change literature focusses on technology, leadership and narratives—how we prioritise
and discuss a phenomenon or circumstance. Using this schema to inform our
consideration of change, we conclude there is a need to strengthen the processes for
the adoption of productivity-enhancing innovations; this will require leadership, and the
creation of a public discourse around leading-edge solutions to Australia’s housing
challenges. Much of that leadership, as this report has shown, will need to come from
the public sector, and could include the establishment of an institute focussed on
innovation in the residential construction sector and a new approach to regulation.
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6 Conclusion

This chapter draws out the key insights to emerge from the research, as presented in
this Final Report. Through the use of the Delphi model, it has been possible to present a
consensus view of the key outcomes. Overall, it is clear that international experience
has much to offer Australian policy makers interested in improving the productivity and
efficiency of the construction sector.

However, transformative change will not be achieved through the relatively simple
acquisition of new technologies. Instead, system-wide change is needed—including the
SoW, information-sharing between sector participants, regulatory reform, and boosting
the social-housing system. Fragmentation in the SoW—especially in work processes—is
a significant impediment to innovation in residential construction.

A number of agencies across federal, state and local governments have a critical role to
play in ushering in positive change. Building codes, certification processes and
consumer protections will all need reform if offsite production is to be adopted and
successful in Australia. It is very clear from both the review of the literature and the
expertise offered by our international informants that much that is technically possible
is ruled out because the economics of their application are not viable. It is also clear
that innovation in the construction sector is most possible where industry participants
focus on the profitable construction of homes, rather than on the capture of increasing
land values.

The need to reform Australia’s housing construction sector has been evident for more
than four decades. While a humber of major policy initiatives—such as the National
Housing Strategy of the early 1990s—have focussed on this question, fundamental
transformation has not taken place. In part, this has reflected the relatively narrow
focus of much analysis and associated policy development, with initiatives such as the
National Construction Code providing an invaluable resource, but conceptualising
housing in a narrow sense, rather than a sector-wide sense. A much broader
perspective and understanding of residential construction is needed to match the wider
lens applied in this research.

Innovation in the residential construction sector—and especially technological
innovation—aims to improve completion times, enhance dwelling quality, improve the
experience of consumers, and reduce costs. It is a major focus of construction research
internationally. This work embraces consideration of innovation across a broad range of
activities, including:

e workforce arrangements and capacities
e supply chain operations

e systems of work

e market context

e regulatory and policy requirements/environments.
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Recently, there has been a policy revision to locate technological initiatives with
reference to the human dimension of innovation, especially across Europe.

Innovation in the residential construction sector must be considered part of an
innovation ecosystem, which must be developed and sustained if transformative change
is to be achieved. Based on our analysis of international experience, this research
concludes that construction innovation carries considerable risks and must overcome
substantial hurdles. It is also highly dependent on context, particularly:

e the policy and regulatory environment

e the size of the social-housing sector

e the practices of building and development firms
e the structure of the labour force.

Each of these factors exerts a substantial influence on the adoption of new technologies
and ways of working.

We conclude that if the Australian residential construction sector is to become more
innovative, governments at all levels will need to demonstrate their leadership. This
necessarily includes:

e reviewing regulations, such as the reform of building codes, certification and
consumer protections

o developing new information systems
e demonstrating new ways of working on housing developments

e paying attention to other sectors critical for construction, such as training and
learning facilities.

Greater investment in new social-housing dwellings could provide the stable, substantial
demand needed for successful innovation.

There is substantial scope for further policy development and research arising out of this
project. This part of the Inquiry was undertaken in recognition that the experience of
other nations may offer critical insights into the processes—and success factors—that
surround innovation in the residential construction sector. This research has confirmed
that view and highlighted that construction innovation carries considerable risks and
must overcome substantial hurdles if it is to be successful. It is also highly dependent
on:

the policy and regulatory environment

the size of the social-housing sector

the practices of building and development firms

the structure of the building labour force.
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Innovation in the residential construction sector must be considered as part of an
innovation ecosystem, and that ecosystem as a whole must be developed and sustained
if transformative change is to be implemented.

From this, we have drawn the conclusion that if the Australian residential construction
sector is to become more innovative, governments across all levels will need to take a
leadership role. This necessarily includes regulatory matters, such as the reform of
building codes, certification and consumer protections, as well as the development of
new information systems and the demonstration of new ways of working on housing
developments. Greater investment in new social-housing dwellings could provide the
stable, substantial demand needed for successful innovation. Innovation in residential
construction clearly has the potential to make an important contribution to solving
Australia’s affordable housing challenge—but measures need to be put in place to better
manage inherent risk.

6.1.1 The research questions

The central question addressed through this project has been:

e What innovation is occurring in residential construction internationally and
what are the lessons from leading international practice?

Along with three discrete, but interrelated sub-questions:

1 What lessons can be learnt from other nations about the nature, pace, and direction
of successful innovation in residential construction?

2 How are construction subsystems organised to support productivity and innovation in
leading-edge international cases?

3 Which international innovations might offer the greatest potential gains for
addressing construction constraints in Australia and improving productivity and
costs?

This research has provided valuable insights into the overarching question and the
supporting sub-questions. It has shown the considerable value of examining
international experience to better inform efforts to reform Australia’s residential
construction sector.

This Final Report has shown that governments must take a leadership role if the
Australian residential construction sector is to be transformed to deliver better
outcomes for all citizens and residents. The industry is highly fragmented with both
larger and smaller firms and high levels of subcontracting of labour. In addition, the
demand for housing is volatile, reflecting the cycles in the property market and the
economy generally. These fluctuations make innovation difficult and risky for firms, with
neither peaks nor troughs supportive of innovation. In nations that have had more
innovation in the residential construction sector than Australia, governments have
engaged in one or a number of the following actions:

e Actively sought to transform residential construction in order to delivery
greater productivity, more affordable housing and high-quality homes for all
(as in the case of New Zealand).

AHURI Technical Paper: Innovation for a more efficient, resilient and responsive housing construction industry 61



e Engaged in reform of building codes and certifications to expedite the uptake of
new technologies (Hong Kong, China, Sweden).

e Provided financial support for the establishment of MOSC and related
developments (China).

e Imposed levies on the sector and furnished additional funding to support R&D
in construction (Hong Kong; Germany; Sweden).

e Tied new social-housing provision to the use of new building technologies and
systems (Sweden, Hong Kong, Singapore).

e Developed data-transfer and information-transfer standards to better allow
innovation (EU).

These are just some of the steps that Australian governments could consider.

Innovation is not simply about new products or techniques. This Final Report has shown
that a pathway to better practices and use of technology in housing construction is
contingent on the transformation of the Systems of Work (SoW): the contractual and
other institutional arrangements that determine how work is initiated and delivered. A
movement away from the awarding of tenders based on price would be one example of
a SoW reform, and others are discussed throughout this Final Report.

International experience has provided solid evidence on how the reform of the
residential construction sector can be implemented. Leadership provided by government
and its agencies is pivotal, but as the experience of Hong Kong has demonstrated,
governments need to reform their existing agencies—and their mandates—to better
achieve the wider reform agenda. There would be scope in Australia, for example, in
repositioning the National Construction Code, and those charged with its ongoing
implementation, with a clear mandate of encouraging innovation for the betterment of
the housing system.

There is clear evidence that greater levels of innovation in the residential construction
sector can make a positive contribution to improving housing affordability in Australia,
especially in particular segments of the market. There is scope to encourage solutions
that are scalable—amenable to small-scale experimentation and evaluation in target
markets, with wider application across the housing system as these new technologies
and approaches find wider application.

The research presented in this Final Report shows that reform to create a more
innovative residential construction sector is best considered as a long-term undertaking
that needs to be undertaken on an enduring basis. The reshaping of housing markets
and the processes of building homes cannot take place in a short time frame, and there
is therefore a need to act in anticipation of long-term developments even if some
changes can be implemented speedily. Innovation is not static, with both markets and
the knowledge frontier continually changing. This requires an ongoing focus on
improvements to achieve society’s housing aspirations.

Finally, it is important to keep in mind that innovation in the residential construction
sector is worthwhile and valued if it is able to ensure better outcomes at the local,
metropolitan and national scales. Evidence presented in this Final Report has suggested
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MOSC and other technologies may not result in better housing affordability, or even
greater certainty in the supply of housing. MOSC, for example, may offer the prospect
of a more responsive housing system better able to respond to surges in demand, but
fail to deliver against that potential as production is centred in China and supply chains
could be disrupted. A number of interviewees observed that MOSC and other
innovations do not necessarily deliver more affordable housing, but on the other hand,
there is clear evidence from Sweden that project-level integration with other policy
domains offers the potential to deliver more innovative housing, while also achieving
sustainability goals and community development. Empowering Australia’s social-housing
providers—public sector agencies and community housing providers—to achieve
comparable outcomes could be an important step in addressing a number of policy
agendas.
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Appendix 1: Interview schedule

Innovation is Australia’s pathway to a more productive, responsive and efficient
residential construction sector. This project uses international data and literature,
interviews international experts, and uses Delphi techniques to identify the international
innovations most likely to deliver housing construction productivity gains while
achieving other social, environmental and economic objectives.

Innovation in the context of housing subsystems refers to the proactive and purposeful
adoption of new ideas, methods, technologies and practices by clients, builders,
material suppliers, subcontractors, policy makers and industry peak bodies to transform
and improve the housing sector. It involves the continuous pursuit of creative and novel
solutions that enhance quality, sustainability, efficiency, affordability, functionality and
user experience in the design, construction, operation and management of residents.
Innovation in housing construction must take account of the entirety of the housing
system, and the ways in which it presents both enablers and impediments to the
implementation of new solutions and construction methods. Any review of innovation
must also examine innovation processes in the economy more generally and how
innovative capacity is enhanced.

In focussing on ‘the’ industry, this project conceptualises the industry as a 'system of
systems’. Mapping residential construction as a SoS informs policy development through
clarifying the complex interactions between stakeholders and subsystems of the SoS,
permitting implications of the system behaviour of interest (in this case industry output)
to be drawn out. Innovation can be blocked because of how subsystems interact or can
be disruptive with unforeseen consequences.

This interview begins to address the three key research questions for this project.

1 What lessons can be learnt from other nations about the nature, pace, and direction
of successful innovation in residential construction?

2 How are construction subsystems organised to support productivity and innovation in
leading-edge international cases?

3 Which international innovations might offer the greatest potential gains for
addressing construction constraints in Australia and improving productivity and
costs?

About the respondent

e Industry—self reported text

e Gender

e Home city

e Years working in/knowledge of the construction industry/construction matters

e Date of interview
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Can you describe the residential construction systems you are familiar with and how
these systems are organised? What does this might mean for the delivery of
housing?

Innovation

Can you provide an overview of the current state of the housing construction
industry in your country/region?

What innovative practices or technologies are being adopted or developed to improve
efficiency in housing construction?

o If yes, how are these innovations contributing to the resilience and
responsiveness of the housing construction industry in your region?

o If none, why this is the case?

How are these innovations contributing to the resilience and responsiveness of the
housing construction industry in your region?

What role do regulations and policies play in fostering or hindering innovation in the
housing construction industry?

How can academia, industry, and government collaborate to promote innovation in
the housing construction sector?

o Academia
o Industry
o Government

Are there emerging technologies or trends that you believe will have a significant
impact in the coming years?

What is the importance of research for such developments?

What are some of the barriers that restrict the adoption of the practices or
technologies in housing construction?

For Australian respondents only:

o Could you provide insight into any practices or technologies developed or
adopted internationally to enhance efficiency in housing construction that have
encountered obstacles when being introduced to Australia? What are the
primary reasons for these difficulties?

Are there any emerging technologies or trends that you believe will have a significant
impact in the coming years?

Does the new technology contribute to productivity in housing construction?

Focussing on enhanced automation, are there any technologies adopted in the past
10 years?

o Where do the human workers fit currently?
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o How may this change in the future?

e What are the work task demands on high-rise housing construction compared with
new detached housing? Are these demands being met (examples)?

e What are the likely changes in work tasks in both types of construction as a result of
innovation in demand over the next five years? How can they be met?

e How can training address the skills requirements that may emerge as innovation
takes place?

e What are the employment arrangements for high-rise construction compared with
new detached housing?

o Who influences and regulates employment in construction?

o What are the constraints on employment practice, for example the widespread
subcontracting throughout construction?

e How do your interactions with other industry actors affect your output (e.g. total
cost, completion time, quality)?
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