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1 Introduction

1.1 Introduction

This study explores construction constraints in the supply of high-rise housing in Australia
and the policy settings that could enhance capacity. It focuses on six domains: system of
work, workforce, supply chain, technology, markets, and policy and regulation. System of
systems (SoS) thinking was deployed as the analytical lens.

The term ‘high-rise’ is used as shorthand for multilevel apartments at any scale. One of the
many ways that high-rise housing developments are distinct from detached housing
development is the cubic subdivision of airspace (i.e. both horizontal and vertical subdivision)
to create multiple titles. In contrast, detached housing development involves only vertical
subdivision (Sharam, Bryant et al. 2015).* Detached housing can be sold as each dwelling is
completed; by contrast, with high-rise apartments, the entire complex must be completed
prior to settlement. This introduces an entirely new level of risk to the process.

The development process for housing is often characterised as a ‘pipeline’ involving many
sequential steps (Healy 1994; Wilkinson and Reed 2008). Construction is a distinct phase
within the development process. The construction phase is the focus of this report.
Construction is comprised of two sub-stages: the design phase and the construction phase.
Often described as an ‘industry’, housing construction is better thought of as a sector, as
housing delivery is the function of multiple industries that have greater or lesser exposure to
house building, and this conceptualisation has significance for understanding the various
systems that intersect with the sector and the dynamics that emerge.

In Australia, as in much of the developed world, the housing construction sector is known for
its poor productivity (Bohme, Escribano et al. 2018; Productivity Commission 2025; World
Economic Forum 2016). Although many housing supply factors are reasonably well
understood, the capacity of the apartment construction sector to increase output and reduce
completion times is not. Evidence about the impact of housing construction on supply is
limited: the only previous AHURI research, by Dalton, Hurley et al. (2013), concerned
detached houses. A rare examination of productivity focused on mid-rise housing construction
was provided by Bohme, Escribano et al. (2018).

This project addresses the following overarching research question (RQ):

e What types of construction constraints exist in the high-rise housing construction sector
and what changes are likely to have the greatest positive impact on completion times and
supply responsiveness?

Focusing on six domains (i.e. system of work, workforce, supply chain, technology, market,
and policy and regulation), it asks the following sub-questions:

e RQ1. What are the constraints limiting the high-rise construction industry’s capacity to
produce more and better dwellings, more quickly?

e RQ2. What are the most effective solutions for alleviating constraints?
e RQ3. What policy recommendations follow to facilitate solutions for improving production?

This technical paper is one of three supporting research projects for a broader AHURI Inquiry

1 Noting that the Australian Bureau of Statistics includes single storey apartments (or ‘flats’) if dwellings
are self-contained within a building and share common areas (e.g. foyer, stairwell) (ABS 2021).




into detached and high-rise housing in Australia that investigates how to enhance Australia’s
housing construction sector to more effectively meet housing demand while balancing social,
environmental and economic imperatives (Sharam, Zolghadr et al. 2026). This project focuses
on high-rise housing construction; Beer, Sharam et al. (2026) examine international
innovation in residential construction; and Gharaie, Zolghadr et al. (2026) explore the
detached house building sector in Australia. The Final Report (Sharam, Zolghadr et al. 2026)
details the SoS conceptualisation of the industry that has been adopted across all the projects
and should be read in conjunction with this report.

An So0S occurs where autonomous subsystems (Keating, Padilla et al. 2008) voluntarily
interact to serve an agreed purpose (Maier 1998). The ‘emergent behaviours’ of an SoS
reflect the interactions among autonomous system components (DelLaurentis and Callaway
2004). Any action to address construction constraints must take account of the complexity of
the system’s subsystems and their intra- and inter-system dynamics. The Inquiry Report
(Sharam, Zolghadr et al. 2026) provides a full explanation of the SoS, outlining the many
ways in which subsystem dynamics and interactions give rise to emergent behaviours that
are indicative of an SoS in which productivity cannot be improved.

We discovered significant differences between high-rise and detached housing in relation to
four of the six domains: system of work, supply chain, workforce and technology. These are
discussed at length in this report. The remaining two domains (market, and policy and
regulation) are examined in the Inquiry Report.

The structure of this report is as follows. Chapter 1 introduces the apartment sector in
Australia, discusses the policy context, provides a high-level overview of existing knowledge
and outlines the research methodologies. Chapter 2 examines the system of work (SowW) -
that is, the organisation of processes at project, company and industry levels. At a system
level, apartment supply has evolved to respond to sharp shifts in demand, unlike detached
housing construction. Thus, the market and SoW domains are closely tied. Supply chains,
examined in Chapter 3, and SoW are highly connected. The way that the apartment industry
is organised has implications for the workforce and these workforce issues are detailed in
Chapter 4. Technology is covered in Chapter 5. In Chapter 6, we describe the modelling
undertaken to test the findings of the literature review, interviews and the scenario-based
workshop with key stakeholders, and discuss the possible impact of altering key parameters.
Chapter 7 provides policy recommendations.

1.2 About the apartment construction sector in Australia

The apartment construction sector is highly fragmented, with small- and medium-sized
enterprises responsible for delivering 50 per cent of apartments (Productivity Commission
2025). By contrast, the largest firms contribute less than 5 per cent of the total market
output (Kelly 2025). Only a small humber of builders operate nationally. These include
Multiplex, Lendlease, J. Hutchinson and Meriton Properties. Most builders operate at the local
level. IBISWorld (Kelly 2025) reports that the number of building firms has grown from
11,486 in 2007-08 to 27,700 in 2024-25.

Kelly (2005) reports that employment in the multi-unit apartment/townhouse construction
industry was 51,805 in 2024, having grown from 31,111 in 2007-08 (a 60% increase). This
indicates significant expansion of capacity, although there was also an almost 55 per cent
increase in population during that time. Understanding employment numbers in the
apartment sector is difficult given market volatility. Moreover, until 2025, the Australian
Bureau of Statistics (ABS) provided limited analysis of construction data (and the ABS does
not always distinguish between the detached housing and apartment construction sectors).




ABS (2025) industry performance data indicate that employment in the residential building
sector was 173,000 persons in 2023-24 or 13 per cent of the overall construction industry.
Employment can be as little as one hour per week. Unionisation is much higher in the
apartment construction sector than in the detached housing sector, with greater direct
employment and longer project duration.

Apartment construction is concentrated in Sydney, Melbourne and, to a lesser extent,
Brisbane, reflecting population growth and planning policy aimed at intensification.

The size of apartment buildings has changed considerably over time. Table 1, drawn from
analysis conducted by the ABS, shows the number of dwellings that gained building approval
by number of storeys from 2004-05 to 2018-19. Over the 15-year period, the share of low-
rise apartments (under four storeys) declined from 31 per cent to less than 9 per cent, while
the proportion of units in buildings nine storeys and greater increased by more than 20 per
cent. The number of mid-rise apartments (four to eight storeys) increased marginally.
Current publicly available ABS data do not permit equivalent analysis for recent years.

Table 1: Building approvals by storeys

Financial year 1-3 storeys 4-8 storeys 9-19 storeys 20+ storeys Total
2004-05 9,262 12,787 4,782 2,826 29,657
2018-19 3,966 20,617 11,060 10,467 46,110

Source: ABS (2019).

Table 2 indicates that, even allowing for differences between approvals and actual
commencements (as well as volatility), the share of very small apartment buildings has
continued to decline while much larger buildings have grown at the expense of mid-rise
complexes. Townhouse development is likely to have displaced the construction of small
blocks of flats. The growing size of buildings has implications for construction duration.

Table 2: Apartment commencements by number of building storeys

Financial year 1-2 storeys 3 storeys 4-8 storeys 9+ storeys Total

2024-25 567 1,312 11,950 24,360 38,189

Source: ABS (2024c).

ABS data on the number of apartment commencements, number under construction and
number of completions (see Figure 1) indicate that these are highly volatile and reflect
economic cycles and shocks.




Figure 1: Apartments under construction and completed 2011-2025, Australia
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Figure 1 illustrates the trend in building permit approvals. It highlights the significant increase
in work in progress (WIP) (i.e. the duration of projects) that occurs as the number of projects
under construction surges relative to commencement and completion. This increase aligns
with periods of heightened demand, with market booms exacerbating capacity constraints
due to intensified competition for materials and labour, as discussed in the Inquiry Report
(Sharam, Zolghadr et al. 2026). Conversely, downturns provide temporary relief, improving

construction times as the backlog is cleared, but backlogs may still exist when the next
upswing occurs.

There have been three major downturns since the year 2000. The first related to the global
financial crisis in 2008. The second, which followed an extraordinary period of rising prices
(and, hence, building commencements), occurred suddenly in the third quarter of 2017. This
deep downturn was the result of a combination of interventions by Australia’s prudential
regulators taking effect and the imposition of stricter capital controls by the Chinese
Government. Tentative recovery in 2019 ended with the disruption caused by the COVID-19
pandemic. Increased construction costs and a large inventory of unsold stock (which can sell
for less than new stock) has subsequently held back new starts. This volatility contributes to
highly variable profit margins. While the average profit margin between 2012 and 2025 was
7.5 per cent, annually it has varied between 2.5 per cent and 8.5 per cent (Kelly 2025).




1.3 Policy context

Housing supply emerged as a critical political issue in the aftermath of the COVID-19
pandemic (NHSAC 2024). Projects were delayed during lockdowns by public health orders
limiting onsite work, and the pandemic caused significant supply chain cost inflation and
workforce attrition. Housing stimulus measures aimed at bolstering the economy brought
forward demand, adding to the woes facing the industry. Many firms failed and significant
losses were incurred.

Record migration since borders reopened has added pressure to housing demand. Many
commentators argue that lack of supply contributes to housing price inflation. Accordingly,
policy has focused on increasing supply. Largely this has focused on planning reform and the
funding of social and affordable housing. The Housing Australia Future Fund (HAFF), for
instance, is scheduled to deliver 30,000 new social and affordable dwellings. Notably, the
HAFF is a financing initiative rather than a supply or construction measure, and has the
potential to add to demand without promoting supply. Construction, however, has also
received attention, with initiatives aimed at incentivising modern methods of construction
(e.g. prefabrication), boosting workforce capacity and reducing the regulatory burden.

An analysis of supply usually involves three key indicators: 1) the number of projects
obtaining planning approval, 2) the number of projects that proceed once planning approval
is obtained (i.e. commencement), 3) completion time. Completion time (i.e. project duration)
is the focus of this research.

A recent report from the Productivity Commission (2025) notes that the construction sector
has experienced persistently low productivity growth over an extended period, making it one
of the least productive sectors in the Australian economy. This underperformance significantly
affects national economic efficiency and directly contributes to delays and cost overruns in
housing delivery (NSW Productivity Commission 2020). Australia, however, is far from alone
in experiencing time and cost overruns: this is common around the world (Kazemi, Kim et al.
2021).

According to the NHSAC (2024), apartment completions currently average just under 30
months, well above the 2012-13 duration of 20 months. As noted, completion times reflect
more than construction efficiency: the increasing size of projects is also a factor. COVID-19-
related disruptions explain some of these issues (Assaad and El-adaway 2021) but not all.
The combustible cladding crisis and other defect-related problems have resulted in greater
scrutiny of building permits and compliance processes (Oswald and Moore 2022), increasing
the time it takes to get a building permit, as well the cost.

Building codes in Australia are subject to an agreement between the Australian Government
and state and territory governments aimed at delivering uniformity via the National
Construction Code (NCC). Changes to the NCC are subject to a three yearly review cycle.
Very significant tensions exist between the various governments and key stakeholders. Some
states have derogations to the NCC, thus uniformity is only partial. To reduce construction
costs and regulatory burdens, in October 2025, Australia’s federal, state and territory building
ministers decided to pause residential code changes - other than for matters relating to
safety — until 2029.

The states and territories are responsible for code enforcement and practitioner licensing. The
ability of building commissions to address non-compliance and support best practice has been
a longstanding issue. Reform efforts include the NSW Government’s appointment of David
Chandler (2019-24) as building commissioner, leading to the introduction of the Building
Designers Practitioners Act 2020 (Randolph, Loosemore et al. 2024). The Victorian Building




Commission is now part of the Building and Plumbing Commission created in 2025, which
brings regulation, dispute resolution and domestic building insurance together in a single
entity.

Importantly, while the National Supply and Affordability Council monitors commencements
and completions, no single authority has the capacity to act on these insights. There is no
single construction industry strategy in Australia. Instead, a disparate collection of
innovation, manufacturing and technology strategies touch on - but do not coherently
address - construction constraints. Nor is there a comprehensive housing strategy.
Nationally, BuildSkills Australia was established by government to collaborate with industry
and develop solutions to the construction sector’s workforce challenges. However, these
efforts remain fragmented and have yet to be integrated into a coherent national strategy to
address productivity and capacity constraints in the sector.

Existing research

Poor construction productivity is of concern to policy makers around the world. The industry
is a laggard in terms of innovation (Beer, Sharam et al. 2026; Bohme, Escribano et al. 2018;
Dalton, Dorignon et al. 2023; Green 2021; 2022; Memari, Huelman et al. 2014; Productivity
Commission 2025) and sustainability (Boehme, Fan et al. 2024; Easthope, Palmer et al.
2023; Horne, Dorignon et al. 2023b; Moore, Berry et al. 2019). These issues reflect:

e a high level of competition between firms resulting in low margins (Green 2023;
Gruneberg and Francis 2018; IBISWorld 2025)

e relatively low capital intensity and high cash flow vulnerability (Green 2023; Gruneberg
and Francis 2018)

e high firm transience and a high level of insolvencies (Green 2023; Gruneberg and Francis
2018; Kelly 2025)

e extensive subcontracting and short-term (project-based) employment (Farmer 2016a;
Green 2023)

e below average wages (Underhill 2003)2

o the project-based nature of contracts, which necessitate temporary alliances (Gruneberg
and Francis 2018), resulting in coordination challenges and inefficiencies (Bohme,
Escribano et al. 2018; Dainty, Moore et al. 2007)

e adversarial relationships between clients and head contractors, and between contractors
and subcontractors (Green 2023; Gruneberg and Francis 2018; Meng 2012; Miozzo and
Denwick 2004; Nguyen, Do et al. 2020)

e a high reliance on global supply chains, particularly China (Liu, Chan et al. 2021)
e limited investment in research and development (R&D) (Gruneberg and Francis 2018).

A high level of non-compliance with building codes, reflecting weak enforcement and other
limitations in the building control regime, is evident in Australia and elsewhere (Crommelin,
Thompson et al. 2021; Dalton, Dorignon et al. 2023; Oswald and Moore 2022; Oswald, Moore
et al. 2021; Panton-Cole and Aibinu 2021; Randolph, Loosemore et al. 2024; Sandanayake,
Yang et al. 2021; Shergold and Weir 2018).

2 This contributes to workforce shortages and induces a high level of reliance on the government for training (Farmer
2016a; Loosemore, Alkilani et al. 2021). There are significant inflows and outflows of workers across the boom-bust
cycles, with a continual loss of skills (Buchanan, Anderson et al. 2017; McGrath-Champ, Rosewarne et al. 2011). The
inability to attract younger workers and women frustrates attempts to replenish the ageing workforce (Farmer 2016a).




1.4 Research methods

The research design for this project combined operations research, decision-making science
and public policy. It had three phases.

Phase 1 involved critically reviewing scholarly and grey literature to understand how the high-
rise sector works and identify known constraints. We leveraged the review of international
innovation undertaken by Beer, Sharam et al. (2026).

Phase 1 also involved interviews with 27 industry stakeholders (Table 3). The interviews were
undertaken in November and December 2024. Thematic analysis of each interview transcript
was undertaken to identify recurring patterns and themes. Initial open coding was followed
by axial coding to group similar codes into broader categories aligned with the study’s focus
domains (systems of work, workforce, supply chain, technology, market, and policy and
regulatory context). Through iterative analysis, a set of core themes was developed that
captured the underlying issues, shared experiences and divergent views expressed by
participants.

Table 3: Industry background of interview participants

Role/expertise Code Number of participants

Builder (includes construction and contract managersand 4,5,9,11, 13,19 6
consultants)

Developer/builder 1 1
Regulator (includes statutory and co-regulation actors) 7,18,12,27 4
Construction lawyer 17 1
Planner 16 1
Digital technology 6, 41 2
Policymaker 24, 34, 2
Peak body (building, architecture, standards) 8, 14, 15, 28 4
Property developer 3 1
Education (includes training) 10, 20, 21, 22, 23 5
Total 27

Source: Authors.

Phase 2 used the data from the interviews to map the construction process as a foundation
for a scenario-base model (Damelio 2011; Irizarry, Karan et al. 2013) that aimed to
quantitatively assess and predict the capabilities and resources available within the
construction industry to undertake and complete projects (Kabirifar and Mojtahedi 2019). A
hybrid system dynamics — agent-based simulation approach was used to explore the effects
of systemic changes on overcoming production constraints. A series of counterfactual
scenarios were designed to represent potential changes across the system. By observing the
behaviour of the system under these counterfactual scenarios, the effectiveness of potential
policy solutions to improve the output of the system was explored (Mojtahedi, Mousavi et al.
2010). The modelling is detailed in Chapter 6.

As part of Phase 3, a scenario-based workshop (SBW) (Andersen and Jaeger 2001; Duckett,
Currie et al. 2022; Wright, Stahl et al. 2020) was held with seven industry stakeholders (an
international expert in construction law and building regulation, three industry peak body




representatives, a national building consultant, a policy maker and a representative from a
strata owners’ peak body) and the research team to explore policy solutions (Wardekker, van
den Ende et al. 2020). SBWs provide a structured setting for stakeholders to collectively
engage in discussions about future scenarios, assess the implications of various policy options
and refine the proposed solutions. This method has been widely used to understand complex
systems and forecast the outcomes of various policy interventions (Wright, Stahl et al. 2020).




2 System of work

2.1 Introduction

A system of work (SoW) is the overarching structure by which tasks, teams, information and
workflows is organised and executed on a project that requires coordination of processes,
procedures and practices at the project, company and industry level. It includes project
planning and scheduling, design and engineering, procurement, logistics and project
management.

Problems with the SoW for housing construction have long been evident (see e.g. Ball 2012;
Bbhme, Escribano et al. 2018; Farmer 2016a). While some stages in the construction process
can run in parallel, the SoW for high-rise construction is largely a linear process involving
sequential steps (some discrete, some not), resulting in a high degree of time-related
dependency between stages. Consequently, in every project, there is huge pressure on
scheduling. Hold-ups can have a significant impact on the completion of subsequent tasks
and on costs. The key stages in the SoW for high-rise construction are shown Figure 2.

Figure 2: Stages in the system of work for high-rise construction

-
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Source: Authors.
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Each stage involves numerous work packages, any of which can contribute to delays or
rework. Each stage is dependent on that preceding it introducing highly significant interfaces.
Construction delays are inevitable when there are multiple queuing points in the process that
can become potential blockage points, as well as when rework is needed (Arashpour,
Wakefield et al. 2016; Bohme, Escribano et al. 2018).

The most significant issue is the industry's fragmented nature — the outcome of extensive
contracting and subcontracting — which results in coordination challenges and inefficiencies
(Béhme, Escribano et al. 2018; Dainty, Moore et al. 2007). Projects are ‘temporary
organisations’ involving the client, consultants, a head contractor, numerous subcontractors
and material suppliers. Projects are typically characterised by poor relationships and
communication, and poorly aligned interests (Andriof and Waddock 2017; Ayuso, Rodriguez
et al. 2014; Bohme, Escribano et al. 2018; Jagtap and Kamble 2020; Miozzo and Dewick
2004; Waligo, Clarke et al. 2013). As a result, construction project management often fails to
effectively manage key labour, equipment and materials resources (B6hme, Escribano et al.
2018; Othman and El-Gendawy 2012; Othman and Seoud 2014).

Despite the scope for queuing problems throughout the building process, the interviewees in
this research focused almost entirely on the first phase: design and procurement.
Consequently, this is main focus of this chapter. The interviewees’ concern reflects a
significant interface problem between the design and construction phases, leading to late
design delivery, lack of integration, errors and/or poor buildability (Béhme, Escribano et al.
2018; Kristensen, Andersen et al. 2013). Trades coordination is critical to the SoW as
workforce issues (labour, quality of work) can contribute to queuing problems.

‘Design’ involves architectural and engineering design. The most significant procurement
decision is the choice of building contractor and type of contract.

In relation to private, build-to-sell apartment development, the design and procurement
phase is beset by temporal concerns. Timing is an overriding concern of the developer. The
green light for construction depends on an assessment by the developer and their lender that
apartment demand and prices will hold long enough for successful property settlements to
occur when the building is complete. This is critical, as construction can take years. This
temporal concern creates pressure to reduce the time taken for individual tasks and stages,
as projects are cash flow negative throughout, with the developer’s equity largely expended
by the time the lender injects the funds required for construction (Figure 3).
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Figure 3: Development and construction process
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Figure 3 shows that planning permits only require around 30 per cent design resolution. As
design work is funded through the equity contributed by the developer, and there is a risk of
planning applications failing to obtain approval, expenditure on architectural design is limited
to only what is required for that permit. If a design and construct (D&C) contract is used, the
developer will engage a head contractor (builder) who is responsible for resolving the
architectural and engineering design (up to the 70% design resolution required for a building
permit, noting design resolution can continue as the building goes up with further building
permits sought as building proceeds). If the builder finds the initial architectural design is not
constructable, this will trigger redesign and the possible need for a planning permit
amendment. The period after planning approval is obtained is the time when the developer
seeks presale contracts, the function of which is to confirm demand and provide confidence to
the lender. Once the lender-imposed quota of presales is achieved, the market deemed
positive and the building permit obtained, construction can begin. However, it is only after
the building is complete and all sales have settled that the profit margin is known.

2.2 Design and procurement

In the build-to-sell market, temporal risk® and negative cashflow drive private developer
decisions. This is the main factor affecting design and procurement decisions. Interviewee
P21, an education representative, observed that ‘continuity of demand is often cited as a big
barrier’ to improving the construction industry. He continued:

the commercial structures of the industry, the way projects are contracted, the way

3 Market volatility is discussed in the Inquiry Report (Sharam, Zolghadr et al. 2026).
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they’re financed ... we often look at construction companies as the barrier to
productivity in dwelling production, but there’s other parts of that vertical value
chain that have much more of an influence on it. (Interviewee P21)

The commercial structures of the industry directly reflect the risks and opportunities that flow
from market volatility. The industry’s disaggregated structure provides the flexibility to
increase and reduce output by pushing risks down the supply chain. The alternative structure
is vertically integrated companies. Interviewee P13, a builder, said that companies such as
Lendlease originally did everything ‘in-house’, while interviewee P5, another builder, pointed
out that his parent company in Japan retained extensive in-house expertise but were not
requiring their Australian company to move in that direction.

Although disaggregation (contracting out) serves a critical purpose, it also creates a different
set of risks and problems that are felt most acutely in the design and construction phase,
which means that the SoW for most strata titled apartments cannot be optimally organised.
Interviewee P5 suggested that ‘up to 20% of a project’s value is lost to waste’ arising from
design issues.

2.2.1 Contracting

The most significant procurement decision for the construction process is that of the
developer in appointing a builder. Developers have several choices available to them
regarding the type of relationship and contract. Broadly, the choice falls to one of three
models: 1) early contractor involvement (ECI), 2) design-bid-build or 3) D&C contracts. ECI
means the builder can be engaged early in the design to ensure buildability and prevent
costly redesigns. It is a collaborative approach that generally utilises an ‘open book’
(disclosure of costs) and a cost + fee contract. In the design-bid-build model, the developer
is entirely responsible for the design and the builder tenders for the construction work. The
successful builder is paid a lump sum fee for construction-only services. D&C contracts
involve a lump sum agreement between the developer and the builder that provides the
builder with control over design resolution and delivery.

The design-bid-build model attracted little commentary from the interviewees and appears to
be little utilised. ECI and D&C attracted extensive attention. D&C has become the norm in the
industry; however, it was seen as the source of very considerable problems by interviewees -
except by interviewee P3, the one standalone developer interviewed. Tellingly, one the of
builder/developers said they only take on a D&C as a builder if they have a high level of trust
in the client: ‘[If] we take the risk on the D&C lump sum, it’s still like [with] a client that
we're friendly with [such as government] (Interviewee P1).

ECI, although not as common, was regarded as the ideal. As interviewee P5, a builder, put it:
‘Early contractor involvement is key.’ For builders, ECI dramatically reduces the potential for
design issues disrupting construction. In theory, a fully resolved design should mean that
construction can be faster and cheaper. Certainly, this is what builders believe: ‘If they
designed it through to 100% to then tender it, would it be quicker than build on site? Yes’
(Interviewee P1, developer/builder)

Some developers have the capability to accept the cost and risk of ECI; however, most do
not, or will not, accept the risk. If the developer knows:

what they’re doing and they know they’re gonna build ... And they know that it’s low
risk of a [planning] refusal, they’ll actually front end all of that expensive stuff on
day ... one and have the whole thing sort of progressing at the same time.
(Interviewee P16, planner)
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Progressing the whole thing at the same time infers increasing the opportunity for parallel
processes (rather a sequence of single processes), which would save time.

ECI requires developers to draw more heavily on their equity; by contrast, in the case of D&C
contracts, the design resolution undertaken by the builder is typically funded via the
construction loan. Therefore, ECI risks a greater quantum of funds being lost if planning
approval is not granted or the market experiences a downturn and the project cannot
proceed:

It's a real catch 22 because you ... don’t want to spend your money on the detailed
design until you know that you've got a planning permit ... So your client will often
try and stage that that payment and that outlay based on risk. (Interviewee P16,
planner)

a private client, they will try to go as cheap as possible at the start of the design
process. (Interviewee P5, builder)

Moreover, front-loading design to gain greater resolution also takes more time, which
increases the risk that the project might be caught by a downturn. The developer might save
significant time and costs overall, but front-end design resolution adds cost and risk to a
vulnerable phase, requires either greater equity investment or lenders willing to put their
money in earlier, and requires acceptance of the increased potential of the market turning.
Therefore, while most developers want to ‘build faster, sell faster, get money back quickly’
(Interviewee P3, developer), they want to do so without increasing their risk. This explains
the focus on regulatory approvals rather than the SoW. 4

D&C contracts are awarded via competitive tendering. Unlike the design-bid-build model, in
which builders base bids on fully resolved designs, D&C requires the builder to be the single
point of responsibility for design resolution and construction. In theory, all the construction
risk is shifted to the builder for a lump sum payment. In practice, as discussed below,
developers may still face rising costs.

2.2.2 D&C issues

The interviewees identified numerous issues associated with D&C, including design resolution
and coordination; builder margins and financial vulnerability, and the implications of these on
build quality; cost escalation clauses; and contract variations. These are discussed below.

Design resolution and coordination

D&C involves the developer engaging architects, engineers and fire engineers (typically as
consultants rather than direct employees) to provide the design documentation for the
planning permit application. Interviewee P16 suggested that the purpose of a planning
permit, in many cases, is simply to lift the land value, with sites often being ‘flipped’ multiple
times. In these cases, little as possible investment is made in the design.

Unless novated to the builder, different design consultants are engaged by the builder to
resolve the design. As with the planning stage, design coordination to avoid ‘clashes’ (i.e.
where one part of the building system conflicts with another) was viewed by interviewees as
lacking. Lack of design coordination was said to arise from the atomisation of design teams,
narrow scopes of work that did not provide sufficient resourcing for the necessary
coordination and resulting rework, lack of digitisation and designers not being liable for NCC

4 See the Inquiry Report for a full discussion of policy and regulation (Sharam, Zolghadr et al. 2026).
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compliance. As interviewee P6, a digital technology representative, put it:

I ook at all these different consultants we have on projects, fire consultants, facade,
consultants, everyone’s doing a tiny little specs and reports and getting out of there
as fast as they can ... Responsibilities are pretty narrow and they ... stick to their
swim lines and get out of it. And I don't think that makes for a particularly
productive industry.

According to interviewee P14, a peak body representative, the problem is that consultant
fees are under considerable pressure and designers are expected to do more for less.
Instead, consultants provide less. Interviewee P6 said ‘people are being incredibly squeezed
these days’ with ‘whole apartment designs [going] out the door in days and weeks and not
... months’. Interviewee P13, a builder, was less kind, arguing: ‘[The] competence and skills
for the consulting industry at the moment is appalling.” In his view, this was the result of
competition arising out of subcontracting ‘and idiot clients’.

In New South Wales, the contribution of design to defects has resulted in legislation
requiring design professionals to warrant that their work is compliant with the NCC. This is
discussed below.

When responsibility is handed to the builder with D&C, redesign might occur for buildability or
NCC compliance reasons. In some cases, the developer might seek design changes during
construction - for example, if they are still seeking presales and consumer preferences have
changed.

Design changes involve three delay-related problems. First, design changes must be
approved by the client, and standard contracts provide a set review period for each
(commonly 20 days). Second, if not properly coordinated, design changes can lead to other
problems. Interviewee P9, a builder, explained that he had two projects that were being held
up by architectural design changes: ‘they’ve forgotten that by changing their design, you're
causing another problem. So, I'm trying to find a solution to the problem they’ve created by
changing the design’. Another builder, interviewee P5, agreed that designing ‘on the fly’ slows
the build down. Third, if design changes are required after physical work has begun, the
construction team must pause their work and wait while architects, engineers or other
consultants rework the design. This stop-start dynamic disrupts the smooth sequencing of
trades and creates challenges for supply chain management.

Design changes, although sometimes necessary, require changes to project documentation
that must be communicated to, and acknowledged by, all contractors (Interviewee P41,
digital technology). This is a slow and cumbersome process. Version control is one of the
challenges. This is where digitisation could lead to significant improvements (Interviewees P6
and P41, digital technology).

Margins, financial vulnerability and build quality

The second D&C issue identified by interviewees was builders’ margins and financial
vulnerability and the implications of these on build quality. Interviewee P12, a regulator,
stated that: 'Builders are taking on more risk than ever before on D&C contract, which
impacts cash flow and project delivery.’

Several interviewees (P3, P11 and P12) emphasised the difficulties builders face in managing
contractual risk. Low margins provide little in the way of a financial buffer (Interviewee P12,
regulator). According to interviewee P5, a builder, builders’ margins were generally 1 or 2 per
cent, sometimes 3 per cent, but when work became scarce some builders would tender based
on a 0 per cent margin. Consequently, builders commonly seek design changes to manage
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costs: '‘D&C is a race to the bottom - innovation is stripped out to preserve the margin’
(Interviewee P8, peak body).

Interviewee P13, a builder, suggested that clients tend to seek the lowest price:

The D&C concept, I have to say is very strong and very powerful. The problem is in
residential you have two-bit developers who don’t know anything ... They see it as a
means of screwing the cost down ... what happens is that the contractors then take
shortcuts ... because the very developers that take this attitude, they don’t supervise
and monitor what their contractors are doing.

Interviewee P1, a developer/builder, said:

So, the client will always sign us up on documents that aren’t fully designed, and
they sort of do that deliberately ... [because] the builder can miss something. They
get a better price as a result, but they’ve still ... covered because hidden in the
design brief, which is like in two inch thick document, that design is covered but
that’s not quite on the plans. That’s the nuance of the D&C lump sum contract.

Interviewee P13, a builder, argued that contracting was ‘driven by cost rather than value for
money’. Interviewee P6, a digital technology expert, also noted that the ‘incentive for long-
term value’ is not there, as build-to-sell projects are often ‘already on-sold twice before the
thing’s completed’.

Builders would benefit from value-driven contracting. It would allow them to change their
SoW to improve productivity. According to interviewee P6, the ‘short-term incentive’ in
getting design drawings and reports ‘out the door as fast as you can’ by using 2D ‘is sort of
winning the day’, whereas digitisation (see Chapter 5) would have huge benefits. Yet
developers in volatile markets are driven to take short-term cost savings where they can
because project income is not only received upon completion but also is not certain. In short,
builders save where they can at the time because forecast revenue, and hence margins, may
not eventuate. Senior debt providers are complicit in this, as their priority is loan acquittal.

Cost escalation risk

The third D&C issue identified by interviewees is the exclusion of cost escalation clauses in
contracts. Such clauses allow contract prices to be adjusted due to changes in the cost of
materials, labour or other inputs over the course of a project. Without such clauses,
contractors and suppliers are forced to absorb cost increases, often leading to high
contingency allowances, cash flow crises and contractual disputes.

Risk shifting, where one party (often the contractor or subcontractor) bears the majority of
cost escalation risk, can create instability in the construction supply chain. It can reduce the
number of firms in the market, increase bid prices and undermine collaboration across project
tiers. In contrast, shared risk frameworks - in which the risk of cost escalation is
transparently allocated through clauses tied to indices (e.g. steel, fuel, CPI) - can promote
fairness, improve supply chain resilience and reduce the likelihood of contractual disputes.
Well-designed escalation mechanisms enhance trust, protect business continuity, and allow
for more accurate and sustainable pricing across the construction value chain (Chammout, El-
Adaway et al. 2024). Additionally, organisations that adopt structured risk management
processes within procurement and contract management tend to achieve savings and develop
competitive advantages (Paraskeva and Tsoulfas 2025).

And yet builders operate predominantly under fixed-price contracts, which place substantial
risk on the contractor without much opportunity for negotiation or risk sharing. Consequently,
contract prices are inflated by contingency allowances:
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To my mind there is and there always has been enormous wastage mainly through
the need or the perceived need for builders to take on more risk and apply
contingencies for that risk through the contracts. (Interviewee P17, construction
lawyer)

Contract variations

A fourth D&C issue to emerge, reflecting the squeeze on builders’ margins, is contractors
attempting to improve their margins through variations when lodging claims for progress
payments (Interviewee P8, peak body). This often leads to litigation, which further increases
costs (Interviewee P12, regulator). Disputes can lead to work on a site being suspended if
payment is not made by the due date: ‘I mean, if you've worked on site ... you know that it’s
quite an adversarial relationship between architects, between engineers, between
construction managers, project managers’ (Interviewee P8, peak body).

To some extent, variations arise from poor contract management. Interviewee P13, a builder,
regarded contract management skills in the industry as deficient: ‘People don't get the
training they need to be able to administer contracts. Our standards of contracting in this
country are terrible.” Interviewee P41, a digital technology representative, suggested that
poor contract management provided the opportunity for ‘passing the buck’.

The progress payment process introduces a series of potential blockage points parallel to the
physical work stages. Security of payment legislation helps to protect contractors by reducing
the threat of cashflow crises. However, as interviewee P41 noted, improvements to contract
management and compliance are a necessary precursor to security of payment
improvements.

Ensuring fair contract terms and payment practices is crucial for maintaining a motivated
workforce and avoiding work stoppages or legal disputes. Interviewee P1, a
developer/builder, noted recent improvements in this area due to stricter regulation of
contract terms. However, considerable tension remains. For developers, responding to claims
can erode their prospective margins if they assume any additional costs. Should the builder
fail, seeking a new builder could be vastly more expensive. As mentioned earlier, during this
early stage, the developer has no income and is using borrowings to fund construction.

2.3 Coordination of trades and onsite systems

Coordination of subcontractors (‘trades’) and onsite processes is fundamental to building
faster. Many interviewees stressed that poor scheduling, insufficient oversight and variability
in trade skill levels can lead to rework and delays:

On our projects we often take longer to build ... subcontractors from other jobs come
[here] and suddenly they can’t do it as fast because there’s more hold points for QA
[quality assurance] sign-offs and sometimes reworks when they haven't hit the
quality marks. (Interviewee P1, builder/developer)

This reflects industry-wide training issues (see Chapter 4) and the lack of sufficient incentives
or enforcement mechanisms for QA (Omollo 2019). Quality of work across different trades
also affects how smoothly the onsite phases progress. Many trades are unlicensed and tend
to pose recurrent issues. Some types of work, such as formwork and framing (often done by
semi-skilled labour), can introduce errors or variations that later trades must fix or
accommodate:

Most builders continue to have issues with [building] structure [and frame], mainly
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because it’s harder to manage since it’s done by carpenters and unlicensed trades.
The tolerances are challenging at times to meet because of the number of workers
and their varied backgrounds. (Interviewee P5, builder)

Trades whose work is concealed (such as waterproofing or piping within slabs) often escape
immediate scrutiny:

I think waterproofing is probably the worst [for defects]. You can't see it because it’s
got tiling on top ... you only really see it three or four years down the track when a
small leak finds its way into other parts of the house. (Interviewee P3, developer)

Such latent defects result from coordination lapses and lower workmanship standards. They
can require expensive remediation and may involve legal disputes with future apartment
owners. In the short-term, the shortage of skilled trades exacerbates these issues: an
undersupply of qualified workers means that builders struggle to secure enough capable
crews, often driving up costs and forcing reliance on whoever is available. These challenges
are further compounded by insufficient onsite supervision, inconsistent QA processes and
limited building inspections, all of which reduce oversight and allow defects to go unnoticed
until they become costly problems. Strengthening supervision and compliance mechanisms is
therefore critical to maintaining construction quality, particularly during periods of labour
shortage.

Another onsite challenge that has emerged recently is that, during periods of workforce
shortages, trades have been able to exercise greater control over their working hours. A
reduced willingness to work overtime has shrunk the effective working week on many sites:
‘Post-COVID ... trades don’t want to work the long hours anymore ... So, we're seeing a lot
less participation in overtime periods, which we rely on to drive our program [schedule]’
(Interviewee P1, builder/developer). This means that builders may not be able to schedule
weekend or late-day work to make up lost time, requiring better coordination during normal
hours to stay on schedule.

2.4 Impact of capitalisation

The preceding section focused on the typical apartment developer and how temporal risk
drives developer choices. In this section, we discuss how developer capitalisation can
positively influence the temporary nature of projects.

Interviewee P3, a developer, typically uses D&C but, in other respects, is not typical of the
industry. Value is important to them. They run a private, apparently highly capitalised,
company that largely self-funds and therefore does not rely heavily on borrowing: ‘We have
[a] very strong pipeline work ... we can get our construction team engaged early.’ This
enables the company to have design at ‘80’ per cent when applying for development approval
as 'the relationship between consultants ... [is] quite collaborative’. The company maintains a
steady pipeline of projects, remaining in the market during downturns. This enables them to
have a tight network of trusted contractors. In effect, the client and contractors have created
an alliance (a single team) that overcomes many coordination problems.

Working with trusted contractors, interviewee P3’s company has developed a highly
standardised product enabling repeatability and delivering efficiency gains. This makes them
unusual. Bringing a product to market during a downturn risks slowing sales and failed
settlements. However, capitalisation allows the company to hold unsold stock until it is
advantageous to sell. Moreover, as the Inquiry Report (Sharam, Zolghadr et al. 2026) argues,
selling post-completion results in capital gains that normally accrue to presale buyers. In the
meantime, the company has rental income.
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For private development companies, capitalisation reflects retained earnings. Capitalisation
enables growth; however, many company owners prefer paying out profits to the maximum
extent possible. This may explain why there are few large developers in Australia.

By contrast, publicly listed developers raise equity via listing and, hence, could potentially
have less reliance on debt; however, the expectations of shareholder will shape the extent to
which earnings will be retained.

Builders’ margins constrain the ability to build capital. Becoming a developer as well as a
builder provides the opportunity to obtain higher earnings and, hence, capitalisation. The two
builder/developers in our sample invested heavily in improving the SoW: interviewee P4
invested in onshoring prefabrication and interviewee P1 invested in digitisation.

Increasing builder or developer capitalisation has the potential to counter some of the effects
of market volatility and to make investments in the SoW possible. However, Beer, Sharam et
al. (2026) and Musharbash (2025) suggest that capitalisation in the United States and the
United Kingdom reflects corporate consolidation and monopolisation of land banks, and is
driving up house prices.

2.5 Design and Building Practitioners Act 2020 (NSW)

The Design and Building Practitioners (DBP) Act 2020 (NSW) attracted considerable
commentary from interviewees. The Act was introduced in response to serious concerns
about the quality and safety of buildings in New South Wales following revelations about
serious defects and structural failures in multiple high-rise residential buildings. The Act
requires building designers to warrant that their design work (including variations) is
compliant with the NCC. Previously, only the builder needed to warrant compliance.

Interviewee P8, a peak body representative, argued that design consultants, like builders,
need a pipeline of work. Therefore, when competition is intense, as is currently the case,
there is downwards pressure on consultants’ contract pricing. Practitioners often address the
reduction in income by reducing the scope of work provided. This exacerbates the existing
problems that arise from a lack of coordination between design professionals. The result,
frequently, is unresolved design or clashes that only become apparent during the build. The
DBP Act does not directly resolve these issues; however, in making the design practitioner
liable for compliance with the NCC, the Act strengthens the designer’s position vis-a-vis the
client (developer or builder) who may be willing to risk non-compliance. Further, the design
resolution is pulled forward, reducing clashes and the likelihood of defects.

According to interviewee P3, a developer, construction quality has improved as a result of the
DBP Act, but at the expense of increased design time. They did not comment on whether this
resulted in reduced construction time overall. The recent nature of the change may mean that
they have not yet experienced how it will affect the construction phase. Interviewee P18, a
regulator, reported that front-loading design documentation had resulted in faster and more
compliant builds.

Interviewee P3, a developer, suggested that the DBP Act was responsible for increased
insurance costs for consultants and developers, and had resulted in the exodus of some
design practitioners, particularly engineers, from the industry. Interviewee P8, a peak body
representative, agreed. If this is the case, it is likely to be a short-lived impact. The DBP Act
is reshaping the construction insurance landscape. With clearer liability and stronger
compliance mechanisms, insurers have greater confidence in underwriting projects and
professionals. Therefore, although the DBP Act initially led to higher insurance premiums due
to increased legal exposure (Acacia Insurance 2021), it is expected to lower long-term
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insurance costs as defect rates decline and risk profiles improve. Tools like digital lodgement,
compliance audits and builder rating systems (e.g. Independent Construction Industry Rating
Tool) support more accurate risk assessments, rewarding high-performing practitioners with
better access to insurance and finance.

The DBP Act remains a work in progress. A recent statutory review by the NSW Legislative
Council found that there was room for improvement (NSWPLC 2025). Specific research into
the Act’s impact on quality, costs and project duration would enable a fuller picture.

2.6 Conclusion

A SoW is the organisation of processes at project, company and industry levels. The industry
experts interviewed for this research focused on the role of building design consultants in the
development and construction process, highlighting this as a significant point of tension. The
type of contract between the developer and the builder was another point of contention. Both
reflect the coordination challenges and inefficiencies arising from building projects -
understood as ‘temporary organisations’ - involving numerous contractors. Alliancing and ECI
is widely viewed as the solution to contract problems, as these project-delivery methods
enable vertical integration while maintaining the flexibility required to address volatile
demand.

ECI tends to focus on value rather than short-term cost minimisation and provides for fair
and equitable risk sharing. For builders, ECI and front-loading design resolution provides a
secure foundation for planning for, and managing, the construction process. Resolved design
removes clashes between design elements and reduces the need for rework while promoting
work quality. Overall, the construction duration should be shorter. However, D&C contracts
are favoured by most developers, as these shift cost and risk, especially market risk, down
the supply chain. Competition and the need to maintain their subcontractor ‘team’ means
that builders are market takers whose margins remain very low (1-3%), constraining their
ability to improve the SoW.

This chapter explains why private, build-to-sell apartment market developers typically avoid
the expenditure and time required for early design resolution, even though time and cost
could be reduced overall. Temporal risk and cashflow constraints determine when, and if,
expenditure occurs. Delayed design resolution is about avoiding expenditure, as equity
reserves are limited and there is no guarantee a project will proceed. Investment in front-
loading design could be lost if there is a downturn in the market and debt financing cannot be
obtained. If the lender’s assessment of market conditions is positive, design resolution is
undertaken by the builder (in the case of D&C contracts) and is typically funded via the
construction loan. So, while developers want the entire process to be faster and cheaper, and
it could be if there was ECI, most will not accept the increased risk of ECI, even if they have
available equity. This means that the SoW for most strata titled apartments cannot be
optimally organised.

As this chapter has shown, developers with deep pockets have greater choice. Capitalisation
means that the risk of market volatility can be absorbed. A steady pipeline of projects
enables alliancing and provides the foundation for the builder and subcontractors to invest in
efficiency measures, while rate-driven production can minimise queuing problems.

In something of a natural experiment, the DBP Act permits policy makers to observe how
building quality, costs and project duration changes when there is early design resolution.
This appears to be the outcome of making design practitioners liable for NCC compliance.
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3 Supply chain

3.1 Introduction

In the context of high-rise construction, the supply chain refers to the entire network of
suppliers, manufacturers, transporters, subcontractors and service providers involved in the
procurement, delivery and installation of materials, equipment and services required for a
project. The supply chain for labour and materials is not a passive background system but an
active operational layer of the construction process - integral to the project's system of work
(SoWw).

The supply chain includes everything from structural steel, concrete and fagade systems to
mechanical, electrical and plumbing components, each often sourced from different regions or
countries. High-rise construction projects typically operate under tight timelines and vertical
logistical constraints that amplify the impact of any delays or disruptions in the supply chain.
High-rise planning requires long lead times. Glass facades, for example, which are imported
from China, need to be ordered a year in advance (Interviewee P1, developer/builder).

Construction materials often arrive in phases aligned with sequencing plans and lifting
operations (e.g. tower cranes), requiring precise coordination. The high interdependency and
just-in-time nature of high-rise construction make the supply chain a critical driver of project
continuity, cost control and schedule performance (Liao, Yang et al. 2023). Interviewee P1, a
developer/builder, commented that lift issues adversely impacted labour moving around the
site, thus causing queuing problems (Arashpour, Wakefield et al. 2016; also see Sharam,
Zolghadr et al. 2026 for further discussion of queuing in high-rise).

An effective SoW ensures seamless integration between the project schedule, onsite
execution and supply chain logistics. For high-rise buildings, this involves synchronising
procurement strategies with construction sequencing, leveraging digital tools like building
information modelling and enterprise resource planning systems for tracking, and establishing
clear communication channels between stakeholders. When the supply chain is embedded
within a well-structured SoW, it enhances reliability, reduces downtime, and supports higher
standards of quality and compliance throughout the project lifecycle (B6hme, Escribano et al.
2018; Khan 2022).

In the construction industry, supply chains traditionally operate under a fragmented, project-
centric model. This approach is characterised by short-term procurement arrangements,
sequential subcontracting and limited strategic integration between supply chain actors
(B6hme, Escribano et al. 2018; Meng 2012). The focus tends to be on cost-driven
procurement and just-in-time material delivery, with minimal emphasis on collaboration,
information sharing or long-term partnerships. While such practices may yield efficiency
under stable conditions, they frequently lack the robustness required to respond effectively to
disruptions, particularly in complex, high-rise projects where task interdependencies are high.
As a result, the traditional supply chain model is prone to delays, cost overruns and reduced
quality performance, underscoring the need for a paradigm shift towards more integrated and
resilient supply chain frameworks in construction (B6hme, Escribano et al. 2018). However,
buffering strategies, such as stockpiling materials to mitigate lead time and activity duration
uncertainties, can result in extra costs, increased waste and hindered performance in
construction projects (Mwangola, Mackelprang et al. 2024).

Due to the timing of this research (i.e. post-COVID-19 pandemic), the interviewees focused,
almost entirely, on the impacts of the pandemic rather than addressing pre-existing or
broader supply chain issues to any great extent. Thus, the findings presented here are
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narrower, perhaps, than if the pandemic had not occurred. The exception is the interviewees’
views on prefabrication. These, however, are presented in the Inquiry Report (Sharam,
Zolghadr et al. 2026), where they are integrated into a broader discussion of prefabrication.

3.2 Supply chain disruption

In the decade preceding the COVID-19 pandemic, construction supply chains were already
under increasing pressure due to a combination of globalisation, rising material costs and
mounting logistical complexities. Escalating prices for key construction inputs such as steel,
timber and concrete, driven by factors including resource scarcity, regulatory shifts and
international trade tensions, had begun to challenge the cost predictability and procurement
strategies traditionally relied upon in the sector. For instance, the US Bureau of Labor
Statistics reported significant increases in the prices of construction materials, including an 83
per cent rise in the price of iron and steel over a 19-month period leading up to 2021 (US
Bureau of Labor Statistics 2021). Simultaneously, the industry faced growing risks from
fragmented subcontracting structures, limited digital integration and just-in-time delivery
models vulnerable to disruption. Events such as extreme weather, political instability and
tariff disputes exposed cracks in the system, but these were often treated as isolated
anomalies. The COVID-19 pandemic did not introduce these vulnerabilities - it amplified
them. Its global scope and prolonged duration made visible the structural fragility of
construction supply chains, necessitating a fundamental rethinking of resilience and
collaboration across the sector.

Australia’s experience of the COVID-19 pandemic included a very significant disruption of
construction supply chains, exposing systemic vulnerabilities and prompting industry-wide
reassessments (Ndukwe, Liu et al. 2020; Sutterby, Wang et al. 2023).

Many builders, particularly those with fixed-price contracts, were bankrupted. Interviewee P5,
a builder, stated that contingency allowances were inadequate to address the price inflation
caused by the pandemic:

A lot of our projects had rise and fall built into them to a certain degree and then
COVID broke through those thresholds ... we went above what our contract would
say ... Structural steel was a massive problem ... Prices were going up and up and

up.

During and immediately after the pandemic, material shortages also contributed to extended
project timelines and higher contingency pricing in contracts. Interviewee P17, a construction
lawyer, noted:

We have to account for uncertain delivery times, which means adding extra costs
upfront to avoid financial loss later. This creates a situation where developers and
contractors must balance cost efficiency with ensuring uninterrupted supply chain.

One builder said:

The biggest challenge now is most of supplies come from overseas (e.g. light
fittings, glazing, HVACs) but if we manufacture them in Australia, they would be
more expensive ... also - sometimes suppliers can’t even guarantee availability until
a month before delivery. (Interviewee P9)
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3.3 Adjustments in procurement responsibilities, delivery
and storage practices

To mitigate supply chain challenges, some construction firms revised their procurement
strategies, materials tracking and onsite storage practices. In the face of supply chain
disruptions and rising material costs, interviewees described mixed approaches to
procurement responsibilities. Some firms maintained traditional subcontractor procurement
processes and focused on supplier relationships rather than taking material sourcing into their
own hands. One participant explained:

[despite soaring prices] we haven’t gone and gotten our own material ... we still rely
on trade relationships ... we work on the relationships more so than try to compete
against the suppliers [themselves]. (Interviewee P1, builder/developer)

Opting not to bypass subcontractors even during tough times emphasises a long-term
approach based on trust and loyalty. Such an approach reflects a strategic tension between
leveraging established partnerships versus pursuing direct procurement. Other builders did
contemplate taking on more procurement responsibility when shortages hit — for example,
one participant noted: ‘[their company] thought about importing steel ... and stor[ing] [it] in
a warehouse during COVID-19 - but ultimately decided against it due to added costs and
logistics’ (Interviewee P7, standards). This suggests that, in practice, many construction firms
stick with their subcontractors for materials procurement, weighing the risk of supply
disruptions against the cost and complexity of changing roles.

Participants indicated that keeping a close watch on material lead times - from
manufacturing to shipping and arrival on site - is now more critical than ever. One manager
noted: ‘[our builder has always been] really big on tracking those key lead time items from
placement through to delivery on site, using detailed schedules to monitor every step’
(Interviewee P3, developer). This meant some that companies had little need for change
because of COVID-19:

We're really big on tracking those key lead time items from placement through to
delivery on site ... we have this lovely spreadsheet in Microsoft Excel ... it just tracks
any of the advice we’ve received — what date do we end on site — and then we’ll
work back from that: how long does it take to go on a boat? Manufacture in China?
Delivery? (Interviewee P1, developer/builder)

Overall, the interviews suggested the need for a strategic shift towards more rigorous
monitoring of deliveries — from shipping status to onsite receipt - as firms seek to mitigate
delays and avoid costly project hold-ups. This shift also highlights an emerging awareness of
the need for better real-time data: some participants noted that the industry still lacks full
digital traceability for materials in transit, which became apparent when usual ‘just-in-time’
supply methods were disrupted.

Storage and inventory practices in construction have been under pressure to adapt,
highlighting a tension between just-in-time delivery and stockpiling materials. Several
interviewees observed that the pandemic ‘significantly interrupted’ the flow of just-in-time
supplies (Interviewee P10, education). With long lead times and unpredictable delays,
projects faced material shortfalls that challenged the lean inventory model.

The pandemic disruption marked a lift in interest towards pre-purchasing and warehousing,
which was virtually unheard of prior to the COVID-19 supply shocks. Many found it more
practical to rely on the existing supply chain, admitting that ‘it's easier to order steel from the
local company than to manage one’s own inventory reserves’ (Interviewee P7, standards).
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This example illustrates the strategic calculus companies are making - balancing the security
of having materials on hand against the financial and logistical burden of storage. Across
participants, there was clear recognition that just-in-time practices need more resilience.
Although few companies have permanently shifted to bulk ordering or onsite storage, the
industry is now keenly aware of the trade-offs. As one expert put it: ‘just-in-time sort of
supply ... got significantly interrupted through the COVID pandemic, prompting builders to
rethink how they buffer against such shocks’ (Interviewee P10, education).

Although the pandemic triggered a reconsideration of procurement, improvements to tracking
systems also reflect a lack of cost escalation clauses and increasing litigation (Interviewee
P12, regulator), with improvements in documentation and oversight related to variation
claims for progress payments. Interviewee P1, a builder/developer, suggested: ‘It would be
fair to say that other builders probably have increased [procurement tracking] because
they’re probably in court.’

The supply chain is also subject to increasing scrutiny to establish provenance, sustainability,
and adherence to modern slavery laws: ‘The emerging requirements around sustainability
and materials tracking ... being able to track materials through their life cycle and ...
provenance of components and things’ (Interview P6, digital technology).

In sum, firms, in the short-term, are tightening coordination with suppliers and adding
contingency in delivery schedules rather than widespread stockpiling, navigating the middle
ground between efficiency and preparedness. Tracking, however, has additional motivations,
and can be expected to increase in scope and significance.

3.3.1 Relationships between contractors and suppliers

Supply chain disruptions have increased the tension between stakeholders, leading to more
adversarial relationships in contractual negotiations and project execution as market power
shifts to suppliers who have inventory and to trade subcontractors with capacity. Some parts
of the industry have long sought to obtain favourable terms from suppliers when market
conditions are in their favour. The pandemic turned that upside down, with suppliers often
being able to choose who could be supported. This highlights the importance of relationship
management as a matter of good practice and a strategic response to market volatility. In a
highly cyclical and unpredictable industry, maintaining strong, stable supplier relationships is
seen as critical to business resilience, enabling firms to navigate supply shortages and fulfil
orders when external conditions deteriorate.

The pandemic emphasised the strategic value of trusted long-term relationships in supplier
networks. As interviewee P12, a regulator, observed:

Higher performing and more trustworthy businesses ... are seen working with other
high-performance, high-productivity based and trusted businesses ... The trust, the
culture of this being transferred — 'Oh OK, I want to work with this company again’.
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3.4 Site and structural works in congested urban
environments

The construction of high-rise buildings in densely populated urban centres comes with
significant logistical challenges due to limited space, complicating planning and storage
during construction phases (Coleman 2017; do Amaral, Montevechi et al. 2022). Effective site
logistics, intended to minimise storage costs and transport distances while enhancing
productivity through meticulous scheduling and planning, often fall short (Ali, Marquis et al.
2016). Traditional logistics models are inadequate for high-rise projects where space is
restricted, leading to congestion and inefficiencies (Kumar and Cheng 2015; Sadeghpour,
Moselhi et al. 2004; Tommelein and Zouein 1993). In Australia, projects are required to
submit construction management plans (CMP) to local planning authorities. CMPs, as part of
planning approvals, may be viewed as local government red tape, but high-rise construction
in dense urban environments has a multitude of interfaces with other infrastructure (e.g.
underground railways and road networks). There are very considerable risks and costs to
these other systems if the construction process is not well managed. Developing a CMP helps
to ensure public safety, minimise disruptions to traffic and communities, and demonstrates
compliance with environmental and regulatory requirements. It also supports proactive
planning and coordination, which contributes to completing projects on time, within budget
and to an acceptable quality standard.

Interviewee P9, a builder, said they had abandoned a project because access to the site was
so restrictive. Another project that did proceed involved enormous complexity, as the
basement was inserted between two underground rail lines. Such issues, he said, add
significantly to costs. As noted in Chapter 1, there has been substantial growth in very large
projects. These are often in dense urban environments. Increasing dwelling yield allows costs
to be amortised over a greater number of apartments, but increased height also increases the
scale of substructure underground work. According to interviewee P9, there is a ‘kind of a
magic formula that makes the building economical to build’.

3.5 Conclusion

This chapter examined the impact of the supply chain in high-rise construction, highlighting
the persistent coordination challenges that arise from the industry’s extensive reliance on
subcontracting (Dainty, Moore et al. 2007), long supply chains and complex urban
environments.

Scheduling is a critical function aimed at the seamless supply of inputs that are used onsite
on a just-in-time basis. Just-in-time delivery, while highly efficient, is inherently risky. Delays
cause queuing problems that can cascade, creating further delays at other stages (Arashpour,
Wakefield et al. 2016). However, procurement is not simply a matter of availability and cost,
but also of relationships and how the industry distributes risk.
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4  Workforce

The high-rise residential construction industry involves jobs (occupations), work (tasks) and
employment (contractual arrangements). The industry encompasses a wide array of
occupations - from labourers and skilled trades, such as electricians and carpenters, to
architects, engineers, construction and project managers, and procurement officers.
However, extensive subcontracting means that employment arrangements across these roles
are often fragmented and inconsistently regulated (Fairbrother and Banks 2023; Farmer
2016b), reflecting a decline in the standard employment relationship (Fudge and Vosko
2001). Tier three builders (the smallest) are heavily reliant on subcontractors; tier two
builders make extensive use of subcontractors, but a tier one builder:

is a construction company that has the ability to self-perform most of the required
work on a project with its own employees and equipment. They also usually have a
large balance sheet, can take on the project risk and major procurement functions.
(Constructionsht 2023)

Tier one firms often have thousands of employees. By contrast, tier two and three builders
generally have few directly employed staff. As a result of extensive subcontracting, head
contractors are increasingly disengaged from directly managing labour and site operations. As
Interviewee P21, an education representative, noted:

it’s still a highly decentralised and disaggregated industry, with very few large
employers, so you know the army of subcontractors are often one-man band
operations or one man, an apprentice or just a few guys sort of thing.

Unlike the detached house building sector (see Gharaie, Zolghadr et al. 2026), the high-rise
sector is relatively unionised, with membership rates comparable to mining and
manufacturing, although membership declined from 15.2 per cent to 11.7 per cent in the
decade to 2024 (ABS 2024a). Unionisation reflects employer vulnerability to delays and costs,
strong onsite union presence (Underhill 2003), the larger size and duration of projects, and
the presence of larger firms with greater direct employees. The CFMMEU is the most
significant union in the industry and is known for its militancy and industrial action. Despite
this, widespread subcontracting remains a major barrier to unionisation, with sham
contracting contributing to lower wages and poorer conditions (on sham contracts, see Toner
2015). In addition, many construction firms have a company that is covered by an Enterprise
Bargaining Agreement, and another that is not.

Despite perceptions of high earnings, the average ($45.5) and median ($38.5) hourly rates
for construction employees are below the national average ($51.2 and $40.0, respectively),
and well behind sectors like mining, finance and utilities ($60.0) (ABS 2024b). Take home
pay reflects extensive overtime; the norm on larger builds are 12-hour shifts six days a week.
Still, construction appeals due to relatively high wages in jobs that require lower formal
qualifications, making it attractive to those without a university education or those
completing apprenticeships. For example, there are low-skill tasks within construction that
are well paid:

One of the challenges with housing is that people want to be coming to work on
these big [infrastructure] projects for the potential to earn more money ... you see it
on the front page of the [paper] saying, you know the traffic management person’s
getting $200 grand a year. (Interviewee P11, builder)

Industry groups see migrant labour as important for lifting productivity and filling skill
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shortages in the workforce (e.g. HIA 2024; MBA 2024). However, in the construction industry,
migrant workers tend to be employed at lower rates than local workers, and, importantly, for
skill shortages, migrant engineers experience higher levels of both un- and
underemployment. This is particularly the case for migrant women (Alkilani and Loosemore
2024).

While the high cost of labour is a common refrain in the industry, interviewee P4, a builder,
argued that productivity cannot be achieved through low wages, suggesting that improved
conditions and pay are necessary to drive performance. Together, these points highlight the
high level of variability across the sector. Therefore, it is important to exercise caution when
generalising workforce conditions.

Both the detached housing and apartment building sectors are characterised by low capital
intensity and low firm concentration (IBISWorld 2025), with high competition among mainly
small to medium firms, extensive self-employment and short-term contracting. Low capital
investment is related to the focus on flexibility in the sector in response to fluctuating
demand for construction and the bespoke demands of projects. Participants reflected on the
risks associated with investment in the context of market uncertainty, which, in addition to
being a rationale against investment, also provides a rationale for subcontracting - to
minimise costs and exposures during downturns. As interviewee P21 observed: ‘[The]
construction industry itself is quite rigidly bound to this mode of operation. This production
modality ... makes it very difficult ... for new ideas, new processes to penetrate.’ This, in turn:

hugely impacts our ability to capture any sort of productivity gains because very few
firms have the capital capacity to invest in new technologies or new processes. So ...
[due to] this high level of vertical disintegration, [only a] small number of firms ...
actually hold the levers to the construction process. (Interviewee P21, education).

4.1 Industry structure and wage impacts

The dominance of subcontractors in high-rise construction reflects a highly competitive
structure that works to dampen costs. During booms, labour shortages drive inflation (see
the Inquiry Report for a full discussion of the impacts of market volatility). Some head
contractors protect themselves by maintaining ongoing relationships with familiar trades,
although it means paying more: ‘I'd say that builders tend to go with the same trades job to
job or the same trade pool ... you lose that competitive edge ... they’ve got too much work on
(Interviewee P1, developer/builder). Similarly, interviewee P9, a builder, described the
preference for trusted contractors who understand a builder’s working style: ‘Now I might use
a [trade] ... I know the standard of the working, and we work together as a team.’

I

Interviewee P1, a developer/builder, said that direct employment of some trades would be
desirable from a quality perspective. However, there is a tension between the quality of
subcontracted work and its cost. Interviewee P9, a builder, argued that trade subcontractors
essentially work to a 10 per cent margin, while his margin, as the head contractor, is only 1.5
per cent, which explains much of the frustration builders have with subcontractors.
Interviewee P5, a builder, had considered direct employment of trades:

The challenge we've got is it’s very hard for us to do that model on projects that are
only on around 1-2 per cent, maybe 3 per cent margin. We can come tumbling down
very quickly because we have, as you can imagine, few resources that are sitting
around ... say parked up waiting for more work. We can burn through our margins
very quickly and as a result they will become a sustainability problem.

According to interviewee P20, labour shortages do not relate so much to a shortage of skills
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as an unwillingness to pay: ‘Because ... fixed-price contracts ... they seek them at a certain
wage, but .... that wage is less than they’re going, right? That's why there’s a shortage.’
Interviewee P1 described ‘the quality’ of labourers as ‘quite low, OK, work ethic and the like’,
thus emphasising the trade-off being made.

Increased job specialisation may also constrain productivity (Ballard, Harper et al. 2003).
Several education/training participants (P20-P23) noted that construction roles have become
increasingly specialised. As interviewee P21 explained, ‘jobs are becoming increasingly
disaggregated and or specialised ... the skill content of jobs is also splintering’. Interviewee
P18, a regulator, added that this fragmentation limits value creation: ‘we’ve over-broken
down the trade packages ... All I can do is price to the lowest margin ... based on price as
opposed to based on value’.

This trajectory towards specialisation implies smaller firm sizes and more time spent moving
across worksites — factors linked to lower productivity (see Lésch 1940 [1954] for a
theoretical exposition). The splintering of jobs and increasing specialisation of work within
residential construction is salient in consideration of innovation and productivity (Dubois and
Gadde 2002). Participants discussed the impact of the increasing number of specialised work
packages, noting that many workers do not have a broad understanding or experience of the
tasks involved in high-rise construction, limiting their capacity to make methodological
improvements.

4.2 Workforce shortages

The interviewees offered varying degrees of support for the contention there is a broad skills
shortage. Since 1986, worker (skilled and unskilled) numbers have doubled, professionals
have tripled and managers have increased fivefold (ABS 2020). The manager-to-worker ratio
rose from 11 to 23 per 100 workers. Despite this growth, workforce shortages are reportedly
significant, especially during boom periods, and the workforce is ageing, reflecting a decline
in the number of younger workers entering the industry. The industry faces ongoing
challenges in skills recruitment, retention and training. While greater female participation
could boost productivity and address labour shortages (Criscuolo, Gal et al. 2021; Hsieh,
Hurst et al. 2019; Westmore 2024), the sector remains male-dominated. The non-
participation of women is an example of how an SoS can discourage participation.

The construction industry has a highly flexible workforce, as indicated by its capacity to
adjust to boom-and-bust cycles (Easthope, Palmer et al. 2023; Sharam, Zolghadr et al.

2026). This flexibility allows rapid expansion or contraction in response to market conditions,
making it highly sensitive to fluctuations in housing demand. Market volatility is central to
understanding job insecurity and periodic under- or unemployment. It explains the movement
of workers across subsectors, including transitions in and out of high-rise, infrastructure or
mining industry roles, and, hence, the challenges facing the construction industry in
attracting and retaining workers.

Recruitment

Construction was reported by interviewees as being an industry that is recommended to
school leavers not destined for university education, due to the opportunities it provides:

one of the things with construction, particularly in our schools, careers advisors ... if
you’re a problem child or whatever, you go and work in construction ... this digital
platform ... is bringing these kids and providing them with ... better opportunities.
(Interviewee P23, education)
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Interviewees P11 (builder) and P20-P23 (education) stressed diversifying the workforce as a
strategy for overcoming shortages. Interviewee P11 explained:

So, all of those ones that you wouldn’t normally, typically think of as construction ...
the construction workforce [e.g. immigrants, women] ... we feel if we can find other
pools of talent that our competitors aren’t tapping into, then that’s going to put us in
a good position.

However, interviewee P22 reported that construction workplaces are still not female friendly,
citing examples such as the lack of female toilets on some sites. The long, inflexible hours
and contract-based employment are not family friendly either. Such conditions hinder efforts
to diversify the construction workforce and limit the industry’s ability to tap into broader
talent pools. These trends within recruitment to the industry, in addition to the apprenticeship
system discussed below, indicate the basis and need for expanding and diversifying the
workforce.

Project-based employment

A key feature of the construction industry’s flexibility is its project-based employment model,
with workers engaged for specific durations on specific sites. Interviewee P10, an education
representative, described it as the most flexible industry in Australia and questioned industry
calls to remove enterprise bargaining and pursue workforce casualisation. As interviewee
P20, also from education, noted:

a lot of ... the employees are project based. So, some people will work on a high-rise
apartment block until the project’s completed, and the likelihood is that the workers
could then be terminated and then they look for another job.

Workforce movement responds not only to residential cycles but also to infrastructure
demand: ‘there’s a lot of infrastructure work going on’ (Interviewee P20, education).
Currently, the downturn in apartments is stimulating movement within the overall
construction sector: ‘we’ve got residential skilled labour coming off residential ... and going
into commercial’ (Interviewee P22, education).

The outflow is particularly evident among workers in their late 30s, suggesting that
construction struggles to retain workers over the long-term and drawing attention to the
importance of retention as much as recruitment.

Work and employment conditions

The structure of work in high-rise residential construction often results in open-ended
working hours. Interviewee P20 (education) highlighted the toll this takes, describing long
hours as a key factor contributing to burnout, family breakdowns and eventual industry exits:
‘vou tend to get burnout in the industry ... divorces because people are working long hours ...
they reach a critical point, and they just give it away’.

Reflecting an SoS feedback loop, interviewee P1, a developer/builder, explained that trades
are increasingly resistant to working long overtime because the extra income could not be
used to obtain home ownership: ‘I don’t need the money because I'm never going to be able
to afford a house. So why work that hard when I can just rent?’ Interviewee P4, a builder,
argued that this resistance to long hours was also being felt among professional and back-
office staff. Interviewee P20 (education) also raised concerns about poor mental health
outcomes and questioned whether a shift to shorter working weeks could improve workforce
attraction and retention: *how does the industry change from a 56 hour week to a 38 hour
week ... if we could do that ... we wouldn’t have a problem attracting people to the industry.’
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4.3 Training and skills

Skills policies often emphasise supply — education, training and migration - while overlooking
demand and utilisation (Sung 2018). For project-based workforces in high-rise construction,
Buchanan, Anderson et al. (2017) emphasise the need to address access, deployment and
retention, and to consider the context in which skills are developed. This shift aligns with the
broader aim of fostering high-skill ecosystems. Policy must move beyond simply seeking to
boost qualification numbers for low- and mid-level roles, such as trade apprenticeships. By
definition, training systems will fail to optimise if constantly disrupted by market volatility in
an industry that has high worker turnover. A market-driven or passive state approach is
inadequate. Instead, as Buchanan, Anderson et al. (2017: 459; see also Evesson, Bretherton
et al. 2009) argue, attention must be given to:

the ways skills in demand are defined, used, and developed, and have their roots in
the nature of the work concerned. Often the product and service itself needs to
change as well as the way it is produced if the underlying 'skill problem’ is to [be]
solved.

The industry is characterised by a wide range of qualifications. The high-rise construction
sector has a comparatively high proportion of workers who have attained a diploma or higher
qualification compared to detached housing construction (ABS 2021), reflecting the need for
professionals such as construction and project managers. Despite this, the interviews
highlighted the importance of apprenticeships in developing a skilled workforce, particularly in
trade-based roles, and training and workforce development.

Apprenticeships

Apprenticeships remain the main entry and training route for trades in construction, with
record enrolments since 2022, although completion rates remain low. Challenges include poor
conditions, low pay and limited skill development, with many apprentices left doing menial
tasks like sweeping. Interviewees P10, P20, P22 and P23, all education representatives,
argued that not all tradespeople (employers) are suited to train apprentices, and noted that
more oversight is needed in assigning training responsibility.

The project-based nature of employment in the industry worsens attrition. As interviewee
P11, a builder, noted:

[you've got a] project, you know, that might go for 18 months or two years and so
the longevity isn’t necessarily there for someone to start and finish an
apprenticeship on the same project.

Several interviewees (P11, P22 and P23) commented that apprentices are the first to be let
go when subcontractors lose work.

Low pay is a further barrier, especially compared to roles like traffic control that offer quicker
pathways to full wages. Interviewee P11, a builder, explained:

if you’re a young person and you know rent is up here, cost of living is up here and
you’'re earning something down here ... it’s going to be very hard for you to finish an
apprenticeship.

The impact of unionisation and industry structure is significant for the apprenticeship pathway
with higher wages for apprentices more common on large high-rise projects.

Finally, several interviewees with education backgrounds (P20, P22 and P23) argued that the
apprenticeship model is outdated, being focused on current practice rather than equipping
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workers for modern construction, AI and emerging technologies.
Training and workforce development

Beer, Sharam et al. (2026) found that workforce shortages and suboptimal training systems
are common internationally. A key problem is the extent to which competition undercuts
margins. Added to this, subcontracting means that many firms have little hold over workers
who, if time and money was invested in their development, could provide productivity
improvements. This market failure ensures that industry under-invests in training, increasing
reliance on state funding.

In Australia, vocational education and training is central to workforce development in
construction, complementing university pathways in architecture, engineering, construction
and project management. While apprenticeships remain the core training model, the broader
system lacks mechanisms for ongoing skills development. Interviewee P21 noted:

you do your apprenticeship ... and then you will literally stop learning for the next 40
years ... there’s no CPD [continuing professional development] regime ... no
commitment or really funding for ongoing learning for existing workers.

There is a need for the construction workforce to embrace continuing professional
development and attain skills that can support and contribute to innovation and productivity
improvements. Several participants directly addressed this:

to embrace AI as it emerges ... I looked at every qualification that’s in our ...
construction training package. There’s no units of competency about digital literacy.
I think that numeracy and literacy, our industry is relatively, really low, let alone let
alone digital literacy. (Interviewee P22, education)

Interviewee P8, a peak body representative, highlighted the lack of preparedness for
transitions to modern methods of construction, such as design for manufacturing, assembly
and disassembly: ‘there’s a massive push down from above ... but then ... there’s no skills or
knowledge’.

Low CPD participation is compounded by project-based employment and market cycles. In
boom times, workers are too busy; in downturns, they may lack funding. As interviewee P20
(education) explained:

if @ subcontractor has to build into their price the cost of them doing training and the
cost of the training course, that means that their price will be higher than someone
who doesn't.

Extensive competition means that ongoing training is expendable. Regulation was seen as the
best way to increase training and professional development in the construction workforce, as
the following participants remarked:

nothing happens in construction industry unless there’s a regulation. They have to
do it. That’s whether it’s training, compliance or whatever. (Interviewee P23,
education)

We can't get people from industry to come [to training] because unfortunately
unless they’re made to do it through a white card, or a silica course, or asbestos
course - if it’s not mandated, they don't do it. (Interviewee P22 education)

Some exceptions exist. For instance, interviewee P11, a builder, pointed to large firms
supporting ongoing training. Interviewee P18, a regulator, shared a positive example of
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microlearning uptake: ‘people pull me up in the street and say, “oh, I just did Ross Taylor’s
waterproofing course ... It's amazing ... It's redefined my whole attitude to waterproofing™.
These few cases notwithstanding, most participants viewed the current system as insufficient

for enabling lifelong learning.

4.4 The future of construction work

As discussed in Beer, Sharam et al. (2026), debates on the ‘future of work’ focus on how
digitisation is reshaping jobs and employment (ILO 2018). This shift raises concerns about
widespread job losses, deskilling and polarised workforces (Autor 2010; ILO 2019),
potentially dividing labour markets into privileged roles and a growing precariat (Alberti,
Bessa et al. 2018; Newman and Humphrys 2020; Standing 2011).

Much of the discussion of workforce capacity is directed to modern methods of construction
(MMC) and offsite manufacturing (OSM). Interviewee P8, a peak body representative, saw
OSM as an opportunity to retain older workers:

maybe people who are older ... may choose to then go into the factories ... you need
licensed electricians ... there will be roles in the factory ... a foreman type role ... We
are not taking all of the jobs and putting them in factories ... We see this as an
enabling way to get the industry back to productivity.

Broader structural issues, such as fragmented workflows, outdated training models and job
discontinuity, limit productivity gains.

Understanding the workforce through the lens of an SoS approach highlights how jobs, work
and employment are undergoing significant transformations (ILOSTAT 2023). Distinguishing
between these concepts — jobs as occupations, work as tasks and employment as contractual
arrangements — enables a more precise identification of policy levers. These distinctions are
central to designing effective interventions, whether through labour regulation, workforce
planning or union engagement. They also provide a framework for understanding how
innovation, such as the introduction of digital technologies or OSM construction, can reshape
employment relations and the organisation of work itself.

Building a future-ready workforce thus requires not only reskilling and diversification but also
structural reforms that address the spatial and organisational realities of construction work.

4.5 Conclusion

The residential construction industry’s reliance on subcontracting and competitive bidding is
the outcome of market uncertainty. In the context of increasing market volatility, uncertainty
informs the strategy of maintaining a flexible workforce, low labour costs, and under-
investment in capital and workforce development. However, this dynamic provides limited
buffers against shifting market conditions. Although flexibility enables responsiveness to
demand cycles, it also leads to workforce churn and limited skills development, with many
workers cycling in and out of high-rise construction, moving to infrastructure, mining or
leaving the sector entirely, depending on economic swings.

Residential construction projects experience greater labour force mobility and less continuity
in training than many other employment sectors. A typical response to skills shortages is to
invoke diversity, such as recruitment of women, without considering the full range of reasons
why industry recruitment and retention is problematic. Women are discouraged by working
hours that are incompatible with raising children, and workers in general are discouraged by
poor wages/conditions and instability. Training is discouraged due to the inability of firms to
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capture the full benefit of their investment. Individuals are discouraged from undertaking
CPD, as they are either too busy or cannot justify the cost in time and money during
downturns.

These dynamics underscore the necessity of a joined-up approach that considers SoS
dynamics rather than relying on initiatives aimed at ‘problems’ conceived as isolated from
other aspects of the industry. System-wide resilience is critical for workforce resilience and
transformation.
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5 Technology

5.1 Introduction

Technological innovation is widely viewed as being able to improve construction planning and
delivery and is the subject of a voluminous literature. Key foci include offsite construction
(e.g. prefabrication, modular and volumetric approaches) that allows for the production of
whole buildings or components, such as flat panels, bathroom pods and precast concrete
elements in factory-controlled environments.

Digitisation is another key trend, replacing paper-based systems with structured digital
records that can be enhanced through asset tracking technologies, such as radio frequency
identification, barcodes and computer vision. Building information modelling (BIM) forms a
digital foundation, integrating 3D models with cost, scheduling and service data, and is
increasingly supported by parametric modelling, digital twins and the internet of things (IoT),
which enable real-time updates and automation. Augmented reality and virtual reality
enhance planning and onsite coordination by overlaying digital information onto the physical
environment. Meanwhile, big data and AI provide tools for processing vast datasets to
support decision-making, and blockchain offers secure, immutable record-keeping. Robotics
and additive manufacturing (3D printing) are automating construction tasks, while cloud-
based software and infrastructure as a service reduce capital expenditure on IT systems.
Collectively, these innovations represent a shift towards a more integrated, automated and
intelligent construction ecosystem (Building 4.0 CRC 2023; Forcael, Ferrari et al. 2020;
Karmakar and Delhi 2021; Marinagi, Reklitis et al. 2023; Newman, Edwards et al. 2020;
Statsenko, Samaraweera et al. 2022; Wang, Wang et al. 2020).

Embedding technologies within a well-coordinated system of work (SoW) is essential for
achieving construction objectives. The integration of advanced technologies, such as BIM,
enterprise resource planning (ERP), IoT and AI, has the potential to significantly enhance the
construction industry’s capacity to deliver high-quality projects efficiently and cost-effectively.
However, adoption remains uneven due to industry fragmentation and limited digital
capability (Govorukha 2022; Levidkangas, Paik et al. 2017).

A digitally enabled SoW integrates key functions, such as procurement systems (e.g. ERP
platforms), project management systems (e.g. cloud-based scheduling and tracking tools)
and site coordination tools (e.g. GPS/GIS and BIM-enabled dashboards). These technologies
enable real-time information to flow across teams and subcontractors, support better
forecasting and resource allocation, and reduce rework by improving design accuracy and
communication (Azhar, Nadeem et al. 2008; Li, Chen et al. 2005). When aligned with
organisational processes and roles, such tools transform fragmented operations into a unified
delivery system. This integration not only improves productivity and quality but also
strengthens compliance, safety and financial outcomes across the project lifecycle
(Aleksandrova, Vinogradova et al. 2019; Regona, Yigitcanlar et al. 2022).

Despite the potential for technological transformation, policy interest is fragmented, with
government and industry support for research and development (R&D) relatively weak. There
is no overarching technology/innovation policy focused on construction, let alone housing.
However, there are some technology policy initiatives/funding that touch on housing
construction. The most relevant are:

o the Building 4.0 Cooperative Research Centre (CRC), funded in 2020, which focuses on
the uptake of digital technologies in construction
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e (CSIRO construction related R&D>

e the National Robotics Strategy, which aims to boost research and development,
commercialisation, and scaling up robotics and related automation systems®

e the National Reconstruction Fund, which supports private investment in seven priority
areas, including additive manufacturing, advanced composite materials, artificial
intelligence technologies, robotics technologies, positioning, timing, and sensing
technologies

o the Critical Technologies Statement, which focuses on autonomous systems,
robotics, artificial intelligence and advanced manufacturing.

Efforts at developing BIM have been longstanding. The BIM Advisory Board coordinates
government, industry and academia in developing BIM practices, standards and
requirements. This led to the Australian BIM Strategic Framework (Australasian BIM Advisory
Board 2019), which was informed by a series of earlier reports going back more than decade.
Several states have BIM initiatives, but these are aimed at major government projects. There
is no federal mandate for the use of BIM on Australian Government projects. Despite the
substantial work aimed at the take-up of BIM, governments have provided little in the way of
incentives to use BIM in the private housing market, which contrasts with exemplar countries
such as Singapore and Hong Kong (Beer, Sharam et al. 2026).

Housing-specific technology policy largely focuses on offsite manufacturing (OSM). Several
state governments have adopted plans aimed at modern methods of construction (MMC). For
example, Victoria has the Regional Housing Fund, which supports the construction of modular
homes in regional areas. New South Wales has the Homes NSW MMC Program, which is a
partnership between Homes NSW and Building 4.0 CRC focused on developing strategies and
methods to utilise MMC to deliver quality social housing faster. Queensland has partnered
with offsite manufacturers to deliver social and key worker housing. Australian Government
support includes the National Productivity Fund. For an in-depth discussion of OSM, see the
associated Inquiry Report (Sharam, Zolghadr et al. 2026).

5.2 Digitisation

Of the many technologies potentially available for high-rise construction, digitisation was the
dominant focus of the research participants. This is likely because resolving design and
adding operations capacity are significant imprimaturs for digitisation (Interviewee P41,
digital technology). Digitisation provides the opportunity for designing a building in 3D,
thereby creating a ‘digital twin’ and enabling much increased simulation capacity. Adding
real-time data feeds during construction and operation creates a fourth dimension.

Current 2D information management systems involve ‘so much waste in terms of information
loss’” and unnecessary replication that people are slowly appreciating the opportunities of 3D
systems (Interviewee P6, digital technology). Interviewee P3, a developer, explained that
BIM and other 3D digital tools provide for ‘clash detection’ in the design process, enabling
architectural and engineering consultants to work off the same plans, reducing design

5 CSIRO funding helped with the commercialisation of Magneto Robotics, the producer of an inspection
robot that provides a 3D data feed for digital twins.

6 Robotic and automation applications in construction include autonomous earth-moving, materials
handling (robotic cranes and mobile robots), structural joining (assembly), robotic 3D concrete printing
and fully autonomous bricklaying. They also support advanced automation and robotic manufacturing
systems, such as custom machine building, engineering and manufacturing solutions, which produce
advanced materials.
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discrepancies and equipment access clashes:

This new 3D modelling and clash detection technology helps a lot ... In terms of
coordination, I think it’'s much better than before. [Now] they consolidate all models
into one and do clash detection ... that’s a big help in coordination. (Interviewee P3,
developer)

Now we can look at the building in different angles and turn it upside down. That ...
helps people understand what they’re getting and helps finding a problem on a job.
(Interviewee P9, builder)

Akponeware and Adamu (2017) highlight that, although BIM facilitates early clash detection,
the effectiveness of these tools is often limited by fragmented workflows and insufficient
collaboration among trades. For instance, interviewee P9, a builder, said that his company
ran into serious code compliance issues when adopting an innovative design solution to
improve sustainability, as the changes impacted other parts of the building system: ‘So
sometimes you can outsmart yourself. And sometimes you find that the technology works
against you.’

Another benefit of BIM is the capacity to follow the provenance of components and materials,
which is important for embedding lifecycle considerations into design and for understanding
the sustainability requirements of circular economies. BIM can also be used to make contract
management more efficient. Interviewee P41, a digital technology representative, said that
non-digital contract management struggled with design changes. Interviewee P14, a peak
body representative, argued that contracts could be improved immeasurably by using 3D and
blockchain to create an immutable digital record.

Interviewee P6 (digital technology) noted that developers’ contracts with consultants would
need to mandate a shift from 2D to 3D at the design stage if benefits were to be realised.
That this was not occurring indicated the existence of barriers: ‘There have ... been some
companies who’ve thought about giving it a bit of a shot. But long-term stay staying power
hasn’t been there.’ They warned that technologies such as automated feature recognition,
robotics and fabrication would struggle unless the ‘value proposition’ could be crystallised.
Interviewee P41 (digital technology) said that while BIM and digital twin development ‘is
really accelerating’, its use was stymied by the intellectual property concerns of consultants
such as architects.

Despite the opportunities for digitisation, interviewee P18, a regulator, said that the ‘digital
maturity of the industry ... is actually very, very immature’. They were concerned that
governments had a false impression of industry capability, as consultations tended to involve
tier one contractors only. Interviewee P1, a developer/builder, expressed frustration that his
company, a leader in digitisation, had not successfully transitioned to its relatively simple
centralised electronic management platform, arguing that inconsistent technological skill
levels and commitment were a barrier. More importantly, he said:

People in this industry lack the time to commit to pushing something through to be
implemented. So, you really need to be passionate, have that passion [to] be able to
implement something ... it’s hard it to force change in this industry.

Interviewee P5 said that BIM software had improved considerably, and that prices of both
hardware, such as 3D high-definition scanners, and software had dropped ‘dramatically in
recent years’. Interviewee P6 (digital technology) agreed that scanning technologies and
photogrammetry had significant potential. Nevertheless, take-up in the industry was low.
According to interviewee P41 (digital technology), this was because, although significant cost
savings could be achieved by using BIM, developing BIM capacity was costly.
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Low technology uptake can reflect stakeholder resistance. Interviewee P10 (education)
suggested, for instance, that innovation would need to be in the interest of the workforce to
gain greater momentum: ‘innovation is not necessarily in the interests of or directly
address[ing] all of the concerns of the construction workforce’.

Similarly, conservatism may reflect real constraints rather than simply attitudes. Construction
firms are not necessarily profit maximising. They will often prefer to ‘leave money on the
table’ than take a risk that could result in higher costs (Beer, Sharam et al. 2026). For
builders, this reflects low margins, subcontracting, lack of capitalisation and tight construction
deadlines. As interviewee P20 (education) reflected: ‘There are some companies that do look
at new methods, but most of them are just happy to continue the way they’ve always done
things.’

Interviewee P6 (digital technology) described how global construction giant Lend Lease had
‘had a big shot at ... a digital platform for development construction [and] management of the
building through its life cycle’ but had struggled with it. Lendlease subsequently partnered
with Surbana Jurong, a company owned by the Singapore Government that had started as a
division of the Singapore Housing and Development Authority. The resulting platform,
Podium, is an ‘ecosystem that connects developers, designers, and the supply chain ... [and
harnesses] design automation algorithms and computational capabilities within an open
ecosystem’ (Lendlease 2023). This draws attention to role of government R&D programs in
fostering innovation in construction and the importance of public housing authorities on the
demand side (Beer, Sharam et al. 2026).

Quality assurance

Quality assurance is significant imprimatur for digitisation, as BIM software interoperability
with QA systems can provide unparalleled transparency. Interviewee P5, a builder, claimed
that a particular software brand had ‘been a massive game changer for us ... a massive wake
up call for our people’. This participant explained that site supervisors could not always be
everywhere so ‘cruis[ed] a bit’, but that the new software had ‘blown the door open’ with
transparency, ‘from cadet level to executive level’. ‘We can look at any project at any time
and see where they’re up to with QA and then compare it to their program’. ‘We know where
all those problems are occurring.’ This transparency meant that P5’s insurer had reduced
their risk rating in 2025. According to interviewee P12, a regulator, ‘transparency’ ensured
that ‘people aren't walking past things and not taking action on the basis that it's someone
else’s job'.

Interviewee P15 (standards) felt that there was considerable ‘opportunity out there’ to
improve code compliance using technology and, more generally, to improve efficiency. Two
interviewees, P5 (builder) and P6 (digital technology), stated that it was conceivable that
photography and laser scans could soon be analysed by AI, replacing the experts needed ‘to
sit there and manually look at drawings and map things’. Interviewee P5 was looking to
engage a technology provider to create a 360-degree photographic record of the construction
site at each key milestone, providing real-time webcam footage, 3D laser scanning, scan to
BIM, scan to plan and virtual walk-throughs. These services are used for fire stopping
assessments that can capture the existence of wall penetrations and poor sealing.

According to interviewee P41 (digital technology), digitised contract management systems
could ensure that every subcontractor understood the regulatory requirements incorporated
into standard industry contracts, making it possible to identify when and how non-compliance
with the NCC occurred. This includes in the design phase. This has significance for
ascertaining liability for insurance claims, although P41 noted that insurers had not yet
recognised this potential. He argued that lenders should also be interested in mandating
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digitised contract management systems as a means of achieving NCC compliance.

5.3 Conclusion

Despite the potential of technology to improve the construction process and deliver better
quality buildings, barriers inhibit uptake: R&D is limited, and policy support is fragmented and
lacks a focus on socio-technical barriers. System-wide change will likely need to be driven by
government incentives.
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6 Modelling the construction process

6.1 Introduction

In this chapter, we present the modelling and simulation exercise designed to explore the
fundamental mechanisms that govern the dynamics of the high-rise residential construction
sector in Australia. The chapter outlines the purpose and scope of the modelling, explains the
structure and design of the model, and details the processes of model development and
verification. It then reports on the simulation results under different conditions and explores
the implications for system performance.

Rather than analysing the behaviour of individual firms or simulating individual projects, the
model focuses on the aggregate dynamics of the industry. It has two key features. First,
insights from the literature and interviews with industry experts reveal that high-rise
residential construction can be modelled as a stage-based process in which builders draw
from a common pool of labour and materials. Unlike the detached house building process, in
high-rise construction, the stages overlap and construction activities in different stages run in
parallel. The second feature of the model is built on this parallel construction process. The
construction activities on an aggregate industry level are modelled through seven key stages:
i) site preparation, ii) foundation works, iii) structural core, iv) frame, v) fagade, services and
finishes (FSF), vi) commissioning and vii) handover. This structure is consistent with the
actual system of work discussed in Chapter 2 (Figure 2) and is compatible with the schedule
of typical residential high-rise construction projects.

6.2 Model description

6.2.1 Model approach

The model was developed using a hybrid of system dynamics (SD) and agent-based
modelling approaches. SD allows for modelling continuous, aggregate-level behaviours, such
as the gradual build-up of work in progress (WIP) or the depletion of shared resource pools.
At the same time, the agent-based nature of the model supports a modular design that aligns
with the stage-based nature of the construction process. Moreover, this agent-based design
provides flexibility for experimenting with different configurations, such as changing the
number of stages, modifying resource-sharing arrangements or altering the granularity of
detail. Encapsulating the decision logic and dynamics within individual agents makes the
model easier to maintain and extend over time. For instance, updates to how labour
availability is determined or how material delays impact the whole system can be made
within the relevant agent without affecting the rest of the system.

6.2.2 Model structure

Figure 4 shows the general structure of the model. The model represents the high-rise
residential construction process, at the industry level, as a sequence of seven construction
stages: i) site preparation, ii) foundation works, iii) structural core, iv) frame, v) FSF, vi)
commissioning and vii) handover. Each stage is structured using three core agents: dwelling
units under construction represented by WIP, labour and material. The agents interact to
simulate the progression of construction activity. These agents encapsulate SD sub-models
that handle internal logic such as resource flows, delays and feedback mechanisms.
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Construction begins at the site preparation stage and progresses sequentially through each
stage. A dwelling in the high-rise construction sector shares many of its components with
other units in the same building (e.g. foundation, structural core, facade and services). To
facilitate aggregated modelling on the industry level, it is assumed that each unit is
independently represented in the model by its independent component and its proportional
share of the common components (i.e. 1/100 of the foundation of a 100-unit building belongs
to each of the units).

The input to the first stage is defined by the startRate - that is, the number of dwelling units
entering the construction process. This is an exogenous variable and can be controlled to
simulate various demand scenarios. If the construction process could be assumed to be
completely sequential, the output of a stage could be considered as the input of the next
stage. However, as mentioned above, high-rise construction stages typically overlap and
building activities run in parallel. Therefore, the input to the next stage is not the units that
are completed in the previous stage, but the units that have progressed enough in the
previous stage that work in the next stage can commence. The behaviour is modelled
through the WIP agent for each stage, which acts as the central node, coordinating inputs
from the corresponding labour and material agents to coordinate the progression of work.
Labour and material must be available to advance WIP, which in turn triggers the transition
to the next stage.

Each stage operates under similar principles but remains independently configurable. This
allows for easy calibration and targeted scenario analysis: for instance, isolating the effects of
labour shortages at the framing stage or exploring material delays in the final stage without
altering the entire model.

Figure 4: General structure of the simulation model
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WIP agent

WIP in the model represents the dwelling units under construction. This is an important
parameter that demonstrates the state of the industry and the volume of activity being
undertaken in each of the stages and in total. As shown in Figure 5, the WIP agent consists of
an SD structure that captures how units enter, accumulate and exit each stage over time.
The input rate for each stage is the proportion of the units in the previous stage with enough
progress that the next stage of work can commence (or the startRate for stage 1). The units,
however, remain in each stage until the work corresponding to that stage is completed. This
is modelled through using two stocks of units under construction for each stage. The exit rate
for each stage represents the rate at which units are completed in that stage. This rate
depends on a stageDuration variable and is modelled through a first-order delay. The rate at
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which units move to the next stage depends on stageDurationPred, which is a ratio of the
total stageDuration for the stage.

When there are no labour or material constraints, stageDuration is equal to the base
minimum duration for the stage. This minimum duration is a characteristic of the system and
depends on how work is generally performed (e.g. the construction technology and average
productivity). In general, the duration is adjusted for availability of labour and material to
reflect the effects of labour and material constraints on the average time required to
complete the tasks at a particular stage.

Figure 5: WIP agent of the simulation model
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Labour agent

The labour agent models the availability of labour over time as shown in Figure 6. One unit of
labour is considered to be equal to the average number of people required to complete the
task on a typical dwelling unit at a given stage. The availability of labour is determined based
on the ratio of available labour and the labour requirements for a particular stage.

The model starts at equilibrium, where the available labour is equal to the required labour at
all stages. When the load on a stage increases (i.e. when the current WIP is more than
equilibrium WIP), the labour agent can increase the available labour through increasing the
entry rate to the labour pool. This mechanism represents the industry’s ability to engage
additional labour during booming markets (e.g. importing and/or training new labour).
Similarly, the labour exits the pool at a rate that is determined by the average labour
participation period in equilibrium - that is, when the available labour is equal to required
labour. This simulates mechanisms such as retirement and moving to other sectors of the
industry. When the load on a stage is less than equilibrium, the exit rate increases, as it is
more likely for labour to exit the pool during periods of low activity. The gap between the
required and available labour is filled with a delay to represent the time it takes for the
industry to react to labour constraints. The labour agent can also model sudden losses of
labour availability due to extraordinary events (e.g. the aftermath of the COVID 19
pandemic).
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Figure 6: Labour agent of the simulation model
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Material agent

The material agent models the dynamics of material supply and consumption as shown in

Figure 7. One unit of material corresponds to the average amount of material required for a
typical dwelling unit at a given construction stage. The availability of material is determined
based on the ratio of available material and the material requirement for a particular stage.

The model starts at equilibrium, where the available material is equal to the required material
at all stages. Similar to the labour agent, when the load on a stage increases or decreases,
the material agent can adjust the availability of material accordingly through increasing or
decreasing the material supply. This mechanism models the industry’s ability to adjust
material availability during booming and busting markets. The gap between the required and
available material is filled with a delay to represent the time it takes for the industry to react
to material. Similar to the labour agent, the material agent can simulate drops in the
industry’s capability to source additional material, when required, due to extraordinary
situations (e.g. supply chain disruptions due to the COVID 19 pandemic).
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Figure 7: Material agent of the simulation model
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6.2.3 Model verification

To ensure the reliability, relevance and consistency of the model, a comprehensive
verification process was undertaken, drawing on established best practices in system
modelling. The following steps were carried out (Barlas and Kanar 2000; Schwaninger and
Grosser, 2020).

Structural behaviour testing

The model underwent structure-based tests to ensure that all stocks, flows, feedback loops
and decision rules operated as intended. Special attention was paid to the logical consistency
of flows between stages and the changes of key variables such as WIP level and stage
duration under typical and atypical conditions.

Extreme condition testing

The model was tested under boundary conditions, such as zero demand, zero resource
availability, unlimited resource availability and full system saturation. These tests confirmed
that the model responded logically and did not exhibit unstable or unrealistic behaviour under
extreme conditions.

Peer review and walk-throughs with domain experts

The structure, logic, assumptions and behaviour of the model were reviewed by a simulation
modelling professional as well as by people with expertise in residential high-rise
construction. Together, these reviews helped to ensure that the model is both technically
robust and reflective of actual industry dynamics.
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Comparison with qualitative expectations

Model outputs were compared against known industry patterns and expectations. For
instance, the model correctly reproduced longer build durations under labour shortages and
demonstrated realistic bottlenecks in material supply. These comparisons provided confidence
that the model captures key behavioural tendencies of the residential high-rise construction
sector.

By combining structural, computational, expert-based and behavioural checks, the
verification process supports the model’s credibility as a tool for exploring policy impacts and
system-wide interactions in the residential high-rise construction sector.

6.2.4 Numerical validation - base scenario

The model is validated using real data from the residential high-rise construction sector. The
quarterly commencement data for four-storey and above apartments across Australia during
the past 16 years (64 quarters) published by the Australian Bureau of Statistics (ABS) is used
as the start rate of the model (ABS 2024c). One-, two- and three-storey apartments are
excluded from the data as their construction logic, closer to detached housing, is not
consistent with the modelling assumptions for high-rise construction used in this study.
Anylogic’s Genetic algorithm optimisation engine is used to set the values of the model
parameters to fit the total WIP of the model to the real data for the number of dwelling units
under construction.

First the model was trained on the first 50 quarters and tested on the last 14 quarters. This
resulted in interesting model behaviour, as shown in Figures 8-b and 8-c. Although the model
continued to make reasonable WIP predictions for approximately the next five quarters
(between quarters 50 and 55), the error increased significantly beyond that point, with the
model underestimating both the total WIP and the duration (from quarters 55 to 64). This
underestimating behaviour by the model, which was consistently observed across several
optimisation runs, can be explained by observing real data. Although the start rate shows a
significantly decreasing trend between quarters 40 and 60 (with a transient spike around
quarter 50), the total WIP of the system only slightly decreases. Meanwhile, the duration is
fluctuating upwards, reaching unprecedented values. In other words, it is taking the actual
system significantly more time to handle significantly less input. This means that there has
been an abrupt and extraordinary decrease in the system’s construction capacity (e.g. due to
labour and material supply limitations) and explains the underestimating behaviour. In fact,
had the actual system retained its labour and material supply dynamics, the total WIP and
duration would have decreased as predicted by the model.

This capacity decrease happens well beyond quarter 40, which is the last quarter in the
training set. To make sure that the base scenario is consistent with the current behaviour of
the industry, we performed another set of optimisation runs in which all 64 quarters were
used for training. The results are shown in Figures 8-d and 8-e. The model manages to follow
the trends in WIP and duration through updating the maximum labour and material supply
capacities of the system.
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Figure 8: Numerical validation of the simulation model and the base scenario
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6.3 Scenario simulation and results

After building confidence in the model through the verification and validation process, a series
of scenarios were explored to assess the dynamics of the residential high-rise construction
system under alternative circumstances. The scenarios adjust key variables, such as system
delays, capacity limits, base durations and start rate, to examine how the industry might
evolve under different assumptions. In each of the counterfactual scenarios, all other
parameters remain at their calibrated values to ensure that the observed differences in model
output can be directly attributed to the specific alteration under consideration. Comparing the
results of these runs with the base scenario helps to highlight the leverage points and
provides insights for policy makers and industry stakeholders seeking to understand the
current state of the industry and the likely outcomes of targeted interventions.
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6.3.1 Effect of scheduling and parallel activities

Consistent with our observations of the residential high-rise construction sector’s system of
work, it is assumed that the activities in different stages run in parallel, where possible. This
allows for shortening the completion time of the project, leading to units spending less time
in the pipeline on average. For example, while the construction of the structural core is
occurring on the higher levels, frameworks can start on the lower levels.

The fist scenario shows the effect of changing the average amount of overlap between tasks
in different stages. The results shown in Figure 9 correspond to a 50 per cent decrease in the
overlap between tasks in consecutive stages (i.e. more work must be completed in each
stage before the unit can be moved to the next stage). This means that the tasks are running
less in parallel and more sequentially. As shown in Figures 9-b and 9-c, this significantly
increases both the system’s total WIP and total duration, especially when the system is under
pressure (i.e. around WIP/duration peaks). A similar behaviour, in the opposite direction, is
observable when the overlap is increased (i.e. total duration and WIP decrease consistently).

This observation emphasises the importance of better project and process management to
ensure maximum parallelism as well as the use of scheduling techniques, such as rate-based
scheduling, that are designed for running tasks in parallel in repetitive projects. Moreover,
taking up innovative technologies such as offsite construction that allow for increasing the
overlap between different stages (e.g. prefabricating frame element in parallel with
foundation works and structural core construction) would help the industry digest more load
more quickly, especially during booming markets in which the system is under pressure.

Figure 9: Simulation results for Scenario 1 — decreased overlap between stages
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6.3.2 Effects of increased material and labour sourcing time

The main contractors, typically functioning as de facto project managers, rely on a shared
pool of short-term subcontracting and material supply arrangements rather than maintaining
permanent in-house resources. Therefore, the industry’s collective ability to respond to
surges of workload depends on securing additional labour and material in a timely manner.

Scenario 2 explores the effect of increased delays in obtaining additional labour and material
resources on the total WIP and duration of the system. Here, it is assumed that the average
time required for sourcing extra labour and material for all stages is increased by a factor of 3
compared to the base scenario.

It can be seen that both total system WIP (Figure 10-b) and total duration (Figure 10-c) for
the system are increased compared to the base scenario. The increases are more pronounced
towards the end of the simulation, where the total duration in the base scenario has
increased due to the scarcity of material and labour resources. When the system is
functioning closer to the base durations (i.e. when the system is not under pressure due to
material and resources constraints — before quarter 45), the effects of increased labour and
material sourcing time are smaller.

It should be noted that the problem in this scenario, compared to the base scenario, is not
the unavailability of labour and materials, but the time it takes to source the required
additional labour and materials. This scenario shows that, even when additional labour and
materials are available, failing to respond quickly and source them leads to extensive
construction delays and elevated WIP levels across the industry. Longer-term arrangements
with the workforce (e.g. direct employment) and material suppliers may help alleviate such
issues through decreasing the resource sourcing time.

Figure 10: Simulation results for Scenario 2 - increased additional labour and material
sourcing time
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6.3.3 Effects of decreased labour and material sourcing time in a single
stage

Due to the interconnectedness of the stages of construction, decreasing the time required for
sourcing additional labour and material in a single stage does not necessarily improve the
system output significantly.

In Scenario 3, it is assumed that additional labour and material sourcing time, when needed,
are decreased by a factor of 25 for the foundation stage (i.e. additional resources can be
obtained for the foundation stage 25 times faster than the base scenario).

As Figures 11-b and 11-c show, despite this dramatic decrease in sourcing times, the WIP
and duration of the entire system remain almost unchanged. In fact, although additional
resources are secured and jobs are completed much more quickly during peak times in the
foundation stage, the next stages are not capable of handling the additional load that is
passed to them. This shows that decreasing the sourcing times in one stage just pushes the
bottleneck to the next stages without significantly improving the output of the entire system.

Figure 11: Simulation results for Scenario 3 - decreased additional labour and material
sourcing times for the foundation stage
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6.3.4 Effects of decreased labour and material sourcing time in all stages

As shown in Scenario 3 (Figure 12), decreasing the delays in a single stage does not have a
significant effect on total system WIP and duration values. Due to the interconnectedness of
the activities in different stages of the construction process, improvements have a more
prominent effect if they are applied across the entire process. Scenario 4 simulates this
situation by decreasing the average additional labour and material sourcing times, when
needed, for all stages by only 50 per cent compared to the base scenario. This means that
additional resources can be obtained for all stages twice as fast as the base scenario. Notice
that this is a much smaller decrease in sourcing time compared to Scenario 3.

Figures 12-b and 12-c show that the decreases in the total system WIP and durations are
much more significant compared to Scenario 3, in which a much higher decrease in sourcing
times was applied to only one stage. It is important to note that decreasing the sourcing
times, even when applied to all stages, is not helpful when there is insufficient labour and
materials to add to the system. This is why the WIP and duration values do not decrease
noticeably during the last quarters (50-64), where it is assumed that the industry has lost
labour and material capacity.

Figure 12: Simulation results for Scenario 4 - decreased additional labour and material
sourcing times for all stages
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6.3.5 Stabilised material supply and workforce

Although decreasing additional labour and material sourcing time helps decrease the total
WIP and duration levels, the effects do not seem to be very significant. It can be argued that
the issue is not how quickly the industry responds to surges in demand, but, rather, how
much additional capacity there is to acquire. If the maximum additional labour and material
capacity is tightly limited, responding quickly does not help at the industry level.

To model this situation, in Scenario 5 it is assumed that the maximum units of material and
labour that can be added to the system per unit of time are increased by a factor of 2. As
shown in Figures 13-b and 13-c, increasing the maximum labour and material capacity rates
significantly decreases the total WIP and duration values for the system. In fact, in the
hypothetical extreme case where unlimited labour and material capacity can be
instantaneously added to the system, the total duration of the system is unaffected by labour
and material constraints. Under these circumstances, fluctuations in the total WIP values of
the system are entirely driven by fluctuations in the input rate. This situation is shown in
Figures 13-d and 13-e.

6.3.6 Increasing productivity through new technologies

The base minimum duration is a characteristic of construction stages: it is the minimum
amount of time it takes for that stage to complete its jobs when the required labour and
materials are available. Increasing labour and material availability does not change the base
minimum duration. The minimum duration can only be changed through changing the ways
jobs are done (e.g. through using innovative methods or increasing productivity and
efficiency).

In Scenario 6 (Figure 14), it is assumed that the minimum base duration for the frame stage
is decreased by 50 per cent due to using new construction technologies. As shown in Figure
14-c, this translates to a decreased total duration for the entire system. However, this effect
is not consistent throughout the entire simulation. When the subsequent stages can absorb
the additional load passed to them as a result of the productivity improvement in the framing
stage, there is a greater decrease in the total duration (e.g. during quarters 30-50 or
between 55 and 64). However, when the system is under pressure, the total reduction in
duration is smaller, for example, between quarters 20 and 30 and between quarters 50 and
55, as shown in Figure 14-c. Note that in these later time periods, the total duration is
generally increasing, which means that the system is under pressure. Consequently, it is
more likely for the later stages to not be able to keep up with the additional work passed to
them. This observation suggests that when the system is working under pressure, it will be
difficult to capture the benefits of system improvements such as increased productivity and
innovation. Moreover, productivity improvements need to take a systemic perspective to
avoid losing productivity gains in subsequent stages.
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Figure 13: Simulation results for Scenario 5 - increased maximum additional labour and

material increase rates for all stages
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Figure 14: Simulation results for Scenario 6 - decreased minimum duration for the frame
stage
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It should be noted that, if decreasing the base minimum duration comes at the cost of
increased labour and material sourcing times or limited labour/material availability, the
decrease in total duration and WIP will be further diminished. For example, if the industry
switches to a modern method of construction that requires less readily available skill sets or
materials that are more difficult to procure, the decreased base minimum time in the
corresponding stage does not translate to decreased total construction time. This is simulated
in Scenario 7 (Figure 15). Here it is assumed that while the base minimum duration for the
frame stage is decreased by 50 per cent, the additional labour and material sourcing times
are increased by a factor of 3. As shown in Figures 15-b and 15-c, increased additional
labour and material sourcing times cancels out the gains due to decreased base duration.
During some time periods, where the system is under severe resource constraints (e.g.
quarters 55-64), the additional sourcing time may even lead to increased total system
duration in spite of the decrease in the duration of a single stage.
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Figure 15: Simulation results for Scenario 7 - decreased minimum duration for the frame
stage together with an increased delay in sourcing labour and material
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6.3.7 Reducing market volatility

An increase in demand (start rate) above the equilibrium level is the main reason for
increasing the WIP and duration, both for individual stages and the entire system. When
demand drops below equilibrium it provides the opportunity to catch up, which allows for
accumulated backlogs to be addressed. However, during peaks, additional WIP builds up in
the stock of different stages more quickly than it can be depleted during the subsequent
slower periods. Moreover, the physical limitations of the system, as represented by the
minimum base durations of the stages, do not allow for decreasing the duration below a
certain level even when the input to the stage is much lower than equilibrium. In other
words, the effect of peaks in demand on increasing the values of WIP and duration are a lot
more significant than the effect of troughs with similar magnitude on decreasing the WIP and
durations. Therefore, it can be expected that fewer fluctuating demands should result in lower
WIP and duration values.

To observe the effects of decreased fluctuations in the start rate, the start rate used in
previous scenarios is smoothed in Scenario 8. This is achieved through eliminating data
points that are less than 30th percentile and greater than 70th percentile and then taking a
7-point moving average. The resulting start rate curve is shown in Figure 16. It should be
noted that the area under this smoothed curve is slightly greater that the more volatile start
rate in the base scenario. In other words, more units are entering the system during the
entire simulation compared to the base scenario.

As shown in Figures 16-b and 16-c, the maximum values of WIP and duration are significantly
decreased compared to the base scenario. The total duration of the system is much closer to
its minimum base value. This means that the load is generally more uniformly distributed
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during the simulation and there are far fewer fluctuations in labour, material requirements
and availabilities as compared to the base case. This is a significant observation: it suggests
that stable demand would enable faster builds, reducing the need for projects to run
concurrently.

Figure 16: Simulation results for Scenario 8 - stabilised start rate
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6.3.8 Increasing non-market housing starts

As demonstrated in the previous set of scenarios, the fluctuating nature of the demand for
housing puts pressure on the system leading to increased WIP and duration levels. Adding
non-market housing construction (e.g. social housing) can further increase this pressure,
leading to even higher WIP and duration levels. However, since the smoothed start rate
significantly decreased the pressure on the system, it might be possible to impose additional
load on the system without destabilising it. In Scenario 9, a constant load of 1,000 units per
quarter is added to simulate a consistent flow of non-market load on the industry. Adding this
constant rate means that the total number of units that enter the system during the
simulation is increased by approximately 10 per cent.

As shown in Figures 17-b and 17-c, the WIP and duration curves are much smoother than the
base scenario with considerably lower maximum levels, suggesting significantly less pressure
on the system. It should be noted that, in Scenarios 8 and 9, all the internal parameters on
the model are exactly the same as the base model (i.e. the industry in both cases identical).
This suggest that, with a smoothed start rate, additional load can be imposed on the existing
system, which is struggling under the current load, without causing additional pressure.
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Figure 17: Simulation results for Scenario 9 - stabilised start rate and constant start rate
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6.4 Conclusion

This chapter presents the development and application of a simulation model representing
the high-rise residential construction sector. The model was designed to capture how the
industry functions under varying construction conditions, resource limitations and productivity
enhancement scenarios. The model provides a dynamic view of how high-rise projects
progress in response to changes in market demand, the availability of resources and building
technologies. The model developed through this research served as both a key enabler and a
major outcome of the study. The model was verified through a range of modelling tests and
was reviewed and verified by building industry experts, ensuring that it was both technically
robust and reflective of actual industry dynamics.

The simulations illustrate how the behaviour of the industry depends on sourcing additional
labour and material in a timely manner in response to increased system loads. It also shows
that improvements to single stages are unlikely to improve the overall behaviour of the
system. If capacity in downstream stages of construction is not increased accordingly,
improvements in a single stage merely push the bottlenecks downstream. Conversely,
system-wide improvements across all stages significantly improve system behaviour,
reducing total WIP and overall construction duration.

The simulation results demonstrate that capacity building and stabilising material supply and
workforce are crucial to the performance of the system. They also show that productivity
improvements through innovative technologies should be approached systematically,
considering the capacities in sourcing skilled labour and materials. Otherwise, these
improvements will be countered by the delays in acquiring additional resources when the
system is under pressure.

The impact of reducing market volatility and increasing non-market demand were also
simulated. The results show that reducing fluctuations in housing demand significantly
improves system performance by lowering peaks in WIP and duration, enabling a smoother
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and more efficient workflow, reducing strain on labour and materials, and allowing the same
number of units to be built more quickly with fewer projects underway at any given time.

Some policy options related to these scenarios, such as a systemic approach to productivity
improvement, have been recommended in other chapters. In addition, policy makers are
encouraged to use the validated model to examine various policy scenarios to better
understand industry dynamics under hypothetical but realistic conditions. Policy should
prioritise strategies that reduce housing market volatility, as demand stability improves
efficiency, shortens delivery times, and reduces pressure on labour and materials while
maintaining overall housing output.
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7 Conclusion

7.1 Key findings

This study finds that the high-rise construction sector in Australia is shaped by deep,
interrelated challenges that limit its capacity to produce housing efficiently and deliver
requisite quality and affordability. As the Inquiry Report (Sharam, Zolghadr et al. 2026)
outlines, high-rise development has evolved to reflect the contingencies of market volatility.
Indeed, it might be said that the delivery system is highly dependent on speculative booms.
Development returns must compensate for the risks of a highly speculative system. The risks
entailed by market volatility, however, motivate significant cost shifting, with builders subject
to contracting provisions that prioritise cost and time over quality. The industry structure
contributes to the problem: the relative ease of entry, lack of capitalisation, competition and
low margins constrain the extent to which the high-rise construction sector can respond to
the need for improved productivity.

Our research shows that apartment supply can respond to rapid increases in demand;
however, booms lead to material and labour shortages, which in turn inflate costs and result
in project delays. Macro-level property cycles and economic shocks create alternating
conditions of capacity constraint and underutilisation, making firm-level productivity
improvement difficult.

The high-rise building industry is also characterised by routine non-compliance with the
National Construction Code (NCC), mainly due to weak enforcement and gaps in the
regulatory architecture. This environment permits substandard operators to undercut
compliant builders, undermining margins and, thus, the capacity of builders to engage in
organisational development. Non-compliance shifts costs and risk onto end-users and
government, and erodes consumer trust in apartment products.

The ubiquity of design and construct (D&C) contracts and lack of a cost escalation mechanism
adds to the pressure on builder margins and a relentless search for ‘value management’ (i.e.
cost savings), which is detrimental to quality. Quality is also compromised by delays in
resolving design arising out of the developer’s pre-construction cashflow constraints.
Essentially, project financing is antithetical to efficient construction.

Workforce shortages and skills gaps are further complicated by extensive subcontracting
(which drives low remuneration and poor job security) and increasing specialisation (which
encourages suboptimal firm size). Small- and medium-sized firms dominate production and
have limited capacity to increase their margins, train people, innovate or scale up.

Digital technologies, such as building information modelling (BIM) and cyber-physical
systems, offer transformative potential, but uptake is low, as there is no serious imperative
for adoption. Building code enforcement would encourage adoption, and BIM and new quality
assurance technologies would offer a dramatic opportunity to improve building inspection.

These failures correspond to known issues with the system of systems (SoS) outlined in the
Inquiry Report (Sharam, Zolghadr et al. 2026), reinforcing the key finding that tackling
housing construction productivity in isolation from other related policy areas - that is, in a
piecemeal, uncoordinated fashion — will fail to produce meaningful or lasting results.
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7.2 Policy options

The findings have several policy implications, as outlined below.

7.2.1 A system of systems approach is required

Productivity and efficiency initiatives need to be aimed at the system level rather than
isolated parts of subsystems. Incremental improvements applied system-wide can have a
more substantial impact on overall performance than major enhancements that are confined
to individual system components.

7.2.2 National strategy

Australia needs to develop national strategies that integrate construction, housing,
manufacturing, technology and innovation to address the complexities of the high-rise
residential construction sector. As an SoS, this sector involves interdependent actors and
processes that require coordinated policy to improve productivity, support innovation and
enhance resilience in meeting housing demand.

7.2.3 Addressing market volatility and regulation

As addressed in the Inquiry Report (Sharam, Zolghadr et al. 2026), market volatility is a root
cause of many housing construction SoS inefficiencies. A priority is stabilising demand. This
would mean revisiting taxation incentives provided to investors in strata developments.
Private investment should be redirected into institutional build-to-rent and non-market
housing. Build-to-sell should be orientated to the home ownership market.

This tenure differentiation would discourage speculation and enable a transition to rate-driven
production. Project financing needs to change to encourage early contractor involvement
(ECI) to improve constructability, NCC compliance, and reduce costs and project duration. A
build-then-sell model (rather than buying off the plan) could be encouraged, as it means
buyers can avoid substandard buildings, incentivising developers and builders to reduce
defects. Counter-cyclical social housing investment would provide some opportunity for
builders to survive downturns and new construction processes to be tested; however, in the
absence of system-wide changes to address volatility in the private market, this would make
no fundamental difference to production efficiency.

Construction reflects cost-time-quality trade-offs. Poor enforcement of the NCC has allowed
quality to be compromised. Code enforcement is the stick for ensuring build quality, and
consumer and insurance confidence. Quality assurance can be encouraged through public and
industry investment in technology.

Specific research into the impact of the BDP Act (NSW) on quality, cost and project duration
should be undertaken to enable a fuller picture of the impact of introducing design
practitioner liability provisions.
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7.2.4 System of work

D&C contracting is the dominant procurement method in the high-rise residential sector,
shaping the broader system of work (SoW) that governs roles, responsibilities and risk
allocation across the construction process. However, lack of ECI and the absence of cost
escalation clauses in many D&C contracts poses significant challenges. Contractors are often
forced to absorb unexpected increases without mechanisms to accommodate rising material
and labour costs, leading to underpriced bids, reduced quality, disputes or even insolvency.
This weakens project delivery, disrupts supply chains and undermines overall industry
resilience. Embedding fair and transparent cost escalation provisions within D&C contracts is
therefore critical, not only for better risk sharing and sustainable procurement, but also for
strengthening the SoW by promoting more stable, efficient and collaborative industry
practices.

The global supply chain is vulnerable to significant disruptions. Onshoring of the
manufacturing of construction products and prefabricated elements can reduce sovereign and
supply chain risk. However, this requires collaborative strategies among manufacturers,
suppliers, builders and policy makers. Automation offers an opportunity to compete with low-
cost countries, but it requires stable demand and a sufficiently large market. The costs and
benefits of onshoring require analysis beyond this project.

Australia lacks a well-developed construction research and development (R&D) system. Both
government and industry need to provide financial support for R&D to drive productivity and
facilitate a transition to net zero. The industry will be able to afford to support R&D to a
greater extent if industry restructuring reduces pressures on margins and leads to growth in
firm size. Although many different types of technology are worthy of development,
digitisation, automation and offsite manufacturing should be a priority.

7.2.5 Workforce

A priority for policy is to retain skills to avoid the need for constant skill replacement, while
also attempting to grow capacity in line with economic growth. A national construction
training board, comprising TAFE, universities and industry representatives, with a focus on
workforce development to support innovation, is urgently needed. Consideration needs to be
given to increasing multiskilling. This priority would also be supported by encouraging
diversity in the workforce, for example, by extending the current procurement stipulations in
Australian Government work.

Stabilising the market would encourage a change in the industry structure, promoting the
growth of larger firms and consolidation of very small firms. This would reduce the extent of
subcontracting. In a more stable market, firms can invest in employment and reduce job
instability. Further, the apprenticeship system needs to reflect regulated and sustained
pathways into the industry and involve appropriate remuneration.
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7.2.6 Technology

Australia lacks a well-developed construction R&D system. Both government and industry
need to provide financial support for R&D to drive productivity and facilitate a transition to
net zero. The industry will be able to afford to support R&D to a greater extent if industry
restructuring reduces pressures on margins and leads to growth in firm size. While many
different types of technology are worthy of development, digitisation should be a priority.

7.2.7 An industry taskforce

Together, developers, builders, financiers, insurers, regulators, building professionals, unions,
training institutions, suppliers and government could develop an industry reform blueprint
that recognises the complexities of the housing construction SoS and the need to account for
inter- and intra-system dynamics.
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